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Résumé 

Contexte: Les comparaisons internationales de taux d’incidence du cancer sont des sources 

importantes d’éléments pouvant aider à générer des hypothèses en lien à l’étiologie du 

cancer. Les estimations de la variation géographique de l’incidence de cancer peuvent être 

compromises par des artefacts tels que l’inexactitude et le manque de données complètes 

portant sur l’incidence du cancer, parmi plusieurs autres. Ces artefacts associés aux taux 

d’incidence pourront mener à des erreurs au niveau de l’interprétation et de la comparaison 

des tendances à travers les registres de cancers. Le ratio des sexes (défini comme le rapport 

du taux d’incidence de cancer masculin divisé par le taux d'incidence féminin) est une 

mesure qui pourra être moins susceptible d’avoir des ambiguïtés d’interprétation suite à de 

tels artefacts, dans la mesure où la mesure des cas de cancer est similaire chez les hommes et 

les femmes.  

Objectifs: L'objectif principal de cette étude sera donc de conclure quand aux causes qui 

pourront générer la variabilité dans le ratio des sexes pour des types de cancers spécifiques, à 

travers temps et lieu, en générant des hypothèses. L’objectif secondaire sera d’explorer la 

mesure dans laquelle les inégalités de genre entre les pays peuvent fournir des indices sur la 

qualité des registres de cancer pour les types de cancer sélectionnés, à l'aide du rapport des 

sexes. 

Méthodes: L’incidence du cancer dans cinq continents (CI-5), une base de données de 

registres populationnels de cancer obtenue du Centre international de recherche sur le cancer 

(CIRC) de l’Organisation mondiale de la santé (OMS), a été utilisée afin d'accéder aux 

données d’incidence de 30 différents cancers durant 3 périodes de temps (c'est-à-dire 1974-

77, 1988-92 et 2003-07) provenant de 77, 142 et 281 registres sur le cancer. Des méthodes 
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descriptives ont été utilisées, soit des modèles à effets mixtes, pour l’étude des tendances 

temporelles et des variations géographiques au niveau du ratio des sexes. Afin d’explorer le 

biais en lien au genre, les ratios des sexes pour les cancers du poumon, de la vessie, de 

l’œsophage et du larynx ont été mis en concordance avec deux indices statistiques, à savoir 

l’Indice d’inégalité des genres de l’ONU et les estimations mondiales de prévalence du 

tabagisme de l’OMS. 

Résultats: Les résultats obtenus à l'aide de modèles à effets mixtes utilisant un nombre égal 

(soit 76) registres de cancer de longue durée pour chaque année entre 1983 et 2007, après 

avoir ajusté le ratio des des sexes pour la variation géographique, ont démontré que le cancer 

du poumon avait le plus haut ratio des sexes en moyenne lors de la première année 

(«baseline») (soit 9.9), suivi de l’œsophage (7.8), la vessie (5.1), le foie (3.8), le pancréas 

(2.1), le rein (1.9), la leucémie (1.8), le lymphome non hodgkinien (1.8), le cerveau (1.6), le 

rectum et l’anus (1.5), le côlon (1.2), les yeux (1.2), le mélanome de la peau (0.9), la vésicule 

biliaire (0.6) et la thyroïde (0.5). Dans les registres de pays ayant une faible inégalité entre 

les sexes et une prévalence de tabagisme similaire chez les femmes et les hommes (la Suède, 

la Norvège et le Danemark), le ratio des sexes pour le cancer du poumon était relativement 

bas (1.2, 1.3 et 1.6). D'un autre côté l’Espagne, tout en ayant une prévalence similaire de 

tabagisme chez les hommes et les femmes, montrait un ratio des sexes inhabituellement haut 

pour le poumon (7.1) ainsi que pour d’autres cancers associés au tabagisme (vessie: 14.9,  

œsophage: 10.7, larynx: 28.2). Les résultats de cette étude tendent à mettre en relief plusieurs 

types de cancer, notamment celui des reins pour lequel les facteurs de risques connus seront 

peu susceptibles de pouvoir expliquer pleinement le ratio masculin-féminin de presque 2:1, 

uniformément stable à travers le temps et les régions. 
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Conclusions: Les facteurs de risque établis dans la littérature dont la prévalence varie dans 

les deux sexes au niveau mondial, ne semblent pas pouvoir expliquer la stabilité du ratios des 

sexes pour le cancer du rein au cours des trois décennies. Suite à cette observation, nous 

avons émis l'hypothèse de certains facteurs endogènes, tels que la génétique ou la variance 

génétique, pouvant être en mesure d’expliquer la stabilité du ratio des sexes pour ce cancer. 

Un autre type de cancer, le myélome multiple, s'est lui aussi avéré stable à travers le temps et 

l’espace (le rôle de la vitamine D a été postulé). Notre étude nous a permis d'identifier des 

lacunes au niveau de la compréhension des causes de cancer au sein des populations.  

 

Mots clés: Cancer; Registres; Incidence; Régression; Modèles d'effets mixtes; Surveillance; 

Autocorrélations spatiales 
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Summary 

Context: International comparisons of cancer incidence rates are important sources of 

evidence for generating hypotheses about cancer etiology. The estimates of geographic 

variation in cancer incidence can be compromised by artifacts such as imperfect accuracy 

and completeness of available cancer incidence data among several others. The artifacts 

associated with incidence rates, can be potentially misleading when interpreting and 

comparing trends across cancer registries. The Sex Ratio (defined as the male-to-female 

cancer incidence rate) is one measure that can be less susceptible to ambiguity of 

interpretations by these artifacts, provided that the ascertainment of cancer cases is similar in 

males and females.  

Objectives: Hence, the main aim of this study is to infer as to potential causes that drive sex 

ratio variability (i.e., the ratio of male to female incidence rates), of type specific cancers 

across time and geography, generating hypotheses. The secondary aim is to explore the 

extent to which country-level gender inequalities can provide clues on quality of cancer 

registries for selected cancer types through sex ratios. 

Methods: Cancer Incidence in Five Continents (CI-5), a database of population-based cancer 

registries obtained from International Agency for Research on Cancer (IARC), was used to 

access incidence data on 30 different cancers in 3 time-periods (i.e., 1974-77; 1988-92 and 

2003-07) from 77, 142 and 281 cancer registries. Descriptive methods were used with 

recourse to mixed-effect regression methods for studying temporal trends and geographic 

variations in sex ratios. To explore gender bias, sex ratios for cancers of lung, bladder, 

esophagus, and larynx were tallied with two statistics namely UN’s Gender Inequality Index 

and WHO’s global tobacco prevalence estimates. 
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Results: In the mixed-effect regression analysis using equal number of 76 long-standing 

cancer registries in each year from 1983 to 2007, and after adjusting for geographic variation 

in sex ratio, lung cancer had the highest sex ratio on average in the baseline year (i.e.,  9.9), 

followed by esophagus (7.8), bladder (5.1), liver (3.8), pancreas (2.1), kidney (1.9) leukemia 

(1.8), non-Hodgkin’s lymphoma (1.8), brain (1.6), rectum and anus (1.5), colon (1.2), eye 

(1.2), melanoma of skin (0.9), gallbladder (0.6), and thyroid (0.5). In registries belonging to 

countries, with low gender inequality and similar smoking prevalence in men and women 

(Sweden, Norway and Denmark), the sex ratio for lung cancer was relatively very low (1.2, 

1.3 and 1.6). Whereas Spain with similar prevalence of smoking in men and women, showed 

an unusually high sex ratio for lung (7.1) as well as for other smoking associated cancers 

(bladder: 14.9; esophagus: 10.7; and larynx: 28.2). The results of our study also highlight 

several cancer types, in particular, kidney for which acknowledged and well-known risk 

factors are unlikely to fully explain the consistently stable male-female ratio of almost 2:1 

across time and regions. 

Conclusions: The well-established risk factors in literature whose prevalence varies 

worldwide in both sexes, does not seem to decipher the curiously stable sex ratios in cancer 

of kidney maintained over three decades. This observation has made us to tentatively 

hypothesize that some endogenous factor such as a gene or gene variant might be able to 

explain the stable sex ratio of this cancer. Another cancer type, multiple myeloma is also 

consistently stable across time and place, and where the role of vitamin D has previously 

been postulated. The study points towards gaps in our understanding of causes of cancer risk 

in populations.  
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Chapter 1    Introduction 

1.1 Statement of problem: inferences from comparisons of cancer incidence trends 

Cancer is a leading cause of death in many developed countries and is set to become a 

major cause of not only mortality but also morbidity in every region of world regardless of 

the country’s level of resources (1, 2). Drawing on the principle of epidemiological transition 

related to aging, changing lifestyles and economic factors, there will be a dramatic world-

wide increase in the number of cancers in the next few decades (1). It has been predicted that 

the numbers of incident cases worldwide will increase from 12.7 million cases in 2008 to 

20.3 million cancer cases by 2030 (3). Such a transition most prominently reflects an upsurge 

in non-communicable diseases, of which cancer is the largest component. These changing 

patterns of cancer occurrence are also contingent on changes in regional distributions of 

known and unknown risk factors. The global burden of cancer and extent of its transition can 

be best described by studying differences in incidence and mortality rates in different 

regions. Comparisons of region-specific incidence and mortality rates of cancer aid in 

planning and prioritizing cancer control resources as well as facilitate monitoring and public 

health surveillance. Population-based studies on geographic and temporal trends of cancer 

are crucial in the implementation and evaluation of strategies aimed at all three levels of 

primary, secondary, and tertiary prevention (1, 4).  

In epidemiological research, inferences based on geographic comparisons and temporal 

investigations of cancer incidence and mortality are complex because of some limitations and 

errors (4, 5). Previously, Bray and colleagues studied geographical and temporal trends of 

cancer in the context of epidemiological and preventive research and outlined complexities 

that obscured interpretation at the level of data collection, analysis and reporting results (6-
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9).  Investigators who intend to interpret incidence and mortality trends must therefore be 

aware of the characteristics of sources of both measures of cancer burden e.g., available 

incidence and mortality databases. They must be aware that certain artifacts in addition to 

specific interventions of interest or changes in the population prevalence of etiological 

factors may have impacted the trends (10). These artifacts associated with incidence rates 

potentially affect interpretation of trends (10, 11). These include 1) misclassification of a 

cancer case as a resident or non-resident; 2) duplicate registrations; 3) incorrect definition of 

an incident case of cancer; 4) a failure to identify or diagnose true cancer cases; 5) poor 

specification of diagnosis; 6) improvements in diagnostic procedures and 7) difficulties in 

estimating populations at the national or sub-national level, 8) and more importantly 

incomplete or imperfect cancer case ascertainment that may or may not be cancer type-

specific or maybe the result of resources assigned to the cancer registries. On the other hand, 

mortality data is prone to erroneous death certification and changes in coding practices over 

time. If mortality trends are used as a proxy for incidence rates, further bias is introduced for 

cancers where prognosis has improved with time, given that case fatality would not be 

constant (12, 13).   

The increasing availability of incidence data from cancer registries has been a major 

driving force in demonstrating the validity of range of analytical techniques. These include 1) 

graphical inspections of cancer rates that emphasize variations according to age and calendar 

time; 2) statistical models that augment visual graphical approaches in cancer rates; and 3) 

sophisticated methodological approaches such as age-period-cohort modelling that highlight 

generation-specific analyses (6, 10, 14, 15). In addition to the development of analytical 

methodologies by researchers, many cancer registries made efforts in standardizing 
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registration procedures that were helpful in establishing the quality and comparability of 

cancer incidence data (16, 17). However much of these standardization efforts have remained 

concentrated to registries that are well funded and where registration is part of government 

policy. Here, it should also be borne in mind that the history of registration in both Asia and 

Europe is, in fact, a history of highly motivated individuals who persuade those around them 

to help establish a registry. In majority of cases, it is only in very late stages that registration 

becomes a government concern (18). Due in large part to the efforts of the International 

Association for Cancer Registries (IACR) and the support of the International Agency for 

Research on Cancer (IARC), there are many cancer registries in Asia now generating 

incidence data, although the indices of quality still remain highly variable (18). One of the 

most important quality concern (i.e., completeness of cancer case ascertainment) is discussed 

in detail in Chapter 4. In Europe, cancer registries may cover national populations (e.g. 

Sweden, Denmark and Norway) or certain regions within a country (e.g. Italy, Spain, France, 

and Germany). The founding of European registries has also been a rather selective process, 

dependent on official policy to support and fund such activities, or through individual 

initiatives by research orientated clinicians and pathologists (19). As a result, European 

cancer registries also differ enormously with respect to the size of the population covered, the 

number of years of complete data available since the start of the registry, as well as, in the 

case of local regional registries, their representativeness of the national profile of cancer 

burden and risk patterns (4). Despite the limitations, cancer registries throughout history have 

provided useful information on the cancer burden, and have played a role in generating 

hypotheses about cancer etiology (20-22). The historical perspective of cancer registration 

and evolution of cancer registries in generating incidence data is provided in Chapter 3. 
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Currently, there are about 600 cancer registries operating around the world and majority 

(85%) are part of IACR but only those that fulfil certain quality criteria of completeness as 

assessed by IACR’s technical staff, are then selected to be included in Cancer Incidence in 

Five Continents (CI-5), a joint collaborative effort of both IACR and IARC. For the last five 

decades, CI-5 has been the most authoritative reference on the incidence of cancer 

worldwide. CI-5 represents a compilation of participating cancer registries that meet certain 

quality criteria of accuracy and completeness (23-25). It has now been published in ten 

consecutive volumes since the 1960s, at approximately 5-year intervals. In the introduction to 

the first volume of the CI-5, Sir Richard Doll discussed the role of comparisons of cancer 

incidence between different regions and over time, in developing knowledge about the causes 

of cancer (26). They concluded that among statistics available for studying cancer, “the most 

valuable data are, undoubtedly, the rates obtained by recording the occurrence of every case 

of cancer over a specified period.” This remains the basic function of any population-based 

cancer registry, which in the words of Jensen & Storm is defined as one that “records all new 

cases of cancer in a defined population (most frequently a geographical area/region)” (21, 

27).  Therefore, by recording every cancer case, the main goal of a registry is to provide 

incidence data that accurately represents the true incidence rate of cancer in the region. In 

practice, how closely these observed rates reflect true incidence rates, can be influenced by 

certain quality issues specific to the registration process in the region in which registry is 

situated. 

The effectiveness of registries relies profoundly on the quality control procedures, which 

can be broken down into three components: comparability, validity, and completeness of the 

incidence data (16, 17). Comparability refers to the standardization of practices concerning 
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the classification and coding of new cases, and to the definition of incidence, such as rules 

for coding multiple primaries and incidental diagnoses. Validity or accuracy refers to the 

proportion of cases in the registry with a given characteristic that truly have that attribute, 

and depends on the precision of source documents and the level of expertise in abstracting, 

coding, and recording. Finally, completeness is the extent to which all the incident cancers 

occurring in a target population are included in the registry database (16, 17, 28). 

There are numerous techniques used to evaluate registry completeness, the details of 

which are discussed later in Chapter 4.  Ascertainment of cancer cases and their 

completeness in a registry, play an extremely important role in ensuring that the observed 

incidence rates are in fact true rates or at least close to them. However, not all registries can 

provide 100% true incidence rates, and there are not many straightforward methods that can 

provide accurate assessment of the extent in which all eligible cancer cases are ensured to be 

registered. Moreover there are cancer registries that use different case-ascertainment 

methods, and their completeness depends largely on the availability of local resources.  

Specifically, more sophisticated methods are used in registries that are well funded and less 

sophisticated methods are used in registries from low resource regions, and this in turn could 

increase the gap in completeness of data between cancer registries. 

Other artifacts in interpreting incidence trends over time from cancer registries have been 

addressed by Saxem (29), Esteve (11), Muir (30), Swerdlow (31), and very recently by Bray 

(10). The required conditions that ensure truly valid comparisons of cancer trends, as 

described by Muir et al (30) [quoted by Bray (10)], are worth repeating unedited:  1) the 

definition and content of the cancer site being studied have not changed; 2) The criteria of 

malignancy have not changed; 3) the likelihood that a cancer will (ever) be diagnosed has not 
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changed; 4) the progress of cancer from inception to diagnosis is not modified by early 

detection or screening programmes; 5) ascertainment of incident cases and deaths has been 

equally efficient throughout the period of study; 6) indexing in the International 

Classification of Diseases (ICD) has not changed; 7) accuracy and specificity of coding is 

consistent over time; 8) statistics are available at the level of detail required. The authors 

note, few, if any, databases would meet all of the above criteria.  

In the next section, we introduce a possible solution [i.e., Sex-Ratio (SR)], that can 

circumvent some of the problems that exists in interpretations of incidence trends and their 

comparisons across different geographic areas. These are then discussed in detail along with 

literature review in Chapter 5. 

1.2 Possible solution: analyses of Sex Ratio (SR) variability of cancer incidence 

The Sex Ratio (SR) (i.e., the male-to-female cancer incidence rate or vice versa) is one 

measure that can be useful to deal with the issue of artifacts and imperfect cancer case-

ascertainment of different cancer registries across the world. Recently, the proposed “Sex-

Ratio Methodology” has opened new perspectives in disease epidemiology, specifically 

where the etiology remains undetermined or where new hypotheses are warranted, and old 

hypotheses can be confirmed (32-34) .  In fact, SR is a robust epidemiological marker and its 

variability can be used for comparing data collected from different countries and regions, and 

where confounding effects exerted by different factors can be supposedly minimized by 

carrying out this novel analytical technique (33, 35, 36). The SR has also been recently used 

in cancer epidemiology using country-specific or worldwide cancer registries to speculate on 

causes of cancers (37-39). 
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SR can be a useful analytical tool for exploring etiology of cancers and comparisons 

across worldwide cancer registries, provided that the completeness (or the incompleteness) of 

ascertainment of cancer cases, in registries that are compared, is similar in males and 

females. The key issues in cancer case ascertainment, different methods of evaluations, and 

completeness by sex are described in Chapter 4.  

Table 1-1 shows two hypothetical scenarios in five hypothetical cancer registries: (a) 

when ascertainment of cancer cases differs by sex, and (b) when ascertainment is similar by 

sex.  

Table 1-1: Hypothetical scenario of ascertainment of cancer cases is in cancer registries. 

(a) when ascertainment of cancer cases differs by sex 

Registry Incidence (Males) Incidence (Females) Sex Ratio M/F 
 Observed True Observed True Observed True 

A 10 20 5 10 2 2 
B 5 5 3 3 1.7 1.7 
C 20 30 10 10 2 3 
D 5 20 5 10 1 2 
E 20 20 10 15 2 1.3 

 

(b) when ascertainment of cancer cases is similar by sex 

Registry Incidence (Males) Incidence (Females) Sex Ratio M/F 
 Observed True Observed True Observed True 

A 10 20 5 10 2 2 
B 5 5 3 3 1.7 1.7 
C 20 30 6.7 10 3 3 
D 5 20 2.5 10 2 2 
E 20 20 15 15 1.3 1.3 

 

By examining the observed and true incidence rates in males and females in Table 1-1 (a) 

and by computing SR, one can note that the observed SR differ from the true SR if the 
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ascertainment is good in females, but not in males (Registry C); if there is under-

ascertainment in both males and females that is worse in males (Registry D); and if the case 

ascertainment is good in males, but not in females (Registry E).   In Table 1-1 (b), males and 

females are equally prone to the issues of imperfect case ascertainment (i.e., case 

ascertainment is equally good or bad for both males and females). In this scenario the 

observed SR can be a valid estimator of the true SR.  

Tables 1-1 hence highlights that comparison of incidence rates across registries is a 

function of both the true variability in incidence rates, and the relative completeness of case 

ascertainment across registries. Therefore, it can be useful to examine not only international 

variability in incidence, but also the international variability in SR, which comprises 

comparison that can be less susceptible to bias from incomplete ascertainment than the 

variability in incidence.  

Much like a hypothetical scenario in Table 1-1 (b), if we assume that in CI5 based cancer 

registries (unlike many of IACR’s non-CI5 registries), ascertainment, to be similar in males 

and females, and as evidenced in several sources (24, 25, 40, 41), some advantages can be 

envisaged when using SR compared to using absolute differences in incidence rates. It can 

arguably be a less-biased statistic which is less likely to be affected, in general, by 

geographical variability in diagnostic techniques, preventive strategies, tumor definitions, 

coding practices, and other artifacts mentioned in preceding section  (37, 42). Unlike reported 

incidence rates, the reported SR will also be robust to these artifacts when it is used to 

compare international variations of cancers across registries, and that could also possibly use 

different methods of ascertainment (these methods are detailed in Chapter 4). Moreover, SR 

variation in cancer incidence as estimated from registries with presumably similar 
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ascertainment in males and females can be used as a distinct approach to understanding 

causes of variations, and making useful inferences regarding etiology.  

1.3 Use of gender inequality index to explore gender-bias in cancer registration 

The assumption that the completeness of cancer case ascertainment is similar in males 

and females in CI-5 based cancer registries is explored in this dissertation through United 

Nation’s Gender Inequality Index or (GII) on selected cancer types (specifically by tallying 

SR of cancers such as lung, bladder, esophagus, and larynx along with country-specific 

smoking prevalence). Since this assumption of male-female similarity, can be critiqued based 

on the possible existence of gender-bias (i.e., differential disparities in health seeking actions 

such as access to health care, diagnostic services, and treatment of cancers that might not be 

equal in both genders) (43, 44), a well-recognized multidimensional indicator such as gender 

inequality index can be used in the context of exploring gender-bias in cancer registries.  

The measurement of gender inequality has received increasing attention over the past few 

years (45, 46) and has been explored in epidemiological studies (47, 48). The Gender 

Inequality Index has been designed to capture gender inequality through relatively new 

functional form to summarize multidimensional information into a real number that can be 

used to compare countries’ performance in this domain over time. The Gender Inequality 

Index reflects gender-based disadvantage in three dimensions namely: reproductive health, 

empowerment and the labor market, for 160 countries. It shows the loss in potential human 

development due to inequality between male and female achievements in these three 

dimensions. It ranges from 0, where women and men fare equally, to 1, where one gender 

fares as poorly as possible in all measured dimensions (49). As of 2015 data, the lowest 
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gender inequality country is Switzerland (GII: 0.04) and the highest gender inequality of 0.77 

is found in Yemen (49).  

According to Permanyer, the interest in measuring gender inequalities has some 

instrumental motivations (45, 46). The existence of gender inequalities is related, sometimes 

in a complex and intertwined way, to socio-economic aspects (hence the term gender) which 

can be very relevant from the policy making point of view. This is explained through an 

example of the links between gender and fertility levels in a country. There is empirical and 

theoretical evidence suggesting that in the countries where gender relations are more 

egalitarian, the fertility levels tend to be lower (50, 51). Another reason why there is a great 

interest in measuring gender inequalities is its presumed link with countries’ economic 

growth. Some policy based working papers have tested empirically whether high gender 

inequality levels in a given country affect its economic growth. Klasen (52) and Dollar and 

Gatti (53) have suggested that the higher the gender equality, the higher the growth rate. 

These arguments as implied by Permnayer (45) allude that there are not only good 

enough reasons for using valid methods of computing gender inequality in multidimensional 

contexts, but also, that it could be applied in a way to stimulate inquiries in unexplored 

domains, to raise more attention to gender inequality and its reduction. This dissertation 

research uses gender inequality index to highlight potential gender-bias, if existing, in the 

domain of cancer registration, specifically in CI5 based cancer registries. 

In summary, the principal focus of this thesis is to present SR variability through the 

estimation of geographic and temporal variation in the magnitude of SR of cancer incidence 

for different types of cancer. The underlying premise is that geographic and temporal 

variability in the SR are less susceptible to bias than geographic and temporal variability in 
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estimated incidence rates, and that these can therefore provide a window to researchers in 

understanding the risk factors that might explain not only geographic and temporal variability 

in the SR but even geographic and temporal variability in incidence of cancers. This analysis 

is also further extended in exploring whether there is any pattern for a cancer type when the 

SR is geographically clustered, and whether any inference can be made from this pattern. 

Furthermore, the assumption that the completeness of cancer case ascertainment is similar in 

males and females is also further explored in this dissertation through United Nation’s 

Gender Inequality Index or (GII). This type of analysis can also provide clues on quality of 

cancer registries in CI-5, and can inform the public health debate surrounding the contextual 

problem of gender-bias in cancer registration. 

1.4 Outline of subsequent chapters  

Following on from this introductory chapter, Chapter 2 introduces two important 

measures of cancer burden namely incidence and mortality. Some factors that complicate 

assessments of incidence and mortality of certain cancer types are discussed. The relative 

merits of both measures are highlighted and then rationalized for thesis as to why incidence 

is preferred for the current analysis. The usefulness and limitations of both are appraised in 

depth in terms of generating and testing etiologic hypotheses and providing information for 

resource planning. We then describe geographic variations in cancer incidence and the 

usefulness of these rates in comparing different populations. Chapter 2 ends with the section 

on review of methods to analyze cancer trends e.g., 1) exploratory analyses through graphical 

presentations (that includes utility of age-standardization as well as available scales such as 

arithmetic or log-transformations to plot these rates over time); 2) quantification of temporal 



 

12 
 

changes through traditional models and modification of those models; and 3) a final brief 

note on the use of more sophisticated models.  

After discussing the relative merits of incidence and the mortality for trend analysis, and 

justifying the advantages of incidence in Chapter 2, we then introduce the historical context 

of worldwide cancer registration in Chapter 3. A flurry of research activities arrived with the 

advent of cancer registries. Therefore, the purpose of this chapter is to apprise the reader the 

importance of cancer registries, the role of several individuals and organizations, and the 

types of existing registries in generating the incidence data.   

Chapter 4 provides an overview of completeness of cancer case-ascertainment, one of the 

important artifact hindering valid interpretations of comparisons of incidence trends across 

worldwide cancer registries. This chapter highlights the different methods used to assess the 

completeness, and then comparisons of completeness indices of these methods in different 

cancer registries are reviewed. The chapter rounds off with observations on completeness of 

cancer case ascertainment by sex (i.e., similarity or lack thereof in males and females) with 

the acknowledgement of contextual obstacle in cancer registration i.e., gender-bias. 

In chapter 5, literature review is carried out regarding utility of sex-ratio methodology in 

different diseases. Previous studies using sex ratios in incidence or mortality of different 

diseases such as multiple sclerosis, Parkinson’s disease, rheumatoid diseases, infectious 

diseases, and cardiovascular diseases as a tool to generate hypotheses are highlighted in 

addition to cancer. The purpose of this chapter is to illustrate that sex ratios of incidence 

and/or mortality have been successfully used in other diseases and that the variability of SR 

can be a used as a guide to interpret trends and help investigators to generate hypotheses 

regarding cancer etiology.  
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Chapter 6 presents rationale and objectives of the study. Chapter 7 presents the 

methodology used to carryout analysis on sex ratio variability, first in three-time periods, and 

then followed by analysis on long standing cancer registries. Details on mixed-effects 

regression modelling, spatial analysis, and analysis on gender inequality are also presented. 

Chapter 8, presents results such as descriptive statistics, regression models and the 

interpretations, spatial autocorrelations through Moran’s Index in two continents, and also 

predicted average sex ratio changes in cancer registries according to low and high gender 

inequality countries in four types of smoking related cancers. 

Finally, in Chapter 9, we discuss the results, and highlights the value of inductive form of 

inferences based on observations and trends, and present tentative hypotheses and raise few 

questions based on observations and trends. In this chapter we also theorize the observations 

based on self-point of view, which is again an important part of inductive reasoning. We 

discuss the role of possible gender bias in cancer registration and recognize strengths and 

weaknesses of the study.  The thesis ends with some concluding remarks and 

acknowledgement on the important gaps that exists in understanding causes of cancers. 
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Chapter 2    Background Review on measures of cancer burden  

The text in chapter 2 that follows discusses two most important measures of cancer 

burden i.e., incidence and mortality, and their complementary and contrasting nature. These 

two statistics in which cancer burden is expressed are both useful in the investigation of 

cancer etiology (54-59) as well as for understanding cancer disparities or inequalities in 

different parts of the world (60). 

In planning and evaluation of public health strategies, temporal investigations of cancers 

have important implications, yet they are complex phenomenon to study because of 

limitations associated with them (as pointed out in Chapter 1). Investigations of the changing 

temporal patterns of cancer incidence and mortality are considered standard epidemiological 

tools in public health surveillance. Long standing data from cancer registries and vital 

sources enables quantification of incidence and mortality rates over time and may provide 

clues as to the underlying determinants (7, 8). Changing rates over time is ‘supporting 

evidence’ to inferences regarding causality if the temporal patterns make sense, and provided 

that sufficient time lag is there, to the (known or unknown) distribution and prevalence of 

one or several risk factors. These analyses of incidence and mortality trends may generate or 

establish novel hypotheses or provide confirmatory evidence of existing ones. 

Ecological studies based on geographic variation of cancer incidence and/or mortality 

rates have made important contributions to exposure-cancer hypotheses (55). For example, 

the hypothesis on ultraviolet-B -Vitamin D and cancer was first proposed based on the map 

of colon cancer mortality rates in the US which portrayed that the mortality rates were 

correlated with annual sunlight doses (61). The investigators proposed that because Vitamin 

D production was the most important physiological effect of sunlight in humans, it suggested 
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mechanism linking sunlight to a reduced risk of cancer. In the ensuing years, the hypothesis 

was extended to other types of cancers across a wide range of geographic regions (59, 62-

68). 

The international pattern of cancer incidence and mortality can point to regions of the 

world where research efforts may be particularly worthwhile e.g., comparisons of human 

papilloma virus infection in Denmark and Greenland with a five-fold difference in cervical 

cancer incidence led to preventive efforts in those countries in next decades (21, 69). 

International comparison of cancer occurrence therefore provides clues to etiology, and the 

demonstration of variation in incidence (and mortality) has made an important contribution to 

the recognition of the environmental origin of many cancer types (70-72).  Statistics by age 

and sex show widely different patterns and variations between cancer types. In their textbook 

on cancer registration and principles, Jensen et al., writes that such basic features of 

measures of cancer burden may not always be easily understood and explained, but they 

should provoke the curiosity and are useful in the generation of etiological hypotheses (21). 

Therefore, in many instances, it has been shown that efforts to reduce the global cancer 

burden, its causes, and disparities can be initiated with an understanding of geographic 

patterns in cancer incidence and mortality. The next sections present definitions of cancer 

incidence and mortality, and why incidence can be a better measure of cancer burden than 

mortality in terms of understanding cancer causes. 
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2.1 Cancer incidence 

2.1.1 Definition 

Cancer incidence is defined as the number of new cancer cases occurring in a defined 

population within a specified period of time. The number of new cancer cases is commonly 

expressed as a rate per 100,000 persons per year that approximates the average risk of 

developing a cancer, and is used for comparisons between populations (73). Age-

standardized incidence rates (ASIR) are used for comparison purposes between populations 

that have different age structures.  The term rate is often used interchangeably with the risk 

of developing a cancer, but, strictly speaking, risk is a proportion and describes the 

accumulation of the effect of rates over a given period of time e.g. the cumulative risk (40). 

Incidence is determined by exposure to etiologic factors and individual susceptibility and 

may be further affected by screening practices, health care access, and quality of care (73). 

2.1.2 Sources of data and quality 

Cancer incidence data are product of population-based cancer registries, whose main 

function is to collect and classify information on all new cases of cancer in a defined 

population, and provide statistics for assessing the impact of cancer in the population (21, 

74). The recording of individuals with cancer followed several failed attempts at producing 

good quality cancer morbidity statistics. Cancer surveys in Europe in the first decade of 

twentieth century resulted in poor participation rates, while analyses of several metropolitan 

areas in the U.S. in 1937-38, 1947-48 and 1969-71 were eventually considered to be not of 

much use (75). However innovations in methodologies from pilot studies in the 1930s 

brought about a more successful system that reported cases by name, eliminating multiple 
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registrations and allowing the follow-up of individual patients (75). Background on the 

inception of cancer registration and its utility in surveillance is provided in Chapter 3.  

Cancer registries are effectively utilized in incidence-trend studies provided that the 

quality control measures are well placed. The purpose of these registries is also to produce 

timely information on the incidence, and as such, play a pivotal role in public health and 

epidemiological research. One of the most important quality issue is the completeness of 

cancer case ascertainment which is the extent to which all the incident cancers occurring in a 

target population are included in the registry database. There are numerous techniques used 

to evaluate registry completeness (17), including: 1) methods that evaluate the data sources 

themselves (number of sources/notifications per case, percentage of cases histologically and 

morphologically verified (%MV), and methods based on death certificates); 2) methods that 

involve independent case ascertainment (rescreening of cases, capture-recapture methods, the 

mortality:incidence (M:I) ratio); and 3) historic data methods (stability of incidence over 

time, comparison of incidence in different populations, age-specific incidence curves). Some 

of these methods that are broadly classified as quantitative and semi-quantitative are 

critically reviewed in Chapter 4. 

2.1.3 Factors affecting assessments of incidence over time 

Concerning the issues of detectable artifacts (e.g., instances where specific artifacts for a 

specific cancer type can be recognized), Bray (6, 10) highlighted several seminal papers by 

Saxen (29, 76) and Muir (30) in his discussion on factors that complicate assessments of 

certain cancer types over time. These researchers have listed some of the factors as follows: 
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a) International Classification of Disease (ICD): 

Changes in classification and codes of ICD has brought about the possibility of 

artefactual changes in time trends. Changes in the content of the ICD in consecutive revisions 

have had considerable effects on the evaluation of time trends; in particular with cancers of 

the lung and liver. The demand for a better delivery of detail in classification at the level of 

subsite in each successive volume of ICD has led to an awareness of lack of comparability. 

b) Definition of malignancy: 

The definition of the tumor can change over time since there has been an increasing 

likelihood of observing evidence of malignancy in tissue samples through improving 

technology by pathologists. For example, the increase in cancers of the thyroid may, at least 

in part, be due to an increasing tendency to interpret papillary change as malignant. Registry 

practices regarding the coding of invasiveness of bladder tumors have also shifted 

accordingly (6). 

c) Latent carcinoma:  

There is also an increasing likelihood of incidental diagnoses of tumors that may not have 

progressed to invasion. The ICD does not make any provision for such cancers, and 

interpretation of cancer incidence over time should, therefore, take a particularly cautious 

approach. For example, latent carcinomas of a particular type that are coded as malignant are 

influenced by some intervention or opportunistic screening. A classic example can be 

prostate coded as malignant which can be influenced by trans-urethral resection of prostate 

and prostate- specific-antigen. 
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d) Effects of screening programs 

Stage of progression at which cancer or pre-cancerous lesions are detected are modified 

by screening programs. Slow-growing tumors are therefore more likely to be diagnosed than 

under normal conditions. For example, in the case of breast screening programs, the classical 

model involves a temporary, artificial, increase in the observed incidence as a result of the 

early diagnosis of malignancies that would have eventually become clinically manifested in 

time. 

e) Changes in medical practice 

Changes in the trends regarding presentation of patients for diagnosis, the availability of 

medical services and the ability of the doctor to make diagnoses can influence the likelihood 

of a cancer being diagnosed, as well as the accuracy of the recorded information. Examples 

include an increasingly aggressive investigation of illness in the elderly, e.g. for brain 

tumors, there is an inclination towards greater specialization in the field, increasing use of 

treatment guidelines, and specialist referrals. 

f) Population denominators 
 

In the definition for incidence rate, the denominator is the person-time usually taken from 

population estimates. These people should be at risk of having a neoplasm, however this 

assumption is not met in some cases. An important example is the need for adjustment for 

prevalence of hysterectomy in the female population in the study of uterine cancer trends 

e.g., Luoto et al., used information on hysterectomy to derive uteri-at risk and cervices-at-

risk populations to correct gynaecological cancer rates in Finland (77). The premise of their 

study was that an increasing proportion of women in some European countries have 

undergone a hysterectomy in the last thirty years and are consequently are at minimal risk of 
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certain gynecological cancers, particularly endometrial cancer. This is the case where an 

adjustment to the person-time would be desirable. Unadjusted trends may not provide a more 

accurate temporal description that does not account for the prevalence of a condition (in this 

case, hysterectomy) in the population. 

g) Registration practices 

With time, improvement in the completeness of registration may also produce artefactual 

changes in the incidence trends. Registries may differ in their operational rules regarding the 

inclusion of cancer types where there is difficulty in distinguishing between malignant, 

benign and unspecified tumors. The major problems are seen in tumors of the brain and 

bladder, although trends in melanoma of the skin and thyroid may also be affected by this 

artifact. Trends in bladder cancer incidence are very difficult to interpret without precise 

information on how registries have dealt with papillomas over time. It has been shown that, 

on the exclusion of papillomas of the bladder, much of the variation in bladder cancer 

incidence rates in the Scandinavian countries was removed (29, 76).  Overall, changes in 

registration practises over time are more likely to affect comparisons between registries, 

rather than trends in a single registry (10, 30).  

2.1.4 Geographic variations in incidence rates 

In 2012, there were an estimated 14 million new cancer cases worldwide, with 45% of 

these cases seen in Asia, 26.0% in Europe, 14.5% in North America, 7.1% in Central/South 

America, 6.0% in Africa, and 1.0% in Oceania (73). Cancers of the lung, stomach, colon and 

rectum, liver, and esophagus have the highest incidence worldwide (55, 73). 

Cancer incidence varies considerably across geographic regions, and this variation is 

generally more pronounced between less- and more-developed regions (74). As discussed in 



 

21 
 

the preceeding sections of this chapter, the variability is cancer-specific; that is, for some 

types of cancer, region A may have higher rates than region B, while for other types, region 

B may have higher rates than region A. This variability could be due to true differences in 

incidence resulting from inter-regional variability in cancer risk factors, and/or it can be due 

to artifacts. International comparisons of cancer incidence have been fundamental in the 

development of hypotheses regarding cancer etiology (3, 67, 72) which are typically 

addressed in analytical studies. As well as providing hypotheses for investigation, inter-

regional comparisons of cancer incidence also provide information to identify which 

populations to study to address specific hypotheses (19).  

There are numerous examples illustrating that geographic comparisons of cancer 

incidence give rise to hypotheses that were eventually instrumental in establishing cancer risk 

factors. (3, 67, 72, 75-77). Lemrow et al. and Wiggins et al. analyzed cancer incidence rates 

in the USA and found that incidence rates varied among Native Alaskan populations and 

Native populations in other parts of North America, and also that they often differed from 

rates among non-Hispanic whites (78-80). The study hypothesized the effects of behavioral 

causes such as obesity, tobacco use, and physical inactivity. Epidemiological studies have 

been carried out to confirm the association of these factors along with infectious agents and 

genetic factors in cancers (78)(81-85).  Micheli et al. reported large differences in the 

prevalence of certain cancers in the USA (86) and in countries included in the European 

registry (87). Richer areas in Europe had higher prevalence rates, suggesting that incidence 

varied with economic development. 

In China, investigators noted a very high incidence of esophageal cancer in a small city in 

the northeast of the country and in towns located around the city (88). Speculation about 
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environmental and dietary factors were underpinnings of findings that ensued with theories 

on temperature of the food, scraping of the esophageal lining due to eating dried corn husks, 

eating moldy bread, and the quality of the soil in the region. Investigators in a subsequent 

case-control study also noted a novel serological association with the human papilloma virus 

and the risk of esophageal cancer while working on previous theories (89). This was 

followed by several studies carried out in other regions in China and worldwide (90-92). 

Studies comparing incidence rates of cancers have historically provided significant leads 

about environmental, nutritional and behavioral causes. The often cited estimate that 80% of 

the cancer burden worldwide is due to environmental factors is derived from observed 

geographical variation in cancer rates (67). Comparisons of incidence rates have also been 

useful in migrant studies of relocated ethnic populations, with rates that dominate in the 

country of origin as well as in the host countries (93-95). These studies have been useful in 

understanding the relative importance of genetic and environmental factors in cancer 

etiology. 

Comparisons of incidence rates worldwide serves as the background for creating 

international and national strategies for cancer prevention and control. High cancer incidence 

rates affect national economies, social development programs, and national public health 

system of individual countries. The information on incidence trends is useful in making plans 

for health promotion and serves as a guide for future scientific research. Therefore, obtaining 

complete and accurate information on cancer incidence is crucial (78). 

As detailed earlier, the cancer incidence rate is a preferred measure for uncovering 

differences in the geographic occurrence of cancer. Unfortunately, in many regions, 

especially, but not limited to less developed regions, the health care systems and the cancer 
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registration resources are insufficient to provide reliable data on incidence. Among many 

problems, there is unequal distribution of health care resources, difficulty in gaining access to 

information about people living in remote rural areas of the country, and non-availability of 

advanced technical tools that are required for diagnosing cancer. Even when diagnostic 

technology is available, there is often no reliable registration system for recording cancer 

incidence rates in a defined population. In countries with few resources, complications arise 

due to imperfect cancer case ascertainment, and different lower quality methods relative to 

more developed regions. As such, incidence comparisons between different regions can be 

biased. 

2.1.4.1 Within-country and between-country variability 

As reviewed in this section on geographic variability of cancer, there is a rich literature 

available on comparisons of incidence rates across wide range of geographical regions, yet 

the comparisons of variability of incidence rates within countries and variability between 

countries is almost non-existent. Recently, Sang et al., have attempted to provide the first 

ever blue print for researchers to explore and compare the variability of cancer incidence 

rates within and between countries. They fitted a weighted multilevel Poisson regression 

models with a random country effect for different cancer types and sex separately (79). 

Cancer registries from CI5-vol X were used as surrogate for countries across Europe and 

North America for 10 invasive cancer types. Correlations of age standardized incidence rates 

within countries were termed as intra-class correlation coefficients that was labelled as 

intra-country correlations. This coefficient ranged from 0 to 1, with 0.5 indicating equal 

variances between and within countries (intra-class correlation of less than 0.5 indicated 

within-county variance to be larger than between-country variances, and value greater than 
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0.5 indicated within-country variance to be less than between-country variance). The four 

cancer types with the highest intra-class correlation (i.e., within- < between-country 

variability) among men included prostate cancer, melanoma of the skin, stomach and lung 

cancer. Among women, lung cancer, breast cancer, melanoma of the skin, and cervical 

cancer had the highest intra-class correlation. Cancer types where within- was greater than 

between-country variation were cancers of pancreas and leukemia in both men and women 

(i.e., low intra-class correlation of < 0.5). This analysis of within- and between-country 

variability through the use of cancer registries was able to offer etiological clues, that cancer 

types where within- is less than between-country variability, random mutations or number of 

stem cell divisions can be the likely explanations. On the other hand, lifestyle and 

environmental factors might play a role where between- is larger than within-country 

variability.  

Also, recently, degree of within- and between- geographical variability was assessed 

through a new index measure using cancer registries from high quality Nordic registries, 

however no hypotheses generation exercise was undertaken from the analyses (80).  

2.1.4.2 Spatial variability 

 According to Kelsall and Wakefield (81), a valuable public health practice is to examine 

incidence rates across geographical regions, and understanding spatial variation of patterns 

can provide insight as to their causes and controls. Spatial data refer to data with locational 

attributes and spatial variability occurs when a quantity that is measured at different spatial 

locations exhibits values that differ across the locations (82). Spatial variation in disease risk 

is of interest in epidemiology because it facilitates the display of incidence (and mortality) 

rates geographically for descriptive purposes, inform public health preventive strategies, and 
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is also helpful in assessing success of preventive programs such as screening. Most 

importantly, modelling of spatial variation helps formulate and provide evidence for 

hypotheses concerning disease etiology through ecological studies (81). The explosion in 

data gathering, linkage and analysis capabilities in recent times has been further expanded by 

advanced computing technologies such as geographic information systems, which in turn has 

greatly improved the ability to measure and assess varying spatial patterns of cancer trends. 

Cancer registry data has been widely used in analyzing spatial variability of specific types of 

cancers and assessing spatial clustering (83, 84). 

 Spatial variations in cancer trends are discussed in several papers, especially in the last 

few decades (85). The most common cancer types being breast, lung, and prostate from the 

prevention point of view. Some of these papers provide emphasis on clustering for analyzing 

spatial patterns, that further facilitate understanding of causes of cancers. These clusters were 

defined as unusual agglomeration, e.g., of high or low incidence of cancer. Most of these 

studies preferred using incidence rates rather than mortality for studying spatial variations 

since incidence rates have advantage over the former, in terms of providing information on 

histological characteristics of cancer, and due to ease of comparison across wider range of 

countries because of availability of data from cancer registries (83, 85). Moreover, survival 

rate of one cancer type can vary according to geographical area which can hamper the 

geographical comparison of mortality data. In these spatial studies as  reviewed by Roquette 

et al., (85), the association between cancer incidence and possible causes were also 

discussed, yet the results remained largely inconclusive.  

 Given the vast scope of cancer research being carried out worldwide, research themes 

with spatial dimension are becoming crucial in terms of generating hypotheses. Spatial 
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analysis can be used to answer questions such as “Why do some geographic areas have high 

rates of certain types of cancer?”. It can be used in deductive and inductive form of reasoning 

(86), wherein deductive reasoning begins with thinking up of theory, that is narrowed down 

to more specific hypotheses that can be tested. It is then narrowed down where observation is 

made to address the hypotheses, and then test hypotheses, and finally confirm or not confirm 

the original theory.  Inductive reasoning works the other way around and remains open ended 

and exploratory (86). These inductive and deductive applications of geospatial analyses can 

be used to test the validity of relationship between cause and occurrence of cancer. Research 

on cancer’s spatial variability, hence, represents an important resource for decision-making 

and policies design to fight one of the most important diseases known. 

2.2 Cancer mortality: 

2.2.1 Definition 

This measure of the burden is defined as the number of cancer deaths occurring in a 

defined population within a specified period. It is influenced by cancer incidence, individual 

biological factors, tumor characteristics and stage at diagnosis, and response to available 

treatment (60). For a given type of cancer, mortality rate is a function of incidence rate and 

fatality rate (proportion of cancer cases that result in death). 

2.2.2 Sources of data and quality 

Mortality data’s relative advantage over incidence is because of its more comprehensive 

availability at the national level for many countries. The WHO mortality database has 

mortality statistics for most countries, and for more extended periods than that of incidence. 

Because of this reason, temporal analyses of cancer mortality might be more common than 
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those of incidence in the medical literature. There are, however, some potential difficulties in  

interpreting mortality rates for some cancers, and are discussed in this section. 

As pointed out by Boyle (87), asides from artifacts related to cancer registration 

practices, many of the factors that affect incidence equally affect mortality data because they 

both rely on the accuracy of the initial cancer diagnosis.  Comprehensive mortality statistics 

require that diagnostic data are available on those who died, which are then transferred to 

death certificates, and which are then accurately coded, compiled and analyzed. Death 

registrations require that the correct diagnosis is mentioned on the death certificate and that 

this diagnosis is confirmed as the underlying cause of death (87). 

Previous studies, more specifically by Percy et al., have investigated the accuracy of 

death certificate diagnoses in vital statistics data e.g., by comparing cause of death entered on 

the death certificate with a reference diagnosis derived from autopsy reports, detailed clinical 

records, or cancer registry data (88-91). These studies have shown that the level of accuracy 

of the recorded cause of death declined as precision in the diagnosis increased. A tendency to 

over-record non-specific diagnoses instead of the exact site (e.g. large intestine instead of 

rectum) has been noted, and accuracy is often lower in older ages. A study on cancer trends 

in England and Wales during three decades from seventies to nineties in the age group 75-84 

found the rise in all-cancer mortality in the older age group was in part due to increasing lung 

cancer mortality, but the study also concluded that the data artifacts were also responsible for 

much of the increase in the other common cancers (92). Their final conclusion was that use 

of routine mortality statistics lacks validity at older ages because of imprecision in 

certification of cause of death. 
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Death certificates were compared mentioning cancer as the underlying cause of death for 

50,000 incident cases in a study by Percy et al (89). The accuracy of death certificate was 

assessed by comparing the primary cancer site reported on hospital diagnosis with the cancer 

site coded as underlying cause of death. Over-reporting on death certificates was indicated 

when the detection rate (proportion of hospital diagnosis with a cancer of certain type in 

which cause of death reflects the same hospital diagnosis) was high relative to the 

confirmation rate (i.e., proportion of cancer deaths for which the underlying cause was 

confirmed by hospital diagnosis), as was the case for cancer of larynx and colon, and 

unspecified cancers of the uterus. Underreporting was observed (confirmation high relative to 

detection rates) for cancers of the cervix and rectal cancers. Death certification reported 

melanoma correctly in most cases. Percy et al., also carried out the comparison of coding of 

cancer-related death certificates in seven countries (Canada, United States, France, United 

Kingdom, West Germany, Norway, and Soviet Union) and found marked differences 

between these countries in the allocation of lCD-codes to death certificate diagnoses (91). 

They concluded that these differences could seriously affect cancer mortality statistics.  

2.3 Other measures of cancer burden 

Other measures of cancer burden such as survival and prevalence have also been used as 

indicators by researchers and health care planners (93-96). Survival of cancer patient is 

defined as the time elapsed between diagnosis and death. However, it has been pointed out 

that survival figures are not suitable for geographic and temporal trend analyses because of 

underlying trends in registration practices (survival estimates are also produced by cancer 

registries). Survival comparisons have limitations when understanding cancer etiology, and 

their use is more focused on understanding treatment protocols of cancer patients. Most 
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notably, follow-up to confirm survival may be incomplete in many cancer registries (97). 

Follow-up of registered cancer cases quite often require matching death certificates against 

cancer notifications and assuming that unmatched cases are still alive. None-the-less, 

survival is useful indicator of the effectiveness of cancer treatment (93). 

Prevalence is a more complex measure of incidence, fatality, and other influences 

operating in affected individuals prior to death or cure. Total prevalence of cancer is the 

number of persons in a defined population alive at a given time who have had cancer 

diagnosed at some point in time in past. It reflects the number of individuals in the population 

requiring at the same time a defined care procedure. It is not particularly useful for health 

care planning if the proportion of long term survivors can be considered cured. It can be 

informative if it reflects the number of subjects being in a given status rather than that of 

subjects ever diagnosed with the disease. For example, patients with diabetes and 

hypertension require continuous treatment but this cannot be the case for cancer at several 

sites, which when treatment is successful, can be considered cured (94). 

2.4 Incidence versus mortality 

As discussed, incidence and mortality are the two most important basic measures to 

monitor the risk of cancer in the population. They are the fundamental data resource for 

studies on cancer causation. Several researchers have deliberated on the relative merits of 

incidence and mortality and to time trend analyses (11, 72, 87, 97). The importance of 

determining artefacts and considering their contribution to observed cancer incidence and 

mortality trends have been addressed at length by Saxem (76) and Muir et al (30, 98), while 

Percy et al., have investigated the accuracy of death certificate diagnosis (88, 89, 91) 



 

30 
 

Analyzing incidence trends may allow some insight into the possible changes in the 

prevalence of risk factors that drive the trend. Mortality rate, given its coverage and 

availability, has historically been a useful surrogate for incidence. The assumption of 

constancy over time in the case fatality ratio however may not hold for cancers where 

prognosis has been improving and novel effective therapies for a number of cancers were 

introduced in past. Mortality rates are certainly the useful measure of disease outcome; in 

determining the beneficial effects of a specific treatment regimen at the population level (8). 

But in the same time period when survival was improving, the cancer incidence in some 

Nordic countries increased, thereby allowing detailed analyses of secular trends (30). 

However, in their landmark study of environmental causes of cancer, Doll and Peto preferred 

to utilise mortality rather than incidence data, pointing out that incidence was more complex 

to interpret (72). In addition to the artefacts associated with changing practices in cancer 

registration process, they considered the effects of changing practice in classification of 

cancers associated with different rates of fatality and the spread of screening tools that detect 

cases earlier as having had a large impact on the rising incidence of many cancer types. This 

neglect of available incidence data from them drew some criticism from Clemmesen and 

Nielsen (99) and Devesa et al (100) although Doll et al later clarified their viewpoints on 

mortality and incidence in their response to a letter from Clemmesen (99) by stating that 

“Indeed, in many parts of the world where morbidity data are poor, cancer registry data may 

be far more reliable”. 

Most researchers have an agreement that a combined description of trends in incidence 

and mortality often serves to clarify understanding of the underlying biological processes, 
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and to have a balanced discussion in interpretation keeping in mind the relative strengths and 

weaknesses of each measure (30, 72, 87, 100).   

In summary, while we do not understate the importance of mortality rates, there is a need to 

make a statement in dissertation as to why incidence is needed to understand cancer etiology 

rather than mortality. As discussed before in this chapter, since the mortality rate is partly 

determined by the fatality rate, it is an imperfect indicator of the incidence rate, and 

variability in the mortality rate is an imperfect indicator of variability of the incidence rate. 

Thus, if the purpose of geographic comparisons in rates is to elucidate possible etiologic 

factors, it is incidence rates rather than mortality rates that should be examined. For cancer 

types with poor survival, the mortality rate may closely approximate the incidence rate, and 

in such circumstances the mortality rate may serve as a useful proxy for the incidence rate 

(73, 101). However, for cancers of moderate to good survival, the mortality rate is a poor 

proxy for incidence, and variability in mortality may reflect variability in features like 

screening and treatment that have nothing to do with etiologic risk factors.  

2.5 Review of methods to analyze cancer trends 

 This section presents a background review and critique of the various approaches that are 

available to a researcher if the intent is to analyze cancer occurrence over time. In putting 

forward propositions for an appropriate analysis, researchers over the years have emphasized 

on the need for right approaches to analysis and presentation, that can maximize 

comparability of trends over time, and with proper interpretations, to make sense of any 

previous knowledge regarding the biological process of cancer (102-107). This section of the 

chapter discusses the following approaches to trend analyses: 1) use of graphical descriptions 
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as exploratory analyses, 2) use of traditional models to quantify temporal change, and finally, 

3) use of more sophisticated models such as age-period-cohort modeling techniques. 

2.5.1 Exploratory analyses through graphical depictions 

   A graph can be used as an analogy for story-telling or rather more appropriately story-

telling showing some evidence of something. It presents data visualization in a way that 

becomes a window to communicate results effectively and speculate into future. Hence, one 

can use these graphs as a pivotal point in one’s story. According to classical book by Tufte 

(108) [also quoted by Devesa et al (103)], “Excellence in statistical graphics consists of 

complex ideas communicated with clarity, precision, and efficiency”. Graphical approaches 

remain an intrinsic part of any good data analysis, despite many recent advances in statistical 

modelling. Over the years, a variety of graphical approaches have been used to visually 

portray and analyze temporal trends, especially annual rates of change, in cancer incidence 

and mortality (8, 30, 102, 103, 109). The next subsections underpin common and useful 

attributes of graphical presentations in cancer trend analyses e.g., choices regarding the form 

of rate (such as age-standardized) or selection of the scale (such as arithmetic or log-

transformation of Y scale). 

2.5.1.1 Choice of rate: age-standardized or age-stratum-specific 

Age is a strong determinant of cancer risk. According to Bray and other researchers, there 

are very strong reasons to adjust for the effects of age when comparing cancer risk in 

populations over time (110). About ninety percent of human cancers are epithelial, and 

according to Armitage and Doll (111), these types of cancers increase approximately as a 

fifth power of age, and represent about a 1000-fold difference in cancer rates between young 
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people aged 20 and older persons aged more than 80. Also, the demographic effects of aging 

and population growth continue to have a major impact worldwide.  

Direct standardization procedures yield the age-standardized incidence rate (ASIR) and 

cumulative risk, both of which absorb the chronological sequence of age-specific rates (e.g., 

in 5-year stratum specific age group, 5 to 9, 10 to14, 15 to19 and so on), allowing 

comparisons of cancer risk over time in the same population using a single summary measure 

(40). In other words, direct standardization yields a standardized rate, which is a weighted 

average of the age-specific rates, for each of the populations to be compared. In ASIR, a 

standard population with a fixed age distribution - such as the World standard by Segi, later 

modified by Doll - is applied to the age-specific rates to obtain an expected summary rate if 

the population of interest had the same age distribution as the standard (40). A new WHO 

standard world population has been proposed (112) but has been considered unnecessary for 

replacing the older standards (113).  Example of the computation through direct 

standardization is provided in several sources, and where one can also inspect age-specific 

rates (40, 114) (also see Appendix 1). 

  In an ideal situation, age-standardized rates are accurate only in the absence of an 

interaction between age and calendar time (115). Trends in age-standardized rates are 

sometimes not the best way to examine cancer risk at either temporal or geographic level, 

because according to Gardner and Osmond (14, 15) , the age standardized rates by calendar 

period can mask important changes in the age-specific rates, particularly in the presence of 

strong generation (birth cohort) effects. According to these authors, there can be no substitute 

to an inspection of age-specific rates in temporal analyses, because these serve to validate the 

use of age standardization and provide background information in interpreting results from 
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more complex modelling procedures. However despite this critique, a lot of valuable 

information can still be teased out from visual descriptions of the age-standardized rates over 

time across populations worldwide (116).  

2.5.1.2 Choice of scale: arithmetic or log-transformed  

 Devesa et al., while reviewing their own work on observed incidence trends of cancers 

(100) found that improvements can be made in graphical presentations by choosing either 

arithmetic or logarithmic scale in plots of rates over time (103). These two types of scales 

that are chosen according to research question to be addressed, one where no transformation 

is carried out on either x or y axis (arithmetic) and the other where logarithmic 

transformation is carried out on y coordinate. They noted that different presentations of the 

same data can result in different impressions, facilitating or hindering comparisons of trends 

in diseases over time, in particular when time-periods vary. In epidemiological literature, 

both transformations are regularly applied to graphically portray disease over time.  

 The use of arithmetic scales is appropriate where absolute changes in magnitude are of 

interest. It can be useful when temporal trends of greater magnitude are of greater importance 

and consequence (103). In public health programs, this could be, for example, the evaluation 

of costs for a vaccination programs over time, or changes in childhood vaccination usage, or 

predicted number of cancer cases that can be used as an indication of the resources required 

for treatment. 

 There are reasons why the logarithmic transformation may be of greater utility in studies 

investigating changes in rates with time (102, 104). First, rates of very different order of 

magnitude may be plotted and visually interpreted. A visual interpretation of rates associated 

with few events alongside those with many events is enabled, such as trends in five-year age-
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specific rates of lung cancer incidence in women aged 30-74, or the comparison of trends in 

rates of a rare cancer versus a common one. Secondly, it should be considered important to 

identify proportional changes in rates among populations where the baseline rates differ 

(103). The log transformation is particularly effective at depicting relative changes in risk 

over time in low risk relative to higher risk groups, providing evidence of similarities or 

differences in the trends between groups (105). Figure 2-1 illustrates these points by 

comparing the arithmetic and log scales in depicting age-standardized trends in female lung 

cancer incidence in five populations of US, Denmark, Australia, Japan and Spain. The 

uniform increases in Spain (No. 5 in Figure 2-1) compared to Japan (No. 4 in Figure 2-1) are 

played down by the use of arithmetic scaling of the Y axis (left side of Figure 2-1). On a log 

scale (right side of Figure 2-1), the increase in incidence rates in Spain is apparent i.e., a 

steeper increase in Spanish women is observed compared to Japanese women.  

 Both arithmetic and logarithmic scales have advantages in certain circumstances of 

interpretations; it has been critiqued, for example, that use of the log scale can conceal 

important generation effects, primarily in the older age groups when the rates are of a large 

magnitude (107). Sufficiently detailed labelling of a log-transformed axis may also be 

important, so that the absolute changes over time can also be evaluated. The log-scaled 

ordinate may be labelled 0.1 to 1, 1 to 10, 1 to 100, and so forth. If the rate of change is 

constant, the observed time trend will be a straight line on a log graph.
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Figure 2-1: Age standardized incidence 
rates of lung cancer in women (15-85+ 
years) in five countries from 1953-2003 on 
arithmetic on left and log scale on right 
(source WHO- IARC). 

 
1. United States 
2. Denmark 
3. Australia 
4. Japan 
5. Spain 
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2.5.2 Role of statistical models to quantify temporal change 

It is sometime difficult to make conclusions based on graphical depictions only, because 

they are sometimes not straightforward and may not provide satisfactory levels of inference 

by themselves. Therefore, in these kinds of situations, our understanding of the progression 

of cancer risk can be greatly improved using more formal statistical procedures. Models offer 

quantitative and comparable estimates of trend based on objective criteria for choosing the 

best description of the data, and statistical tests to decide whether the trends may be real or 

due simply to chance (11). The consequences of subjective conclusions based exclusively on 

graphical descriptions can therefore be avoided. Although, the interpretation of cancer trends 

is however often complex and statistical models will not always provide definitive answers, 

but when used skillfully, they may however help in the interpretation of the observed 

temporal patterns.  

Time trend data should be analyzed according to the problem under investigation, and the 

structural characteristics of the data. In cancer surveillance and monitoring, the objective of 

analysis might be to quantify recent trends in cancer, and to make statements as to the needs 

for future health priorities on the basis of anticipated future trends. In such a case, a diffident 

form of analysis e.g., analysis of annual percentage change provides a summary of the 

magnitude and direction of the trend, and can be obtained from linear regression modelling. 

The estimated annual percent change through linear modelling has an arbitrary element 

however, in that the trend estimate will depend on the extent of linearity in the selected 

period. Alternatively, one may wish to determine the annual percentage change for periods of 

time between abrupt changes in the linear trend e.g., when there are elements of curvature in 

the trend, and in which case, the estimated annual percent change will give imprecise 
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estimates of the average unit change. If and when this scenario happens, the alternate could 

involve modelling these abrupt or sudden changes in the trends, and the estimate the 

direction and magnitude of change for each period of time where the rates are relatively 

stable. Modelling methods to determine abrupt changes in the trend (slope) have been 

previously devised using weighted piece wise linear regression (117) and have been 

implemented using joinpoint method (118, 119). The idea behind the joinpoint regression 

modelling is that the linear trends should be derived over few continuous linear phases. The 

merits of this technique was demonstrated by Bray et al in their analysis of endometrial 

cancer incidence and mortality (7).   

2.5.3 Other modeling techniques  

To provide the researchers with clues to the etiology of disease, time trends are often 

jointly considered using age, time of event and date of birth. This approach known as age-

period-cohort analysis, has been used in several studies by Bray et al (120-122), and involves 

fitting of age, period and cohort as explanatory variables in a linear Poisson regression model 

of the number of disease events, and offset by the corresponding person-years. This type of 

modelling, although complex, has been used for the temporal analysis of disease rates. The 

idea behind this modelling technique stems from the concept of “cohort-effect” that is also 

referred as “generation effects” (123). The cohort-effects are conceptualized as variation in 

the risk of a health outcome according to the year of birth, coinciding with shifts in the 

population exposure to risk factors over time (124). Cohort analysis began as a descriptive 

tool to better understand mortality, mostly for the purpose of forecasting and calculating life 

expectancy (125). For a long time since the original publication in Lancet by Kermack et al., 

in 1934 (126) , the definition, identification, and interpretation of cohort effects have been a 



 

39 
 

subject of controversy (127). To define a cohort effect, it is necessary to first define the 

related effects associated with age and period. Age effects describe the common 

developmental processes that are associated with particular ages or stages in the life course. 

In other words, age effects represent accumulated exposure, and/or the physiological changes 

associated with the process of aging. Period effects are the result of widespread 

environmental changes, the ubiquitous, population-wide exposures that occur at a 

circumscribed point in time (124). 

According to Keyes et al., age-period-cohort modeling strategies can be defined as 

statistical attempts to partition variance into the unique components attributable to age, 

period, and cohort effects (124). Regardless of conceptual definition, the majority of these 

modeling strategies developed over the past thirty years assume that cohort effects can exist 

independently of age and period effects. Therefore, age, period, and cohort are often modeled 

as having a linear relationship with the outcome of interest, and each linear slope is estimated 

controlling for the effect of the other two. However, no statistical model can simultaneously 

estimate age, period, and cohort effects because of the collinearity among the three variables. 

This collinearity results in a statistically non-identifiable design matrix, making simultaneous 

modeling of the linear functions of three effects impossible. 

Studies of international variation in cancer incidence are not possible without a large 

body of data to facilitate the detailed analyses of geographic patterns of cancers and their 

causes. In the next chapter, we present a brief overview of the international cancer registries 

that are the main sources of data on incidence rates, and the process of registration, and 

limitations in interpreting registry data. This is followed by Chapter 4 which discusses the 

main issues of cancer case ascertainment, and in particular completeness in a cancer registry. 
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Chapter 3    Background review on cancer registration 

3.1 Historical context of cancer registration 

Tabulating the number of people with disease is at the core of public health surveillance 

and descriptive epidemiology. People with disease are identified with reference to specific 

geographic regions and specific years; data on their lifestyle characteristics are often 

collected as well as their familial antecedents. The concept of counting health-related events 

evolved over time, and this progression can be followed in several key papers that underscore 

historic developments in surveillance and cancer epidemiology (128-134). 

3.1.1  Disease surveillance: recording of complete and accurate data 

According to Hippocrates, the endemicity of diseases and epidemic conditions are 

determined by the nature of a certain place, while climatic and behavioral elements are seen 

as the key forces driving them  (129, 135). This supports the concept of collecting data on 

place, the natural environment, and people living in them for determination of the incidence 

of illness. Some 600 hundred years ago, with the emergence of scientific thought during the 

Renaissance, the concept of recording data on mortality and morbidity as a basis for 

preventive actions arose in Europe, and subsequently spread to the British Isles and Americas 

(131). The fourteenth and fifteenth centuries saw a primitive form of surveillance in Europe, 

which led to the first public health preventive measure by the Venetian Republic, in the form 

of detaining travelers from plague-infested areas (136). In the first half of sixteenth century, 

prompted by geographic ravages of the plague, records of vital events were maintained in 

European towns, and the “London Bills of Mortality” were published under the tutelage of 

the English Crown by elderly epidemic-scarred women known as “Ancient Matrons”. How 

the information was used at the time is not recorded and it was not until one hundred years 
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later around 1665, when John Graunt, a London businessman subjected decades of data from 

the Bills of Mortality to detailed mathematical analysis. He was the first to estimate the 

population of London and to count the number of people who died from specific causes. He 

was also the first to conceptualize and quantify the patterns of disease, and to understand that 

numerical data on a population could be used to study the cause of disease (131, 132, 137). 

The need for more complete and accurate mortality data led to the establishment of the 

General Registrar Office in the United Kingdom in 1836, where the modern surveillance 

system originated under William Farr, a physician who was appointed as its first “Compiler 

of Abstract (medical statistician)”. Farr was acutely aware of the necessity of matching 

registered “numerator data” with appropriate census “denominator data”. He also influenced 

the authorities of the time to include a complete enumeration of the ages of people in the 

population census. The importance of carefully analyzing and continually reporting results of 

analyses on mortality rates enabled Farr to attract public attention to disease surveillance 

(133, 134, 138).  

3.1.2 Cancer surveillance: inception of cancer registries 

The registration of cancer patients is an important form of surveillance that cuts across 

different types of cancers. Cancer statistics were first compiled on a large scale in London in 

1728. The practice of registering specific types of cancers for people employed in certain 

industries originated in England and Wales. For example, epithilomas due to tar pitch, 

bitumen, mineral oil, paraffin and soot were notifiable under the factory act of 1895 (139). 

According to Wagner, the historical development of the population-based process of 

registration was slow, and spanned several hundred years with many detours and blind alleys 

(75).  It is however clear, that the earliest cancer registries covering defined populations used 



 

42 
 

multiple-source reporting. They were established first in Hamburg in 1927, and then in New 

York (1940), Connecticut (1941), and Denmark (1942). These registries are considered the 

oldest examples of modern cancer registries, and used information from multiple sources 

such as hospital patient records, diagnostic reports from pathology, and death certificates 

(27). Today, most of the developed and longstanding cancer registries have been linked with 

several relevant computerized databases, thereby enabling the capture of information of 

cancer patients beyond the traditional goal of registry dataset such as health insurance 

records, hospital information systems, and the census. In Section 3.1.3, we describe the 

historical role of specialized cancer organizations in the world-wide development of cancer 

registration. 

3.1.3 Role of cancer organizations in cancer registration 

3.1.3 (a) International Agency for Research on Cancer (IARC) 

Although the first few registries in the 1940s were valuable, they did not cover much of 

the world population and they operated with few resources. An early impetus for establishing 

cancer registries came from a conference in Copenhagen in 1946 convened by the Director of 

the Danish Cancer Registry, Johannes Clemmesen. Twelve leading experts in the field of 

cancer control who attended this meeting made four salient recommendations: 1) cancer 

patients’ data should be collected from as many different countries as possible; 2) the 

recording of data must be done in a comparable manner; 3) a central cancer registry in each 

country should be established to carry out local data collection and registration; and finally 4) 

an international body should be set up the responsibility of which will be to analyze the data 

obtained in each country.  A World Health Organization (WHO) subcommittee on the 

registration of cancer cases was established in 1950 and provided the first set of 
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methodological guidelines for cancer registration (75, 139). The same year, at the 

International Symposium on Geographical Pathology and Demography of Cancer, organized 

by the Union for International Cancer Control (UICC) in 1950, the need for enumerating all 

new cancer cases in a defined geographic area was emphasized (140). From this landmark 

initiative, the first volume of the Cancer Incidence in Five Continents (CI5-Vol I) emerged as 

a technical report of UICC, the publication of which gave an immense boost to cancer 

registration activities at an international level (141). In 1965 (75), the Interim Commission of 

WHO recommended the establishment of national cancer registries (142, 143).  In 1965, the 

International Agency for Research on Cancer (IARC) was established in Lyon, France, as a 

specialized cancer research center of the WHO. It began its work in July 1966. The 

governments of France, the Federal Republic of Germany, Italy, the United Kingdom and the 

United States agreed to become founding participating countries, each contributing US$ 

150,000 a year towards IARC. Very shortly afterwards, the Soviet Union joined, followed by 

Australia and the Netherlands. Between 1970 and 1982, Belgium, Japan, Sweden and Canada 

added their support to the agency, and in 20 years’ time, in 1985, the budget rose close to 

US$ 9 million. 

3.1.3 (b) International Association of Cancer Registries (IACR) 

Because of the creation of IARC in 1966, following a meeting in Tokyo in the same year, 

the International Association of Cancer Registries (IACR) was founded. The IACR functions 

as a membership forum for cancer registries of different countries, and is involved in the 

development of standards for cancer registration, training of registry personnel, publication 

of registry data, and holding of scientific meetings. After successful publications of the first 

two volumes of CI5 in 1966 and 1970 (26, 144), the UICC requested IARC to take full 
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responsibility for its future productions. The alliance between IACR and IARC was therefore 

natural and resulted in publications of eight more volumes of CI5, the most recent volume 

(CI5-vol X) being published in 2013.  

3.2 Cancer Incidence in Five Continents (CI-5 & CI-5Plus) 

  The overall objective of this resource is to provide comparable data on cancer incidence 

from different geographic regions of the world over time, while adhering to various criteria 

of quality that are gradually evolving in complexity (145). Each volume of CI-5 represents an 

interval of approximately 5 years of time (Figure 3-1). An additional dataset known as CI-

5plus provides annual incidence rates for the longest time period in addition to 5-year 

interval of CI-5. Cancer registries from Denmark, Norway, and Sweden are the longest 

surviving registries reporting incidence rates annually since 1953.  

Figure 3-1: Coverage of cancer registries in ten volumes of CI-5 

Source: Bray et al, 2015 (40). Population signifies subpopulations within a single registry 
e.g., ethnicity, urban-rural etc. 
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While the aim of the CI-5 is to report cancer incidence from as many regions of the world as 

possible, not all of them are included in the final volume (Table 3-1).  The editorial process 

includes a careful check of submitted datasets from individual registries to ensure that the 

minimum criteria of quality are followed. For respective cancer registries, publication of 

their dataset in CI5 is seen as recognition of their advancement and quality, and many use 

this achievement to secure funding for their registration activities (27, 40, 145). 

Table 3-1: Numbers of registries submitted and number and proportion finally included in Cancer 
Incidence in Five Continents Volume X, by continent. 

Source: Bray et al, 2015 (40). 

 Registries submitted Registries included Proportion accepted 

Africa 18 8 44 

Asia 102 63 62 

Central & South America 35 25 71 

Europe 136 118 87 

Oceana 11 10 91 

North America 70 66 94 

Total 372 290 78 

 

3.3 Hospital-based versus Population-based cancer registries  

Cancer registration can either be hospital-based or population-based (22, 146). Although 

the process of registering cancer cases is identical to a large extent in both types of cancer 

registries, a clear distinction must be made. 

 

 



 

46 
 

3.3.1 Hospital-based (and Pathology-based) 

These registries record cancer cases in hospitals, usually without the knowledge of 

background population (i.e., these registries cannot provide measures of the occurrence of 

cancer in a defined population because it is not possible to define their catchment 

populations, or the populations from which all the cases arise). Hospital-based cancer 

registries are concerned with the recording of information on the cancer patients seen in a 

particular hospital (147). The emphasis is on clinical care and hospital administration. 

Hospital-based registries serve most often as a central source of data representing the 

population in which the hospital is located (146, 148). This type of registry can calculate the 

frequency of cancer cases and measure the outcomes for the patients it treats. It can provide 

useful information that can guide resource allocation, cancer care policies, and investment in 

cancer prevention activities. However, a hospital-based registry cannot provide incidence 

rates because the denominator “population at risk” is not known (149). It can still be useful in 

describing referral patterns and can therefore be helpful in defining the catchment area of a 

given hospital (150). Another similar type of registry is pathology-based, which records 

cancer cases diagnosed in pathology laboratories based on histopathology and cytology 

reports.    

3.3.2 Population-based 

Population-based cancer registries are the gold standard for calculating true or close to 

true cancer incidence in any given population. They are very resource intensive compared to 

hospital-based and often require long-term state- or region-specific support to operate. This 

type of registry collects information on cancer patients from various sources, e.g., hospitals, 

pathological laboratories and death certificates, and provides estimates of the magnitude of 
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cancer occurrence in a specific geographical area. Methods of data collection (notification 

methods) have traditionally been classified as active or passive. Active reporting involves 

registry personnel visiting various sources, abstracting the required information onto special 

forms and obtaining copies of the necessary documentation. Passive (or self-) reporting relies 

on other health workers to complete notification forms and forward them to the registry. In 

practice, a mixture of these two systems may be used, with, for example, active hospital 

visits being supplemented by passive receipt of copies of pathology reporting-forms and 

death-certificates mentioning cancer (151, 152). 
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Chapter 4    Cancer case-ascertainment in cancer registries 

Cancer registries vary according to population size, funding, and trained manpower 

available for functioning. Most of these registries have strategic and logistical autonomy and 

follow their standard procedures accordingly. There is therefore a possibility that this 

autonomy affects the quality of registered data. The usefulness of population-based cancer 

registries across different geographic regions depends heavily on quality indices of 

registration and in particular, on completeness (150, 153-157). Cancer incidence rates can be 

misleading when a cancer registry cannot meet standard procedures for data abstraction and 

coding. The issues of cancer case-ascertainment and its completeness are followed up in this 

chapter to support the rationale of carrying out the current thesis work.  

4.1 Overview of cancer case-ascertainment 

Cancer case-ascertainment is commonly called case-finding, and is the process of 

identifying patients with malignant cancer who meet the inclusion criteria for a cancer 

registry. Because cancer registration requires continuous monitoring of cancer incidence and 

mortality, case-ascertainment must be carried out by identifying all cases in a defined 

population, regardless of where the cancer patient was identified in the healthcare system. 

Common sources of case-ascertainment include hospitals, independent treatment centers, 

pathological-laboratories, physician offices, coroner’s offices, health insurance systems and 

nursing homes (149, 152).   In hospitals, medical records are coded and indexed, making 

them the principal source of case-ascertainment. These codes permit the retrieval of records 

related to reportable cancers that must be included in the registry. Reportable cancers are the 

ones that meet the inclusion criteria of a registry. These cancers are well-defined in the 

International Classification of Disease for Oncology (ICD-O), a coded nomenclature 
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published by the WHO. The ICD-O defines each type of tumor and its behavior, as benign, 

uncertain malignant potential, in situ, invasive, or metastatic. The reportable cancers 

collected by all cancer registries are those that are malignant (in situ and invasive). 

Metastatic tumors (malignancy growing on a site at a distance from the origin in which it 

started) are not reported individually; rather, metastases are reported as a progression of the 

tumor at the site of origin. Occasionally a registry will require that certain types of benign 

tumors be reported, such as benign brain tumors, which cannot spread but do have the 

potential to be lethal, and tumors of uncertain malignancy, such as carcinoids of the appendix 

(158).   

4.2 Key issues in cancer case-ascertainment 

Goldberg (159) and Donaldson (160) reviewed evaluation methods for registries and 

listed some key issues to be addressed before setting up any kind of registry. For a cancer 

registry, this means addressing fundamental issues of ascertainment such as comparability, 

validity (or accuracy), and timeliness (16, 17). In this section, the quality indicators regarding 

cancer registration are briefly addressed.  

Comparability is the extent to which “classification” and “coding” of new cancer cases, 

together with the “definitions of incidence” adhere to international standards and guidelines. 

The comparability of statistics produced for different registries across various regions, and 

over time, is crucial to a meaningful interpretation of incidence trends. The standard for 

classification and coding of cancer is ICD-O (16, 40, 151). 

Validity (or accuracy) is defined as the proportion of cases registered with a given 

characteristic (e.g., sex, age or diagnosis) which truly have this attribute. It depends on the 

veracity of source documents and the level of ability in abstracting, coding and recording this 
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information in the registry database. Bray and Parkin (16) have described four methods to 

evaluate the validity of cancer registry data: the diagnostic criteria method i.e., histological 

verification (percent of cases with morphologically verified diagnosis: MV%;) and death 

certificate only (percent of cases for which the only information came from death certificate: 

DCO%); missing information analysis; re-abstracting and recoding; and the internal 

consistency method. These methods provide numerical indices of validity as well as for 

completeness. 

Timeliness in the reporting to the cancer registry relates to the rapidity with which a 

registry collects, processes and provides sufficiently reliable cancer data (16, 161).  

Completeness is the most important attribute and the key quality indicator of any cancer 

registry. It is defined as the extent, degree or proportion of all incident cancer cases in a 

defined population that is included in the cancer registry database. In theory, all cases of 

cancer in a defined population should be recorded in a population-based cancer registry or 

should be as close to 100% as possible. 

Different methods are sometimes employed to measure and evaluate completeness in 

different cancer registries, which means that some registries could differ in quality in terms 

of completeness in case-ascertainment. In the next section, some of the available methods of 

completeness of cancer case- ascertainment (also known as completeness indices) in cancer 

registries are discussed. 

4.3 Disparate methods of evaluating completeness 

In the past, several methods were used to assess completeness of case ascertainment in 

cancer registration (153, 154, 159, 162-167). Parkin and Bray have separated these methods 
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into two broad categories (17). “Qualitative (or semi-quantitative) methods” give an 

indication of the degree of completeness relative to other registries, over time e.g., Historic 

data methods, Percent of morphologically verified cases (MV %), and Mortality-to-Incidence 

(M:I) ratios. “Quantitative methods” (such as death certificate methods e.g., percent 

identified by death certificate only (DCO %), capture-recapture methods, and the Bullard 

Flow method) provide a numerical evaluation of the extent to which all eligible cases have 

been registered. Some of these methods are briefly described: 

Histological verification of diagnosis: 

Histological verification of cancer or “Percent of cases morphologically verified (MV 

%)”, is a measure of the validity of the information and completeness in a registry (25). A 

very high proportion of cases diagnosed microscopically by histology or 

cytology/hematology (higher than reasonably expected) suggests over-reliance on the 

pathological laboratories as a source of information, and failure to find cancer cases 

diagnosed by other means. The percentage of cancer cases likely to be histologically verified 

for a given site is dependent upon local regional circumstances where the registries are 

situated (40). It might be low if the means for taking biopsies, or examining the tissue, are 

lacking or inadequate e.g., in low resource countries. Conversely, the availability of 

sophisticated imaging techniques may reduce the need for biopsy. 

Mortality:Incidence (M:I) ratios:  

The M:I ratio is a key indicator of completeness and involves comparison of the number 

of deaths (obtained from a source independent of the registry, e.g., the vital statistics system) 

and the number of incident cancer cases, registered in the same period (25). The M:I ratio 
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may also reflect local conditions because survival and the quality of mortality statistics are at 

many levels related to the socioeconomic development of the region. Values of M:I greater 

than expected, i.e., exceeding 1, signals under-registration (incident cancers missed by the 

registry), and becomes more noticeable if it involves more than one type of cancer in a 

registry. However, under- or over-reporting of tumors on death certificates distort this ratio, 

as will a lack of constancy in incidence and case fatality (the rate of death amongst incident 

cases) over time. Application of this indicator of ascertainment does require, however, 

mortality data of good quality especially concerning accurate recording of cause of death 

(168).  

Death certificate methods (DC methods): 

Death certificates are one of the main sources of information in a cancer registry in 

developed countries (169), and have three main uses in cancer registration: 1) as a 

complementary source of information on new cancer cases, 2) as quality control assessment 

of both completeness and validity, and 3) for studies on survival of registered patients. DC 

methods cannot be readily applied to cancer registries from low- and medium-income 

countries (28). 

Methods used by Ajiki (170) [and quoted by Parkin (17) and Kamo (171)] explains death 

certificates as a means of capturing information on cases that were not registered during life. 

A “Death Certificate Initiated” (DCI) registration is one for which any information available 

from other sources was found as a result of trace-back procedures, initiated because of a first 

information via death certificate (Figure 4-1 ). It is important to note that DCI cases are 

different from DCN (Death Certificate Notification) cases, the ones for which subsequent 

information was received without the need of a trace-back (follow-back) enquiry (Figure 4-
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1). After all the trace-back procedures performed on DCN cases, the cases for which no other 

information than a death certificate mentioning cancer was obtained are termed DCO (Death 

Certificate Only) cases. Therefore, although the DCO case is not an ideal indicator of 

completeness of registration, an elevated proportion of cases diagnosed through DCO (%) is 

suggestive of incompleteness. 

Figure 4-1: The use of death certificates to identify new cases of cancer. 

Source: Parkin and Bray, 2009 (17).  
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Bullard’s Flow method: 

Flow method, was introduced by Bullard in 2000 (153) and is based on the logical flow 

of the data in the registration system, and on the time distribution of various probabilities 

inherent to this flow, which can be calculated using routine cancer registry database. To 

estimate completeness of cancer registry data, the number of patients not registered at a given 

time after diagnosis of cancer has to be ascertained. These patients are divided into two 

groups: (1) patients who are alive and still unregistered (missing) and (2) patients who have 

died without being registered during life, and remain unregistered because cancer was not 

mentioned on the death certificate (lost) (172). 

Capture-recapture methods: 

Capture-recapture methods were originally conceived as a tool by ecologists to estimate 

the size of free-living animal populations in a close environment. In this method, samples of 

animals are captured, tagged, released and then recaptured, and the size of the animal 

population is estimated from the numbers of animals captured and recaptured in each sample 

(173). Since cancer registries use multiple data sources, capture-recapture methods can be 

applied to these incomplete registry of patients to evaluate completeness of registration. Such 

sources may include notifications by clinicians, radiologists, pathologists or through death 

certificates (174).  The simplest capture-recapture method involves two sources of 

information as shown in Table 4-1. This method can also employ more than two sources to 

estimate completeness of a case-ascertainment in a registry (17). 
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Table 4-1: Capture-recapture method using two sources of information of cancer case ascertainment. 

 Source Source A (e.g., pathology reports) 

 

Source B 

(e.g., death certificate) 

 Yes No 

Yes n11 n01 

No n10 n00 

n: cases identified through 2 sources; pathological considered as ‘source A’, and death certificate  as ‘source B’. 

There are two assumptions behind the capture-recapture analysis of completeness method 

(175): (1) There is no dependency in the capture process between all sources in a multi-

source model e.g., when there are two sources of identification such as in Figure 2-2, 

identification or capture of cancer case by one source A is independent of capture by second 

source B; and (2) All individuals with cancers have the same probability of being captured. 

Parkin and Bray have provided examples of violations of these assumptions in their 

review on completeness of cancer case ascertainment (17). Cancer cases captured by one 

source may have higher, or lower, probability of being captured by the others leading to 

dependence (violating the assumption no. 1): terminal patients are less likely to be admitted 

to the hospital and therefore not appear on hospital discharge report (source A), and more 

likely to die and have a cause of death labelled as cancer on death certificate (source B), 

thereby creating dependence between two sources. It is also possible that some individual 

characteristics are related to the probability of capture (violating the assumption no. 2): 

patients living near the border of registration area may go to hospitals outside of it, and 

therefore be missed by hospital resources. 

Silcocks and Robinson (176) have pointed out issue of sample size in capture-recapture 

method: that while small sample sizes result in wide confidence limits, large sample sizes are 



 

56 
 

inoperable because of the workload concerned. Several cancer registries have applied the 

capture-recapture method successfully (174, 177) and studies have encouraged a careful 

application of this method to supplement the traditional ones (178, 179). There are ways 

available to deal with both the problem of dependency between sources and the problem of 

the characteristics associated with capture (163, 167, 177). 

Further details on advantages and disadvantages of these different methods in different 

cancer registries are available (28, 168, 171, 174, 176-181). 

4.3.1 Comparison of completeness indices in literature 

Both standard indices (MV, DCO, and M:I) as well as complex sophisticated methods 

(Bullard’s Flow and capture-recapture method) are used in estimating the degree of 

completeness of ascertainment. This means that with the availability of various methods, the 

degree of completeness in cancer registries will vary with whatever methods are used. 

Schmidtmann and Blettner carried out the first survey of its kind to compare different 

methods that European cancer registries use to assess completeness of ascertainment (166).  

The study revealed that 86% of the 56 cancer registries that returned the survey questionnaire 

(of total of 195 registries that were contacted) had complete case ascertainment. The methods 

used most frequently were comparing current with historical incidence (73%) and 

comparisons with a presumably complete reference registry (65%). The mortality-to-

incidence (M:I) ratio was used in 58% of registries. More complex procedures, such as the 

capture-recapture method (25%) and Bullard’s flow method (21%), were employed less 

often. The use of more than one method was also infrequent (29%). Zanetti et al. repeated the 

survey in 2015, with an improved response rate of 65% from cancer registries in Europe 

(161). The methods used were still largely based on simple indices with only slight 
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improvement in the use of quantitative methods. The proportion of cancer registries within 

each region of Europe, using various methods for estimating completeness from surveys 

carried out by Schmidtmann and Zanetti respectively, are shown in Figure 4-2. The 

impression gained from these surveys is that there are very different methods in use by 

individual cancer registries, and there are few comparative studies on their performance in 

relation to ascertainment in males and females. The authors of these studies (161, 165, 166) 

suggest that in order to make valid comparisons across regions, modern registries should 

work more on standardizing methods of estimating completeness. 

  Most studies on methods of estimating completeness of ascertainment which address the 

sources of imperfect ascertainment (16, 17, 161, 166) have detected a “country-effect” in 

missed cases that became recognizable with use of more sophisticated methods. Cancer 

registries in countries that are well funded and cover large segments of the population are 

likely to use more sophisticated methods like capture-recapture and Bullard’s Flow method. 

On the other hand, cancer registries that are restricted to smaller populations with limited 

funding use simple methods or standard indices of data quality and completeness e.g., MV, 

DCO, or M:I ratio, among others. In addition to assessing different methods used in different 

registries, there are few studies comparing performance of these methods in males and 

females.  Castro et al attempted to assess the merits of more advanced methods for 

completeness of ascertainment. However their study was limited to relatively smaller regions 

in Europe and assessed only one type of cancer (169, 173). 

These studies, however, have underscored the importance of unifying methods for 

estimating completeness that could improve validity of incidence comparisons between 

cancer registries in both males and females. 
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Figure 4-2: Surveys results on proportion of cancer registries within each region of Europe using 
different methods of estimating completeness. (a) Schmidtmann and Blettner, 2006 (b) Zanetti et al in 
2015. 

 

Countries grouped according to the definition of the UN Population Division (East, South, North, & West). 
DCN method is from where the no. of cases come from death certificates only (another term for DCO %) 
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4.4  Completeness of cancer case-ascertainment by sex: Is there a gender-bias? 

Global collation of data on new cases of cancers through population-based cancer 

registries provide an excellent opportunity to explore sex differences in cancer incidences 

across diverse geographical regions (182). These differences are interpreted in light of 

genetic and environmental causes of cancers within and between countries (39, 183).  

Much has been written on sex disparities in specific types of cancer in both developed 

and less-resourceful parts of the world (184-190), yet there is severe scarcity of literature on 

the possible under-registration in cancer registries according to sex, in particular among 

women. Since the decade of 1990s, there had been an increasing call to systematically 

quantify the level of completeness of cancer registries in the region in which they operate 

(31, 162, 191). That call was heeded in the decade of 2000s, when studies on completeness of 

registration from Africa and Eastern Europe started appearing in literature (156, 192) in 

addition to developed parts of the world (180, 193). There are only two studies that discussed 

and showed possibility of under-reporting in females in a cancer registry (182, 194). Barlow 

et al. found overall under-reporting of 3.7% in a Swedish Cancer Registry for the year of 

1998 (194). In their study, there seemed to be a pattern of under-reporting that was worse in 

women among elderly, and among men in younger age group. Pearce et al. (182) concluded 

that the underlying socio-economic level of the society and its culture in developing 

countries should be borne in mind when interpreting incidence rates of childhood cancers 

because girls may be more likely to be under-diagnosed than boys. In some cancer registries, 

the extent of miscoding and misclassification by sex has also been noted, albeit to minimum 

(42).    
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Therefore, in light of studies mentioned above, it is reasonable to suspect that in some 

resource-poor countries and conservative societies, due to socio-cultural dynamics, a female 

cancer patient may be omitted from the cancer register. This will have important implications 

in the incidence statistics reported from the registry (183). It may be that females who are 

missed are different in some way in terms of incidence outcomes, from those who are 

identified by the registration process. Under this scenario, the incidence rates obtained from 

the incomplete data or through under-registration of cancer cases can be biased. 

Quantitative assessment of this kind of gender-bias in registration was inferred using data 

from the Kampala Cancer Registry in Uganda by Templeton and Bianchi (195). Their 

publication in 1972 reported registration of females to be half as complete as those of males. 

However, they also reported that this bias in registration diminished as social patterns of 

literacy and health awareness evolved and hospitals became more accessible (195, 196). But 

even with better medical services and the progressive social emancipation of women over 

time, reports from cancer registries in developing countries are criticized because they 

represent a biased sample of prevalent cancers in the region. Moreover, universal healthcare 

remains a distant prospect in many low-resource countries, and even when improvements are 

seen on the horizon, coverage is not likely to be equal in both men and women (197). In 

addition to problems of health-care accessibility (more so in female patients), a cancer 

diagnosed in a hospital can also be influenced by age, tribal/ethnic affiliations, education, and 

social status in some countries (198). 

Table 4-2 presents results of independent studies on cancer case-ascertainment in males 

and females using standard indices of completeness. The Canadian registry (199), by far 

shows best completeness indices relative to others in both males and females. These 
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population-based registries are included in CI-5 database with the exception of Gambian 

registry (200). Sweden is the most complete registry in all volumes of CI-5, with MV% of 

about 98 in both males and females in the most recent volume (25). 

In Table 4-2, Gambian study clearly revealed heterogeneity in quality indicators, and the 

results strongly suggested incomplete ascertainment in both sexes. Lower incidence rates for 

several cancer types in both males and females were reported in comparison with other West 

African registries such as in Mali, Guinea, Cote d’Ivoire, Niger and Nigeria (200, 201). 

According to the authors, the differences between Gambians and other Africans in cancer 

incidence may either represent true geographic variation in risk or there might be other 

factors at play. One factor is the registry’s predominant coverage of rural population of 

Gambia, and the related fact that other comparable registries in Africa are not rural. This 

rural-urban contrast highlights several possible issues (e.g., under-utilization of medical 

facilities in rural areas, under-diagnoses of cancer in low resource rural health care settings, 

and under-reporting of cancer cases from rural populations by registry staff), or it could 

really represent a true difference in the risk of cancer between rural and urban regions (in this 

case, a truly lower incidence in rural Gambia). Although the importance of each of these 

possibilities is difficult to judge, a similar urban–rural difference in cancer incidence in both 

sexes has been observed elsewhere (202, 203), and much of the difference was attributed to 

socio-economic deprivation. One  study in the US described urban-rural gradients in cancer 

incidence in both sexes (204). Explanations for the type-specific incidence differentials in 

urban-rural gradients were more or less the same as those proposed for African registries 

(e.g., differences in exposure, cancer screening, access to physicians and facilities to obtain a 

timely cancer diagnosis, and differences between urban and rural areas in the characteristics 
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of the populations at risk including ethnic origin, population diversity, culture and health 

behaviors). 

Table 4-2: Completeness of cancer case-ascertainment for all ages in males and females using 
standard methods of ascertainment. 

PBCR 
 

Authors (Ref #) Male Female 

MV 
(%) 

DCO 
(%) 

M:I 
(%) 

MV 
(%) 

DCO 
(%) 

M:I 
(%) 

Bulgaria Dimitrova, 2015 (205) 73.3 9.8 65.9 82.8 6.9 50.5 

Canada Zakaria, 2013 (199) 90.0 0.9 48.8 90.0 1.2 48.5 

Spain Navarro, 2010 (206) 88.7 2.6 52.3 87.8 3.8 48.0 

Italy Tumino, 2004 (207) 83.0 2.0 54.0 85.0 3.0 48.0 

India Mathew, 2011 (208) 83.2 1.4 12.6 81.5 1.1 9.3 

Gambia Shimakawa, 2013 (200) 18.1 6.6 NR 33.1 3.6 NR 

MV%: percent morphologically verified; DCO%: percent death certificate only; M:I Mortality-to-incidence ratio 

 

 Completeness of cancer case-ascertainment, can therefore be confounded by gender-

effects in terms of access to cancer care services. Access to health care services are 

considered basic human rights and yet these rights are not always distributed equitably 

among men and women in many parts of the world, not to mention absence of treatment 

services (209, 210). Evidence suggests that women with disabilities have worst access to 

preventive health services. Some of the studies on this topic are small-scale (211, 212), 

however they provide important insights into the experiences of women as they navigate the 

healthcare system. They do not, however allow any conclusions regarding utilization of 

preventive services at a population level. While the study of cancer care access by 

Sakellariou and Rotarou (209) focused on comparison among disabled and non-disabled 

women, their conclusion can be equally applied on the male-female differences in the access 

to health services e.g., poor socioeconomic conditions of women in their lack of utilization of 

cancer care services.  A study by Tabatabai et al., used longitudinal linear mixed-effects 
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model to demonstrate that age-adjusted incidence rates in lung cancer have decreased across 

US, but the gender disparities persist. Their model, however also predicted that the gender 

gap will gradually disappear by mid-2018 in Whites and by 2026 among Blacks. Gender 

effects were less clear in other studies, while some researchers have suggested that men 

receive more cancer detection tests than women in the same medical practices (213, 214). 

Lack of access to health care services in some parts of the world give some indication that 

there might be a gender gap in cancer registration as well. However, there are negligible 

number of studies (182, 215) that have embarked on exploring this issue in the field of cancer 

surveillance, specifically registration process itself. Parker (215) pointed out an exceptionally 

high cancer registration ratio (in boys relative to girls) for childhood cancers in Afghanistan, 

Bangladesh, Morocco, Pakistan, and Papua New Guinea; and concluded that striking gender-

bias give more information on the socio-economic dynamics rather than the etiology of the 

cancer.    

Regarding methods of ascertainment of cases according to sex, Castro et al. showed the 

applicability of more sophisticated methods in worst and best-case scenarios in terms of the 

availability of information from death certificates in the Portuguese Cancer Registry (169, 

173). They chose gastric cancer for their study because it is, in both sexes, one of the most 

common and lethal cancers in the Northern region of country. The overall estimates for 

completeness of gastric cancer registration, using different methods, were approximately 

80% rising to 95% in the best-case scenario. The results also showed that females had a 

similar completeness of registration, albeit somewhat higher (around 85%) than males 

(around 81%), for all methods (Capture-recapture and Flow method).  
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In summary, this chapter highlighted contextual problems that can exist when dealing with 

completeness issues in registration process in males and females regardless of whatever 

methods of completeness are used. These methods of completeness provide clues to the 

quality of cancer registries. Cancer cases can only be recorded once they have been 

diagnosed, after a patient has presented themselves to medical attention. It is possible that in 

rural areas of developing countries, people can die with their cancer never having been seen 

by a medical doctor. This might not be always true in the urban populations of the twenty-

first century (27). In some countries, cancer registration has a legal basis and is funded by 

governments, but some registries, particularly in developing countries have operated on a 

voluntary basis, relying on good will and the tradition of sharing of medical information 

among different medical specialties (216). While acknowledging the existence of these 

contextual obstacles in cancer registration, particularly in terms of gender-bias, the 

population-based cancer registries included in CI-5 provide a good source of information to 

study the causes of cancers (25, 40, 41). 
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Chapter 5   Sex Ratio: a distinct approach in light of imperfect ascertainment 

The preceding sections of thesis have highlighted ‘completeness’ as a major quality issue 

in cancer registries. Not only do different registries use different methods to assess 

completeness (from simple methods used by developing registries to sophisticated methods 

used by well-established registries), but a possibility of gender-bias could exist because of 

male-female inequality in access to health care services. Imperfect cancer case ascertainment 

due to use of different methods along with several artifacts as discussed in previous chapters, 

can lead to inaccurate estimates of incidence rates. Any geographic comparisons of incidence 

based on imperfect or incomplete ascertainment will be biased, and any inference based on 

variation in incidence patterns with time or across regions will not be convincing. We 

therefore suggest exploring the SR (i.e., ratio of male-to-female incidence rates) as a key 

parameter of cancer occurrence, as a distinct partial solution to imperfect registration, and as 

a distinct analytical approach in terms of it’s variability, to conjecture on causes of cancers 

(assuming that imperfectness or incompleteness is relatively similar in males and females 

among peer approved cancer registries included in CI-5). In the following next sections, 

literature is reviewed regarding robustness of sex ratios methodology that has recently 

opened new perspectives in the epidemiology of diseases such as multiple sclerosis, 

Parkinson’s disease, rheumatic diseases, infectious diseases, cardiovascular diseases, and 

cancers. 

5.1 Literature review 

5.1.1 Sex ratio: incidence of multiple sclerosis  

Multiple sclerosis is an immune-mediated disease in which the body's immune system 

attacks the central nervous system. Studies from developed parts of the world, including the 
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USA, Australia, and Canada have shown the sex ratio (female relative to male) of multiple 

sclerosis cases to increase over time when consecutive cross-sectional comparisons were 

made (36, 217). Although the etiology of this disease remains mostly undetermined, yet both 

genetic and environmental factors have been hypothesized in several epidemiological studies 

(218, 219). There is a consensus in these studies that in many parts of the world, the 

incidence of multiple sclerosis is increasing, in particular, among women. According to 

Orton et al, this worldwide change in incidence is often attributed to inconsistencies in 

ascertainment of cases of multiple sclerosis (36). Using a population-based data from 

Canadian Collaborative Genetic Susceptibility to Multiple Sclerosis, they indicated that this 

increase was very likely to be real and not due to artifact related to changes in ascertainment. 

The speed of change in sex ratios of multiple sclerosis implicated the environmental causes 

and possible gene-environment interaction. Another study using the same database of 

Canadian patients indicated that one of the sub-type of multiple sclerosis (i.e., relapsing-

remitting type) is perhaps more susceptible to environmental influences and might account 

for increase in number of female patients (220). These observations prompted the 

investigators who proposed sex-ratio methodology, to open up new line of investigations in 

the epidemiology of multiple sclerosis. Their rationale of using sex ratios was that the 

incidence of multiple sclerosis has varied in the literature and are partly related to the 

geography of the disease. According to Ramagopalan et al (220) and Orten et al (36), there 

seemed to be a general trend over the years towards increased incidence, however results in 

different countries were not easy to compare since some reported the increased incidence, 

whereas others showed no change or decreased incidence. Ascertainment of cases of multiple 

sclerosis also confounded multi-region comparisons in the literature. Their possible solution 



 

67 
 

of overcoming or reducing ascertainment bias included uniformly sampling the same 

population over time. Their justification was that by showing that changes have taken place 

in a subset of patients will enable them to use an internal contemporaneous matched control 

group, through the measurement of sex ratio. 

In terms of hypotheses generation through the use of sex ratio (by birth year) of multiple 

sclerosis, a heightened risk for later born female children in large pedigrees with sibships 

often spanning two decades or more in birth timing was conjectured (36, 220). Year of birth 

came out as a significant predictor of sex ratio (female-male) of multiple sclerosis in 

binomial logistic regression model that was used in analysis. The studies recommended that 

sex ratio by year of birth could be used as a partial surrogate for incidence, since incidence of 

multiple sclerosis seems to be changing and is also difficult to measure. An important point 

that Orten et al., discussed in their paper was the increasing sex ratio in favor of females and 

the issue of gender-bias (i.e., a relative underrepresentation of women) in countries where the 

natural sex-ratio (i.e., of the population and not disease) was also intriguingly low. This, 

according to them could serve as an important clue to the pathogenesis of sex difference in 

risk, and to the nature of environmental risk factor in the multiple sclerosis.   

Several other studies have explored the environmental effect causing the changes in sex 

ratio of multiple sclerosis and have attributed these changes in lifestyle factors of women. 

These include higher numbers and changing roles of women in the workforce, outdoor 

activity, dietary habits, and alterations in menarche and in the timing of childbearing years, 

among others (218, 221, 222). In their, in-depth analysis of Canadian and Danish registries of 

multiple sclerosis and corresponding national statistics on smoking prevalence, Palacios et 

al., found that female-to-male sex ratio in smoking prevalence increased in parallel and was 
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strongly correlated with sex ratio of incidence of multiple sclerosis in both Canada and 

Denmark. The stronger correlation of intra-country analysis as compared to inter-country 

analysis suggested that factors other than smoking contributed to international variations in 

sex ratio of incidence of multiple sclerosis (32). Changes in sex ratio using Oslo Multiple 

Sclerosis Registry were studied over a period of seven decades by Celius and Smestad (222), 

and they concluded that relative stability of male cases of multiple sclerosis over such a long 

period makes smoking, an unlikely cause of increased incidence in females. Hence divergent 

views exist in literature regarding hypothesis that smoking increases the risk of multiple 

sclerosis, and whether that could also explain the increasing incidence in females. 

A meta-analyses of epidemiological data on multiple sclerosis highlighted increasing 

incidence trends over the past few decades across different parts of the world (223). Koch-

Henriksen and Sorensen (223) challenged the hypothesis of latitudinal effect in the disease 

incidence and suggested more focus on changes in lifestyle-behavioral patterns among 

women. The changes in sex ratio of incidence rates postulated that if a gene pool is stable, 

apart from adaptations caused by migration, any short term marked changes in incidence of 

multiple sclerosis can add weight to the notion of etiological environmental factors and will 

stimulate hypotheses formation. The investigators also discussed the notion whether the 

rising sex ratio of incidence rates (females relative to males) represents a true incidence rate 

and whether it could be due to better ascertainment of cases among women. The study 

considered incidence rate as a better measure of the risk of multiple sclerosis because it is not 

affected by insufficient ascertainment probability. 

Trajano et al., however critiqued the results derived from the meta-analysis by Koch-

Henriksen and Sorensen on the data collected at different times in distant regions and 
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countries (33). Theirs was a major methodological concern in regard to the variability in 

population size, composition, ethnic origin and age. Moreover, they stated that increasing 

frequency of multiple sclerosis could be ascribed, at least partially, in some countries, to a 

global improvement of case ascertainment and diagnosis being dependent on accessibility to 

adequate medical structures and personnel, and to the availability of more sensitive clinical 

tools which have been included in the new multiple sclerosis diagnostic criteria. They opined 

that because of this variability, it is very difficult to aggregate and compare data from 

different studies. However, despite their critique, they were supportive of using sex ratio as a 

new robust epidemiological approach to evaluate the changes in incidence and the 

geographical distribution of the disease. Based on International Multiple Sclerosis Registry, 

their results of changes in sex ratio over time demonstrated, unlike Kock-Henrikson and 

Sorensen, that the global increase of incidence is driven by latitudinal-effect i.e., sex ratio 

was stable in Southern latitude (Argentina, Australia, and New Zealand) whereas it was 

remarkable high in the Northern latitude (Belgium, Canada, Germany, Denmark, and 

Netherlands). A hypothesis regarding solar ultra-violet radiation exposure and its association 

with multiple sclerosis was proposed since this exposure varies with latitude and is also 

associated with biological activity of vitamin D. To date, this is the only large-scale study 

designed and conducted to directly compare the sex ratio trends over time among populations 

from different geographical areas. The latitudinal gradient hypothesis of multiple sclerosis 

was also confirmed by studies on sex ratios from regions in New Zealand (224) and France 

(225). 
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5.1.2 Sex ratio: incidence of Parkinson’s disease 

The studies on sex ratio of incidence in multiple sclerosis by Orton et al., in Canada and 

France (36, 225) was also an impetus for exploring sex ratio of incidence in Parkinson 

disease especially in terms of exploring the hypothesis that smoking reduces the risk of 

Parkinson’s disease (226). Parkinson’s disease is a neurodegenerative disease and age is the 

strongest risk factor, however sex ratio trends of the disease has opened up avenues of 

discussion on other causes as well (227-229). One of the most interesting example of 

exploring hypothesis through sex ratio trends was carried out by Morozova et al in their 

meta-analysis of age specific incidence of Parkinson’s disease in different countries  (226). 

The hypothesis that if smoking effectively reduces risk, Parkinson’s disease should be 

relatively less common in populations that smoked more. According to authors, this 

hypothesis, however, was not directly testable because geographical and temporal variations 

in incidence of Parkinson’s disease are often spurious, reflecting differences in diagnostic 

criteria, access to health care, and methods of case ascertainment rather than genuine 

variations in risk. In addition, they stated that differences among populations also reflected 

possible variation in underlying genetic susceptibility to Parkinson’s disease. To circumvent 

this limitation, the investigators used the sex-ratio rather than absolute estimates of incidence 

of Parkinson’s disease, because the male to female ratio in Parkinson’s disease frequency 

should be relatively robust to variations in case ascertainment rates and to geographical 

differences in genetic susceptibility. For each country, and birth cohort, they estimated the 

sex ratio in incidence of Parkinson’s disease, and correlated these ratios with corresponding 

sex ratios in smoking behavior. The analysis was similar to smoking and multiple sclerosis 
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sex ratio study by Palacios et al (32). The study authors concluded that results were 

consistent with the hypothesis that smoking reduces the risk of Parkinson’s disease. 

5.1.3 Sex ratio: incidence of rheumatic diseases 

Many autoimmune diseases in the literature show a striking imbalance between males 

and females, with female predominance in most of these diseases (230). The male and female 

distribution of rheumatoid diseases vary considerably, in particular, rheumatoid arthritis 

which is a relatively common autoimmune inflammatory disease that affects the synovial 

joints, and with time due to the persistent inflammation of the joints causes significant 

functional loses. A high sex ratio (female-to-male) in rheumatoid arthritis (i.e., SR > 1) are 

usually attributed to the influence of estrogenic hormones, however Lockshin has criticized 

this view because the evidence that he reviewed demonstrates that the attributed sex ratios 

are imprecise because the definitions and classifications of autoimmune diseases differ 

substantially (231). Furthermore, these sex ratios were derived mostly from weak sources 

such as individual clinics, physician practices and voluntary agencies, and as such explains 

most of the variability in the sex ratio of incidence rheumatoid diseases (231-234). A study 

by Kvien et al., that used rheumatoid arthritis registry in Oslo, found that the sex ratio 

decreases after the age of 60 which presumably reflects gender-bias in referral practices by 

general practitioners (235). In fact they quote a Norwegian study that shows that women with 

rheumatoid arthritis are referred late compared to men (236). The sex ratio variability in 

rheumatoid diseases have however postulated on the environmental factors e.g., more men 

than women take drugs that induce lupus (low sex ratio), more men are exposed to silica 

inducers of scleroderma-like disease (low sex ratio), and more women have been exposed to 

the contaminated cooking oil that caused a scleroderma like illness in Spain (high sex ratio). 
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The epidemic of eosinophilia-myalgia syndrome was female predominant since more women 

than men took contaminated L-tryptophan, a putatively natural antidepressant; and the result 

was a high sex ratio (234). A review of animal model studies showed that the sex ratio is 

variable for rheumatoid diseases, and the causes for some of these diseases  have remained 

mostly inconclusive (231). 

5.1.4 Sex ratio: incidence of infectious diseases 

It has been observed that, in general, males are more susceptible to infectious diseases 

than females. Multiple studies have documented this difference in susceptibility to certain 

infections both in humans and in a variety of other species (237-240). A recent meta-analysis 

on epidemiological trends of infectious disease by Guerra-Silveira and Abad-Franch 

attempted to explore two major, but not mutually exclusive hypotheses, to explain the 

different incidences in males and females (241). Using the disease incidence data from 

Brazilian Ministry of Health and Brazilian Institute of Geography and Statistics, the 

investigators explored the extent of physiological-sex-hypothesis versus behavioral-gender-

hypothesis effects through the analysis of male relative to female incidence rates in several 

infectious diseases.  The physiological hypothesis that they explored posited that the 

interactions between sex hormones and the immune system render one sex more susceptible 

to infection, with genetic differences likely playing some role, whereas the behavioral 

hypothesis posited that sex-biased infection rates emerge from sex-specific exposure to 

contagion e.g., differences in gender related behaviors. This study revealed a clear post 

pubertal high sex ratio (male-to-female) in the incidence of cutaneous leishmaniasis, 

tuberculosis, lepromatous leprosy, and leptospirosis. Infections, such as typhoid fever had no 

particular pattern whereas a low sex ratio pattern was found in dengue fever. Interestingly, a 
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high sex ratio in infectious disease susceptibility was observed in infancy, when behavior is 

supposed to be neutral, but where sex steroid levels transiently rise. Overall their findings 

contradict the behavioral hypothesis while matched with those of physiological hypothesis. 

The authors did point out to the limitations in the ascertainment of cases because of the 

uncertain quality of notification records. They believed, however, that the quality issues may 

not affect males and females differentially since they assessed the infections using relative 

measure (i.e., sex ratio) and that the results will hold if the ascertainment is equally poor in 

males and females. The finding from this study, however was critiqued by Markle and Fish 

who found the results provocative and that their results lacked a mechanistic approach at 

cellular level (237) and hence suggested more insight from rodent studies. Markle and Fish 

also pointed out that, rodent studies, can allow for dissection of sex-specific effects in 

immunity while controlling for exposures of pathogens. 

  Previously, sex ratios in reported incidences in infectious diseases of viral and bacterial 

origin among children (and adults) were examined in Israel over a period of twenty years 

(242). The observation that an increased susceptibility in male children to severity of some 

infectious diseases was the rationale for their study (although the overall rate of infection 

does not vary by sex in literature). Sex ratio analysis of incidence rates (males relative to 

females) of hepatitis A, meningitis, shigellosis, and salmonellosis was carried out to 

understand why there seems to be a male predominance in certain infections while not in 

others and why there is lack of uniformity in the literature. In the study, it was postulated that 

if the male predominance in infectious disease was due to a higher prevalence of those with 

increased susceptibility, such as relative immune deficiency, then failure to detect sex 

differences in the incidence of some diseases may be due to a statistical artifact resulting 
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from certain characteristics of the disease.  Infectious diseases manifest with widely varying 

ratios of symptomatic to asymptomatic cases. Since only symptomatic cases are reported, it 

was postulated that this may be one of the possible reasons for the inconsistencies in the 

literature. A mathematical model was developed in an attempt to determine whether the 

variability in the symptomatic to asymptomatic case ratio may make the presence of sex 

differences in incidence more difficult to detect for certain diseases. One possible bias that 

was examined in the study was the completeness of ascertainment from ministry of health 

that reported infectious diseases based on a passive surveillance system, and therefore is far 

from complete. However, according to authors, there appears to be no reason to suspect 

selective differences in reporting for males and females since the analysis was based on 

relative measure. 

5.1.5 Sex ratio: mortality of cardiovascular diseases  

There are studies that have used sex ratio as a research tool for understanding causes of 

the differential mortality, in males and females, in several types of cardiovascular diseases 

such as ischemic heart disease, coronary heart disease, myocardial infarction and stroke (34, 

35, 243-247). The investigators highlighted the temporal changes in the ratio for mortality 

rather than for incidence in assessing causes of changes (245). Zhang et al., undertook 

comparisons of SR for mortality between 27 populations from 1955 to 1990 to determine 

which causative factors (e.g., alcohol, animal fat, smoking, dietary sodium and potassium, 

fish consumption, and urinary cation excretion) influenced the SR (i.e., to ascertain whether 

any difference between countries could be attributed to a difference between men and women 

in the level of exposure to risk factors that affected mortality) (243, 245). Data on global 

stroke mortality was obtained from WHO, whereas risk factor data were obtained from 
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several sources such as Food and Agricultural Organization (FAO) and country wide 

epidemiological surveys. These ecological studies were an impetus for large scale studies, 

and substantiated several hypotheses later on, such as inverse association of fish consumption 

with lung cancer mortality in countries with high levels of smoking and fat consumption 

(248). 

The earliest epidemiological study on sex ratio (male:female) of myocardial infarction 

was carried out by Lee and Thomas in 1955 (246) when they observed the incidence to be 

higher in women than men while also noticing the difference in two-time periods (i.e., 1910-

1939 when sex ratio was one and in 1940-1954 when sex ratio was less than one). They used 

the data from autopsy and clinical record for the period 1910-1954. They hypothesized and 

explored three factors for this remarkable shift of sex ratio in two time periods: changes in 

body weight; weight of kidney as an index to the degree of systemic hypertension; and 

diabetes mellitus. They concluded that none of these factors were able to explain 

disproportionate rise in incidence among women in the latter time period. 

Lawlor et al., examined secular trends and geographic variations in the mortality of 

coronary heart disease across fifty countries, and also investigated how the sex ratios relate to 

the distribution of risk factors (35). The sex ratio for mortality from coronary heart disease 

ranged from1.4 to 2.9 (males relative to females). The highest ratios were seen in Poland, 

France, and Norway and the lowest in rural China, Cuba, and Armenia. The sex ratio for 

mortality from coronary heart disease was found to be associated with mean per capita fat 

consumption. They also concluded that sex ratio in mortality varies over time and across 

countries in a way that could not be explained by endogenous estrogens and that these are 

likely to be driven by environmental factors. Artifacts were discussed such as coding 
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practices, diagnostic techniques, and increased life expectancy as possible explanations of 

sex ratio variations. The investigators, however believed changes in coding practices and 

increased survival should affect both men and women equally, and hence could not explain 

changes in sex ratios completely. 

5.2 Sex ratio: a guide to interpret cancer incidence trends and hypotheses 

 Sex ratio in studies on cancer has previously been used to describe differences between 

males and females in the etiology and progression of tumors (38). Nicholson and Davis 

investigated changes in this ratio using mortality data from the US, Czechoslovakia, West 

Germany, Japan, and Italy (249). Cook et al., used a large dataset from the Surveillance, 

Epidemiology and End Results Program (SEER) in the US and computed age-adjusted male-

to-female incidence rate ratios for specific cancers for the period 1975 to 2004 (37). Most 

cancers included in this review had higher incidence rates in males, which suggests the 

possibility of either universal mechanisms that increase male susceptibility to cancer or the 

uniqueness of men’s occupational exposures that results in higher SR. Incidence rate ratios 

by sex were also explored by Edgren et al., to identify cancers in which there was a 

consistent gap between male and female incidence (39). Male-female incidence rate ratios 

were calculated for 35 cancers in 60 countries. The results showed that cancer incidence was 

statistically significantly higher in males than females for 32 cancer types with a male 

predominance of more than two-fold in 15 types and more than a four-fold increase in 5 

types. The authors also carried out qualitative evaluation of SR by dividing the cancer types 

in three groups: (a) cancers where they deemed the sex differences enigmatic because 

different exposure to established risk factors was an inconceivable explanation; (b) cancers 

where they deemed that established risk factors at least partly explain the sex differences; and 
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(c) malignancies where they deemed that established risk factors provide a plausible 

explanation for the sex disparity. Through this qualitative assessment, the authors also 

observed that 13 cancers were entirely unexplained by smoking or alcohol. 

 5.2.1 Exogenous and endogenous causes of cancer 

 Recently, Radkiewicz et al., have discussed the intrinsic biological and environmental 

mechanisms through sex ratio of age adjusted incidence rates retrieved from Swedish cancer 

registry. These mechanisms have been divided into exogenous and endogenous factors 

associated with sex differences in cancer risk (250). Several authors in the past and present 

have provided an overview of exogenous and endogenous causes of cancers, thereby 

highlighting several interacting factors affecting risk of cancer (250-253). Greenwald has 

devoted a whole chapter for defining and understanding exogenous and endogenous causes 

of cancers alluding to the heterogenous nature of cancer (252).  According to him, effective 

cancer prevention requires recognition of exogenous causes of the disease (i.e., factors that 

originate outside the body). Some experts, in fact, prefer to characterize these factors simply 

as environmental. The exogenous causes of cancer include agents and stimuli recognizable 

above the level of the cellular changes that initiate malignant disease. Phenomena of this kind 

are presumably more easily recognizable than those lurking in the deep recesses of cells. 

Once recognized, it is thought, they can be controlled. Physicians and scientists have 

recognized exogenous causes of cancer for hundreds of years. Discovery of such factors 

often began as an observation that some people, particularly those in certain trades or 

professions, have especially high risks of developing cancer. Exposure to hazards at the 

workplace, such as industrial chemicals, has presented the most obvious risk. Modern 

observers have included radiation, diet, and personal lifestyle practices in this area of 
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concern, expanding the notions of exogenous and environmental beyond their original 

meanings (252, 253). Cancers are also caused by endogenous factors (i.e., those that arise 

within the body, often at the cellular or molecular level). These factors are typically less open 

to direct observation and manipulation than exogenous factors e.g., age, endogenous 

hormones, genetics and heredity, and race (252). Lutz and Fekete have categorized these 

factors as avoidable (i.e., exogenous) and un-avoidable (i.e., endogenous) (253). 

 Hence in this chapter, several studies were presented that utilized sex ratios to generate or 

suggest some hypotheses regarding endogenous or exogenous causes of cancer by observing 

variation of sex ratios. Therefore, as suggested in several past and relatively recent studies 

(37-39, 249, 254), investigating changes in SR provides a useful guide for interpreting trends 

for the following reasons: 

1) Comparison of SR can avoid problems that exist in interpreting incidence rates from 

cancer registries over time for males and females separately (e.g., changes in diagnostic 

techniques, tumor definitions, coding practices, errors in population bases in catchment 

areas of registries, and prevention strategies), since it is likely that these issues affect 

males and females to the same extent and are not likely to affect both sexes 

disproportionately (249). However, it should be kept in mind that SR can still be subject 

to the effects of gender differences in reporting behavior, health care access and 

utilization, and physician behavior in some cancer registries (37, 255, 256).  

2) Analysis of time trends in SR can make the rate difference between males and females 

more evident, and can be more indicative of the presence of factors that may 

differentially affect either males or females. For example, hepatitis infections (type B and 

C) are more common in males than females and is likely to account for much of the rate 
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difference in liver cancer over time, but the anti-carcinogenic effect of estrogen can also 

be hypothesized for consistent lower rates of liver cancers in females (257). Another 

analogous example can be of smoking related cancers for which there is an indication that 

the prevalence of smoking has increased in females in some countries (258-261). 

3) The extent to which environmental or health behaviors influence regional cancer rates 

may be similar in males and females and, if so, the effect of such changes is lessened 

when observing SR (in contrast to specific rates for each sex separately) (249). In some 

cancers, the changes over time can be substantial and exhibits differences in males and 

females that are sufficiently large to warrant further investigation e.g., occupational 

exposures that are shown to be strongly determined by sex (262). 

4) Spatial correlations of SR (correlations between adjacent geographic regions) for cancer 

types can provide some indication whether the causes of those cancers have some pattern 

e.g., clustered, random, or dispersed patterns and thus provide some evidence to inform 

hypotheses of endogenous versus exogenous causes.  

An important point to be noted here is, while we are assuming similar ascertainment in 

males and females, there is a possibility that the ascertainment could also be gender-driven 

specifically in low-resource registries. For this reason, it is also important to examine the 

contextual problem of potential gender-bias in the cancer registries. 
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Chapter 6    Rationale and Objective 

6.1 Rationale 

 In the preceding chapters, an account is narrated that comparisons of incidence and 

mortality rates of cancers are carried out across time and geography, and that these 

comparisons are affected by several artifacts. These rates are retrieved through several 

sources, either cancer registry for incidence, or vital registration system such as death 

certificates for mortality. There are roughly 600 cancer registries around the world that are 

divided into national and regional cancer registries from low-, middle-, and high-income 

countries. These registries are resource dependent and they use different methods of cancer 

case ascertainment. CI5 provides data on cancer incidence from wide geographic regions, 

while adhering to the various quality criteria and uses standardized methods of completeness 

for ascertainment. In spite of stringent quality criteria maintained by CI5 for any cancer 

registry to be included in its database, the data might not be always comparable across 

registries in low and high resource registries because of several artifacts in play. 

 International comparisons in cancer incidence are potentially important sources of 

evidence for generating hypotheses about cancer etiology. However, the estimates of inter-

regional variation in cancer incidence is compromised by imperfect accuracy and 

completeness of available cancer incidence data. Such imperfection can result from artifacts 

such as problems of access to quality medical diagnostic services or from inadequacies in the 

cancer registration process. Since these artifacts of cancer diagnosis and registration can 

operate differentially in different regions and over different time periods, comparisons of 

cancer incidence across regions or between time periods can be biased and misleading. As an 

alternative to comparing cancer incidence between regions or time periods, we propose that 
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the SR of type-specific incidence (male incidence/female incidence) is a more stable 

parameter, less susceptible to distortion than the male and female rates on which it is based. 

This holds to the extent that, within any region or time period, errors and incompleteness of 

cancer diagnosis and registration apply equally to both males and females. Assuming 

approximate validity of the estimated SR in cancer incidence, we can describe and assess the 

geographic and temporal comparisons in estimated SRs and assume that these accurately 

reflect the geographic and temporal comparisons in true SR. Just as ecologic comparisons 

(i.e. geographic or temporal) in disease incidence can be a fruitful basis for developing or 

confirming hypotheses on the etiology of disease, so can ecologic comparisons (i.e. 

geographic or temporal) in SR. This thesis is designed to derive geographic and temporal 

comparisons in the SR for each type of cancer, by computing the variability of SR and then 

estimating the geographic and temporal trends in SR variability for each cancer. Such an 

information base will be a useful ground for etiologic speculation. 

6.2 Objectives 

This thesis examine variability in the ratio of male to female incidence rates (i.e. the SR) 

for different cancer types across large number of world-wide cancer registries. This exercise 

is carried out to enable cancer epidemiologists and future investigators to consider sex ratios 

when comparing incidence rates across time and geographic boundaries. The reason is to 

facilitate them in generating hypotheses and to reflect on to the inferences that can thereby be 

drawn concerning possible etiologic influences. Since a contextual problem of gender-bias 

can mask some of the inferences, hence it is important to also explore gender-bias potential  

or gender inequalities that can exists in access to health care and cancer diagnosis and 

treatment on selected cancer types. 
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Therefore, the main aim of this study is: 

 To infer as to potential causes that drive sex ratio variability (i.e., the ratio of male to 

female incidence rates), of type specific cancers across time and geography, 

generating hypotheses. 

The secondary aim is: 

 To explore the extent to which country-level gender inequalities can provide clues 

on quality of cancer registries for selected cancer types through sex ratios. 
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Chapter 7    Methodology 

7.1 Overview of design 

To describe variability in SR of cancer incidence across time and region for each type of 

cancer, we first assembled a comprehensive set of published incidence rates for males and 

females, from large number of cancer registries and across many years of observation (A 

total of 77 in 1973-77; 142 in 1988-92; 281 in 2003-07 and 113 longest surviving registries 

from 1953 to 2007). For each registry and each time period and each type of cancer (30 types 

of cancers in each of three time periods of 1973-77; 1988-92; 2003-07 and 28 cancer types in 

1953-2007), we then computed the ratio of incidence among males to incidence among 

females, termed the SR. For each type of cancer, we then conducted analyses of SR to 

estimate the following parameters: 

1. For each of selected time period, the magnitude of SR (SRm) and variability in SR 

(SRv) across registries worldwide. 

2. Temporal trends in SR in the longest surviving registries, as well as estimates of 

geographic variability (inter- and intra-registry regional variability, using registry as 

a synonym for a specific region in which the registry itself is situated) in SR. 

3. For the most recent time period (2003-07), the spatial autocorrelation in SRs across 

registries in Europe and Asia. 

 Descriptive methods are used primarily in the thesis, with recourse to mixed-effect 

regression methods particularly for studying temporal trends, and geographic variation of SR. 

Mixed-effects regression was also used to examine gender inequality across some the cancer 
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registries for selected types of cancers. A method known as Moran’s Index is used for 

estimating spatial autocorrelations of SR.  

 The results generated are used to describe and characterize the various cancer types as 

embodying low or high degrees of variability in SRs. In general, while the magnitude of sex 

ratio is defined in terms of low (SR < 1.0, indicating higher risk in females) or high (SR > 

1.0, indicating higher risk in males), both magnitude and its variability are also defined 

according to the tertiles of values obtained for total number of cancers (30 cancer types in 

this study). The inferences are made later in Chapter 8 on results from these categorization, 

and hence the term “low” or “high” sex ratios (SRm or SRv) in the thesis is used in multiple 

places. The terms “low” and “high” SR are also used for a specific type of cancer when 

comparison is made across different cancer registries e.g., lung cancer SR might be low in 

Sweden compared to Egypt where it might be high, when in both registries SR is greater than 

value of 1 (i.e., higher risk in males in general).    

 In the study, registries from CI5Plus data were considered as “regions”. These registries 

are specific to counties, provinces, prefectures, states, capital cities, and national registries 

from an individual country.  The inter- and intra- regional variabilities of SR  were computed 

using the CI5Plus data on incidence rates from these 113 cancer registries. Throughout the 

thesis, these registries are referred to as “regions”. Figure 7-1 also shows the timeline of 

these registries. The inter- and intra- regional variabilities of SR for each cancer is computed 

through mixed-effect regression modelling, to show which type of variability can be 

potentially important for a cancer type, and to posit potential questions and answers when 

variations in intra- compared to inter- is larger, smaller, or similar. Inter-regional variability 

is defined based on the trajectories (slopes in regression model) specific to different registry-
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region, and specific to a cancer type, as “variation in sex ratios between different registry-

regions, at the same point in time or calendar year”. The model also adjusts intra-regional 

variability of SR, which is defined as the “variability of SR within registry-regions over a 

period of time”. 

The spatial patterns of SR in two continents (Asia and Europe) are used to rank each cancer 

type according to degree of clustering from extremely high to low. All this information is 

used to gain insight into possible avenues for exploration of the etiologies of the different 

cancer types.  

 Cancer types for which SR variation was found to be high and where tobacco-smoking 

could provide a plausible explanation for sex-disparity, we compared selected cancer 

registries from countries that were presumed to be high and low in terms of gender 

inequalities with country-level prevalence of smoking among males and females.  

 To infer from results of analyses, on causes of cancers, the terms, “endogenous” and 

“exogenous” were used. The definitions of these terminologies are based on Lutz and Fekete 

(253) who categorized these causes as avoidable causes, i.e., the factors that originate outside 

the body and characterized as environmental in origin including diet, radiation, and personal 

lifestyle practices. Endogenous causes or un-avoidable causes are factors that cannot be 

manipulated like exogenous factors e.g., age, hormones, genetic and heredity, and race.  

7.2 Data sources 

Cancer Incidence in Five Continents (CI-5) now comprises ten volumes covering cancer 

incidence reports from many cancer registries over the past 60 years (145). The published 

volumes of CI-5 include tabulations of cancer incidence rates in two basic formats:  
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1. Registry-specific tables showing incidence rates according to sex, age group and type of 

cancer. 

2. Tables of summary rates (crude incidence rates and age-standardized incidence rates for 

each cancer type). 

The CI5plus database contains updated annual incidence rates for 113 cancer registries 

published in CI5, for the longest period available from 1953 up to 2007 (see Figure 7-1), for 

28 major types of cancers. Both CI5 volumes I-X and CI-5plus comprise a public domain 

website, accessible at www.ci5.iarc.fr. To carry out the analyses listed in Section 7.1, the 

following CI-5 databases were accessed from IARC website: 

1. For the analysis of the magnitude of the SR across registries and variability in SR across 

registries: CI-5 Volume IV (1973-1977); CI-5 Volume VII (1988-1992); CI-5 Volume X 

(2003-2007). 

2. For the analysis of time trends in SR and inter- and intra- regional variability in SR: CI-

5plus (1953-2007). 

3. For the spatial autocorrelation in SR across regions represented by registries in Europe 

and Asia: CI-5 Volume X (2003-2007). 

4. The Gender Inequality Index (GII) Database of United Nations was also accessed for the 

year 2005 in order to select and compare registries of countries that have high and low 

GII (49). The selected registries belonged to recent volume of CI5 (2003-07). The age 

standardized prevalence estimates of current smoking were retrieved from WHO Report 

on global tobacco epidemic of current smokers published in 2005. Prevalence estimates 

were for adults aged 15 years and over, resulting from analysis of adult tobacco surveys 

completed by countries since 1990 and reported in 2003. Tobacco smoking includes 
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cigarettes, cigars, pipes or any other smoked tobacco products. Current smoking 

includes both daily and non-daily smoking. 

Figure 7-1: Timeline of 113 long standing cancer registries and year they started operating in 
CI5Plus database. 

First three registries started in 1953 and reported incidence rates every year upto 2007. Subsequent 
registries worldwide followed in different years. No new registries were introduced after 1994. 

       (Between 1983 – 1994: 49 more registries introduced) 

 

1953 
1. Denmark 
2. Finland 
3. Norway 
 

1958 
4. Canada (Manitoba) 
5. Iceland 
6. Sweden 
 1963 

7. Israel 
8. Japan (Osaka) 
9. Slovenia 
 1968 

10. Canada (SK) 
11. Singapore 

12. Slovakia 
 

1969 
13. Estonia 

 

1970 
14. Germany (Saarland) 

15. Switzerland (Geneva) 
 

1973 
16. Spain (Navarra) 
17. Netherlands 
18. US California 
19. US Conneticut 
20. US Hawaii 
21. US Iowa 
22. US Michigan 
24. US Utah 
 

1974 
25. US Washing (Seattle) 

1975 
26. France (Bas Rhin) 
27. UK England, Merseyside & Chesire 
28. UK Scotland 
29. US Georgia Atlanta 
*SEER-9 complete 
 

1978 
30. Australia (Tasmania) 
31. South Australia 
32. France (Calvados) 
33. France (Doubs) 
34. India (Mumbai) 
35. Italy Lombardy, Varese  
36. Italy Parma 
37. Japan (Miyagi) 
38. Lithuania 
39. Poland (Cracow) 
 

1979 
40. France (Isere) 
41. UK England, Birmingham & West Midlands 
42. UK England, North Western regions 
43. UK England, South Western regions 
 

1980 
44. Costa Rica 

1983 
45. Australia (New South Wales) 
46. Australia (Queensland) 
47. Australia (Victoria) 
48. Western Australia 
49. China (Hong Kong) 
50. Colombia (Cali) 
51. Czech (Republic) 
52. France (Somme) 
53, France (tam) 
54. India (Chennai) 
55. Italy (Ragsa) 
56. New Zealand 
57. Philippines (Manilla) 
58. Spain (Murcia) 
59. Spain (Tarragona) 
60. Switzerland (Neuchatel) 
61. Switzerland (St. Gall-
Appenzell) 
63. Thailand (Ching Mai) 
64. UK Yorkshire 
 

2007 
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7.3 Computation of incidence rates 

Because of differing age distributions in different populations covered by CI5, it is 

important to ensure that all comparisons of incidence rates or parameters derived from 

incidence rates, are based on age-standardized rates. Each CI5 volume provides age-

standardized incidence rates (ASIR) for each cancer type in males and in females in each 

registry covered by the volumes.  

The crude incidence rate (CIR) is the rate at which new cases occur in a population 

during a specific period.  This rate is classically expressed as the average number of cases 

occurring per 100 000 persons each year or 100 000 person-years. It is computed with the 

following formula: 

𝐶𝐼𝑅 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑒𝑤 𝑐𝑎𝑛𝑐𝑒𝑟 𝑐𝑎𝑠𝑒𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑒𝑟𝑖𝑜𝑑 

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑒𝑟𝑖𝑜𝑑 
 

        

The ASIR is expressed, as is the CIR, as the number of new cases per 100 000 person-   

years. The calculation is a weighted average of age-specific rates: 

𝐴𝑆𝐼𝑅 =  ∑
ௗ௜ ௪௜

௬௜௜  ……………………. (Equation 1) 

Such that i represents each age group, di the number of cases in the ith group, yi the 

population size in the ith group, with di/yi being the age specific rates for each ith category 

and the sum of wi (weight from standard population) being equal to 100 000 to express the 

age-standardized rate per 100 000 person-years (see also Appendix 1). 

The standard population used by CI5 is one that was initially proposed by Segi in 1960, 

and subsequently modified by Doll et al (110).  It was based on the age structure of the 
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pooling of populations from 46 countries.  An example of the impact of age standardization 

is the following: in Denmark in 1998-2002 the crude incidence rate of melanoma among 

males was 17.46 cases per 100 000 person-years. Using the standard population that is used 

by CI5, the age-standardized rate was 11.94 per 100 000 person-years. The age-standardized 

rate is lower than the crude rate because the standard population was on average younger 

than the Danish population. However, the age-standardized rate of 11.94 can be compared 

with other rates standardized on the world population (see also Appendix 1). 

7.3.1 Population at risk 

Population at risk was used as the denominator in the formulas for calculating crude or 

adjusted incidence rates. These denominators are often disregarded, and users tend to focus 

on incidence rates and discuss variability in incidence data gathering or ascertainment (e.g., 

completeness, classification). This notion is driven by the age standardization process, which 

aims to eliminate the effect of population age structure as a confounding factor in comparing 

rates across populations. Numbers of persons at risk are routinely collected by registries from 

official statistics offices for example, and registries provide these numbers to the Cancer 

Incidence in Five Continents, along with incidence rates. 

7.4 Sex Ratio definition and computation 

Based on computations of ASIR, we defined SR as ASIR in males relative to ASIR in 

females for each cancer type specific to individual registries as well as time-period (s): 
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𝑆𝑅௜௝
௞

=
஺ௌூோ೔ೕ

ೖ (௠௔௟௘)

஺ௌூோ೔ೕ
ೖ (௙௘௠௔௟௘)

 , ……………………. (Equation2) 

 

where         i : time period and i = 1,….,N 

j : registry  and j = 1,….,ni 

k: cancer type and k = 1,….,K 

 

7.5 Estimating Sex Ratio magnitude (SRm) and variance (SRv) across registries 

7.5.1 Data extraction 

The data files from ten volumes of CI-5 are available from IARC websites 

http://ci5.iarc.fr/CI5i-ix/ci5i-ix.htm in exportable format (.txt format). The number of cancer 

cases of different types in all age groups of 5 year intervals (0-4, 5-9, 10-14… 80-84, 85+) 

were obtained for males and females from cancer registries across the world. 

Crude incidence rates (CIR) and age-standardized incidence rates (ASIR) per 100,000 are 

available in three formats from CI5: by populations (registries), by cancer type, and by 

volumes signifying time periods.  The option of ‘by population’ presents CIR and ASIR by 

registry for specific cancers and sex. Therefore, we were able to extract data files in multiple 

small steps for all populations in all age groups for each cancer, separately for males and 

females. The second format of data retrieval was by cancer type. For analyzing time-periods, 

information was collected using the volume format. 

 



 

91 
 

All information retrieved from IARC-CI5 data files was stored using a statistical software 

package (SPSS version 23.0). While data were retrieved from all ten volumes of CI-5, only 

three volumes were selected to be cleaned, coded, and analyzed: CI-5 volumes IV, VII, and 

X. 

7.5.2 Estimating in three time periods (1973-77; 1988-92; 2003-07) 

Although it was possible to assess variability in SRs across registries in any of the ten 

periods corresponding to the ten volumes of CI5, we chose to assess it in each of three time 

periods, corresponding to volumes IV (1973-1977), VII (1988-1992), and X (2003-2007) of 

CI5. These were chosen to permit the maximum number of registries spanning a large 

number of geographic regions, with a gap of ten years between each time period to allow for 

observation of time-trends in SR. Moreover cancer coding techniques based on ICD-10-O 

were compatible across the three time periods.  

For each cancer, in each of the three time periods, we computed two parameters related to 

the SR, namely the magnitude of the SR and the variation in the SR across registries. To 

facilitate presentation, we categorized each parameter into three levels (i.e., low, medium, 

high). The purpose of creating these two dimensions and three levels was to permit 

speculation on the patterns and causes of cancers. Also, it allowed us to ascertain whether 

there are uniform or unstable patterns of cancer types in the three time periods, and whether 

the patterns hold if SRm and SRv are stratified according to low, medium and high incidence 

rates of cancer. 

7.5.3 SRm: definition and computation 

The ASIRs in males relative to females for each cancer type from each registry-

population were averaged across all available registries. The average value of the SR for a 
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particular cancer in a given year is termed “the magnitude of the SR (SRm)”. Based on 

equation 2, Table 7-1 shows calculation of SRm denoted as 𝑆𝑅𝑚௜
௞ in 281 cancer registries in 

the time period 2003-07 using the following formula: µ = (∑ Xj )/ 281, where 𝑋௝ ∶=  𝑆𝑅௜௝
ଵ  is 

the SR for a registry population ‘j’ in selected time period and cancer type (column a). The 

mean SRm was then calculated using the formula: 

𝑆𝑅𝑚௜
௞ = μ = ෍ 𝑆𝑅௜௝

௞
௡೔

௝ୀଵ
 ∕  𝑛௜ ……………………. (Equation 3 

7.5.4 SRv: definition and computation 

For a specific cancer and time period, SRv was calculated by taking the average of the 

squared differences of the SRm across a total of 281 registries. Table 7-1 describes the 

calculation of SRv denoted by 𝑆𝑅𝑣௜
௞ using the following formula: 

    𝑆𝑅𝑣௜
௞ = δଶ  =  ෍ (𝑆𝑅௜௝

௞ − μ)ଶ/ 𝑛௜

௡೔

௝ୀଵ
 ……………………. (Equation 4) 

SRm and SRv were then stratified according to low, medium, and high incidence. ASIRs 

for each cancer from each registry-year were summed across the total number of registries 

and averaged. The average value of ASIR for a specific cancer is termed the magnitude of 

incidence of that cancer (Im). 

All computations in Sections 7.5.3 and 7.5.4 were carried out for all three volumes of CI-5 

for periods: 2003-07, 1988-1992, and 1973-77, as well as for log transformation in section 

7.5.5. 
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Table 7-1: Magnitude of the mean incident SR (𝑆𝑅𝑚௜
௞) and the variance of the incident SR (𝑆𝑅𝑣௜

௞) for 30 cancer types across cancer registries 
in a selected CI5 volume (CI5-X: 2003-07*). 

 Sex Ratios of cancer incidence worldwide in a given time period (denoted i) 
 

Cancer registries 
(ni = 281) 

 

Cancer types ( K = 30 )  
𝑺𝑹𝒊𝒋

𝟏
 : Bladder    𝑺𝑹𝒊𝒋

𝟑𝟎: Tongue 
(a) 

𝑿𝒋 ∶=  𝑺𝑹𝒊𝒋
𝟏  

(b) 
(𝑿𝒋 − μ)𝟐 

   (a) 
𝑿𝒋 ∶=  𝑺𝑹𝒊𝒋

𝟑𝟎 
(b) 

(𝑿𝒋 − μ)𝟐    
𝑺𝑹𝒊𝟏

𝒌  : Algeria 𝑿𝟏 (𝑿𝟏 − μ)𝟐    𝑿𝟏 (𝑿𝟏 − μ)𝟐 
𝑺𝑹𝒊𝟐

𝒌  : Argentina 𝑿𝟐 (𝑿𝟐 − μ)𝟐    𝑿𝟐 (𝑿𝟐 − μ)𝟐 
𝑺𝑹𝒊𝟑

𝒌  : Australia 𝑿𝟑 (𝑿𝟑 − μ)𝟐    𝑿𝟑 (𝑿𝟑 − μ)𝟐 
        
        
        
𝑺𝑹𝒊𝟐𝟖𝟏

𝒌
 : Zimbabwe 𝑿𝟐𝟖𝟏 (𝑿𝟐𝟖𝟏 − μ)𝟐    𝑿𝟐𝟖𝟏 (𝑿𝟐𝟖𝟏 − μ)𝟐 

 µ = (∑ 𝑋௝)/281 δ2 = ∑(𝑋𝑗 − μ)2/281    µ = (∑ 𝑋௝)/281 δ2 = ∑(𝑋𝑗 − μ)2/281 

𝑺𝑹𝒎𝒊
𝒌 = μ = ෍ 𝑆𝑅௜௝

௞
௡೔

௝ୀଵ
 ∕  𝑛௜  𝑺𝑹𝒗𝒊

𝒌 = ෍ (𝑆𝑅௜௝
௞ − μ)𝟐/ 𝑛௜

௡೔

௝ୀଵ
 

 

*Computations were repeated on 77 and 142 cancer registries in CI5 volume IV (1973-77) and volume VII (1988-92). 
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7.5.5 Log transformation of SRm and SRv 

Log transformation was carried out in a similar way as shown in Table 7-1. 

The mean and variance of log values of SRs were computed (for logs of each 

X1,X2... Xn and then mean and variance was computed). Hence the log transformed 

versions of equation 3 and 4 are presented in equations 5 and 6 as follows: 

𝑙𝑆𝑅𝑚௜
௞ = 𝜇௟ =

∑ log (𝑆𝑅௜௝
௞ )

௡೔
௝ୀଵ

𝑛௜
 

       ………..……. (Equation 5) 

     

𝑙𝑆𝑅𝑣௜
௞ = 𝜎௟

ଶ =
∑ ( log (𝑆𝑅௜௝

௞ ) − 𝜇௟)
ଶ௡೔

௝ୀଵ

𝑛௜
 

       …………… (Equation 6) 

7.5.6 Generating SRm × SRv Tables 

All registries in the CI-5 volumes were coded and statistics were generated 

including the number of cases for each cancer type, the mean, variance, and 

standard deviations of the SR. Tertiles were used to categorize the SR mean and 

variance (see Appendix 8 for details), thereby enabling creation of matrices of 

SRm and SRv (Figure 7-2) as well as stratification of these matrices according to 

low, medium and high levels of incidence rates (Figures 7-3 a, b and c). Besides 

computing each SRm and SRv for each cancer, the top three registries with the 

highest and lowest SRm were also tabulated. Descriptive statistics were computed 

by taking the mean and variance of the log values to generate log-transformed 

versions of SRm and SRv (See also Appendix 9, pages 280-81) 
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Figure 7-2: Levels of magnitude and variances of SR (SRm×SRv). 

Different types of cancers are distributed in each of nine cells according to low (L), medium 
(M), and high (H) levels of SRm and SRv generated through tertiles 

 

Figure 7-3: Levels of sex ratio magnitude (SRm) and variance (SRv) stratified according to levels of 
magnitude of cancer incidence (a) low: Im1 (b) medium: Im2 (c) high: Im3 

 

 

   (a)    (b)     (c) 

 

7.7 Estimating time trends and geographic variability in Sex Ratios 

7.7.1 Data extraction 

The analysis of time trends in SR, as well as between-registry and within-registry (inter- 

and intra-regional) variability in SR was carried out for long-standing cancer registries from 

1953-2007 for 21 different types of cancers. The CI-5plus database was accessed to carry out 

the analysis. This database was also used to test whether gender inequality can predict 

changes in sex ratios across time for selected cancer types and registries. The earliest cancer 

registries in this database started functioning in 1953 in Denmark, Finland, and Norway 

Im1 SRv 
L M H 

 L 1 2 3 

SRm M 4 5 6 

 H 7 8 9 

Im2 SRv 
L M H 

 L 1 2 3 

SRm M 4 5 6 

 H 7 8 9 

Im3 SRv 
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(Figure 7-1). Afterwards, other cancer registries were initiated in different years. Once 

initiated, these registries reported cancer incidence every year until 2007 (the last reported 

year in most recent volume of CI5). No new registry was introduced after 1994 in this 

database. 

7.7.2 Data setup 

The introduction of cancer registries with different starting points from 1953 to 1994 

created an unbalanced dataset where different registries had different total numbers of 

observations on SR in each given calendar year. Therefore, the data from CI-5plus were 

extracted and organized so as to permit analysis of temporal trends in SR and inter- and intra- 

regional variability in SR in these different situations: Scenario A: analysis of all cancer 

registries that reported incidence for any year from 1953 to 2007 (i.e., all available 

observations from this period were analyzed); Scenario B: analysis of all cancer registries 

that reported incidence in any year from 1983 to 2007 including some registries that reported 

for part of that period (i.e., all available observations from this period were analyzed); and 

Scenario C: analysis of cancer registries that reported incidence every year from 1983 to 

2007 (i.e., all observations in 1983 were exclusively analyzed until 2007). The details of 

these data scenarios are as follows: 

(1) Scenario A: unbalanced registry data from 1953 to 2007: 

Scenario A consists of data on observations of SR in different registries from 1953 to 

2007. Different years can have different number of registries ‘N’. These ‘Ns’ increase 

monotonically over time as new registries were introduced e.g., 1953 (N=3); 1958 (N=6); 

1963 (N=9); 1968 (N=14); 1970 (N=16); 1973 (N=31); 1974 (N=32); 1975 (N=37); 1978 

(N=48); 1979 (N=52); 1980 (N=53); 1983 (N=76); 1985 (N=81); 1989 (N=95); 1993 
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(n=112); and 1994 (N=113). In short, Scenario A begins with 3 registries in 1953 and ends 

with 113 registries reporting incidence rates upto 2007. These are called unbalanced data 

because different years can have different ‘Ns’. 

(2) Scenario B: unbalanced registry data from 1983 to 2007. 

This extraction consists of data on SR from 1983 to 2007 (i.e., all the data before 1983 is 

removed in Scenario B). The minimum number of registries ‘N’ in this scenario is 76 and 

maximum is 113 (hence it is still called unbalanced data). The year 1983 was chosen as a cut 

point for this analysis (and the next scenario C) because N in this year (i.e., 76) is substantial 

enough sample size to facilitate in regression model building for 25 years’ time period. A 

smaller ‘N’ or few years of repeated observations could become problematic in the analysis 

of inter- and intra- regional variability of SR (263). 

(3) Scenario C: balanced registry data from 1983 to 2007. 

This scenario consists of data from 1983 to 2007 and restricted to those registries (N=76) 

that were functioning and reporting throughout the period 1983 to 2007 (thereby resulting in 

balanced data). Any registry that joined after 1983 was removed from the analysis in this 

scenario. 

7.7.3 Description of regression models in different data scenarios 

Different analytic strategies were used depending on the type of data scenario from the 

CI5Plus database. After specifying three scenarios in Section 7.6.2, we next introduce four 

regression models for each scenario (and for each cancer type). The availability of incidence 

rates from the varying number of registries, with different ranges of time, allowed us to 

interpret results from different regression models, and choose one that performs relatively 
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better, with minimum error. Moreover, the SR is recorded as a repeated measure (i.e., SR is 

measured every year for a specific registry and as such the yearly measurements are not 

independent). With data such as these, an appropriate analytic strategy is the mixed-effects 

regression technique. However, this will require detailed step-by-step model-building as 

described below. 

7.7.3.1 Setting up mixed-effects models  

The strategy of building mixed-effects regression models in the current study (where the 

outcome variable is SR) is based on recommendations by Field (263) and Twisk (264): to 

start with a ‘basic linear model’ in which parameters are fixed, and then add random 

coefficients as appropriate. One advantage of doing this is that one can simultaneously 

compare the fit of the models as one adds in random effects parameters (263).  

We first introduce two basic regression models (a and b), by adding independent 

variables (Appendix 2) specifically ‘calendar year’ (model a) and then adding ‘registry’ to 

model a (model b). Both of these basic regression models are Fixed-Effect models because 

they have fixed-coefficients (i.e., constant intercepts (β0: average value of SR at baseline 

year) with constant regression slopes (β1)). Therefore, model a has a fixed effect of ‘calendar 

year’ which is assumed to be same for every registry, whereas model b has a fixed effect of 

‘registry’. These models assume that the year effect is the same across all registries and the 

registry effect is the same for all years. They also assume that the temporal trend is linear. 

While these assumptions are simplistic and likely incorrect, they provide the baseline against 

which to judge more sophisticated models. 

Next, for model c, we allowed the intercept β0 to assume different value across different 

registries (Appendix 2). Because the intercepts (i.e., SR in the baseline year) are considered 
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to be random draws from a normal distribution, this model is labelled a ‘Random-intercepts 

model’ (RI model). This model allows estimation of intra- and inter-regional variation of SR 

[designated (𝛿௞)2 and (𝜏௞)2 respectively].   

The fourth regression model d is extended from model c (Appendix 2). Here, we not only 

allow SR at baseline year to vary for each registry, but also allow the slope of each registry to 

vary. This is called a ‘Random-intercepts & Random-slopes model’ (RI and RS model). Due 

to the greater flexibility of this model, it can provide a more realistic estimation of intra- and 

inter- regional variation of SR [designated (𝛿௞)2 and (𝜏ଵ
௞)2 respectively]. 

Both models c and d are called mixed-effects models because they include both fixed and 

random parameters. SPSS version 23.0 is used to store as well as analyze the data through a 

series of regression models. The interpretations of basic linear models (a and b) and mixed-

effects models (c and d) in each of three scenarios are described as Appendix 2. 

Limitations of fixed-effect models: 

Fixed-effects models make the assumption that errors, including errors within individual 

registries, are independent. In our data, we believe that the SR observations are clustered 

within years for each registry. Clearly, SR in one year for a specific registry is related to the 

next year and so on. In other words, each SR observation for each year is derived from the 

same registry (e.g., SR in the cancer registry for Sweden in 1954 is likely to be related to the 

SR in 1955, 1956, etc.). Therefore, these observations are not independent. 

In model b, the addition of individual registries as fixed effects greatly increases the 

number of parameters (𝛽௡
௞

 for each registry in the model b: Appendix 2). There are therefore 
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many parallel regression lines, one for each registry. Due to the large number of 

parameters 𝛽௡
௞, this model has the potential to overfit the data. 

7.7.3.2 Choice of mixed-effects models’ type 

  Mixed-effects regression analysis provides a more flexible solution to the problems 

expected in fixed-effects models. First, non-independence in the current data provides 

justification to carry out this type of modelling. Second, overfitting can be avoided by 

introducing random coefficients as opposed to fixed. And finally, this type of modelling 

allows us to investigate the inter- and intra-regional variability of SR (263).  

We are interested in assessing the overall effect of time (years) on SR while taking inter-

regional variation into account. We allow for this using random intercepts (model c) and 

random slopes (model d) specific to each regional registry. 

 Random-intercept model (RI model): 

The random-intercept model c is doing the same thing as the fixed-effect model b, but 

instead of having a separate intercept parameter for each registry, we now assume that the 

different study-specific intercepts are randomly and normally distributed. 

Random-intercept plus random-slopes model (RI & RS model): 

In this model d, we introduce the randomness of slopes in addition to randomness of 

intercepts. This means that the rate of change of the SR is allowed to vary randomly between 

registries.  Following is the model used (see also Appendix 3 for comparison of 

interpretations with other models a, b and c): 
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𝑆𝑅௜௝
௞ = 𝛽଴

௞  + 𝛽ଵ
௞𝑦𝑒𝑎𝑟௜  + 𝑢ଵ௝

௞  + 𝑢ଶ௝
௞ (𝑦𝑒𝑎𝑟௜) +  𝜀௜௝

௞  ,    𝑤ℎ𝑒𝑟𝑒 𝜀௜௝
௞  ~ 𝑁 (0, (𝛿௞)ଶ) 

……………………. (Equation 5) 

𝑘 = cancer type;    𝑖 = index of calender year;     𝑗 = registry  

𝜀௜௝
௞  ~ 𝑁 (0, (𝛿௞)ଶ) 𝑖s the assumption that the errors are normally 

and independantly distributed with mean 0 𝑎nd variance (𝛿௞)ଶ 

and  𝑢ଵ௝
௞   ~ 𝑁 ൫0, 𝜏ଵ

௞ଶ൯ for registry 𝑗 ;  

𝑢ଶ௝
௞  ~ 𝑁 ൫0, 𝜏ଶ

௞ଶ൯ for registry 𝑗 ; 

          𝐶𝑜𝑣 ൫𝑢ଵ௝
௞ , 𝑢ଶ௝

௞ ൯ =  𝜏ଵଶ
௞                                                    

 

𝑢ଵ௝
௞  is the random variations of intercepts of SR among registries and it has a variance 𝜏ଵ

௞ଶ;  

and 𝑢ଶ௝
௞  is the random variations of slopes and it has a variance 𝜏ଶ

௞ଶ 

The random intercepts and slopes are correlated 𝐶𝑜𝑣 ൫𝑢ଵ௝
௞ , 𝑢ଶ௝

௞ ൯ =  𝜏ଵଶ
௞         

[The results from RI & RS Models in each of the three scenarios are summarized in the next 

chapter (Tables 8-12 to 8-14)]. 

7.7.3.3 Assessing the fit and comparisons of models 

The details of analysis are in Appendix 6 (A 6-a to A 6-u). In all Tables, the values of 

AIC (Akaike Information Criteria) are given for each mixed-effect model c and d in the 

column labelled ‘Errors and AIC’. AIC is basically a goodness-of-fit measure that is 

corrected for model complexity and lower values mean a better fitting model. AIC is also 

known as the adjusted version of log-likelihood that is also used to assess model fit (263).  In 

all models of mixed-effect regression analysis, the choice of estimation method to obtain 

better estimates of all parameters was the maximum likelihood (ML). Had the models used 

more predictors (independent variables) with multiple levels (multi-level models), the choice 

could have been restricted maximum likelihood (REML). This estimation method, REML, 
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only measures fit of the random components in the model: the fit of random effects could 

become better with fixed effect of time and other potential predictors, because then, we could 

be better defining the errors/residuals in the model by having more accurate fixed effects. 

Hence, the preferred estimation method in the study was ML and not REML. 

In summary, we obtained changes in SR over time along with inter- and intra- regional 

variation of SR, by first dealing with non-independence of SR observations among different 

registries by adding random-effect (s). But before specifying random effect models, a fixed 

effect model was constructed where there was an average effect of time (individual years of 

incidence reporting) for all registries [i.e., when there was no assumption of random effects, 

neither of registry 𝑢ଵ௝
௞   nor of calendar year with registry  𝑢ଶ௝

௞ (𝑦𝑒𝑎𝑟௜) such as in RI & RS 

models]. However, in the study data, the residuals of a particular registry (the distance to an 

overall fitted line) are all correlated, i.e., those 25 residuals representing SR for each year 

from 1983 to 2007 for a single registry are not independent. In other words, SR in the first 

year in a particular registry is related to the second year and then to the third and so on. This 

issue was taken care of while systematically transitioning from fixed-effect models to RI-

model, and then finally to RI & RS model, by specifying covariance structure of each 

registries’ residuals in the data. There are different types of covariance structures that one can 

use, and each type of structure simply specifies a form of the variance-covariance matrix (a 

matrix in which diagonal elements are variances and off-diagonal elements are covariances) 

(263). For RI-model (model c), the type that was used was Variance Component (VC) which 

is a very simple covariance structure and assumes that all random effects are independent. 

For our RI & RS model, the choice was Unstructured-Covariance structure (UN) where 

every covariance and variance was considered unique, and was uniquely estimated in the data 
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(for RI & RS model, we wanted unique estimates for variances of intercepts, slopes and 

covariance of intercepts and slopes).  Except for a few cancers, the AIC of the mixed-effect 

models showed that overall the RI & RS model was a better fit model and improved with the 

choice of variance structure. 

7.7.3.4 Incorporating gender inequality in the analyses 

We combined the country-level data from the United Nation’s gender inequality index 

(GII), the Cancer Incidence in Five Continents (CI5plus), and The World Health 

Organization’s report on Global Tobacco Health Survey (265). The country-level smoking 

prevalence data was obtained from this report on global tobacco epidemic. Overall, the 

gender inequality index reflects how women are disadvantaged in three dimensions 

(reproductive health, empowerment and labor market) and this data was retrieved for year 

2005. The values of this index range between 0 and 1, with higher index indicating higher 

inequalities and thus higher loss to human development. Since for certain cancer types, 

smoking tobacco is an established risk factor, we examined the age standardized prevalence 

estimates of smoking and SRs for smoking-associated cancers in registries representing some 

of those countries that rank low and high on gender inequality index. Smokers were defined 

as those who smoked everyday any tobacco product such as cigarettes, cigars, pipes, bidis, 

etc (at the time of surveys in 2003 and before). For cancers such as of lung, bladder, 

esophagus, and larynx, we used unexpected deviance (e.g., large gender inequality and 

differences in smoking prevalence among men and women, but low sex ratio to identify 

cancer registries with possible gender biases in data quality. 

Equation 5 (page 100) was modified to incorporate gender inequality in mixed-effects 

model. In this mixed-effects model with random intercept plus slope model, we included 
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high and low categories of gender inequality (from 32 countries) to test whether gender 

inequality has an impact on sex ratio changes over calendar years (1983-2007). In addition to 

the linear trend of time (in years), quadratic trend was also included. Furthermore, gender 

inequality and its interaction with time (in years) was also included in the model. 

7.8 Estimating spatial auto-correlations of SR 

In geographic health research, spatial auto-correlations are often computed to investigate 

variables that are correlated between adjacent locations (254, 266). In common statistical 

approaches, it is often assumed that measured outcomes are independent of each other (such 

as in fixed-effects models and between registries in the mixed-effect models that we used). In 

spatial data, it is often the case that some or all outcome measures exhibit spatial auto-

correlation. An example of spatial auto-correlation is when the outcomes of two geographic 

points are inversely related to their distance apart. 

7.8.1 Analyzing spatial autocorrelation: Moran’s Index. 

The first law of geography states that “everything is related to everything else, but near 

things are more related than distant things” (82). In statistical terms, positive spatial 

autocorrelation indicates that neighboring values are similar, suggesting spatial dependency; 

negative spatial autocorrelation indicates that neighboring values are dissimilar, suggesting 

inverse spatial dependence. An autocorrelation value of 0 implies that there is no spatial 

pattern. While several methods of measuring spatial autocorrelation have been explored in 

geological, ecological, health, and environmental studies; one of the most commonly used 

methods remains the Moran’s Index (I) statistic (267, 268). The computation of Moran’s I is 

based on populations whereas other methods (e.g., Geary’s coefficient) are based on samples 

(269). Since in this study, population-based cancer registries are used, the global Moran’s I is 
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the most appropriate method to explore the spatial patterns of incidence rates and SR of 

incidence rates for different types of cancers. We restrict our analyses to regions of Europe 

and Asia which are connected by land mass. 

Global Moran’s I measures the spatial autocorrelation of feature locations (i.e., registries 

representing cities/regions in Europe and Asia in this study) and feature attributes or values 

(i.e., SR of cancer incidence rate) simultaneously. To explore the overall spatial patterns of 

the most common cancers in Europe and Asia, the global Moran’s I statistic was used to 

represent the degree of clustering. It is calculated through a standard formula as follows: 

𝐼 =
𝑛 ∑ 𝑖 ∑ 𝑗 𝑊௜௝(𝑋௜ − 𝑋ത)(𝑋௝ −  𝑋ത)

∑ 𝑖 ∑ 𝑗 𝑊௜௝ ∑ 𝑖 (𝑋௜ −  𝑋ത)ଶ
 

where: 𝑋௜ = the SR of cancer for the ith city;  𝑋 ഥ = the mean SR of cancer for all of the cities 

in the study area; 𝑋௝ = the SR of cancer for the jth city;  𝑊௜௝ = a weight parameter for the pair 

of cities i and j that represents proximity; and n = the number of cities. 

In the study, we apply a simpler version of the same formula of Moran’s I for SR as derived 

by Chen (269). 

7.8.2 Steps in computing Moran’s Index. 

Age-standardized incidence rates of different types of cancers in males and females were 

retrieved from CI-5 volume X, and the SR of 28 different cancers were computed from 

cancer registries in Asia and Europe. For each registration area, latitude and longitude 

coordinates were obtained from a publicly available world geolocation database (270). These 

geo-coordinates correspond with the approximate center of the geographic area of a cancer 

registry. These coordinates were used to calculate the geographic distance in kilometers 
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between each pair of registries. In this analysis, we considered the 102 and 52 cancer 

registries in Europe and Asia respectively.  The computations of spatial analysis in the study 

were carried out using combination of SPSS (version 23.0), R software, and Excel spread 

sheets. 

The flowchart of the spatial autocorrelation analysis in Figure 7-4 shows the steps taken 

in the calculation of Moran’s I. Moran’s I was computed for three variables (for each of the 

20 cancers): age-standardized incidence rates for males and females, and SR. These three 

variables are termed as spatial size measurements (x1, x2, and x3), and were calculated for 

each registry area, separately for Europe and Asia.  The means and standard deviations of x1, 

x2, and x3 were calculated to derive standardized variables z1, z2, and z3.  The next step 

involved using latitudes and longitudes to calculate the distance in kilometers to generate 

spatial distance matrix (Table 7-2). Details of the computations of distances are provided in 

Appendix 3. 
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Figure 7-4: A flowchart of steps in computation of Moran’s I: data preparation, parameter estimation, 
and spatial autocorrelation analysis. 
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Table 7-2: An example of pair wise spatial distance matrix in kilometers from 10 selected areas in Asia. 

(A total of 52 areas in Asia and 102 areas in Europe were used for computing Moran’s I in the study)  
 

Beijing Cixian Haining Hong Kong Jiashan Jiaxing Macao Ongang Qidong Shanghai 
Beijing 0 434.99 1124.59 1975.58 186.67 1095.20 1420.67 1891.71 1020.40 1087.68 
Cixian 434.99 0 874.68 1566.58 598.43 858.94 1067.75 1477.00 839.85 878.32 
Haining 1124.59 874.68 0 1105.57 1172.35 43.52 1572.46 1068.96 189.19 109.04 
Hong Kong 1975.58 1566.58 1105.57 0 2095.39 1148.65 1460.37 110.99 1294.61 1212.24 
Jiashan 186.67 598.43 1172.35 2095.39 0 1138.20 1606.94 2016.95 1043.02 1119.27 
Jiaxing 1095.20 858.94 43.52 1148.65 1138.20 0 1586.44 1111.26 145.96 70.12 
Macao 1420.67 1067.75 1572.46 1460.37 1606.94 1586.44 0 1350.15 1657.65 1643.07 
Ongang 1891.71 1477.00 1068.96 110.99 2016.95 1111.26 1350.15 0 1256.55 1177.27 
Qidong 1020.40 839.85 189.19 1294.61 1043.02 145.96 1657.65 1256.55 0 88.59 
Shanghai 1087.68 878.32 109.04 1212.24 1119.27 70.12 1643.07 1177.27 88.59 0 

For details of computations of pairwise distances, see Appendix E. 

Spatial distance matrix is used for conversion into spatial contiguity matrix V and spatial weight matrix W 
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As shown in Table 7-2, distances between any two registry areas are used to create 

spatial distance matrix, which is then converted into a spatial contiguity matrix V.  

The spatial contiguity matrix V is created by using a weight function. The type of 

spatial weight function that is selected is the inverse power function, as used by Chen 

(269, 271): 

vij = 

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where rij refers to the distance between registry area i and registry area j. Therefore 

for n registry area, a spatial contiguity matrix, V, can be expressed as: 

V= [vij] n × n =
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where vij measures used to compare and judge the degree of nearness or the 

contiguous relationships between registry areas i and  j (i, j=1,2,…,n). No matter what 

the entry vii equals, it will be converted into 0 (for i=j, vii = 0). The next step is 

summation of the spatial contiguity matrix denoted by S using the following formula: 

S = 
j

ij
i

v .  

Therefore, the spatial weights matrix, W, can now be given by the following matrix 

equation:  
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,  where 𝑉଴ = S = 
j

ij
i

v  

According to the simplified formula provided by Chen (269),  I = zT Wz, simplifies 

the calculation of Moran’s I for SRs of cancer incidence as well as for the ASIRs for 

males and females (I1, I2, and I3 as shown in Figure 7-4). The interpretation of 

Moran’s I is carried out on a scale between -1 to +1 as shown in flowchart diagram 

below: 

Scale of Moran’s Index:  

 

 

 

 

 

The scale can also be used as an index for dispersion, random, and clustered pattern 

 

 

 

 

Source: pro.arc.gis.com ; http://www.utdallas.edu/~briggs/ 
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Chapter 8    Results 

The study provides a detailed description of international patterns of cancer occurrence 

through variability in SR of age-standardized incidence rates worldwide, and then facilitates 

in conjecturin on the potential etiologic influences. This exercise further demonstrates the 

utility of SR in the presence of existing artifacts e.g., unequal access to health care services 

among males and females (i.e., gender-bias). In order to allude onto the potential of gender-

bias that could arguably be existing in the cancer registration processes, and that this bias 

could be operating in different countries where registries are located, comparison of gender 

inequality and smoking prevalence with SR are also presented for certain cancer types. 

Chapter 8 is divided into five sections.  Section 8.1 provides descriptive statistics on 

incidence and the SR of incidence for different cancer types in various cancer registries and 

time periods. Section 8.2 shows the results of computations of summary measures of SR 

across registries and time periods, and categories of different types of cancer according to 

how they manifest in terms of the summary SRm and the SRv. Section 8.3 shows results of 

mixed effects regression and estimates of time trends and inter- and intra- regional variability 

of SR. In section 8.4, we also present results of the models incorporating gender inequality 

and its impact on the sex ratios of selected types of cancers such as cancers of lung, bladder, 

esophagus, and larynx from 1983 to 2007. This section documents the possibility of gender-

bias (or absence thereof) in the study by comparing cancer registries where this bias could be 

presumably high or low (according to the ranking of gender inequality index). Finally, in 

Section 8.5, we present results of the spatial analysis of SR, where the cancer types are 

ranked according to the degree of clustering in Europe and Asia with the observed 

similarities and dissimilarities among those types. In all the following sections, in some 
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places, comments are also provided briefly on the observations that were made on the 

incidence and sex ratio trends across time. We further revisit these observations in Chapter 9. 

8.1 Incidence rates and SR worldwide  

Incidence rates 

Table 8-1 shows cancer types in three different time periods listed from highest to lowest 

incidence rates in 1973-77 for both sexes combined. The number of registries worldwide 

varied because of missing incidence data for some cancer types. The registries reporting 

incidence rates increased from a maximum of 99 in 1973-77 to 142 and 281 in the period 

1988-93 and 2003-07, respectively. The results in this Table serve as background data to 

describe SR of cancer incidence. 

Table 8-1 shows that among the top ten cancers with the highest incidence in 1973-77, 

cancers of lung and stomach show downward trends (from 32.80/105 in 1973-77 to 30.47/105 

in 2003-07 in lung; and from 17.56 to 11.35/105 in stomach). This may be the result of the 

declining prevalence of smoking for lung cancers and helicobacter infections for cancers of 

stomach in much of the developed world (272, 273). Cancers of colon as well as rectum/anus 

remained stable throughout the three periods, which can be attributed to stable patterns of 

risk factors (274). Some of these observations and speculation thereof are discussed in 

Chapter 9. 

The incidence rate of pancreatic cancer has a fluctuating pattern. A slightly increasing 

incidence rates are observed for leukemia (6.12 to 7.41 per 105). A noticeable increase of 

4.82 to 8.95 per 105 was observed for Non-Hodgkin lymphoma (NHL). Of all cancers, 

bladder cancer showed the most pronounced increase of 11.19 per 105 in 2003-07 from 4.48 
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per 105 in 1973-77. More recently, liver cancer shows a high incidence rate of 7.16 per 105. 

A similar pronounced increase such as for bladder cancer was observed for skin melanoma 

(8.30 per 105) and thyroid cancers (6.52 per 105) in 2003-07 compared to 1973-77. The 

Gallbladder cancer rate is stable over the three time periods, with only a slight decrease in 

2003-07. 

Most rare types of cancers with low incidence rates are stable throughout the time periods 

(e.g., multiple myeloma, lip, mouth, connective tissue, tongue, bone, salivary gland, nose and 

sinuses, eye, and small intestine). The age-standardized incidence rates are graphically 

depicted in males and females for cancers with highest (Figure 8-1), medium (Figure 8-2), 

and lowest (Figure 8-3) incidence rates in 1973-77, and changes in those rates thereafter in 

1988-92 and 2003-07. 
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Table 8-1: Total number of cancer registries N and incidence rates I in periods 1973-77, 1988-93, and 2003-07 for 30 types of cancers for both sexes. 

Cancers* 1973-77 1988-93 2003-07 
N I / 105 N I / 105 N I / 105 

Lung 77 32.80 142 32.66 281 30.47 
Skin (non-melanoma) 42 21.74 119 26.41 268 21.61 

Stomach 77 17.56 142 14.69 281 11.35 
Colon 77 16.00 142 15.71 281 17.53 

Rectum & anus 77 9.91 142 9.99 281 9.79 
Kidney 74 8.39 141 5.82 281 6.59 

Pancreas 77 6.23 142 5.50 281 5.89 
Leukemia 77 6.12 142 6.36 254 7.41 

Non-Hodgkin lymp. 77 4.82 142 7.26 281 8.95 
Bladder 77 4.48 140 10.06 281 11.19 

Brain 77 4.45 142 4.62 280 4.83 
Esophagus 74 4.41 141 4.27 280 5.20 

Larynx 72 3.75 137 3.90 278 3.07 
Liver 77 3.59 140 6.22 280 7.16 

Skin (melanoma) 74 3.34 139 5.96 277 8.30 
Pharynx 77 3.02 140 3.62 146 3.12 
Thyroid 76 2.74 140 2.80 281 6.52 

Gallbladder 75 2.69 138 2.69 278 2.53 
Multiple myeloma 76 2.23 139 2.36 280 2.69 

Lip 75 2.11 107 1.60 224 0.70 
Hodgkin lymphoma 75 2.10 137 1.90 277 2.10 

Mouth 54 1.91 141 2.04 278 1.68 
Connective tissue 76 1.55 140 1.69 279 1.90 

Tongue 70 1.46 140 1.54 280 1.63 
Bone 72 0.94 140 0.95 278 1.00 

Salivary gland 66 0.79 133 0.56 273 0.63 
Nose & Sinuses 72 0.71 134 0.58 271 0.48 

Eye 66 0.62 131 0.62 266 0.62 
Small intestine 70 0.57 133 0.61 272 0.88 

Endocrine glands 65 0.45 124 0.49 174 0.21 
*Cancer types are sorted by reported incidence from highest to lowest in 1973-77 
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Figure 8-1 shows the ten cancers with the highest incidence in 1973-77, each of which 

(with the exceptions of lung and bladder cancer) had a similar pattern over time in males and 

females. The incidence rate of lung cancer decreased over time in males (52.74 to 43.04 / 

105); it increased in females (12.86 to 17.91/105). Differences in lung cancer incidence 

patterns across sex could reflect historical differences in tobacco use (272, 273). Women took 

up smoking in large numbers later than men, initiated smoking at older ages, and were slower 

to quit, including recent upturns in smoking prevalence in some birth cohorts (273, 275). 

Declines in lung cancer incidence continue to be larger in men than in women. 

Figure 8-2 shows 10 cancers with mid-level incidence rates. Thyroid cancer was the most 

rapidly increasing cancer in women, partially due to over-diagnosis because of increased use 

of advanced imaging techniques. Increases in tumor size and stage, in follicular carcinoma (a 

more aggressive subtype), suggest that some of the rise may be due to changes in 

environmental risk factors such as obesity (273, 276, 277). These observations with 

debatable speculations form part of discussion in Chapter 9. Figure 8-3 shows the 10 cancers 

with the lowest incidence, where the patterns are similar across sex. 

Most ecological analyses and international studies of cancer incidence time-trends have 

provided somewhat similar results previously (273, 275-277). We believe that these trends, 

as informative as they are, should be interpreted with caution as there are reasons to believe 

that any comparisons worldwide are likely to be confounded by many factors such as 

addition of new population-based registries, increases in older population or increased access 

to diagnostic services. This suspicion has prompted us to conduct a detailed analysis of the 

SR in incidence rates, although the issue of different number of registries in three-time 

periods still remains.  



 

116 
 

Figure 8-1: Cancers with the highest incidence rates in 1973-77 (> 4.5 / 105 person-years) and changes in incidence rates over time in 1988-92 
and 2003-07, by sex. 

(Males represented by solid line and females by dashed line). 
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Figure 8-2: Cancers with medium-level incidence rates in 1973-77 (2.0 - 4.5 / 105 person-years) and changes in incidence rates over time in 
1988-92 and 2003-07, by sex 

(Males represented by solid line and females by dashed line). 

 

 



 

118 
 

Figure 8-3: Cancers with low incidence rates in 1973-77 (< 3 / 105 person-years) and changes in incidence rates over time in 1988-92 and 
2003-07, by sex 

(Males represented by solid line and females by dashed line). 
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SR of incidence rates 

The ratio of ASIR in males relative to females (termed herein as the magnitude of SR 

(SRm), in three time periods for different types of cancers are shown in Table 8-2. The 

detailed computation on SRm denoted by 𝑆𝑅𝑚௜
௞ is already provided in Chapter 7 (Table 7-1). 

SRm is indicative of the predominance of one sex over the other for a specific cancer type. 

The highest overall magnitude over three time-periods was observed for cancer of the larynx 

(13.9, 15.3, and 11.5) The SR suggested that it is a highly male dominant cancer. The lowest 

magnitudes in 1973-77, 1988-89, and 2003-07 were noted for cancers of the thyroid (0.4, 0.4, 

and 0.3) and gallbladder (0.8, 0.8, and 0.9) showing female dominance.  

A changing or steady pattern of SRm suggests an underlying pattern of known or 

unknown exposures in different geographic regions, which is why we report, in the latter 

section, variations in SRm or SRv. Other notable trends in SRm were observed in cancers of 

the lung and kidney, which indicate a rise in female incidence rates (e.g., SRm was low in 

2003-07 for lung cancer (SRm = 3.3) compared to 5.3 in 1973-77). The rise in female kidney 

cancer however mirrored the increase in male incidence as seen in Figure 8-3, hence it 

remains stable at a sex ratio of 2 (Table 8-2). For bladder cancer, SRm increased in the last 

two time periods (5.1 and 4.7) from 2.0 in 1973-77. A fluctuating SRm was observed for 

pharyngeal cancer with a peak of 6.1 in 1988-93 compared to 4.3 in 1973-77 and 4.8 in 

2003-07. Most other low-incident cancers, were fairly stable over time. To better illustrate 

variance in SRm across registries, Tables 8-3 to 8-5 show the registries with the highest and 

lowest SRm for the same 30 cancers. 
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Table 8-2: The sex ratio magnitude (SRm) of 30 types of cancers worldwide in 1973-77, 1988-93, 
and 2003-07. 

Cancer SRm in three time periods 
1973-77 1988-93 2003-07 

Lung 5.3 5.4 3.3 
Skin (non-melanoma) 1.5 1.6 1.4 

Stomach 2.2 2.2 2.2 
Colon 1.1 1.3 1.4 

Rectum & anus 1.6 1.7 1.7 
Kidney 4.2 2.0 2.1 

Pancreas 1.6 1.6 1.4 
Leukemia 1.5 1.5 1.5 

Non-Hodgkin lymphoma 1.6 1.5 1.5 
Bladder 2.0 5.1 4.7 

Brain 1.5 1.5 1.4 
Esophagus 4.1 5.4 5.0 

Larynx 13.9 15.3 11.5 
Liver 2.5 3.0 3.0 

Skin (melanoma) 1.1 1.0 1.1 
Pharynx 4.3 6.1 4.8 
Thyroid 0.4 0.4 0.3 

Gallbladder 0.8 0.8 0.9 
Multiple myeloma 1.5 1.4 1.4 

Lip 10.7 7.4 4.6 
Hodgkin lymphoma 1.7 1.5 1.4 

Mouth 3.3 3.7 2.5 
Connective tissue 1.4 1.4 1.4 

Tongue 3.6 4.2 3.0 
Bone 1.6 1.5 1.4 

Salivary gland 1.3 1.8 1.6 
Nose & Sinuses 2.0 2.6 2.3 

Eye 1.4 1.4 1.5 
Small intestine 1.5 1.7 1.6 

Endocrine glands 1.6 1.3 1.7 
*Cancer types are sorted by reported incidence rates from highest to lowest in 1973-77 
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Table 8-3: Incidence rates of 30 cancers in males and females, the sex ratio magnitude (SRm), and registries with the highest and lowest SRm in 1973-77. 

Cancer Incidence SRm 
(Overall) 

Highest SRm Lowest SRm 
Male Female 

Lung 52.74 12.86 5.3 France 15.1 Canada 2.1 
Skin (non-melanoma) 25.83 17.65 1.5 Spain 2.3 India 0.9 

Stomach 23.96 11.17 2.2 Switzerland 4.5 India 1.1 
Colon 16.95 15.06 1.1 Romania 1.6 Canada 0.7 

Rectum & anus 12.10 7.73 1.6 Canada 3.0 Cuba 1.1 
Kidney 13.27 3.51 4.2 France 11.6 Canada 0.7 

Pancreas 7.56 4.90 1.6 Netherland 3.6 Canada 0.3 
Leukemia 7.33 4.90 1.5 Senegal 3.5 Canada 0.6 

Non-Hodgkin lymphoma 5.71 3.93 1.6 Poland 3.1 Switzerland 0.8 
Bladder 5.83 3.14 2.0 Japan 4.3 Canada 0.5 

Brain 5.09 3.80 1.5 Switzerland 2.3 Canada 0.9 
Esophagus 6.61 2.22 4.1 France 21.3 Senegal 1.0 

Larynx 6.71 0.78 13.9 France 112.0 Scotland 3.5 
Liver 5.12 2.07 2.5 Switzerland 7.5 Canada 0.4 

Skin (melanoma) 3.19 3.50 1.1 Spain 2.0 Scotland 0.4 
Pharynx 4.61 1.43 4.3 France 31.0 Poland 0.9 
Thyroid 1.60 3.89 0.4 Poland 1.1 Poland 0.1 

Gallbladder 2.07 3.31 0.8 Scotland 1.4 Hungary 0.2 
Multiple myeloma 2.59 1.88 1.5 China 6.0 Japan 0.6 

Lip 3.81 0.41 10.7 Spain 59.0 Senegal 0.3 
Hodgkin lymphoma 2.58 1.62 1.7 Australia 3.5 France 0.3 

Mouth 2.64 1.18 3.3 Slovenia 15.5 Senegal 0.8 
Connective tissue 1.74 1.37 1.4 Canada 5.7 Poland 0.4 

Tongue 2.17 0.75 3.6 Slovenia 30.0 China 0.8 
Bone 1.10 0.77 1.6 Netherlands 8.0 Senegal 0.7 

Salivary gland 0.85 0.73 1.3 Spain 3.0 Canada o.4 
Nose & Sinuses 0.90 0.52 2.0 France 6.6 Senegal 1.0 

Eye 0.69 0.56 1.4 Canada 3.5 Scotland 0.4 
Small intestine 0.65 0.49 1.5 Italy 4.0 Colombia 0.5 

Endocrine glands 0.48 0.41 1.6 Netherlands 5.0 Switzerland 0.3 
*Cancer types are sorted by reported incidence rates from highest to lowest in 1973-77.    
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Table 8-4: Incidence rates of 30 cancers in males and females, the sex ratio magnitude (SRm), and registries with the highest and lowest SRm in 1988-92. 

Cancer Incidence SRm 
(Overall) 

Highest SRm Lowest SRm 
Male Female 

Lung 51.30 14.01 5.4 Spain 17.8 Thailand 1.2 
Skin (non-melanoma) 31.81 21.00 1.6 Korea 5.0 Spain 0.6 

Stomach 20.17 9.21 2.2 Algeria 4.1 Zimbabwe 0.8 
Colon 17.74 13.69 1.3 India 2.4 Canada 0.6 

Rectum & anus 12.47 7.51 1.7 India 5.3 Brazil 0.6 
Kidney 7.75 3.90 2.0 India 4.0 Uganda 0.5 

Pancreas 6.63 4.38 1.6 India 10.5 Zimbabwe 0.7 
Leukemia 7.62 5.11 1.5 Korea 3.1 Mali 0.3 

Non-Hodgkin lymphoma 8.65 5.87 1.5 India 4.6 Kuwait 0.8 
Bladder 16.54 3.57 5.1 Algeria 18.0 Zimbabwe 1.1 

Brain 5.37 3.87 1.5 Canada 10.6 French Polynesia 0.7 
Esophagus 6.70 1.83 5.4 Spain 31.0 Canada 0.6 

Larynx 7.09 0.71 15.3 Spain 171.0 Uganda 0.4 
Liver 9.20 3.25 3.0 France  10.1 Peru 1.0 

Skin (melanoma) 5.80 6.12 1.0 Japan 3.0 Mali 0.3 
Pharynx 5.98 1.26 6.1 Spain 25.0 Canada 0.8 
Thyroid 1.43 4.18 0.4 India 2.5 Spain 0.1 

Gallbladder 2.33 3.05 0.8 Vietnam 3.0 Brazil 0.3 
Multiple myeloma 2.74 1.99 1.4 India 6.5 India 0.5 

Lip 2.74 0.45 7.4 Canada 38.0 Thailand 0.1 
Hodgkin lymphoma 2.22 1.58 1.5 Peru 9.0 Japan 0.5 

Mouth 2.95 1.14 3.7 Switzerland 22.0 India 0.3 
Connective tissue 1.91 1.48 1.4 Canada 9.0 Brazil 0.5 

Tongue 2.36 0.73 4.2 Slovakia 17.0 China 0.5 
Bone 1.10 0.80 1.5 Switzerland 6.5 Spain 0.3 

Salivary gland 0.67 0.45 1.8 France 7.0 Malta 0.2 
Nose & Sinuses 0.78 0.37 2.6 Italy 10.0 Italy 0.5 

Eye 0.69 0.55 1.4 Italy 5.0 India 0.5 
Small intestine 0.72 0.50 1.7 Spain 10.0 Zimbabwe 0.3 

Endocrine glands 0.51 0.46 1.3 Estonia 4.0 Iceland 0.3 
*Cancer types are sorted by reported incidence rates from highest to lowest in 1973-77
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Table 8-5: Incidence rates of 30 cancers in males and females, the sex ratio magnitude (SRm), and registries with the highest and lowest SRm in 2003-07. 

Cancer Incidence SRm 
(Overall) 

Highest SRm Lowest SRm 
Male Female 

Lung 43.04 17.91 3.3 Turkey 15.6 India 0.7 
Skin (non-melanoma) 25.06 18.17 1.4 France 4.0 Spain 0.2 

Stomach 15.61 7.10 2.2 India 4.8 Canada 0.7 
Colon 20.35 14.40 1.4 India 3.7 India 0.7 

Rectum & anus 12.51 7.08 1.7 Argentina 3.8 Ecuador 0.6 
Kidney 8.81 4.37 2.1 India 8.0 China 0.5 

Pancreas 6.92 4.87 1.4 Iran 2.8 Malawi 0.3 
Leukemia 8.89 5.92 1.5 China 2.5 Portugal 0.9 

Non-Hodgkin lymphoma 10.46 7.44 1.5 China 4.1 India 0.5 
Bladder 18.24 4.13 4.7 India 15.0 Canada 1.0 

Brain 5.53 4.12 1.4 China 2.2 Malawi 0.3 
Esophagus 7.74 2.67 5.0 Spain 25.0 Qatar 0.6 

Larynx 5.46 0.67 11.5 Spain 100.0 Canada 0.5 
Liver 10.70 3.62 3.0 Argentina 12.2 Ecuador 0.7 

Skin (melanoma) 8.72 7.88 1.1 India 4.0 China 0.3 
Pharynx 5.12 1.25 4.8 Spain 47.0 China 1.1 
Thyroid 2.97 10.06 0.3 Canada 1.0 Argentina 0.0 

Gallbladder 2.44 2.63 0.9 France 2.4 India 0.3 
Multiple myeloma 3.14 2.25 1.4 Canada 7.0 India 0.3 

Lip 1.12 0.27 4.6 Australia 23.0 Thailand 0.2 
Hodgkin lymphoma 2.32 1.89 1.4 India 9.0 China 0.3 

Mouth 2.35 1.02 2.5 Belarus 12.3 China 0.3 
Connective tissue 2.18 1.63 1.4 China 4.5 China 0.3 

Tongue 2.39 0.87 3.0 Belarus 15.0 Colombia 0.3 
Bone 1.14 0.86 1.4 Italy 5.3 Turkey 0.3 

Salivary gland 0.74 0.52 1.6 Italy 12.0 Canada 0.2 
Nose & Sinuses 0.64 0.32 2.3 Spain 10.0 Uganda 0.2 

Eye 0.68 0.55 1.5 Switzerland 14.0 Korea 0.3 
Small intestine 1.03 0.72 1.6 Korea 9.0 Argentina 0.3 

Endocrine glands 0.24 0.18 1.7 Italy 7.0 Spain 0.3 
*Cancer types are sorted by reported incidence rates from highest to lowest in 1973-77
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In 1973-77, among the total number of cancer registries (range 65 to 99), a very large 

number of them belonged to European regions (Table 8-3). The highest SRm were observed 

for the following cancers: larynx (112.0 in France) followed by lip (59.0 in Spain), pharynx 

(31.0 in France), tongue (30.0 in Slovenia), esophagus (21.3 in France), mouth (15.5 in 

Slovenia), lung (15.1 in France), and kidney (11.6 in France). The lowest SRm was noted in 

the cancer registry in Poland for thyroid cancer (0.1). In 1973-77, cancer of the liver had both 

the highest and lowest SRm in different cancer registries in Canada (7.5 and 0.4). Table 8-4 

shows the highest and lowest SRm from cancer registries in 1988-93. The highest SRm for 

this period were observed for the following cancers: larynx (171.0 in Spain) followed by lip 

(38.0 in Canada), esophagus (31.0 in Spain), pharynx (25.0 in Spain), mouth (22.0 in 

Switzerland), bladder (18.0 in Algeria), lung (17.8 in Spain), and tongue (17.0 in Slovakia). 

The lowest SRm was noted from a cancer registry in Spain for thyroid cancer (0.1) and 

Thailand for lip (0.1). Other important cancers from the public health burden perspective 

included liver cancer, which showed the highest SRm in France (10.1) and lowest in Peru 

(1.0). Algeria had the highest SRm for stomach cancer (4.1) whereas the lowest was 

observed in Zimbabwe (0.8). Zimbabwe also showed the lowest SRm of 0.7 for pancreatic 

cancer, and India had the highest SRm of 10.5. During 1988-92, Canada had the highest SRm 

for brain cancer and the lowest value was observed in French Polynesia (0.7). 

A list of registries with the highest and lowest SRm in 2003-07 (a time period when the 

number of cancer registries representing different countries increased to 281) is presented in 

Table 8-5. The highest SRm were observed for following cancers: larynx (100 in Spain) 

followed by pharynx (47.0 in Spain), esophagus (20.0 in Spain), lip (23.0 in Australia), lung 

(15.6 in Turkey), tongue (15.0 in Belarus), and bladder (15.0 in India). Thyroid cancer had 
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the lowest SRm in Argentina whereas registries in Spain, Canada, and Uganda showed some 

of the lowest SRm for non-melanoma skin, salivary glands, and nose and sinuses. For liver 

cancers, the highest SRm was seen in Argentina (12.2) and the lowest in Ecuador (0.7). 

Compared to 1973-77, SRm of Hodgkin’s lymphoma was very high in both 1988-92 and 

2003-07 (9.0 in Peru and India). Another notable finding in 2003-07 is a very high SRm for 

cancer of the eye (14.0 in Switzerland) compared to 1988-93 (5.0 in Italy) and 1973-77 (3.5 

in Canada).   

Appendix 4 provides a detailed list of cancer registries representing different regional 

populations in the three time periods, with the highest and lowest SRm (in the column 

labelled overall SRm, variation SRv is provided in parenthesis). 

Descriptive results on incidence rates and their SR in different time periods in diverse 

geographic regions provide information on male- or female-predominance across numerous 

cancer types. The next section presents results for SRm and SRv together (in the form of 3 x 

3 matrices) that could provide an understanding and some clues on possible geographical 

variations in known and potential causes of cancers.   

8.2 Cancer types by SRm and SRv. 

We believe that the stability or conversely, inconsistency of SR across countries and time 

periods is an important characteristic of a given disease that may convey information about 

etiology. For this reason, we computed the international SRv for cancer. However the 

amplitude of SRv may relate to the SRm and to the incidence of the cancer type in the region. 

For this reason, we conducted a series of analyses estimating the SRv as well as its 

magnitude. While incidence, SRm and SRv are computed as continuous variables, we believe 
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it is useful for the purpose of characterizing cancer types, to categorize each metric. We 

chose to create 3 categories for each metric as a compromise between preserving some 

quantification, but also retaining sufficient numbers. The decision to create 3 categories led 

to the creation of Tables with 9 (3x3) or 27 (3x3x3) categories in which different cancer 

types are categorized.  

The results in this section are based on methods described in Section 7.5. Graphical 

depictions of the SRm and SRv (on logarithmic scale) in 1973-77 are shown in Figure 8-4 

and Table 8-6.  Table 8-6 used the templates in Figure 7-2 to present cancers with low, 

medium and high levels of SRm and SRv in 1973-77. The results are also stratified according 

to three levels of incidence rates of cancers worldwide using template in Figure 7-3 (Table 8-

7). Figures and Tables of SRm and SRv with stratifications by incidence are also shown for 

1988-92 (Figure 8-5, Tables 8-8 and 8-9) and for 2003-07 (Figure 8-6, Tables 8-10 and 8-

11).   The raw version (i.e., untransformed or on arithmetic scale) of these results are 

presented in Appendix 5. Both transformed and untransformed data highlight similar patterns 

of cancer types over time (i.e., in 1973-77, 1988-93 and 2003-07). 
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Figure 8-4: Magnitude of the sex ratios (SRm) of 30 cancer types plotted against their variances 
(SRv) on log scale for period 1973-1977 

 

Bladder (Bld); Bone (Bon); Brain (Brn); Colon (Col); Connective Tissue (CT); Eye (Eye); Gallbladder (Gbd); Hodgkin 
Lymphoma (HL); Kidney (Kid); Larynx (Lynx); Leukemia (Leu); Lip (Lip); Liver (Liv); Lung (Lung); Melanoma of Skin (Skn); 
Mouth (Mou); Multiple Myeloma (Mye); Non Hodgkin Lymphoma (NHL); Nose and Sinuses (Nos); Oesophagus (Eso); Other 
endocrine cancers (Oen); Other Skin cancers (OSk); Pancreas (Pan); Pharynx (Phx); Rectum and Anus (Rec); Salivary glands 
(Sal); Small Intestine (SI); Stomach (Stm); Thyroid (Thy); Tongue (Ton). 
 

Table 8-6: Cancer types categorized according to three levels (low, medium & high) of the sex ratio 
magnitude (SRm) and variances (SRv) in 77 registries in 1973-1977 on log scale. 

 
SRmik (Low): ≤ 0.176; SRmik (Medium): 0.177 to 0.319; SRmik (High): > 0 .319 
SRvik (Low): ≤ - 0.405; SRvik (Medium): - 0.405 to 0.152; SRvik (High): > 0.152

   Log SRv  
  Low Medium High 

 Low Colon, Gallbladder, Thyroid, 
Multiple myeloma 

Salivary glands, Small Intestine, 
skin Melanoma, Connective 

Tissue, Eye, Brain 
 

Log 
SRm Medium 

 Rectum & anus, Non-Hodgkin 
Lymphoma, Leukemia, Other 

Skin ca. 

Bone, Bladder, Hodgkin 
Lymphoma 

Nose & Sinuses, Other 
endocrine ca. 

 High Stomach Liver 
Lip, Tongue, Mouth, 

Pharynx, Oesophagus, 
Larynx, Lung, Kidney 
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Table 8-7: Cancer sites stratified according to low, medium and high levels of incidences rates, sex ratio magnitude (SRm) and variances (SRv) in 77 
registries in 1973-1977 on log scale. 

  Low incidence Medium incidence High incidence 

 Log SRv Log SRv Log SRv 

 Low Medium High Low Medium High Low Medium High 

 

Low 

 
Salivary 

glands Small 
Intestine, 

Connective 
tissue, Eye  

 

Gallbladder, 
Thyroid, 
Multiple 
Myeloma 

Skin 
Melanoma, 

Brain 
 Colon   

 
Log 
SRm Medium 

 

Bone, 
Hodgkin- 

Lymphoma,  

Nose & 
Sinuses, 

endocrine 
ca. 

   

Rectum & 
Anus,  

Non Hodgkin- 
Lymphoma, 
Leukemia, 
Other Skin 

Ca. 

Bladder  

 

High 

 

 
Tongue, 
Mouth 

 Liver 
Lip, Pharynx, 
Oesophagus, 

Larynx 
Stomach  

Lung, 
Kidney 

Low incidence: ≤ 1.63 / 105; Medium incidence: 1.64 to 6.52 / 105; High incidence: > 6.52 / 105 
SRmik (Low): ≤ 0.52; SRmik (Medium): 0.53 to 0.61; SRmik (High): >0 .61 
SRvik (Low): ≤ 0.003); SRvik (Medium): 0.004 to 0.014; SRvik (High): > 0.014 
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Figure 8-5: Magnitude of sex ratios (SRm) of 30 cancer types plotted against their variances (SRv) 
on log scale for period 1988-1992.  

 

Bladder (Bld); Bone (Bon); Brain (Brn); Colon (Col); Connective Tissue (CT); Eye (Eye); Gallbladder (Gbd); Hodgkin 
Lymphoma (HL); Kidney (Kid); Larynx (Lynx); Leukemia (Leu); Lip (Lip); Liver (Liv); Lung (Lung); Melanoma of Skin (Skn); 
Mouth (Mou); Multiple Myeloma (Mye); Non Hodgkin Lymphoma (NHL); Nose and Sinuses (Nos); Oesophagus (Eso); Other 
endocrine cancers (Oen); Other Skin cancers (OSk); Pancreas (Pan); Pharynx (Phx); Rectum and Anus (Rec); Salivary glands 
(Sal); Small Intestine (SI); Stomach (Stm); Thyroid (Thy); Tongue (Ton). 
 

Table 8-8: Cancer types categorized according to three levels (low, medium & high) of sex ratio 
magnitude (SRm) and variances (SRv) in 142 registries in 1988-1992 on log scale. 

   Log SRv  
  Low Medium High 

 Low 

Colon, Gallbladder, Skin 
melanoma, Thyroid, Multiple 

myeloma,  
 

Bone, Connective tissue, Eye, 
Brain, endocrine cancers,   

Log 
SRm Medium 

Stomach, Rectum & Anus, 
Kidney, Non Hodgkin- 
Lymphoma, Leukemia 

Salivary glands, Small Intestine, 
Pancreas, Hodgkin Lymphoma, 

Other skin cancers 
 

 High     

Lip, Tongue, Pharynx, 
Oesophagus, Liver, Nose & 

Sinuses, Mouth, Larynx, 
Lung, Bladder 

SRmik (Low): ≤ 0.177; SRmik (Medium): 0.178 to 0.0.369; SRmik (High): > 0 .369 
SRvik (Low): ≤ - 0.509; SRvik (Medium): - 0.509 to 0.198; SRvik (High): > 0.198
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Table 8-9: Cancer sites stratified according to low, medium and high levels of incidence rates, sex ratio magnitude (SRm) and variances 
(SRv) in 142 registries in 1988-1992 on log scale. 

  Low incidence Medium incidence High incidence 

 Log SRv Log SRv Log SRv 
 Low Medium High Low Medium High Low Medium High 

 

Low 

 Bone, 
Connective 
tissue, Eye, 
endocrine 

glands,  

 

Gallbladder, 
Thyroid, 
Multiple 
Myeloma 

Brain  
Colon, Skin 
Melanoma,  

  

 
Log 
SRm Medium 

 
Salivary 

glands, Small- 
Intestine, 
Hodgkin- 

Lymphoma,  

 Kidney Pancreas  

Stomach, 
Rectum & 

Anus,  
Non Hodgkin- 
Lymphoma, 
Leukemia 

Other skin 
cancers 

 

 

High 

 

 
Lip, Tongue, 

Nose & 
Sinuses 

  

Mouth, 
Pharynx, 

Oesophagus, 
Larynx 

  
Liver, 
Lung, 

Bladder 

Low incidence: ≤ 1.90 / 105; Medium incidence: 1.95 to 5.59 / 105; High incidence: > 5.59 / 105 
SRmik (Low): ≤ 0.53; SRmik (Medium): 0.54-0.63 to 2.56; SRmik (High): > 0.63 
SRvik (Low): ≤ 0.003); SRvik (Medium): 0.004 to 0.0012; SRvik (High): > 0.012 
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Figure 8-6: Magnitude of the sex ratios (SRm) of 30 cancer types plotted against their variances 
(SRv) on log scale for period 2003-07.  

 

Bladder (Bld); Bone (Bon); Brain (Brn); Colon (Col); Connective Tissue (CT); Eye (Eye); Gallbladder (Gbd); Hodgkin 
Lymphoma (HL); Kidney (Kid); Larynx (Lynx); Leukemia (Leu); Lip (Lip); Liver (Liv); Lung (Lung); Melanoma of Skin (Skn); 
Mouth (Mou); Multiple Myeloma (Mye); Non Hodgkin Lymphoma (NHL); Nose and Sinuses (Nos); Oesophagus (Eso); Other 
endocrine cancers (Oen); Other Skin cancers (OSk); Pancreas (Pan); Pharynx (Phx); Rectum and Anus (Rec); Salivary glands 
(Sal); Small Intestine (SI); Stomach (Stm); Thyroid (Thy); Tongue (Ton). 
 
Table 8-10:Cancer types categorized according to three levels (low, medium & high) of sex ratio 
magnitude (SRm) and variances (SRv) in 281 registries in 2003-2007 on log scale. 

   Log SRv  
  Low Medium High 

 Low 

Thyroid, Gallbladder, Skin 
melanoma, Connective tissue, 

 
 

Leukemia, Hodgkin Lymphoma, 
Eye,Other skin cancers, 

 

Other Endocrine glands, 
Pharynx 

Log 
SRm Medium 

Brain, Colon, Multiple 
Myeloma, Pancreas, Non-

Hodgkin Lymphoma, Rectum & 
Anus, Kidney, 

 

Bone, Salivary glands,  
Small Intestine,   

 High Stomach, Liver, Bladder 
Nose & Sinuses, Mouth, Lip, 
Tongue, Lung, Oesophagus,  

Larynx,  

SRmik (Low): ≤ 0.158; SRmik (Medium): 0.159 to 0.344; SRmik (High): > 0 .344 
SRvik (Low): ≤ - 0.755; SRvik (Medium): - 0.756 to 0.198; SRvik (High): > 0.198
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Table 8-11: Cancer sites stratified according to low, medium and high levels of incidence rates, sex ratio magnitude (SRm) and variances 
(SRv) in 281 registries in 2003-2007 on log scale. 

 

  Low incidence Medium incidence High incidence 

 Log SRv Log SRv Log SRv 
 Low Medium High Low Medium High Low Medium High 

 

Low 

 

Leukemia, 
Eye, 

Pharynx, 

Thyroid, 
Gallbladder, 
Connective-

tissues,  

Hodgkin-
Lymphoma,  

 
Skin- 

melanoma,  
Other skin 

cancers 
endocrine 

glands 

 
Log 
SRm Medium 

 Bone, 
Salivary 

glands, Small 
Intestine,  

 

 

Brain, 
Multiple-
Myeloma, 
Pancreas 

  

Colon, Non-
Hodgkin 

Lymphoma 
Rectum & 

Anus, Kidney, 

  

 

High 

 

 Nose & 
Sinuses, Lip  

  Oesophagus, 
Larynx 

Stomach,  
 

Liver, 
Bladder 

Mouth, 
Tongue, 

Lung 

Low incidence: ≤ 1.63 / 105; Medium incidence: 1.64 to 6.52 / 105; High incidence: > 6.52 / 105 
SRm (Low): ≤ 0.52; SRm (Medium): 0.53 to 0.61; SRm (High): > 0.61 
SRv (Low): ≤ 0.003); SRv (Medium): 0.004 to 0.014; SRv (High): > 0.014 
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Cancers with low SRm and SRv: 

In all three time periods (Tables 8-6, 8-8, and 8-10), cancers of the thyroid and 

gallbladder had low SRm and low SRv, signifying their stability as the two most female-

dominant cancers worldwide. Skin melanoma was also a relatively stable female dominant 

cancer, although SRv was relatively higher in the earliest period. Cancers that were identified 

as having low SRm and SRv (in Tables 8-6, 8-8, and 8-10) remained as low SRm and SRv even 

when these cancers are stratified according to low, medium, and high incidence levels (Tables 

8-7, 8-9 and 8-11). Worldwide, cancers of the thyroid and gallbladder had neither very low 

nor very high incident rates, whereas skin melanoma and colon had high incidence rates. 

Kidney cancer has low variance of sex ratio in all time periods, and the incidence has 

increased in the most recent time periods. 

Cancers with high SRm and SRv: 

High SRm and SRv are suggestive of highly variable patterns of exposures across 

different geographic regions. During 1973-77, 1988-93, and 2003-07, cancers with a high 

SRm and SRv include lung, larynx, and esophagus. Cancers of the pharynx and liver also had 

the same pattern on log-transformed version of magnitude and variance. Bladder cancer 

showed stability, and was male dominant with a highly variable SR in the two more recent 

time periods. Lung, liver and bladder cancers had high incidence rates worldwide. Cancer of 

the esophagus was stable in terms of its incidence rate across time. Cancers identified in this 

category were further described in terms of smoking prevalence in males and females for the 

existence of possible gender-bias in cancer registration (Section 8.5). 
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Other patterns of SRm and SRv: 

Cancers that remain in the middle of 3×3 matrix of SRm and SRv with some constancy 

through time are Hodgkin’s lymphoma, and low incident cancers such as cancer of salivary 

glands and small intestine. A consistent low levels of SRv is observed for non-Hodgkin 

lymphoma, cancers of the rectum and anus as well as pancreas. 

8.3 Time trends and intra- & inter- regional variability of SR 

This section presents findings using the methods described in Section 7.6. Here we 

present results from mixed effects regression analyses conducted to examine intra- and inter-

regional variability of SR across time using cancer registries worldwide. The SR of 21 

different types of cancers from long-standing registries were analyzed under three different 

scenarios (Appendix 6: A 6-a to A 6-u). From the Tables in Appendix 6, we chose the random-

intercept & random-slope models (RI & RS Model ds) because overall, they had the lowest 

modelling error and were robust enough to deal with departures from the assumption of 

independence of errors or residuals in the models. The results from three RI & RS models for 

each cancer, in each of three scenarios are condensed in Tables 8-12 to 8-14. In this thesis, 

most of the discussion relates to the findings in Table 8-14, which are based on changes in SR 

using the same registries (N=76) for each year from 1983-2007. 

SR is a repeated-measures variable (i.e., there are multiple measures of the same 

outcome variable (SR) on the same unit of observation (registry)). For example, in scenario C, 

SR is measured 25 times from 1983 to 2007 in each registry. Therefore, it is the registry that is 

measured multiple times. As SR is measured repeatedly on a registry population, these 

observations are not independent. For example, the SR in 1953 from one specific Italian 

registry is very likely to be related to the SR in 1954, 1955 and the following years in that 
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same registry. Because SR observations are not independent, the errors (or residuals) in 

general linear models will not be independent, which is a critical assumption in this type of 

model (263).  If this assumption is violated, then the residual variance is under- or over-

estimated and p-values are inaccurate. Repeated measures may also have non-constant 

variance over time and over registries. 
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Table 8-12: Results of regression models (Random-intercepts & Random-slopes) of 21 types of cancers for registry-regions in 1953-2007 
(Scenario A: ranging from 3 to 113 registries in different years)* 

Cancers βο β1 SE β1 (95% CI) intra- regional 
variance (δ2) 

inter-regional 
variance (τ 12)   

Variation in 
slopes (τ 12)  

Larynx 21.27 -0.193 0.054 (-0.299, -0.086) 130.5 838.44 0.22 
Lung 11.89 -0.173 0.018 (-0.028, -0.137) 3.45 114.64 0.03 
Esophagus 8.15 -0.052 0.024 (-0.099, -0.005) 30.45 146.78 0.04 
Oral cavity & pharynx 6.88 -0.067 0.012 (-0.090, -0.042) 3.52 46.58 0.01 
Bladder 5.04 -0.005 0.006 (-0.017, 0.008) 3.23 7.74 0.002 
Liver 3.24 0.002 0.006 (-0.009, 0.013) 4.53 8.13 0.001 
Hodgkin lymphoma 2.47 -0.021 0.003 (-0.027, -0.014) 1.61 1.05 0.0003 
Stomach 2.16 0.002 0.002 (-0.001, 0.005) 0.36 0.1 0.001 
Pancreas 2.07 -0.01 0.002 (-0.016, -0.009) 0.29 0.45 0.0002 
Kidney 2.02 0.004 0.002 (-0.001, 0.008) 1.09 0.17 0.0001 
Non-Hodgkin lymphoma 1.79 -0.006 0.001 (-0.008, -0.003) 0.37 0.73 0.000002 
Leukemia 1.68 -0.002 0.001 (-0.009, -0.002) 0.28 0.05 0.000005 
Bone 1.50 0.004 0.003 (-0.001, 0.010) 2.71 0.07 0.00001 
Multiple myeloma 1.49 0.015 0.002 (-0.002, 0.005) 0.71 0.13 0.00002 
Rectum & anus 1.47 0.005 0.001 (0.003, 0.007) 0.16 0.1 0.0001 
Brain 1.34 0.004 0.006 (-0.007, 0.015) 0.85 4.44 0.003 
Eye 1.26 0.007 0.004 (-0.0005, 0.0138) 2.32 0.29 0.0004 
Colon 1.06 0.007 0.001 (0.004, 0.009) 0.08 0.16 0.0008 
Skin melanoma 0.94 0.004 0.002 (-0.001, 0.009) 0.52 1.05 0.0003 
Gallbladder 0.64 0.008 0.002 (0.005, 0.115) 0.38 0.17 0.0001 
Thyroid 0.53 -0.004 0.0005 (-0.005, -0.003) 0.06 0.01 0.000003 

Results are summarized from appendix 6 

*SR is the outcome variable with calendar year as independent variable. 
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Table 8-13: Results of regression models (Random-intercepts & Random-slopes) of 21 types of cancers for registry-regions in 1983-2007 
(Scenario B: 76 - 113 registries in each year).* 

Cancers βο β1 SE β1 (95% CI) intra- regional 
variance (δ2) 

inter-regional 
variance (τ 12)   

Variation in 
slopes (τ 12 )  

Larynx 22.08 -0.211 0.071 (-0.350, -0.071) 132.51 1301.22 0.39 
Lung 11.71 -0.169 0.017 (-0.203, -0.134) 3.36 113.44 0.03 
Esophagus 8.73 -0.066 0.022 (-0.109, -0.022) 23.26 129.48 0.03 
Oral cavity & pharynx 7.44 -0.079 0.013 (-0.105, -0.053) 3.53 55.44 0.02 
Bladder 5.28 -0.101 0.007 (-0.024, 0.004) 3.59 8.33 0.002 
Liver 3.67 -0.01 0.01 (-0.021, 0.006) 4.8 6.14 0.0004 
Hodgkin lymphoma 2.63 -0.024 0.005 (-0.034, -0.014) 1.69 2.73 0.001 
Stomach 2.36 -0.002 0.002 (-0.01, 0.002) 0.39 0.09 0.0001 
Pancreas 2.06 -0.01 0.002 (-0.015, -0.009) 0.27 0.4 0.0001 
Bone 2.02 -0.007 0.01 (-0.027, 0.014) 3.13 0.001 0.009 
Kidney 1.89 0.006 0.003 (-0.0001, 0.122) --- --- --- 
Leukemia 1.85 -0.0106 0.002 (-0.0009, -0.003) 0.29 0.98 0.00001 
Non-Hodgkin lymphoma 1.83 -0.006 0.005 (-0.015, 0.003) 0.39 --- --- 
Multiple myeloma 1.53 0.001 0.003 (-0.005, 0.007) 0.69 0.001 0.002 
Rectum & anus 1.51 0.004 0.001 (0.001, 0.007) 0.17 0.01 0.00003 
Brain 1.39 0.003 0.006 (-0.009, 0.014) 0.97 4.83 0.003 
Eye 1.18 0.008 0.005 (-0.0025, 0.0189) 2.55 0.29 0.0007 
Colon 1.15 0.005 0.001 (0.002, 0.007) 0.29 0.08 0.0001 
Skin melanoma 0.96 0.003 0.003 (-0.003, 0.009) 0.57 1.52 0.001 
Gallbladder 0.59 0.01 0.002 (0.001, 0.013) 0.43 0.09 0.0001 
Thyroid 0.54 -0.004 0.0001 (-0.005, -0.002) 0.04 0.03 0.00001 

Results are summarized from appendix 6  

  *SR is the outcome variable with calendar year as independent variable. 
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Table 8-14: Results of regression models (Random-intercepts & Random-slopes) of 21 types of cancers for registry-regions in 1983-2007    
(Scenario C: 76 registries in each year).* 

Cancers βο β1 SE β1 (95% CI) intra- regional 
variance (δ2)  

inter-regional 
variance  (τ 12) 

Variation in 
slopes (τ 12 ) 

Larynx 20.2 -0.193 0.079 (-0.349, -0.036) 132.01 1096.01 0.35 
Lung 9.99 -0.141 0.017 (-0.174, -0.109)  1.57 69.42 0.02 
Esophagus 7.83 -0.052 0.026 (-0.104, -0.0001) 22.24 132.53 0.03 
Oral cavity & pharynx 7.28 -0.08 0.017 (-0.114, -0.045) 3.51 65.22 0.02 
Bladder 5.09 -0.011 0.007 (-0.025, 0.002) 3.36 6.22 0.001 
Liver 3.83 -0.009 0.008 (-0.025, 0.006) 5.4 5.74 0.0003 
Hodgkin lymphoma 2.74 -0.027 0.005 (-0.038, -0.017) 1.57 2.62 0.001 
Stomach 2.37 -0.002 0.003 (-0.007, 0.003) 0.44 0.1 0.0001 
Pancreas 2.08 -0.013 0.002 (-0.017, -0.009) 0.21 0.53 0.0002 
Kidney 1.89 0.005 0.003 (-0.002, 0.112) 0.75 0.39 0.0002 
Bone 1.85 -0.005 0.006 (-0.017, 0.007) 2.59 0.62 0.0005 
Leukemia 1.85 -0.006 0.002 (-0.009, -0.002) 0.24 0.12 0.00002 
Non-Hodgkin lymphoma 1.76 -0.006 -0.002 (-0.009, -0.002) 0.17 0.21 0.0001 
Brain 1.65 -0.004 0.002 (-0.008, 0.001) 0.51 0.17 0.00004 
Rectum & anus 1.53 0.004 0.002 (0.001, 0.007) 0.14 0.16 0.0001 
Multiple myeloma 1.52 0.0005 0.002 (-0.004, 0.005) 0.45 0.23 0.0001 
Colon 1.21 0.003 0.002 (-0.0002, 0.006) 0.08 0.31 0.0001 
Eye 1.2 0.001 0.006 (-0.003, 0.021) 2.33 0.57 0.001 
Skin melanoma 0.92 0.005 0.003 (-0.018, 0.012) 0.53 1.14 0.0001 
Gallbladder 0.65 0.008 0.002 (0.004, 0.012) 0.38 0.16 0.00004 
Thyroid 0.54 -0.004 0.001 (-0.005, -0.003) 0.04 0.03 0.00001 

Results are summarized from appendix 6  

   *SR is the outcome variable with calendar year as independent variable. 

 

 

 



 

139 
 

In light of the limitations of general linear and fixed-effect models, the most viable 

analytical approach for the current study, therefore, was mixed-effects modelling on 

repeated measures data. This approach allows for the non-independence of data within 

registries, as well as potentially non-constant variance. 

As mentioned in the preceding paragraph, the unit of analysis in this study is ‘cancer 

registry’ representing a certain population or group of populations. We did however, analyze 

all registries individually and compare them under different scenarios (Model b in Appendix 

6: A 6-a to A 6-u) before moving to models c and d. The total error was reduced for all 

cancers when using model b compared to model a. However, based on the values of the 

AIC, model d was selected for interpretation of results of all cancer types (Tables 8-12 to 8-

14).  

Based on the results (Appendix 6), the best fitting models for most cancers was model d 

(i.e., RI & RS model). The exception was thyroid cancer, which showed a better fit with a 

random-intercept only model (i.e., the AIC was lower in the RI model c compared to the RI 

& RS model d (Appendix 6; A 6-u)). This was consistent within Scenarios A, B and C. A 

slightly higher AIC was noted for cancers of gallbladder (Appendix 6; A 6-t) and bone 

(Appendix 6; A 6-j). For brain cancer, both models c and d were a good fit because the AIC 

was the same in both (Appendix 6; A 6-p). Because of inherent advantages, the results of the 

RI & RS models for 1983-2007 (Scenario C) were preferred for interpretation of the study 

results. 

The RI & RS models estimated the average linear annual rate of change in SR (β1), either 

a decrease or increase, over 25 years (1983-2007) by taking inter-regional variations into 

account (intercepts:  τ 12 ; Appendix 6: A 6-a to A 6-u).  Confidence levels are also presented 
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for each of the β1 for all cancers. An added advantage of RI & RS models was that the 

variations in SR trajectories of an individual registry were also modelled (known as slopes: τ 

2
2 (appendix 6)). The RI & RS model also focused on intra-regional variation (δ2). Unlike 

fixed-effects models, in RI & RS models, intercepts are examined to account for the fact 

that SR changes over time in different registries. Also RI & RS models provide flexibility in 

that SR trajectories (slopes) are allowed to change as well. 

Table 8-14 provides a summary of the results for 21 cancers from 76 registries in 1983-

2007. The SR in the baseline year (1983 (β0)) is provided, as well as the annual rate of 

change over 25 years (β1). All cancers in Table 8-14 are tabulated from highest to lowest SR 

in 1983. As indicated by βο, the SR was generally high for most cancers with a male 

predominance except for thyroid, gallbladder, and melanoma of skin where age-

standardized incidence rates were higher in females. In 1983, the highest SR (i.e., 20.2 on 

average) across all 76 registries was noted for cancer of the larynx, and the lowest (0.54) 

was noted for thyroid cancer. The average annual rate of decrease in cancer of larynx was -

0.193, which was one of largest decreases worldwide in 25 years and this was a significant 

decrease (95% CI: -0.349, -0.036). Compared to other cancers, laryngeal carcinoma had 

very high intra- and inter-regional SR variations. Also, the inter-regional SR variation was 

very high compared to intra-regional SR variations for laryngeal cancer. The results of the 

mixed-effects analyses, which are plotted for 12 cancers, provide data on the random 

intercepts and random slopes of different registries (Appendix 7; A 7-a to A 7-h). These 

figures also provide an overview of intra- and inter- regional SR variations for individual 

registries, and selected cancers are presented based on their intra- (δ2) and inter- (τ 12) 

regional variations. Cancers where δ2 was lower than τ 12 include larynx, esophagus, lung, 
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liver, and Hodgkin’s lymphoma. Non-Hodgkin’s lymphoma and thyroid represented cancers 

where δ2 was almost equal to τ 12. Gallbladder, leukemia, brain and stomach had a higher δ2 

compared to τ 12. Cancer of the eye had a uniquely higher δ2 compared to an inter-regional 

variation τ 12. The slopes for each registry, also termed “trajectories”, represent the annual 

rate of change in SR for that cancer.  For cancer of larynx, while variation in the trajectories 

across registries was highest, there was also a significant covariance between trajectories 

implying that registries with the highest SR at baseline, on average, had steeper declines 

over 25 years [τ 12 = -19.19]. As an example, Figure 8-7 shows trajectories for laryngeal 

cancer from 1983 to 2007. The top three trajectories in Figure 8-7 represent three regions in 

Spain (i.e., Navarra, Murcia, and Tarragona). These three registry populations had the 

highest SR at baseline in 1983 and a steeper decline compared to others. The registry from 

Calvados, France is among the trajectories with high SR on average at baseline and a very 

steep decrease over the two decades. The lowest baseline SR was observed for a registry in 

Singapore and its trajectory increased slightly in 25 years. A registry from Utah, US showed 

one of the most stable SR trajectories throughout 25 years.  Depictions of the varying 

trajectories of SR, also signifying intra- and inter-regional variation of SR for different 

cancers are shown in Appendix 7: a brief description of results is provided for each Figure. 
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Figure 8-7: Laryngeal cancer: sex ratio magnitude (mean predicted value) plotted against calendar 
year from 1983-2007 depicting inter-registry-regional (τ 1

2) and intra-registry-regional (δ2) variations 
of sex ratios. 

 

RI & RS model based on 76 cancer registries where δ2  (132.01) < τ 12 (1096.01). 

 

When the RI-only model is compared to the RI & RS model in any given scenario (A, B, 

and C), the variation in random slopes (i.e., termed trajectories in the RI & RS model) 

brought changes in other parameters of model (for all cancers: Appendix 6). By including 

variation in trajectories (τ 22) in the model, the variation of random intercepts (inter-regional 

variations in SR) increased many-fold (e.g., for cancer of oral cavity and pharynx, τ 2 = 5.16 

in RI-only model increased to τ 12 = 65.22 in RI & RS model in Scenario C (Appendix 6; A 

6-d). At the same time, the intra-regional variation δ2 decreased from 4.51 to 3.50. There 

were a few exceptions (e.g., stomach cancers did not show any change with the introduction 

of varying trajectories in the model when transitioning from RI-only to RI & RS 
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model)(Appendix 6; A 6-h). This is also evident in the graph shown in Appendix 7 (A 7-j), 

where the only trajectory that showed a change in SR was in Neuchatel, Switzerland in 

1983-2007. The rest of the trajectories showed similar patterns of intra- and inter-regional 

SRv. Leukemia and brain cancers are the most interesting since, unlike all other cancers, the 

random intercepts or inter-regional variation declined with the introduction of variations in 

slopes, indicating that these two cancers are the most stable cancers, and that the SR did not 

vary over time (Appendix 6; A 6-l and A 6-p). Additionally, cancer of the kidney has the 

same stable pattern (data on trajectories not shown), where the average sex ratio at the 

baseline is almost 2, and the average annual rate of change is consistent from 1983 to 2007.  

The results from the RI and RS models in 1983-2007 (Table 8-14) show that cancers can 

be categorized according to whether intra- and inter-regional variations in SR are small or 

large. For intra-regional variations in SR denoted by δ2, the range of values can be divided 

into less than one, and more than or equal to one. Cancers with δ2 < 1, the values range from 

0.04 (thyroid) to 0.75 (kidney), whereas cancers with δ2 > 1, values range from 1.57 (lung) 

to 132.01 (larynx). For cancers with less intra-regional variation, SR was very stable over 

the 25-year period. Cancers that affect either males or females predominantly appear to 

change during this period. The annual rate of change in SR increases and decreases but only 

to a small extent, (i.e., there is very little change from one year to next). For cancers with 

large intra-regional variations, the average rate of change indicates that the cancer incidence 

in males and females within a region change in different ways possibly depending on causes 

that affect them unequally within a region. These cancers in increasing order of intra-

registry variations δ2 include: thyroid (0.04), colon (0.08), rectum & anus (0.14), non-

Hodgkin’s lymphoma (0.17), pancreas (0.21), leukemia (0.24), gallbladder (0.38), stomach 
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(0.44), multiple myeloma (0.44), brain (0.51), skin melanoma (0.53), kidney (0.75), lung 

(1.57), Hodgkin’s lymphoma (1.57), eye (2.33), bone (2.59), bladder (3.36), oral cavity & 

pharynx (3.51), liver (5.4), esophagus (22.24), and larynx (132.01).  

For inter-registries denoted by τ 12, for each cancer, the range of values can also be 

divided into less than one, and more than or equal to one. These values representing 

variation of intercepts range from 0.03 (thyroid) to 0.62 (bone) for cancers where τ 12 < 1, 

and for cancers where τ 12 > 1, the range is from 1.14 in lung to 1096.01 for larynx. With the 

introduction of slopes or trajectories in RI & RS model, the inter-regional variations of SR 

signify the difference of the individual trajectory of a region (registry) from the overall 

trajectory of all regions (all registries). Some of the inter-regional variations are small such 

as thyroid, stomach, and leukemia, while some are quite big e.g., cancer of lung, esophagus 

and larynx. The cancers behave differently from region to region most likely because the 

causes of cancers behave differently in different populations of regions. 

8.4 Cancers by gender inequality and smoking patterns 

To explore the issue of potential gender bias due to the possibility of differential 

disparities created by health seeking behaviors such as access to health care facilities and 

therapeutic treatment of cancers, we selected cancers with high SRm and SRv (e.g., in 2003-

07 from Table 8-10) that are known to be caused by tobacco smoking. Table 8-15 (a and b), 

presents cancer registries (selected from CI5-vol X) in countries listed according to low and 

high gender inequality index with age-adjusted prevalence estimates of smoking any 

tobacco product among males and females. Sex ratios for cancers of lung, bladder, 

esophagus and larynx are tallied with the two statistics retrieved from UN (gender inequality 

index) and WHO (tobacco prevalence).  
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Table 8-15 (a) shows world rankings of countries where the gender inequality is lowest, 

and as such it is likely that females have equal access to health care services in these 

countries. Based on the index of gender inequality, it can also be assumed that gender bias 

can be less of an issue in these cancer registries, as is evident from relatively similar values 

of sex ratios for four selected cancer types in Sweden, Denmark and Norway. The smoking 

prevalence in most of the countries in Table 8-15 (a) is somewhat similar in both sexes with 

the exception of Sweden where relatively more females are smokers, and vice versa in 

Czech Republic.   

Table 8-15: Sex ratios of lung, bladder, esophageal and laryngeal cancers with country level 
prevalence estimates of smoking tobacco. 

(a) Cancer registries in countries with lowest gender inequality index (GII) 

Registry GII (World Rank)a SRmb Smoking prevalencec 
Lung Bladder Esophagus Larynx Male Female 

Sweden 0.053 (1) 1.2 3.6 3.5 6.3 19.60 24.50 
Denmark 0.056 (3) 1.3 3.4 2.9 4.7 33.60 30.40 
Norway 0.085 (5) 1.6 3.6 3.7 6.8 31.80 24.40 
Finland 0.088 (6) 3.2 4.9 3.2 12.0 30.10 24.10 
Belgium 0.104 (7) 3.4 5.0 3.8 7.9 46.40 40.10 
Austria 0.118 (10) 2.5 3.9 6.0 8.6 36.40 30.90 
Spain 0.118 (11) 7.1 14.9 10.7 28.2 26.10 26.60 

Iceland 0.125 (12) 1.1 4.1 2.9 9.5 27.70 21.80 
Czech R 0.153 (18) 3.7 3.7 6.6 12.8 31.10 17.90 
N. Zeal 0.188 (29) 1.4 2.8 3.7 5.8 26.50 26.00 

 
a. GII data from UN Human Development Report (2005 figures). Ranking is out of 160 countries 
b. Data from CI-5 Vol X (2003-07). 
c. Data from WHO Report on global tobacco epidemic of current smokers published in 2005 (Age-

standardized prevalence estimates). 
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(b) Cancer registries in countries with moderate to high gender inequality index (GII) 

Registry GII (World Rank)a SRmb Smoking prevalencec 
Lung Bladder Esophagus Larynx Male Female 

China 0.228 (35) 1.7 2.9 3.3 6.7 47.50 27.80 
 Bulgaria 0.251 (36) 6.6 4.7 6.3 25.3 26.10 2.90 
Bahrain 0.331 (45) 2.8 4.6 2.2 17.5 51.00 1.90 
Kuwait 0.374 (62) 2.4 2.3 1.3 3.0 38.30 1.40 

Ecuador 0.454 (73) 1.3 2.5 3.1 6.0 36.10 30.60 
Egypt 0.581 (109) 3.2 3.8 1.9 14.0 28.70 1.30 

Uganda 0.592 (115) 1.0 1.4 2.7 12.5 20.90 3.20 
India 0.619 (119) 2.7 3.5 1.5 6.8 33.10 3.80 

S Arabia 0.672 (135) 2.2 4.3 1.2 17.0 25.60 3.60 
Belarus 0.151 (145) 12.1 7.6 16.5 47.5 36.60 25.40 
Qatar 0.579 (154) 4.7 4.0 0.6 21.7 20.20 3.10 

 
d. GII data from UN Human Development Report (2005 figures). Ranking is out of 160 countries 
e. Data from CI-5 Vol X (2003-07). 
f. Data from WHO Report on global tobacco epidemic of current smokers published in 2005 (Age-

standardized prevalence estimates). 
 

Another prominent exception that is observed is an exceptionally high sex ratio of 

cancers when the prevalence of smoking is similar in males and females (relative on high 

side in females). Also, Spain’s gender inequality index shows that it is a fairly gender 

balanced country in terms of perceived economic advantages and is ranked eleventh. Yet an 

extremely high sex ratios of lung cancer in particular is indicative that the male and female 

completeness of ascertainment (and other artifacts) might not have been similar in some of 

the Spanish cancer registries. 

Table 8-15 (b) shows world rankings of countries where the gender inequality is modest 

(China, Bulgaria, Bahrain, Kuwait and Ecuador) and highest (Egypt, India, Saudi Arabia, 

Uganda and Qatar). There is a possibility that females might not have been recorded in the 

registries because they might not have the same level of access to health care services as the 

males in these countries. However, the sex ratios of four selected cancers (in particular for 

lung) in Egypt, India, and Saudi Arabia show similarities with Finland and Belgium. This is 
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in spite that there seems to be is a considerable gap among males and females in smoking 

prevalence in Egypt, India, and Saudi Arabia. Cancer registry from Qatar has the highest sex 

ratio for lung, bladder, and laryngeal cancer with the exception of esophageal cancer that 

shows the lowest ratio (0.6). Hence gender-bias can be possibility in a registry from Qatar. 

Lung cancer still remains a male dominant cancer, despite the low gender inequality and 

similar prevalence of smoking among males and females in some of the well-established 

oldest cancer registries in Western European countries (Sweden, Denmark and Norway). 

For countries that rank highest in gender inequality, SR of lung cancer is relatively similar 

to countries with low gender inequality, with the exception of Qatar, where a very high SR 

for lung cancer is observed (4.7). Sex ratio for esophageal cancer is higher in registries 

belonging to developed countries with low gender inequality e.g., SR is 6.0 and 6.6 in 

Austria and Czech Republic. Cancer of larynx is higher in both registries belonging to 

countries that have low and high gender inequality. 

Table 8-16 displays the longitudinal associations between gender inequality and sex 

ratios of cancers. Results of the mixed effects regression models are shown that was carried 

out on cancers of lung, bladder, esophagus and larynx. These are the cancers where smoking 

is thought to be major etiological factor. The gender inequality as assessed through UN’s 

gender inequality index was categorized as low and high. In the model, both linear and 

quadratic trends were incorporated as well as the interaction between gender inequality and 

the calendar time (in years). Negative values of coefficients indicate that the sex ratio 

declined with time. 

Figure 8-8 displays the results from table 8-16 graphically, in particular the interaction 

between gender inequality and time. These figures depict the predicted average sex ratio 
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changes between 1983 and 2007 in cancer registries from 32 countries defined according to 

two levels of gender inequality. In lung cancer, the sex ratio trajectories (slopes) shows 

downward trends for both levels of gender inequality (low and high) indicating that the 

incidence of lung cancer is increasing in females. Both trajectories converge in 1993 and 

thereafter decline with increased divergence as a function of sex ratio (i.e., at the rate of 

0.085). The pattern of sex ratio trajectories of low and high gender inequality countries 

remain constant in bladder cancer, although the trajectory for low gender inequality 

countries are higher than the countries where the gender inequality is higher. For cancer of 

esophagus, both trajectories are converging whereas for larynx, opposite is true.
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Table 8-16: Predicted average sex ratio changes between 1983 and 2007 in cancer registries from 32 countries defined according to two levels 
of gender inequality 

 

 

 

  Lung Bladder Esophagus Larynx 

  Coef. p 95 % CI Coef. p  95 % CI Coef. p 95 % CI Coef. p 95 % CI 

Fixed effects                         

Intercept 15.62 <0.001 9.67,21.56 3.00 0.119 -0.77,6.77 10.75 0.070 -0.88,22.38 26.03 0.101 -5.14, 57.20 

Time -0.346 <0.001 -0.48, -2.07 0.082 0.306 -0.07,0.24 -0.231 0.915 -0.445,0.399 -4.888 0.376 -1.569,0.593 

Time
2
 0.002 0.014 0.0003,0.002 -0.001 0.201 -0.003,0.001 -0.001 0.656 -0.006,0.004 0.005 0.327 -0.006, 0.018 

GI -3.391 0.259 -9.34,2.55 0.086 0.942 -2.26,2.43 -5.402 0.235 -14.398,3.592 4.802 0.709 -20.71, 30.320 

GI*Time 0.085 0.092 -0.01,0.18 0.007 0.761 -0.04,0.05 0.069 0.385 -0.089,0.227 -0.224 0.349 -0.70, 0.2 

Random effects                       

Residual 
variance 

1.561 <0.001 1.46,1.67 3.355 <0.001 3.14,3.59 22.248 <0.001 20.774,23.806 131.992 <0.001 123.11, 141.5 

Intercept 
variance 

68.204 <0.001 48.90,95.11 6.230 0.001 3.52,11.02 129.442 <0.001 86.668,193.33 1089.64
5 

<0.001 741.29,1601.66 

Covariance -1.099 <0.001 -1.47, -0.72 -0.068 0.030 -0.13, -0.07 -2.021 <0.001 -2.921, -1.121 -18.993 <0.001 -26.76, -11.22 

Trend 
variance 

0.182 <0.001 0.01,0.03 0.001 0.089 0.0003,0.0033 0.032 <0.001 0.019,0.053 0.338 <0.001 0.21, 0.52 
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Figure 8-8: Sex ratios average trajectories based on random intercept and random slopes models for 
registries with low and high gender inequality between 1983 and 2007; GI:gender inequality 

 

 

 Hence in this analysis, the examination of gender inequality and its lack of association 

with sex ratios suggest on one hand, that there seems to be no significant bias among the 

cancer registries in terms of differences in ascertainment of cancer cases in males and 

females, in few selected types of cancers. On the other hand, the direction of sex ratio 

trajectories of low and high gender inequality countries provides some clues on the etiology 

of these cancers in terms of smoking in males and females. 

8.4 Spatial autocorrelations: Global Moran Indices 

The statistical approaches in our study assumed that the outcomes (i.e., SR in each year) 

were not independent.  In spatial data, it is often the case that some or all outcomes exhibit 

spatial autocorrelation.  This occurs when the relative outcomes of two or more contiguous 

regions or populations are related to their distance.  In the current study, the contiguous 

populations of registries in our data could be correlated and hence is likely to have similar 
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environmental, non-environmental, and socioeconomic conditions. Hence, when analyzing 

spatial data, it is important to check for autocorrelation.  

In this section, findings are presented related to the spatial patterns of SR by taking the 

geographic distances between the populations covered by the registries into account. The 

contiguous geographic regions from cancer registries covered 102 locations in Europe and 52 

locations in Asia that reported incidence rates in the 2003-2007 (CI5-Vol X). Global Moran’s 

Index (I) measured the similarity in age-standardized incidence rates among males and 

females as well as SR in areas that are close geographically. This technique of spatial 

autocorrelation aimed to describe the scale over which the spatial patterns of SR of incidence 

occur, and that in turn can provide suggestions concerning the putative causal agents bringing 

about the patterns. If there is no spatial dependence, then Moran’s I will be close to 0 

indicating a random pattern, while values close to one indicate a clustered geographic 

pattern. Negative spatial autocorrelation from Moran’s I indicate that neighboring values are 

dissimilar suggesting inverse spatial dependence or a dispersed pattern (see also Section 

7.7.1). Therefore this approach presents results on the distribution of cancer incidence in 

terms of their SR for 28 cancers in Europe and Asia. These two continents were selected 

because of the availability of incidence rates from most regions and their geographical 

contiguity. 

Tables 8-15 and 8-16 presents values of Moran’s I across all 28 cancers in Europe and 

Asia respectively. All cancers are presented with rankings according to these values, 

indicating the pattern of clustering in geographically contiguous areas. The focus of spatial 

analysis is SR. However, Moran’s I was also computed for incidence rates in males and 

females separately to have a more complete understanding of the spatial trends.   
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Table 8-17: Moran’s I values with ranking of spatial clustering for sex ratios of 28 cancers in Europe 

Cancers*  Moran’s I 
Male Incidence Female Incidence Sex Ratio 

Value Rank Value Rank Value Rank 
Lip 0,0806 11 0,0644 11 0.0124 12 

Tongue 0,1230 8 0,0286 15 0.0824 6 
Mouth 0,1315 6 -0,0214 24 0.0851 5 

Pharynx 0,0354 17 0,0276 16 0.0192 11 
Oesophagus 0,0672 15 0,2852 1 0.1156 1 

Stomach 0,0791 12 0,0958 7 0.0955 4 
Small Intestine 0,0790 13 -0,0027 20 -0.0082 20 

Colon 0,0509 16 -0,0417 25 -0.0213 23 
Rectum Anus -0,0125 25 -0,1499 28 0.0364 8 

Liver 0,1868 2 0,1916 2 0.1155 2 
Gall bladder 0,1313 7 0,0949 8 0.0073 14 

Pancreas 0,1177 9 0,1458 4 0.0745 7 
Nose Sinuses 0,0337 18 0,0203 18 0.0329 9 

Larynx -0,0049 24 -0,0008 19 0.0056 15 
Lung 0,0268 19 0,0240 17 -0.0049 18 
Bone 0,0109 21 0,0631 12 -0.0032 17 

Multiple myeloma 0,0259 20 0,0819 9 -0.0564 27 
Melanoma Skin 0,1684 4 0,0431 13 -0.0959 28 

Connective  tissue 0,0084 23 -0,0097 22 -0.0064 19 
Salivary gland -0,0247 26 -0,0130 23 -0.0547 26 

Eye -0,0747 28 -0,0841 27 -0.0255 24 
Thyroid 0,1997 1 0,1115 6 0.0223 10 
Bladder 0,0909 10 0,0673 10 -0.018 22 

Hodgkin Lymphoma 0,1344 5 0,1511 3 0.0088 13 
Kidney 0,0675 14 0,0389 14 0.1142 3 

Brain 0,0097 22 -0,0069 21 -0.0159 21 
Non Hodgkin Lymph 0,1719 3 0,1243 5 0.000069 16 

Leukemia -0,0649 27 -0,0449 26 -0.0274 25 
*Cancers sorted according to ICD-10-O 
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Table 8-18: Moran’s I values with ranking of spatial clustering for sex ratios of 28 cancers in Asia. 

Cancers*  Moran’s I 
Male Incidence Female Incidence Sex Ratio 

Value Rank Value Rank Value Rank 
Lip 0.1727 19 0.1389 17 0.0272 21 

Tongue 0.2889 12 0.3505 8 0.0332 19 
Mouth 0.4296 6 0.3872 6 0.0586 16 

Pharynx 0.1097 21 0.1428 16 0.1977 4 
Oesophagus 0.0181 26 0.0185 27 0.5974 1 

Stomach 0.2554 13 0.2329 11 0.2321 2 
Small Intestine 0.4137 8 0.3682 7 0.0279 20 

Colon 0.4187 7 0.3185 9 0.1048 13 
Rectum Anus 0.5888 2 0.5414 2 0.14913 10 

Liver 0.3098 11 0.2002 15 0.1785 6 
Gall bladder 0.6613 1 0.5113 4 0.1699 7 

Pancreas 0.5752 3 0.5222 3 0.1599 8 
Nose Sinuses 0.0297 24 0.0615 24 -0.0156 27 

Larynx 0.1840 18 0.0891 23 0.1230 12 
Lung 0.4080 10 0.2511 10 0.2241 3 
Bone 0.1209 20 0.1092 19 0.0123 22 

Multiple myeloma 0.1062 22 0.0933 22 -0.0087 26 
Melanoma Skin 0.2273 15 0.2168 13 -0.0036 24 

Connective  tissue 0.0233 25 0.0295 26 -0.0357 28 
Salivary gland 0.0072 28 0.0336 25 0.0764 14 

Eye 0.0117 27 0.1051 20 -0.0062 25 
Thyroid 0.4576 5 0.6282 1 0.1499 9 
Bladder 0.4089 9 0.2049 14 0.0490 17 

Hodgkin Lymphoma 0.2185 16 0.1018 21 0.0653 15 
Kidney 0.4734 4 0.3975 5 0.1858 5 

Brain 0.2098 17 0.0081 28 0.1377 11 
Non Hodgkin Lymph 0.2478 14 0.2201 12 0.0025 23 

Leukemia 0.0322 23 0.1388 18 0.0402 18 
 *Cancers sorted according to ICD-10-O 
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In Europe, Moran’s I statistic for incidence rates ranges from 0.199 for thyroid cancer to 

– 0.074 for Non-Hodgkin’s lymphoma in males and from 0.285 for esophagus to -0.149 for 

cancers of rectum and anus in females (Table 8-15). Therefore the highest clustering for 

incidence rates in Europe is found for thyroid cancer in men whereas for females, the 

clustering is highest for esophageal cancers. The greatest spatial clustering that is common to 

both males and females is liver cancer and to some extent Hodgkin and non-Hodgkin’s 

lymphoma. However the values of Moran’s I in all cancers in Europe is lower than 0.3. For 

cancers with high spatial clustering, one would expect to see regions with hot spots on a map 

of Europe. High clustering also means that the cancers tend to cluster in certain regions with 

high incidence and also band together in regions with low incidence. Therefore there will be 

clear demarcation of high incidence and low incidence spots on a map for highly clustered 

patterns. 

Moran’s values were also computed for SR of cancer incidence in Europe (Table 8-15). 

These are presented in Figure 8-8 where Moran’s I can be visualized on a scale of -1 and +1. 

The ranking ranged from a very similar clustering of 0.115 (esophagus), 0.115 (liver), and 

0.114 (kidney) to slightly negatively correlations such as -0.09 for skin melanoma. Moran’s 

value for esophageal cancer is ranked one for SR in both males and females. Cancer of the 

liver is the only one that shows the same ranking of Moran’s value for incidences in males 

and females, as well as for SR (ranked no. 2). 
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Figure 8-9: Spatial correlations- Moran’s Index for Sex Ratios of cancer incidences in Europe and Asia. 
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Compared to Europe, regions in Asia depict a different spatial pattern as seen in Table 8-

16 (i.e., the scale on which Moran’s values are based shows very high clustering for 

incidence rates (e.g., the maximum value is 0.661 for males (gallbladder) and 0.628 (thyroid) 

in females)). In Asia, Moran’s I statistic ranges from high values for gallbladder to 0.0072 

(salivary glands) and 0.011 (eye) in males. For females, the values range from highest in 

thyroid cancer to 0.008 for cancers of brain. A tendency to high spatial clustering, (i.e., 

values at or higher than 0.5 in both males and females) are seen for cancers of gallbladder, 

thyroid, pancreas, kidney and cancers of rectum and anus. In females, spatial clustering for 

Hodgkin and non-Hodgkin’s lymphoma in Asia shows similar pattern as in Europe. However, 

clustering seems to be high for these cancers in males in Asia. Liver cancer has the same 

values of Moran’s I in Asia as in Europe for both males and females.   

For cancers with high spatial clustering, one would expect to see regions with hot spots 

on a map. Previously, Rosenberg et al., showed that cancers tend to cluster in regions with 

high incidence and also to group together in regions with low incidence (254). Therefore, one 

would expect to have a clear separation of high and low incidence spots on a map for 

clustered patterns. Leukemia in both males and females shows a lack of spatial correlation. 

One of the most striking findings in Asia is that, while cancer of the esophagus has one of 

the lowest values of Moran’s I in males and females (0.018 in both, and ranked 26 and 27 out 

of all cancers), the SR for this cancer shows spatial clustering that is exceptionally high 

(about 0.6)and ranked one. The rest of cancers in Asia are less than 0.3 on Moran’s scale. 

Non-Hodgkin’s lymphoma and skin melanoma seems to be spatially randomly distributed. 
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Chapter 9    Discussion 

Cancer surveillance has a long tradition of influencing cancer control policy, at both 

national and international levels (278). Comparison of incidence trends across regions 

worldwide is highly informative, and provides subtle clues about the causes of cancer and 

variation in the causes. The current study provides a fertile ground for speculating on causes 

and facilitates positing tentative hypotheses with regard to changing or stable patterns of 

cancer incidence and their sex ratios. 

In the literature, most types of cancers show differences in incidence rates across 

populations, and depending on many causative factors, known or unknown, these rates 

change over time (279). The etiological role of environmental, genetic, and lifestyle factors 

in cancer causation is of course, of interest to cancer researchers. Doll and Peto, in their 

landmark study on the causes of cancers, concluded that differences in cancer rates are 

attributable to behavioral factors such as smoking, diet, reproductive and sexual behaviour 

(72). Their conclusion was viewed as a way forward at a time when epidemiological research 

on occupational exposures was making inroads in understanding etiology. Epstein and 

Swartz, however, criticized Doll and Peto’s approach as being too focused on behavioral 

rather than looking onto other causes of cancers as well (280). These perspectives were 

however, largely unifying in terms of broadening our understanding of the complexities of 

cancer etiology. 

Hence, incidence rates in males and females typically fluctuate or they can remain stable 

across time and geography, as evidenced in this current study (Figures 8-1 to 8-3). For this 

thesis, the complementary views of Doll & Peto (72) and Epstein & Swartz (280), and more 
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recently, Tomasetti & Vogelstein (281) on variation of cancer rates, were motivation in itself 

to explore incidence trends of different cancer types. These perspectives provided an 

important starting point for our study on the sex ratios of incidence. Most of the studies on 

incidence rates of cancers have reported that the rates are higher in males than females for a 

particular type of cancer, yet there are very few studies where consistency (or 

inconsistencies) of patterns or trends of sex ratios are used to raise a question or suggest 

hypotheses.  It is only recently that there is a renewed interest in demonstrating the utility of 

sex ratios as a method that can be useful in inferring on possible or potential causes of 

cancers. Hence, as demonstrated by Trojano et al (33)., and Orton et al (36)., the utility of 

sex-ratio-methodology to suggest hypotheses on causes of multiple sclerosis, the present 

study also presents the same methodology to compare trends in cancer incidence across time 

and geography. The main premise of the analyses (as mentioned in Chapter 6), is based on 

assumption that if ascertainment of cancer cases among males and females in different 

registries, is similar, then SR is a better statistic to compare different populations represented 

by these registries. This is also because we believe that reported incidence rates are flawed 

indictors of true incidence rates and hence descriptive statistics based on comparisons of 

incidence rates are likely to be biased. 

Discussion of the results follows in next sections, leading to dialogue based on the 

inductive template of inferences i.e., from basic observations, to delineating trends, 

presenting tentative hypotheses and then theorizing point of view and generate questions. 
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9.1 General observations on sex ratios of cancer incidence and existing literature 

Making observation(s) is an integral starting point for any scientific inquiry. How the 

observations are collected, classified, interpreted, and used as the basis of theorizing is what 

a scientific inquiry is about (282). Hence in this section we review some of the studies on 

the SR of cancer incidence as well as mortality and survival based on what other 

investigators observed, and whether these complement observations from the current study. 

In their 1959 publication, Kirchoff and Rigdon reviewed the literature on the SR of lung 

cancer (283) and reported that as early as 1871, Walshe (284), observed that lung cancer was 

more frequent in men. A summary analysis of cancers in ten metropolitan areas in the US in 

1947-1948 (285) showed SR for the following cancers: larynx (12.33), lip (7.57), pharynx 

(5.38), esophagus (4.47), lung and bronchus (4.49), tongue (3.22), and bladder (1.19). 

Despite their careful statistical work, the results were no more accurate than results obtained 

through voluntary reporting by physicians and hospitals, supplemented by death certificates 

(286). The data from Atlanta, Birmingham, Dallas, New Orleans, San Francisco, Denver, 

Chicago, Detroit, Philadelphia, and Pittsburgh were combined into three geographic regions 

(North, South, and West) which masked statistical differences between cities. 

The high SR (i.e., male dominance) in the incidence of lung cancer constituted an 

obvious line of inquiry into the etiology of lung cancer (287). Sex differences observed in 

early studies were investigated in later studies with an emphasis on smoking habits and 

consumption of alcohol (109, 288, 289). At a time when the role of smoking in the etiology 

of lung cancer was newly appreciated in 1950s and 1960s, and even later, very few studies 

reported a SR analysis that included all types of cancers, in addition to cancer.  
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Flamant et al. reported, for the first time, SR in a large number of cancer cases in a 

hospital setting in France (289). The SR was defined as the number of male cancer cases 

relative to females, and the age adjustment was undertaken using the population of France in 

1956 (no further details were provided on the age adjustment). Their findings on 64,834 

cases suggested a correlation between use of tobacco/alcohol with SR of more than 2.5.  Sex 

ratio in various primary sites and subsites were: larynx (37.5); oral cavity (24.5); esophagus 

(20.4); lung (13.2); stomach (5.0); bladder (3.5), nasal cavities and sinuses (2.2); kidney 

(1.8); intestine and rectum (1.3); and skin (1.2). Cancers of the nervous system and endocrine 

glands had an SR of 1.1. Their results are notable when compared to current study’s data on 

France from 1975-2007 (Table 9-1) (e.g., the order of most cancers is similar with the 

exception of an increased SR in bladder cancer (7.2) and a 33% decrease for skin cancer 

(0.8)). However, this study can be critiqued (as the authors acknowledge) on the basis that it 

was conducted among patients in hospitals, and therefore the study population cannot be 

considered to be a representative sample. There was no clarity on the extent of geographical 

regions from where these patients belonged since the authors did not report the number of 

location of these French hospitals. Moreover, men and women attended the clinics in unequal 

numbers and the accuracy of site of the primary tumor location and ascertainment of 

diagnosis were questionable. Despite the limitations and the inadequate description of the 

SR, this study provided clues on the role of tobacco and alcohol in the risk of several cancers.
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Table 9-1: Comparisons of sex ratio analysis of incidence and mortality with different studies for some of the cancer types 

 Flamant, 1964a 
France 

1943-1960 
Incidence 

La Vecchia, 1988b 
Switzerland 
1951-1984 
Mortality 

Cook, 2009c 
US 

1975-2004 
Incidence 

Cook, 2011c 
US 

1977-2006 
Mortality 

Raza, 2017d 
France† 

1975-2007† 
Incidence 

Raza, 2017d 
Switzerland‡ 

1975-2007 
Incidence 

Raza, 2017d 
US 

1975-2007 
Incidence 

Raza, 2017d 
World 

1953-2007 
Incidence 

Larynx 37.5 - 5.2 5.4 22.8 11.0 6.1 12.8 
Oral cavity 24.5 - 3.1 3.1 13.1 4.4 3.0 4.0 
Esophagus 20.4 11.0 3.5 4.1 9.0 8.1 4.4 5.6 
Lung 13.2 11.1 2.1 2.3 8.9 4.2 2.4 4.6 
Stomach 5.0 2.3 2.2 2.1 2.7 2.5 2.2 2.2 
Bladder 3.5 3.6 3.9 3.4 7.2 4.8 3.9 4.7 
Kidney 1.8 1.8 2.1 2.2 2.4 2.6 2.2 2.1 
Skin 1.2 1.6 1.4 2.3 0.8 1.0 1.3 2.1 
Brain 1.1 1.4 1.5 1.5 1.7 1.8 1.6 1.5 

Databases used:   a Institut national d'hygiène, Paris, France 
b Swiss Federal Office of Statistics 
c Surveillance Epidemiology and End Results Program, NIH, USA 
d Cancer Incidence in Five Continents, International Agency for Research on Cancer, Lyon, France 
 
† Regions of France included in analysis: Bas Rhin, Calvados, Doubs, Haut Rhin, Herault, Isere, Somme, Tarn. 
‡ Regions of Switzerland included in analysis: Geneva, Graubunden & Glarus, Neuchatel, St. Gall Appenzell, Valais, Vaud.
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Sex ratio trends in mortality were examined in Switzerland from 1951 to 1980 using data 

from the Vaud Cancer Registry (290). Age-standardized mortality rates were computed using 

a European standard population. The analyses showed that mortality for most types of 

cancers was persistently higher in males. The SR ranged from 1.2 for intestines, skin, brain 

to 2 for stomach or pancreas, up to 11 for lung and esophagus (Table 9-3). The authors 

showed that SR for lung cancer was increasing from the 1950's to the 1960's, but the ratio 

noticeably declined afterward, probably reflecting trends in smoking prevalence in 

subsequent generations of Swiss men and women.  

Levi et. al., studied SR of mortality and survival in Europe (291). Their study indicated 

that SR in survival rates were smaller than in mortality, indicating that better survival in 

females was not the primary reason for the death rate observed in females. Additional reports 

suggested that cancers are disproportionate by sex in incidence, mortality, and survival (292-

295). Cook et. al., carried out the first study to systematically examine SR in cancer mortality 

and survival using a large data from Surveillance Epidemiology and End Results Program 

(SEER) in US (38). The authors conducted the only large scale SR analysis of incidence rates 

in the US using the same data program (37). As shown in Table 9-1, their study on SR of 

mortality in 2011 mirrored SR in incidences in 2009. These SR figures suggest that sex 

differences in cancer mortality are the result of differences in cancer incidence and not 

survival, and hence, the suggested further etiological investigations. However, the mirror 

effects of SR of incidence and mortality implied that the case-fatality rates of cancers are 

similar in US (which might not be true for other regions). The results from our data for SR in 

the US are consistent with the results reported by Cook et al. in the same time period (Table 

9-1). 
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There are few large-scale studies on SR of cancer incidence that include population-based 

registries worldwide on such a large scale. We analyzed temporal and geographical 

variability in SR in selected cross-sections of time over 55 years, as well as longitudinally 

spanning 65 years. A relatively recent analysis by Edgren et al. using CI5 data from 1998-

2002 (39, 296) speculated that much of the observed disparity in SR results from endogenous 

sex-specific biological factors. They proposed that these factors are either determinants of 

disease or they modify susceptibility to exogenous oncogenic factors. Considering many of 

these observations, along with rigorous inquiry into the underpinnings of variability of SR in 

cancer, the current study provides the basis to suggest tentative hypotheses as well as 

theorize or generalize the findings as part of our inductive inferential reasoning. This will 

further advance our understanding of the gaps in causes of cancers in terms of male-female 

differential.  

9.2 Point of view - overview of associations: established or not? 

Investigations of cancer incidence trends have typically focused on one specific type of 

cancer in either a specific region or several regions (297-299), and generate hypotheses based 

on observations of changing SR patterns (300). As pointed out before, table 9-1 summarizes 

early SR studies of mortality and survival rates (290, 291) along with a more recent study by 

Cook et al (38).  Comparative assessment of cancer causes have been carried out previously 

(301). Several potential causes and explanations are revisited or conjectured in relation to the 

associations of some of the putative and known causes with SR of cancer incidence in this 

section. 
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9.2.1 Temporal trends and geographic variations 

Lung cancer, as expected, has the highest incidence across time in this study. A sex ratio 

decline was seen in the incidence which was relatively more noticeable in 2003-07 (Table 8-

2).  Highest and lowest SR also varied across diverse geographical regions ranging from 

European registries in earlier period, to Turkey and Tunisia in the latter period (Appendix 4). 

Except for several regions in India (Sikkim, and Mizoram), the SR was never less than one, 

indicating that there are regions where females have the same or more exposure than males. 

The northeastern states of India are known as the cancer capitals, where more females are 

tobacco chewers and biddi smokers than males (302, 303). The use of tobacco water is also 

traditional in some communities in Mizoram (304). The very high variations in SR of larynx, 

esophagus, mouth and tongue in our data likely reflect historical exposure to tobacco 

smoking, as observed in US-SEER data (37). The dramatic decrease of SR in the US was 

likely because of convergence of smoking habits between men and women (37, 305). 

Also, in this study, the inter- and intra-regional variation for lung cancer was one of the 

highest (Tables 8-12 to 8-14), suggesting that while the variation of SR within individual 

regions is small, the pattern is variable across regions. This may relate to similar behavioral 

practices in regard to some exposure inside the populations of those individual registries, 

rather than across registries from other geographic regions.  Both the SRm and SRv were 

high for esophageal cancer, which has a pattern similar to lung, larynx and other cancers of 

aero-digestive tract and bladder. The SR imbalance in esophageal cancer has previously 

been explained in relation to obesity (306), concentrated production of gastric acid in males 

(307), defective lower esophageal sphincter (308) and variable intra-abdominal pressures 

(309). In our study, the highest SR were observed in France, Hungary, Spain and Korea. The 
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lowest were observed in the northwest territories of Canada, Kuwait, Qatar, Colombia and 

India (Sikkim) across time (Appendix 4). In places where the SR is low and alcohol is not 

implicated in esophageal cancer, hypotheses can likely relate to geography, climate, soil and 

dietary habits (310). 

The present study showed a highest SR in laryngeal carcinoma (Bas Rhin-France: 122 in 

1973-77; Zaragoza-Spain: 177 in 1988-1992; and Cuenca-Spain: 100 in 2003-07). In recent 

time (2003-07), very high SR were also observed in China and Korea (Appendix 4). This 

cancer is known as a disease of men, and few studies have attempted to document differences 

across sex (311, 312). Alcohol and smoking can be implicated in the etiology (313), and an 

interesting hypothesis on the higher frequency of vibration of vocal cords has been proposed 

as protective in females. Faster mucocilliary clearance in women was discussed in a study by 

Yang et. al (314). Cancer of the larynx has been implicated with inhaled carcinogens in the 

workplace, but the evidence remains sparse (e.g., cement dust, petroleum derivatives, 

aromatic hydrocarbons, wood and metal dust etc (312, 315-318)). 

The incidence of cancers of rectum and anus was high across time. The SR of 1.7 is one 

of the most stable and its variance is also one of the lowest (Table 8-2).  Studies have 

suggested that the increasing predominance of females might be due to evolving sexual 

practices and a putative association with anal infections with human papilloma virus (37, 

319, 320). The spatial patterns for this cancer were ranked similarly to European and Asian 

regions (Table 9-2), and requires more investigation. 

The incidence of thyroid cancer increased in the 2003-07 period (6.52 per 105 p-y). It also 

had the most stable SR (0.4) in current study (even though the rate may have been influenced 

by different registries across time). Cook et al showed that the incidence was higher in 
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females at all ages (i.e., SR was lower in all ages) (37). The etiology for thyroid cancer 

remains poorly understood (39, 321-323).  However, the high incidence at reproductive ages 

suggests a hormonal underpinning. There seems to be an unusual higher propensity for 

diagnostic investigations among female patients (37), even when there is evidence from 

autopsy studies that the prevalence of thyroid micro carcinoma is equivalent across sexes 

(324). The average annual rate is increasing for thyroid cancer (Appendix 35), even among 

males. The SRv in thyroid cancer was low and consistent across time in our study indicating 

that there might be some exposure unique only to women. The ratio of inter-intra-regional 

variations of SR for thyroid cancer indicates that the variation is similar in or across regions. 

Moran’s I for thyroid cancer was ranked similarly in Europe and Asia, which also suggests 

that endogenous factors may be important. Again, this is speculative and requires further 

exploration. 

Our study has provided an overview of SR variations worldwide using several analytical 

approaches. The data support that cancer is a complex multi-faceted disease that is 

heterogeneous in nature, and as such, each cancer is a different disease that might or might 

not share causative agents. Very much like the study using SEER data in the US population 

(37), most cancers investigated in this study had a high sex-ratio, suggesting a universal 

mechanism that increases male susceptibility to cancer. Tentative explanatory hypotheses by 

Cook et al. include sex differences in anti-oxidative capacity, metal toxicity, beliefs and 

behaviors, healthcare access and utilization, sex chromosome complement/ anueploidy, gene 

expression, hormones, immune competence, and the soma theory of aging. 

Observing the consistency in SR over time, how SR changes over time, and the spatial 

patterns in SR provides insight into theories of cancer pathogenesis. Our study suggests that 
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most exposures that underpin changes in SR, need more investigation. Larger body size and 

high basal metabolic rates have been hypothesized to increase cancer risk in males (39, 325, 

326) through greater numbers of cell proliferations (327). However, this association can also 

vary by sex and therefore other causes are clearly implicated. Moreover, body mass index 

and weight are not good markers of cell proliferation. The role of genetic or epigenetic 

effects needs consideration explaining SR in cancer occurrence.  

Five studies have recently provided insight into SR in exploring the causes of cancers. 

Each used a different approach to analyze the excess risk in males and speculated on the 

causes of this male-female differential. Cook et al suggested that changing patterns in SR 

indicates a major role of environmental causes (37). Edgren et al. concluded that most of the 

sex differentials are enigmatic and unlikely to be explained by known environmental or 

purely genetic factors (39), and this point of view was further reinforced by two most recent 

studies (250, 328). Tomasetti and Vogelstein (281) undermined the importance of 

environmental and genetic factors in cancer causation by introducing a third factor (i.e., 

stochastic effects associated with lifetime number of stem cell divisions within each tissue of 

the body organs). 

Wang et. al (329) and Rozhok et. al (330) labeled the study by Tomasetti and Vogelstein 

as a challenge to cancer prevention community.  In many respects, the study was useful in 

inciting the scientific community to examine assumptions regarding the origins of cancer. 

While the statistical modeling was rigorous, the study focused on a small number of rare 

tumors. The analysis used incidence rates in the US only, and therefore its view of the 

somatic mutation theory of cancer was limited. The proposed stochastic model might seem 

reasonable to scientists who uphold genetics and deep sequencing of tumors as possible 
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causes of cancer, without regard to how mutations occur (329). The other side of picture is 

for those who study environmental influences on carcinogenesis and follow closely changes 

in cancer incidence rates over time, and across broad geographic boundaries. The conclusion 

that cancer rates are primarily determined by baseline stem cell numbers does not fit with 

most of the public health evidence and traditional thinking of many epidemiologists. An 

alternate and plausible explanation was provided by Cao et al. based on their own hypothesis 

that basal metabolic rate and oxidative stress levels in tissue determines the total number of 

cell divisions (331). Therefore, the observation by Tomasetti and Vogelstein that stochastic 

influences can be more of statistical correlation rather than causal. 

9.2.2 Notes on intra- and inter- regional variability 

Previously, Diez Roux postulated that low intra- and high inter-country variability in the 

incidence of the disease suggests that group-level or population level factors are important in 

the etiology of the disease (332).  A literature search found only one study on cancer 

incidence trends that compared within-country and between country variability using cancer 

registries as surrogates for countries (79). Like our results on intra- and inter-regional 

variations of sex ratios, for most of the cancer types the variations in incidence were larger 

between-countries (inter-) than they were within-countries (intra-). 

In our study, some speculation on the patterns of the causes of cancer can be made from 

differences in the intra- and inter-regional variations in sex ratio, based on the results of the 

mixed effects models (Tables 8-12 to 8-14) Cancers where intra- is somewhat similar to the 

inter-regional SRv (δ2 ≈ τ 12) (i.e., thyroid, non-Hodgkin’s lymphoma, cancers of rectum and 

anus, kidney, multiple myeloma, leukemia) (Appendix 6; A 6-m and A 6-o), also show 

somewhat low SRm and low SRv (see Section 8.2).  Therefore, not only these cancers show 
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consistently low SR in a cross section of five years’ time but are also when analysed in 

terms of decades from 1983-2007. Edgren et al (39) has previously interpreted his similar 

results with the notion that an endogenous cause of the sex differential is more likely for a 

site where the association with sex is consistent and stable over time. However, they 

cautioned that such patterns may emerge also if certain environmental factors are distributed 

unequally between men and women worldwide. 

Cancers where the intra- is less than the inter- regional variation (δ2 < τ 12), also show a 

very high SRm and SRv from the results of analysis in section 8.2. The most notable cancers 

are larynx, lung, esophagus, oral cavity and pharynx, and bladder confirming that these are 

the cancers that are affected differently in males and females. Rare cancers such as of eye 

and bone where δ2 > τ 12, may indicate a causative factor or an exposure (s) that could be 

specific to few particular regions of the world. The explanation of regional variations of SR 

for most of these cancers remains at most speculative. 

9.2.3 Notes on spatial variability 

There is dearth of information on spatial epidemiology of cancer incidence and mortality 

but a surge has been seen since 2002 (85). The purpose of carrying out spatial analysis in 

this study was to get an insight on how the incidence and sex ratios of different cancer types 

are geographically clustered and what does it mean in terms of any clues on spatial variation 

in causes of cancers e.g., environmental exposures, social phenomena, and other health 

outcomes that can enable us to apply interventions aimed at reducing the cancer burden. In 

this study, geographic patterns of SR are used to rank each of the 28 cancer types according 

to degree of clustering. Some of these similarly-ranked cancer types (in Asia and Europe) 

can get classified into four different types of patterns according to similarities or 
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dissimilarities of sex ratios in adjacent regions: 1) Spatially dependent, when more 

similarities are observed in adjacent geographic regions. This includes cancers of 

esophagus, stomach, kidney, pancreas, and thyroid; 2) Inverse spatial dependence, when 

there is a negative sign in Moran’s index, indicating that the neighboring values are 

dissimilar. This includes cancers of skin, multiple myeloma, and cancer of eye and ranked 

similarly in Asia and Europe. Non-Hodgkin’s lymphoma shows no specific pattern whereas 

lung cancer has a very different pattern in Asia and Europe. These patterns need to be 

explored further in terms of generating hypothesis on either exogenous or endogenous 

causes, as well as understanding the impact of seasonal and latitudinal effect on some of 

these cancers that are classified as inversely spatially dependent (333). Work of Trojano and 

colleagues (33) can be of great assistance in exploring the latitudinal impact on some of the 

cancers as and when the hypothesis permits, and by mapping spatial variations.  

9.3 Tentative hypotheses and questions based on observations and trends   

In this study, we analyzed sex ratios of cancer incidence by identifying types of cancers 

that showed consistently high or low variance of sex ratios in three different selected time 

periods, and through analyzing longitudinally by positing a model for changes in sex ratios 

over several decades. An attempt was made to see whether any clue on causation of cancers 

can be gained from intra- and inter-regional variations as well as through analyzing the 

spatial data. There is a high chance that some subtle clues in this exploratory analysis might 

have been missed, or we have not been able to detect other clues from the trends in sex 

ratios of incidences. However, one observation that is very evident is that men seems to be 

at higher risk of cancer apart from exceptions like thyroid and gallbladder.  Apart from few 

attempts, there is surprisingly little research in investigations of this male-female 
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differential. A wide range of explanations are discussed in section 9.1 and 9.2 through 

observations in different studies as well as from this study. A prevailing view in academia 

for this differential is the hypothesized protection by female sex hormones that in fact is 

thought to account for the totality of this differential (250, 328). For some cancers, this point 

of view may have a standing, but for other types of cancers, this view might be erroneous.  

While sex ratio magnitude and variations for some cancers are clearly correlated to 

variations in lifestyle factors such as in lung cancer, however the observed sex ratio 

variations for some of the other cancer types are unlikely to be explained by some known 

risk factors of behavioral nature e.g., tobacco smoking, alcohol drinking, and basal 

metabolic rate (BMI) or weight of a person. Figure 9-1 represents 76 long standing 

registries, and shows some of the selected cancers where causes can be completely 

explained such as lung; partly explained such as cancer of bladder and kidney; and cancers 

where the causes remain mostly unknown such as leukemia, multiple myeloma, and thyroid.  

Among the high incident cancers, the SRs for lung cancer reflect historical exposure to 

tobacco smoking; as smoking habits have converged between the sexes, and so has the 

incidence (Figure 8-1). This pattern is also somewhat evident for other cancers for which 

tobacco smoking is a risk factor, including lip, mouth, and larynx where the incidence is 

decreasing in men (Figures 8-2 and 8-3). To paraphrase Cook et al., (37) this dramatic 

decrease in the SRs for cancers of the lung exemplifies the effect that a single sex-discrepant 

exposure can have on cancer incidence. This pattern of SR of lung cancer incidence in 

Figure 9-1 is quite palpable since the smoking prevalence between men and women have 

over time changed. However, what is quite unique is that smoking is not able to explain 
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fully, the patterns of other smoking related cancer types such as bladder and kidney, in the 

same manner as lung.  

Figure 9-1: Sex ratios of incidence for selected cancers with stable and varying patterns by year in 76 
worldwide cancer registries. 

 

 

Life style behavioral factors such as smoking tobacco is the best-established risk factor 

for bladder cancer (334) and has also been strongly linked to cancers of kidney along with 

obesity and hypertension (335). It would be very natural that these factors over time will 

vary between men and women across many geographic regions, resulting in varying sex 
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ratios in incidence. Hence, this large variability in sex ratios across time and region for 

cancers will also be observed for risk factor such as smoking. From Figure 9-1, while it is 

plausible that lung cancer trend is due to changes in smoking prevalence, the sex ratio for 

another smoking associated cancer (i.e., bladder) has not reduced as substantially as that for 

lung cancer in recent years, suggesting the presence of other risk factors that are preserving 

the sex ratio for bladder cancer.  

As established risk factors for many cancers such as lung, bladder and kidney, the 

prevalence of smoking tobacco (and obesity as another risk factor for kidney cancer), has 

changed dramatically over time. The estimated prevalence of tobacco smoking worldwide 

has decreased from 41% in 1980 to 31% in 2012 for men, and from 10.5% to 6% for 

women, with large variation in the trend in prevalence across countries (336). In the same 

way, the estimated prevalence of obesity increased from 3.2% to 10.8% for men, and from 

6.4% to 14.9% for women, between 1975 and 2014, although the trend in prevalence varies 

greatly by different geographical regions (337).  

In comparison to lung and bladder cancer, there is uniquely unchanging stability of the 

sex ratios for the cancer of kidney that suggests that the male-female differential (with a 

stable 2:1 ratio) cannot be readily explained. Figure 9-1 shows that cancer of the kidney is 

about twice as common in men as women and this ratio is maintained across many years of 

observations. This sex ratio stability is also evident when the analysis is stratified in younger 

and older age groups from IARC data on kidney cancer i.e., less than or more than 60 years. 

Hence the hypothesized protection from female sex hormones is unlikely to account for this 

uniquely stable sex ratio of cancer of kidney (accounting for before and after menopausal 

age groups).   
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The unwavering stability of kidney cancer with a sex ratio of 2:1 in both high or low 

incidence regions is not completely explained in the literature, especially through studies of 

traditionally established risk factors such as smoking and obesity. Hence our analyses have 

brought to surface several questions and a tentative hypothesis that can be suggested in this 

study, and made more specific in future as part of deductive process of scientific inquiry. 

Based on our inductive process of reasoning from the observed patterns, we hypothesize 

that there is an unknown causative factor, likely a genetic, that contributes to the etiology 

of kidney cancer (although some moderate effects of smoking and a high BMI may still play 

a role).  

A series of rare but highly penetrant mutations have been identified, such as in the Von-

Hippel Lindau (VHL gene), which has recently highlighted the importance of the VHL 

pathway in sporadic form of this cancer (338). Other studies have revealed insights in 

additional key genes for different kidney cancer subtypes (339-341). Through genome-wide 

association studies, it can be possible to detect some variants conferring susceptibility to 

cancers of kidney. Mutations of the VHL gene are associated with von Hippel-Lindau-

disease, which is a hereditary cancer syndrome and predisposes to a tumor of the eye, 

brain, pancreas, and salivary glands in addition to kidney. These cancer types have also 

shown small variations of sex ratios in our study, and hence further exploration is needed to 

understand their etiology.  

The analysis of intra- and inter- regional variation of sex ratio of kidney also shows that 

there is not much of a difference within or between regions as assessed through cancer 

registries in our data (Table 8-14). This pattern of similar intra- and inter- regional 

variability in cancer of kidney was also previously observed (79). Cancer of the kidney is 
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also a spatially dependent cancer i.e., the sex ratios are similarly clustered in 

geographically contiguous regions, and this similarity persists in both continents of Asia 

and Europe. 

The observations on sex ratio of kidney cancer brings to light several questions that 

should be investigated. These could be based on a very general line of inquiry e.g., how 

and why major differences by ethnicity, geography, and exposure histories on smoking, 

alcohol, coffee drinking, obesity etc. can accentuate the complexity of etiology of this 

cancer in terms of male-female differentials? What possible underlying biological 

pathways can be postulated that can further delineate the association of smoking, obesity, 

and hypertension in causation of kidney cancers and their subtypes in males and females? 

Can a greater understanding of germline mutations (such as a gene change in human egg or 

sperm that then gets incorporated into the cellular DNA of the offspring) inform us about 

any unknown lifestyle factors and environmental exposures in the adult life? Is there a role 

of sex chromosomes in the etiology of kidney cancer? These and many other putative 

questions can become bane of studies that could explore why there is a stable sex ratio over 

time and geography when smoking prevalence is highly variable in men and women.  

The observations in Figure 9-1 also show a very stable consistent sex ratio for cancers of 

leukemia, multiple myeloma, and thyroid, however in these cancers, role of smoking, 

alcohol drinking, and obesity has not been entirely conclusive. These cancers remained 

completely unexplained by these risk factors. For thyroid cancer, the sex ratio is found to 

be lower in younger ages unlike kidney cancer which is stable across all the ages. Multiple 

myeloma has also shown a consistent stable sex ratio in our study similar to cancer of 

kidney. Latitudinal effects based on stable sex ratios of multiple myeloma in our study with 



 

176 
 

small variations can be explored in a similar way as was done in a study on sex ratio in 

incidence of multiple sclerosis (33). Role of vitamin D deficiency has previously been 

hypothesized for higher incidence of multiple myeloma in some regions (342), however 

latitudinal effects have not been explored.  

9.5 Theoretical implications of observations 

Rothchild wrote his last paper on an eclectic overview of scientific inquiry and the role of 

induction and deduction in the methods that are practiced in the scientific community 

(282). According to him, making observations will inevitably generate a question, a 

tentative hypothesis, a hunch, and even a theory(s) about a concealed truth somewhere in 

the mass of findings. When the questions arise from these findings and hypotheses are 

suggested, the simplest way to unearth some of the answers is to accumulate more 

observations, perhaps more specialized ones and then theorize them.  

The patterns observed in the magnitude and variations of sex ratios in conjunction with 

inter- and intra-regional variations and the observed spatial patterns is an exercise into an 

inquiry of potential cancer causes. While in most of the analyses that we did, there are 

opportunities of further inquiry, these observations need to be refined at a finer level. For 

example, the question that if there is a well-known risk factor of a cancer that 

predominantly varies a lot in men and women over time and place, is it possible that the 

same cancer will not have the same variability of sex ratio, is a hunch, that needs 

theorizing. A theory can only be refined, when the knowledge construction is started from 

the very basic level of observation e.g., as is the case of kidney cancer, where smoking as 

an established risk factor is not able to explain a stable variability of sex ratio of this 

cancer. In this section, some observations are presented at very basic level that requires 
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collection of more observations, and hence provide fodder for generalization. 

Generalization, which is another term used for theorizing, is the last step in the process of 

inductive inference and the first step in the deductive reasoning. This also means how 

observations are interpreted and becomes a point of view. 

 Lutz and Fekete used the ratio of low- and high-incidence registries to speculate on the 

role of exogenous (avoidable) and endogenous (non-avoidable) factors in carcinogenesis 

for numerous types of cancers (253). In simple terms, the patterns of male and female 

incidence likely arise due to differences in exposures to environmental carcinogens, 

behavioral factors, to expression of different hormonal profiles, or different patterns of 

tissue growth, damage, or repair, as well as genetics and heritable susceptibility. In the 

following paragraphs, we present some generalization as part of the induction process itself 

that could become a starting point for deductive inferences where more specific hypotheses 

can be presented and tested in future.  

In regions or countries where the prevalence of exogenous exposures differs in males and 

females, there is high variation in the SR of cancer incidence (provided that the exposure is 

higher in males). We speculate behavioral and environmental causes are more likely than 

endogenous causes for cancers in which both the SRm and SRv are high.   

Most of the cancers have higher risks in men. Cancer types for which the dominant 

etiology is alcohol show the widest variations in SR with most wine-drinking countries at 

the top (in all three selected time periods). For cancers of the esophagus, larynx, pharynx, 

lip, mouth and tongue, consistently high SRm and SRv (Tables 8-6 to 8-11) were observed 

in France, Spain and registries from Adriatic and Baltic regions (Tables 8-3 to 8-5; and also 

Appendix 4). Liver cancer, which is now a major public health problem in developing 
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countries due to the high prevalence of hepatitis infections, also had higher SRm in 

registries of developed countries, and more specifically in several regions in France 

(Appendix 4). Although SRv in liver cancer is not as high as in other alcohol-related 

cancers, the patterns indicate a prominent etiological role of alcohol consumption in 

European countries. 

In lung cancer where the dominant cause is smoking (and men and women are 

differentially exposed), the SRm was highest in France and Spain (1973-77 and 1988-92), 

and in Turkey, Belarus and Tunisia in 2003-07 (Appendix 4). The lowest SR of lung 

cancer (i.e., relative female predominance) were observed in the Northwest Territories in 

Canada, Cuba, Iceland, and regions in India. Bladder cancer, another smoking-related 

cancer, showed higher magnitude and variation in Mediterranean regions. 

In regions or countries where the causes of cancers are similar in males and females, 

SRv of cancer incidence is low. For cancers where both SRm and SRv are low, 

endogenous factors are likely predominant causes. However, exogenous factors can also 

be compatible with the observation. 

The consistently low magnitude of SR and its variation in kidney, leukemia, multiple 

myeloma and thyroid cancer (Tables 8-6 to 8-11) support the hypothesis that for these 

cancer sites, endogenous factors are more likely. Environmental factors such as sunlight, 

radiation, and diet may be dominant factors for skin, leukemia, non-Hodgkin’s lymphoma, 

and rectal cancers. Narrow SR ranges for digestive tract cancers such as colon, small 

intestine, rectum, and stomach and their stability (strongly stable in colon, rectum and 

small intestine; moderately strong in stomach) over time, is consistent with the hypothesis 
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that nutritional factors have a role in these cancers, although the role of helicobacter 

infections cannot be downplayed especially for stomach cancers. 

For cancer of kidney, we inferred that there is a possibility of genetic component that 

plays a role in consistently stable sex ratio across time, region, as well as different age 

groups. One contributor to cancer incidence is indeed genetic variation, and 10% of 

cancers have this heritable component (343, 344). When hereditary genetic factors are 

identified, the way in which they contribute to differences in cancer incidence, however 

remains obscure. Tomasetti and Vogelstein (281) raised the question that if environmental 

and genetic factors cannot fully explain differences in cancer risk in different body organs, 

how can these differences be explained. They suggested a unique theory that stochastic 

(i.e., random) influences associated with lifetime number of stem cell divisions in each 

body organ, can in fact be major contributors to cancer incidence, unlike non-stochastic 

factors in carcinogenesis such as tobacco, alcohol, viruses, obesity, sun light exposure, 

dietary factors and genetic factors. However, they also made a provocative statement that 

most cancers are due to biological bad-luck and cannot be attributed to specific 

preventable causes. This conjecture was reported widely in the media (345-348) and was 

met with uniformly harsh critique in the scientific community (349-353). Though 

controversial, their work presents a unique theoretical perspective that could be further 

explored with a well-informed specific hypothesis as part of deductive inference in future. 

9.6 Differential case-ascertainment: potential of gender-bias 

Gender-bias is well-investigated in the field of cardiovascular diseases and are associated 

with behavior and life experiences (354). For example in developed countries, this 

includes differences in the use of prescription of drugs, health insurance reimbursement, 
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referral or acceptance for a particular therapy whereas in developing countries this could 

be as basic as access to health care diagnostic facilities and treatment (355). Gender-bias 

issues are reflected in about 10,000 scientific articles on wide range of diseases that 

includes diseases of pulmonary and autoimmune systems, hematology, neurology and 

other clinical sciences, yet there are less than 300 studies that deal with this issue in the 

field of oncology (355). 

With regard to possible gender-bias in cancer registries, to date, there is only one study 

that has highlighted underreporting by sex and investigated SR in cancer registrations 

(182). The study focused on the SR of childhood cancers (in less than 14 years aged boys 

and girls) for the period 1980-1989 from the International database on Incidence of 

Childhood Cancer (356). They analyzed registration ratios (boys:girls) with gross 

domestic product (GDP) and infant mortality rates in 53 developed and developing 

countries. The investigators provided several possible explanations for higher observed SR 

in their study: that they may reflect the true differences in the populations at risk, or that it 

could be due to differential early survival in boys and girls. A more likely explanation for 

higher SR that the authors provided was for countries like Western India and Bangladesh 

where sick boys are more likely to reach specialist medical centers than girls. The 

investigators inferred that in some of the poorest countries, the elevated SR reflects socio-

economic level more than the underlying nature and etiology of the cancers. However, 

they also believed that GDP is not a good indicator of social and economic development 

of a country since it provides unreliable estimates of income. 

With regard to our study on SRs, despite the fact that the data provided by individual 

registries undergoes rigorous quality checks and scrutiny for accuracy and completeness, 
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by IACR staff, before their final inclusion in the CI-5 (357); we acknowledge that there 

could still be a possibility of differential case ascertainment by sex. For this reason, we 

examined few cancers for whom smoking was risk factor in registries located in countries 

with low and high gender inequality.  

Table 8-17 (a and b) shows results of SR for cancers of lung, bladder, esophagus, and 

larynx from cancer registries of selected countries (regional registries included China-

Beijing and India-Mumbai). In more developed countries with very low gender inequality 

such as Sweden, Denmark, Norway, Iceland, and New Zealand where the prevalence of 

smoking in men and women is almost the same, the SR of lung cancer in these registries is 

lower than the overall worldwide SR of 3.3 (Table 8-2 and 8-5). For these registries, it 

seems that the ascertainment of cancer cases would be more complete. Although the 

prevalence of smoking is also somewhat similar in countries such as Finland and Belgium, 

the observed SR for lung cancer is on the higher side (3.2 and 3.4). In Czech Republic, 

more males are smokers and the SR of lung cancer is relatively high as well as for other 

cancers. The most unexpected deviance that we see is from Spain where the sex ratios for 

the selected cancers were high when in fact the smoking prevalence is similar in Spain. 

This probably reflects not only quality issues but there might be gender bias in Spanish 

cancer registries. It could also be possible that there might be some outlier registries where 

females might not have the same access to health care services and hence the inflated sex 

ratios for the whole of Spain that is ranked eleventh out of 160 countries. 

Among the cancer registries with moderate level of gender inequality (China, Bahrain, 

Kuwait, and Ecuador), only Ecuador that shows similar patterns of smoking in males and 

females, has a SR of cancers that reflects the rates in lowest gender inequality countries.  
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While China resembles Czech Republic in terms of male-female differences in smoking 

prevalence, the SR of selected cancers are very low in China. The most interesting 

patterns are seen in Bahrain and Kuwait where the SRs of cancers are lower than Finland, 

Belgium and Austria even though the prevalence of smoking in males is very high in both 

countries. Among the countries that have high gender inequality index, only the registry in 

Qatar shows the faint possibility of higher gender-bias in cancer registration. The SR of 

lung cancer is very high in Qatar compared to other registries. It is also interesting to note 

that bladder and laryngeal cancers show relatively similar patterns in both high and low 

gender inequality countries while esophageal cancers show an intriguing pattern in high 

gender inequality registries where seemingly more women than men are affected 

compared to low gender inequality countries. 

An attempt was also made to examine whether the changes in sex ratios over time are 

significantly different between low and high gender inequality countries. The trajectories 

of change in each of the four selected cancers did not show any difference. This can at 

some level speak of quality of long term cancer registries from CI5plus that can be 

deemed good compared to individual cross sections of time as defined by ten volumes of 

CI5.  

9.7 Strengths and weaknesses 

Unlike previous studies in which only the magnitude of sex ratio was reported to 

understand the gaps in understanding male-female differentials (37), we systematically 

examined the variability of sex ratios to make inferences from the explainable and 

unexplainable trends of male and female incidence rates. The analysis was facilitated by 

the availability of large number of cancer registries from different continents. To 
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understand the possibility of bias that can be created through differential access to health 

care services by men and women over time in different regions, we examined four 

smoking-associated cancers through a multidimensional indicator of gender inequality for 

the first time in the context of cancer registration.  Although this bias assessment was not 

made through technically advanced sophisticated methods that could have measured it, 

nonetheless, the analysis provided us some clues that bias could be present regardless of 

the registry being in low and high gender inequality countries. Although presumably this 

bias could be more prominent in data from developing countries, we did not find any such 

indication.   

The lack of information on individual level data on risk factors such as smoking, alcohol 

drinking, exposure to occupational carcinogens, socioeconomic status, and high BMI in 

our study means that we cannot directly assess their effects on sex ratios of different 

cancer types, and hence an important weakness of this study. However, by drawing 

attention to varying distribution of these confounding factors, we have facilitated 

investigators in future to find yet some of the overlooked causes that can explain the high 

or low disparities in males and females by making linkages to relevant medical 

informatics databases.  

Many cancers have multiple anatomical subsites and/or multiple histological types. It is 

possible that some subtypes have distinct patterns reflecting distinct etiologies. By 

classifying cancers by broad anatomy only, the present analysis might have obscured 

etiological heterogeneity by site of tumor and histology e.g., proximal versus distal colon 

and squamous cell carcinoma versus adenocarcinoma of esophagus. Furthermore, our 

assessment of endogenous and exogenous causes of cancers in terms of theorizing them 
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was very broad. Our categorization of causes into endogenous versus exogenous was not 

intended to be definitive, but rather a very general preface to illustrate the potential for 

further inquiry as part of deductive inference.  

This thesis could have been restricted to a small number of cancers, which would have 

permitted developing and exploring etiological hypotheses in more depth. However, 

variations in cancer risk by geographic region and changes over time are best 

demonstrated by the analyses conducted. The analysis was the most convenient strategy to 

address large number of cancers and to speculate on the relative importance of 

endogenous and exogenous contributors.  The cost-effectiveness in retrieving a large 

volume of information was equivalent regardless of the number of cancers investigated. 

This study used different number of cancer registries in three different time periods and 

hence it could be possible that sex ratios observed might be biased because of newer 

registries added up in the latter time period. However, the analysis on the long standing 

registries might be able to dilute some of the limitations that are observed in the analysis 

of cross section of three time. Nevertheless, the three-time periods should maintain equal 

number of cancer registries for making valid inferences. In the long-standing registries 

from CI5Plus, our categorization of intra- and inter-regional variability is very broad and 

that the definition and analyses should be revisited in future. Same will be true with the 

spatial analyses from a modified version of Moran’s Index. However, the index provides 

some inclination that some of the cancers can have latitudinal effects, but the analyses 

need further improvement through mapping the geography. 

Both incidence rate differences and rate ratios are useful measures of sex differences but 

provide different information. Choosing a specific parameter reflects different 
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perspectives about which information is important to capture. For example, the incidence 

rate in males and females of a particular cancer might decrease progressively over time, 

which is easily identifiable by an absolute difference in incidence. However, use of a 

relative scale (i.e., sex ratio of incidence rates) in the same example could yield an 

increasing trend. Therefore, the data can produce contradictory interpretations depending 

on which scale is used. In health-related research, the relative scale is used more often. Yet 

it is equally important to know the interpretation on an absolute scale (i.e., incidence rate 

difference). Currently there is no consensus on the most appropriate scale to use (358) . 

Recording differences on relative scale in SR is more likely to yield stable and reliable 

indicators considering possibility of imperfect ascertainment and presence of other 

artifacts in registries worldwide. Moreover, sex differences on an absolute scale can be 

confounded by the incidence in the area. 

9.8 Conclusion 

In conclusion, this exploratory analysis on sex ratio variations on cancer incidence 

provided an eclectic and wide-ranging overview on temporal and geographic trends of 

incidence rates. The inductive process of inferences, from observations to tentative 

hypotheses to theoretical generalizations provides further encouragement in utilizing sex-

ratio as a useful method to further reappraise the trends in a deductive manner, and to 

generate specific hypotheses. The sex ratio variations, large or small, for different types of 

cancers is a fodder to carry out well-designed population based studies on individual 

cancer types, and then test the specific hypotheses. Hence, the demonstration of an uneven 

distribution of sex ratios among populations from different geographical areas, derived 

from large international body of cancer registries, adds useful information for planning 
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future studies that can be aimed to explore the paths of etiological hypotheses on cancers, 

primarily where male and female discrepancies (i.e., higher risks in men than women) 

cannot be fully explained by known risk factors such as smoking, alcohol, and even 

obesity. This study identified few cancer types such as multiple myeloma, leukemia, and 

thyroid, but most notably cancer of the kidney where the suspected and commonly 

acknowledged risk factor cannot fully explain the observed sex ratio variation that is 

consistent across time, geography and even age group. The well-established risk factors 

such as smoking and obesity whose prevalence varies in both sexes worldwide, is not able 

to decipher the curiously stable sex ratios in cancer of kidney. This observation has made 

us to tentatively hypothesize that some endogenous factor such as a gene or gene variant 

might be able to explain the stable sex ratio of this cancer. Another cancer type, multiple 

myeloma is also consistently stable across time and place and the role of vitamin D has 

previously been postulated. In this study, there is a subtle indication that the latitudinal 

effects can be tentatively hypothesized in multiple myeloma, but that certainly needs to be 

further advanced in the form of specific hypothesis and analyzed accordingly. In such a 

case, a well-designed spatial analytic study can be used in both inductive and deductive 

manner to further discern the trends that have been observed in this study.  

The findings from this study indicates that for many cancer types, the sex ratio is more 

than two, across many years of observations.  Observations of varying sex discrepancy of 

more than two-fold for a long period of time for some cancers does indicate a predominant 

role of exogenous factors. However, caution is still needed, when we attribute these 

factors to male excess in cancer risk. This male excess in cancer risk is well known, yet 

surprisingly it is still poorly studied, because in part, as Edgren (39) and Radkiewicz (250) 
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points out, many researchers assume that this excess is due to known causes. Therefore, 

region-specific estimates of the prevalence of known exposures also need to be examined 

to see whether these variations between men and women are correlated to changes in sex 

ratios of cancer incidence. This strategy could perhaps unveil the role of some of the 

unknown or yet undiscovered causes of cancers.  

In our study, fluctuations of SRs in incidence across countries with low and high gender 

inequality, according to smoking prevalence, offer some clue of gender-bias that should be 

explored further. Genetic and biological factors could be the reasons for higher incidence 

in males (359, 360). The international variation and temporal changes in the magnitude of 

gender-bias should be studied in depth because this differential is also associated with 

environmental and occupational exposures, and psycho-social factors. More importantly, 

in the current study, gender-dependent disparities in health care referral patterns might 

exists in registries of countries with low gender inequality, however as seen in Spain, 

registries could be subject to this bias in high resource countries. 

The study points towards important gaps in our understanding of causes of cancer risk in 

populations. From a prevention perspective, understanding the contribution of known or 

unknown causes along with the potential gender-disparities in cancer reporting is critical 

to public health practitioners and policy makers. Our study conceals some role of gender 

disparities in cancer registries, that needs to be further studied.  The combination of 

‘epidemiological top-down or inductive approach’, along with the ‘laboratory’s bottom-up 

or deductive approach’ can yield scientific and medical advantages thereby enhancing 

prevention and treatments of cancer. 
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9.9 Contribution to knowledge 

 The current study adds to a very small body of existing literature that have utilized sex-

ratios to understand variations in incidence trends of cancers. A large number of 

population based cancer registries were utilized to observe wide ranging trends across 

time and geography. The study confirms like previous work that risk of cancer is 

disproportionately higher in men for majority of cancer types. A systematic evaluation of 

variability of sex ratios has uncovered sex specific incidence rates for some of the cancers 

for which there is no likely explanation through well established risk factors. These 

cancers include kidney, multiple myeloma, leukemia, and thyroid cancer. The study has 

identified cancer of kidney as a unique case where the sex ratio variability is remarkably 

stable with an approximate ratio of 2:1 across many years of observations and regions, and 

the age groups. The stability also seems to be consistent regardless of high and low 

incidence regions for this cancer. This finding has implications since the incidence of 

kidney cancer is rising in many parts of the world. The study has demonstrated the 

potential of sex ratios as a robust method that can unveil concealed patterns, to assist in 

proposing tentative hypotheses, and that can have both public health and scientific 

implications. Public health questions can be formulated to ask why the incidence of one 

particular cancer is on increase in specific regions versus the stability of sex ratio of same 

cancer in other regions? What is the impact of varying environmental causes on these 

trends? How much role can non-environmental causes play in the etiology of cancers 

when it cannot be explained through well recognized environmental causes? These 

questions not only can contribute to epidemiology of disease but can also provide a 

blueprint to investigators interested in studying underlying biology of specific cancer.   
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Appendices 

 

Appendix 1: Example of computations of CIR & ASIR for melanoma in Denmark in males, 1998-
2002. 

Stratum- 
Age group 

No. of cases Person-yrs at 
risk 

Age specific 
incidence per 

100,000 

Standard 
world 

population 

Expected cases in 
standard population 

i di yi di / yi wi di wi / yi 

0-4 0 869 668 0.00 12 000 0.00 
5-9 0 878 535 0.00 10 000 0.00 

10-14 0 779 915 0.00 9 000 0.00 
15-19 7 723 313 0.97 9 000 0.09 
20-24 23 840 592 2.74 8 000 0.22 
25-29 59 961 907 6.13 8 000 0.49 
30-34 83 1 042 749 7.96 6 000 0.48 
35-39 117 1 041 800 11.23 6 000 0.67 
40-44 153 953 731 16.04 6 000 0.96 
45-49 188 930 210 20.21 6 000 1.21 
50-54 262 990 187 26.46 5 000 1.32 
55-59 303 871 969 34.75 4 000 1.39 
60-64 272 649 423 41.88 4 000 1.68 
65-69 223 523 486 42.60 3 000 1.28 
70-74 217 439 676 49.35 2 000 0.99 
75-79 162 342 435 47.31 1 000 0.47 
80-84 119 210 084 56.64 500 0.28 
85+ 115 140 073 82.10 500 0.41 

Total D=2303 Y=13 189 753 D/Y=17.46 100 000 11.94 

 



 

227 
 

Appendix 2: Description of interpretation of Fixed-Effect Models a and b, and Random-Intercept 
Model c. 

 

i : time period and i = 1,….,N 

j : registry  and j = 1,….,n 

k: cancer type and k = 1,….,K 

 

Fixed Effect Model a 

 

𝑆𝑅௜
௞ = 𝛽଴

௞  + 𝛽ଵ
௞𝑦𝑒𝑎𝑟௜  + 𝜀௜

௞  ,    

 𝑤ℎ𝑒𝑟𝑒 𝜀௜
௞  ~ 𝑁 (0, (𝛿௞)ଶ) 

𝐼𝑛𝑡𝑒𝑟𝑝𝑟𝑒𝑡𝑎𝑡𝑖𝑜𝑛: 

𝛽଴
௞  This is the intercept and signifies what the average SR for the selected 

cancer in the baseline year (which can be 1953 or 1983 depending on the 
scenario A or B/C, respectively).  

𝛽ଵ
௞𝑦𝑒𝑎𝑟௜ This is the slope of linear time trend that applies to all registries and 

indicates the average annual rate of increase or decrease (depending on 
positive or negative sign) of SR of the selected cancer.   

 

Fixed effect Model b 

𝑆𝑅௜
௞ = 𝛽଴

௞  + 𝛽ଵ
௞𝑦𝑒𝑎𝑟௜  + 𝜀௜

௞  +  𝛽ଶ
௞(𝑟𝑒𝑔𝑖𝑠𝑡𝑟𝑦ଵ) +  𝛽ଷ

௞(𝑟𝑒𝑔𝑖𝑠𝑡𝑟𝑦ଶ), … +  𝛽௡
௞(𝑟𝑒𝑔𝑖𝑠𝑡𝑟𝑦௡)  

𝑤ℎ𝑒𝑟𝑒 𝜀௜
௞  ~ 𝑁 (0, (𝛿௞)ଶ) 

𝐼𝑛𝑡𝑒𝑟𝑝𝑟𝑒𝑡𝑎𝑡𝑖𝑜𝑛:  

 

𝛽଴
௞  This is the intercept of the reference registry (out of total of 113 or 76 

depending on scenario A or B/C, respectively) in the model, and 
indicates the average value of the SR for the selected cancer in the 
baseline year. 

𝛽ଵ
௞𝑦𝑒𝑎𝑟௜  The interpretation is same as model a 

𝛽௡
௞(𝑟𝑒𝑔𝑖𝑠𝑡𝑟𝑦௡)   In this model, depending on the scenario, there are 112 or 75 intercepts 

(𝛽௡
௞) each indicating how much on average the sex ratio is higher or 

lower than the reference registry (therefore 𝛽௡
௞

 in each registry is the 
mean difference or the differences in the intercept). 
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Appendix 2 cont….. 

Random Intercept model c 

𝑆𝑅௜௝
௞ = 𝛽଴

௞  + 𝛽ଵ
௞𝑦𝑒𝑎𝑟௜  +  𝑢௝

௞  + 𝜀௜௝
௞  ,     

𝑤ℎ𝑒𝑟𝑒 𝜀௜௝
௞  ~ 𝑁 (0, (𝛿௞)ଶ) , and 

𝑢௝
௞  is the random variations of intercepts of SR among registries and it has a variance 𝜏ଵ

௞ଶ 

𝐼𝑛𝑡𝑒𝑟𝑝𝑟𝑒𝑡𝑎𝑡𝑖𝑜𝑛 

𝛽଴
௞  This is the intercept and implies what SR for selected cancer on average is in 

baseline year. 

𝛽ଵ
௞𝑦𝑒𝑎𝑟௜ The average annual rate of increase or decrease in SR of selected cancer (while 

keeping slopes of populations constant) and this is provided with statistically 
significant testing (p value and 95% CI). 

𝜏ଵ 
௞ଶ Random effect 𝑢௝

௞ has a single variance known as 𝜏ଵ
௞ଶ. Therefore 𝑢௝

௞ indicates 
random variations in populations i.e., every population has a different SR at 
baseline year and has a single variance 𝜏ଵ

௞ଶ also known as inter-country variation.   

(𝛿௞)ଶ   𝜀௜௝
௞   has a variance(𝛿௞)ଶ δ2. This is intra-regional variation.   

 

Random intercept and Random slope model d 

𝑆𝑅௜௝
௞ = 𝛽଴

௞  + 𝛽ଵ
௞𝑦𝑒𝑎𝑟௜  + 𝑢ଵ௝

௞  + 𝑢ଶ௝
௞ (𝑦𝑒𝑎𝑟௜) +  𝜀௜௝

௞  ,    𝑤ℎ𝑒𝑟𝑒 𝜀௜௝
௞  ~ 𝑁 (0, (𝛿௞)ଶ) 

𝑘 = cancer type;    𝑖 = index of calender year;     𝑗 = registry  

𝜀௜௝
௞  ~ 𝑁 (0, (𝛿௞)ଶ) 𝑖s the assumption that the errors are normally 

and independantly distributed with mean 0 𝑎nd variance (𝛿௞)ଶ 

and  𝑢ଵ௝
௞   ~ 𝑁 ൫0, 𝜏ଵ

௞ଶ൯ for registry j ;  

𝑢ଶ௝
௞  ~ 𝑁 ൫0, 𝜏ଶ

௞ଶ൯ for registry 𝑗 ; 

          𝐶𝑜𝑣 ൫𝑢ଵ௝
௞ , 𝑢ଶ௝

௞ ൯ =  𝜏ଵଶ
௞                                                    

 

𝑢ଵ௝
௞  is the random variations of intercepts of SR among registries and it has a variance 𝜏ଵ

௞ଶ;  

and 𝑢ଶ௝
௞  is the random variations of slopes and it has a variance 𝜏ଶ

௞ଶ 

The random intercepts and slopes are correlated 𝐶𝑜𝑣 ൫𝑢ଵ௝
௞ , 𝑢ଶ௝

௞ ൯ =  𝜏ଵଶ
௞                            
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Appendix 2 cont….. 

Interpretaᵰᵰtion 

𝛽଴
௞  This is the intercept and implies what SR for selected cancer on average is in 

baseline year. 

𝛽ଵ
௞𝑦𝑒𝑎𝑟௜ The average annual rate of increase or decrease in SR of selected cancer (while 

keeping slopes of populations constant). 

𝜏ଵ
௞ଶ Random effect 𝑢௝

௞ has a single variance known as 𝜏ଵ
௞ଶ. Therefore 𝑢௝

௞ indicates 
random variations in populations i.e., every population has a different SR at 
baseline year and has a single variance 𝜏ଵ

௞ଶ also known as inter-country variation.   

𝜏ଶ
௞ଶ Random effect 𝑢ଶ௝

௞   has a single variance known as 𝜏ଶ
௞ଶ .Therefore 𝑢ଶ௝

௞   indicates 
random variations in changes in SR over years i.e., SR of every registry/region 
changes differently over years (also called variation of slopes). 

(𝛿௞)ଶ  𝜀௜௝
௞   has a variance(𝛿௞)ଶ. This is intra-regional variation.   

 

𝜏ଵଶ
௞  This is covariance between random intercepts and random slopes of every 

registry 𝐶𝑜𝑣 ൫𝑢ଵ௝
௞ , 𝑢ଶ௝

௞ ൯. A value of with a negative sign indicates that populations 
with high SR can have steeper decline in SR over years and vice versa. 
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Appendix 3: An example of calculations of distances from the latitude and longitude 

1 A B C D E F 

2 City Latitude Longitude Distance ft Distance m Distance km 

3 China Beijing 39.92 116.38 1427134.49 434990.59 434.99 

4 China Cixian 36.35 114.37 3689558.07 1124577.30 1124.57 

5 China Haining 30.40 120.53 6481508.01 1975563.64 1975.56 

6 China Hong K 22.28 114.15 612435.77 186670.42 186.67 

7 China Jiashan 40.78 118.28 3593147.41 1095191.33 1095.19 

8 China Jiaxing 30.75 120.75 4660938.37 1420654.01 1420.65 

9 China Macao 31.90 104.10 6206331.84 1891689.94 1891.68 

10 China Nangang 23.10 113.54 3347757.58 1020396.51 1020.39 

11 China Qidong 31.81 121.65 3568466.55 1087668.60 1087.66 

12 China Shanghai 31.04 121.39 3471665.32 1058163.59 1058.16 

 

Computations of pairwise distances in excel (e.g., for distance between Beijing and Cixian 

Distance in feet: 

=(3963*ACOS(COS(RADIANS(90-$B$2))*COS(RADIANS(90-B3))+SIN(RADIANS(90-
$B$2))*SIN(RADIANS(90-B3))*COS(RADIANS($C$2-C3))))*5280 

Conversion of Distance from feet into meters: 

=CONVERT(D2,"ft","m") 

Conversion of distance meters into kilometers:  

=E2/1000 
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Appendix 4: Cancer types with their overall sex ratio magnitude (SRm) and variance (SRv) along with populations with highest and lowest 
SRm for incidence period of (a) 1973-1977, 1988-92, and 2003-07 

(a) 1973-1977 – Cancer Incidence in Five Continents Volume IV 
Cancer* Overall SR Populations with highest & lowest SRm 

 SRm (SRv) Highest SRm                                                             Lowest SRm 
       

Lip 10.66  (90.01) Spain Zaragoza 59.00 Senegal Dakar 0.33 
   USA Iowa 46.00 India Mumbai 0.50 
   Australia South 25.25 Colombia Cali 0.75 
       

Tongue 3.55 (13.74) Slovenia 30.00 China Shanghai 0.75 
   Hungary Szabolcs-Szatmar 14.00 Finland 1.17 
   Italy Varese 12.67 Scotland North 1.33 
       

Salivary glands 1.34 (0.37) Spain Navarra 3.00 Canada NF 0.44 
   Canada Manitoba 3.00 Poland Nowy Sacz 0.50 
   Australia South 2.50 UK Scotland North East 0.67 
       

Mouth 3.29 (9.69) Slovenia 15.50 Senegal Dakar 0.77 
   Italy Varese 13.67 India Mumbai 1.00 
   France Bas-Rhin 12.00 Colombia Cali 1.11 
       

Pharynx 4.26 (20.88) France Doubs 31.00 Poland Nowy Sacz 0.89 
   Italy Varese 26.33 Israel 1.50 
   France Doubs 20.27 UK England Mersey 1.55 
       

Larynx 13.96 (344.94) France Bas-Rhin 112.00 UK Scotland East 3.50 
   Hungary County Vas 13.78 UK England Mersey 4.00 
   Spain Navarra 12.93 UK Scotland West 4.33 
       

Lung 5.25 (9.30) France Doubs 15.11 Canada NWT & Yukon 2.08 
   Germany Saarland 13.78 China Hong Kong 2.37 
   France Bas-Rhin 12.93 Cuba 2.63 
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(a) 1973-77 cont… SRm (SRv) Highest SRm Lowest SRm 
Oesophagus 4.08  (12.31) France Bas-Rhin 21.25 Senegal Dakar 1.00 

   Hungary County Vas 20.00 India Poona 1.26 
   France Doubs 18.57 Finland 1.29 

                                                                 
Nose & sinuses 2.03 (1.62) France Doubs 6.75 Hungary Szabolcs-Szatmar 0.60 

   UK Scotland North 5.00 Switzerland Neuchatel 0.71 
   Spain Zaragoza 5.00 Canada Maritime 0.75 
       

Stomach 2.19 (0.21) Switzerland Neuchatel 4.53 India Poona 1.14 
   Canada NWT & Yukon 4.45 India Mumbai 1.64 
   France Doubs 3.21 Israel 1.67 
       

Small intestine 1.46 (0.52) Italy Varese 4.00 Colombia Cali 0.50 
   France Bas-Rhin 3.33 Poland Katowice 0.50 
   Poland Cracow 3.00 Canada Maritime 0.67 
       

Colon 1.14 (0.05) Romania Cluj 1.57 Canada NWT & Yukon 0.65 
   Switzerland Vaud 1.43 Cuba 0.77 
   Poland Cracow 1.41 Colombia Cali 0.83 
       

Rectum & anus 1.56 (0.10) Canada NWT & Yukon 3.01 Cuba 1.05 
   France Bas-Rhin 2.47 Switzerland Neuchatel 1.06 
   Poland Cieszyn 2.02 Israel 1.10 
       

Liver 2.54 (1.55) Canada NWT & Yukon 7.46 Canada NWT & Yukon 0.38 
   France Bas-Rhin 7.00 Spain Navarra 0.83 
   Netherlands Antilles 4.83 Poland Warsaw Rural 0.91 
       

Gallbladder 0.78 (0.18) UK Scotland North 1.43 Hugary Szabolcs-Szatmar 0.21 
   China Hong Kong 1.11 France Doubs 0.29 
   UK England Oxford 1.00 Romania Cluj 0.31 
       

Pancreas 1.63 (0.25) Netherlands, Antilles 3.58 Canada NWT & Yukon 0.32 
   France Bas-Rhin 2.86 Jamaica Kingston & St Andrew 0.72 
   Poland Cieszyn 2.78 Senegal Dakar 1.00 
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(a) 1973-77 cont SRm (SRv) Highest SRm   Lowest SRm  
Thyroid 0.43 (0.02) Poland Nowy Sacz Rural 1.11 Poland Warsaw Rural 0.14 

   UK Scotland North 0.82 Spain Zaragoza 0.22 
   Slovenia 0.71 India Poona 0.22 

     
Other endocrine glands 1.57 (1.36)  Netherlands Antilles 5.00 Switzerland Neuchatel 0.33 

   USA Utah 4.00 Colombia Cali 0.40 
   Japan Miyagi Prefacture 4.00 Jamaica Kingston & St Andrew 0.50 
       

Bone 1.57 (0.91) Netherlands Antilles 8.00 Senegal Dakar 0.67 
   Poland Nowy Sacz Rural 4.00 France Doubs 0.73 
   Italy Varese 3.75 France Bas-Rhin 0.85 
       

Skin melanoma 1.07 (1.03) Spain Zaragoza 2.00 UK Scotland North East 0.42 
   Colombia Cali 1.73 Jamaica Kingston & St Andrew 0.50 
   Germany Hamburg 1.60 Netherlands Antilles 0.50 
       

Other skin cancers 1.54 (0.11) Spain Navarra 2.34 India Poona 0.89 
   Germany Hamburg 2.26 Canada NWT & Yukon 0.98 
   Sweden 2.24 Slovakia 0.98 
       

Connective tissue 1.39 (0.55) Canada NWT & Yukon 5.71 Poland Nowy Sacz 0.40 
   UK Scotland East 3.57 France Doubs 0.50 
   Switzerland Neuchatel 2.22 Poland Warsaw Rural 0.60 
       

Kidney 4.19 (3.17) France doubs 11.58 Canada NWT & Yukon 0.74 
   Spain Navarra 9.63 Senegal Dakar 1.76 
   Spain Zaragoza 8.21 India Poona 2.00 
       

Bladder 2.03 (0.96) Japan Nagasaki 4.33 Canada NWT & Yukon 0.46 
   Australia South 3.32 Senegal Dakar 0.83 
   Switzerland Geneva 3.22 Switzerland Neuchatel 0.89 
       

Hodgkin lymphoma 1.73 (0.54) Australia South 3.50 France Doubs 0.25 
   Switzerland Neuchatel 3.42 Hungary County Vas 1.00 
   Poland Cieszyn 2.75 China Shanghai 1.10 
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(a) 1973-77 cont SRm (SRv) Highest SRm  Lowest SRm  
Non-Hodgkin lymphoma 1.56 (0.16) Poland Nowy Sacz 3.09 Switzerland Neuchatel 0.82 

   Senegal Dakar 2.92 Canada NWT & Yukon 0.83 
   Spain Zaragoza 2.71 UK Scotland North 0.86 

                                                                 
Multiple myeloma 1.46 (0.41) China Shanghai 6.00 Japan Nagasaki 0.61 

   India Poona 3.00 Poland Warsaw Rural 0.62 
   Netherlands Antilles 2.82 Hungary Szabolcs-Szatmar 0.71 
       

Leukemia 1.52 (0.17) Senegal Dakar 3.50 Canada NWT & Yukon 0.63 
   Switzerland Neuchatel 3.30 Jamaica Kingston & St Andrew 0.97 
   Poland Cieszyn 2.53 India Poona 1.09 

Eye 1.38 (0.59) Canada NF 3.50 UK Scotland North East 0.38 
   Spain Navarra 3.00 Switzerland Neuchatel 0.60 
   Spain Nagasaki 3.00 USA Washington Seattle 0.63 
       

Brain 1.47 (0.84) Switzerland Geneva 2.29 Canada NWT & Yukon 0.85 
   Jamaica Kingston & St Andrew 2.18 Poland Cieszyn 0.90 
    1.89 Netherlands Antilles 0.96 

 (b) 1988-1992 – Cancer Incidence in Five Continents Volume VII  
Overall SR Populations with highest & lowest SRm 

 SRm (SRv) Highest SRm                                                             Lowest SRm 
Lip 7.40 (43.22) Canada PEI 38.00 Thailand Khon Kaen 0.11 

   Spain Navara 32.50 Vietnam Hanoi 0.50 
   Spain Zaragosa 31.50 Thailand Chiang Mai 0.50 
       

Tongue 4.17 11.05 Slovakia 17.00 China Qidong 0.50 
   Brazil Goiania 14.50 Zimbabwe Harare 0.51 
   Poland Cracow 14.00 Kuwait 0.67 
       

Salivary glands 1.78 1.08 France Tarn 7.00 Malta 0.20 
   Ireland, Southern 6.00 Switzerland Valais 0.25 
   India Barshi 5.00 Uganda Kyadondo 0.37 
       

Mouth 3.65 9.88 Switzerland Graubunden 22.00 India Bangalore 0.31 
   Slovakia 13.50 Italy Macereta 0.50 
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(b) 1988-92 cont…   Spain Zaragosa 13.50 Thailand Khon Kaen 0.57 
       

Pharynx 6.12 23.47 Spain Tarragona 25.00 Canada Yukon 0.79 
   France Calvados 23.42 Kuwait 1.25 
   France Somme 20.14 Zimbabwe Harare 1.37 
       

Larynx 15.26 433.39 Spain Zaragosa 171.00 Uganda Kyadondo 0.44 
   Spain Granada 137.00 China Tianjin 1.94 
   Spain Murcia 79.50 Canada NWT 2.27 
       

Lung 5.37 13.13 Spain Zaragosa 17.78 Thailand Chiang Mai 1.19 
   Spain Granada 16.78 Iceland 1.24 
   Spain Basque 15.62 Canada NWT 1.38 
     

Oesophagus 5.42 21.49 Spain Albacete 31.00 Canada NWT 0.60 
   Spain Tarragona 28.50 Kuwait 0.68 
   Korea Kangwha 20.40 India Bangalore 1.04 

     
Nose & sinuses 2.58 3.21 Italy Ventian region 10.00 Italy Modena 0.50 

   France Doubs 10.00 India Karunagappally 0.50 
   Italy Florence 9.00 Malta 10.50 
       

Stomach 2.22 0.22 Algeria Setif 4.11 Zimbabwe Harare 0.76 
   Canada NWT 4.00 Kuwait 0.85 
   UK East Anglia 3.15 India Barshi 0.89 
       

Small intestine 1.66 1.24 Spain Albacete 10.00 Zimbabwe Harare 0.29 
   Switzerland Graubunden 6.00 French Polynesia 0.36 
   Spain Murcia 4.50 Spain Navarra 0.50 
       

Colon 1.31 0.07 India Trivandrum 2.40 Canada NWT 0.59 
   Zimbabwe Harare 2.21 Brazil Goiana 0.64 
   French Polynesia 1.98 Algeria Setif 0.67 
       

Rectum & anus 1.67 0.22 India Karunagappally 5.33 Brazil Belem 0.60 
   Zimbabwe Harare 3.03 Ecuador Quito 0.85 
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(b) 1988-92   Mali Bamako 3.00 Brazil Goiana 0.87 
       

Liver 2.96 2.57 France Isere 10.11 Peru Lima 1.00 
   France Haut-Rhin 9.50 Ecuador Quito 1.04 
   France Calvados 8.87 Colombia Cali 1.22 
       

Gallbladder 0.84 0.12 Vietnam Hanoi 3.00 Brazil Porto Alegre 0.29 
   French Polynesia 2.19 India Trivandrum 0.33 
   Italy Macerata 1.76 Poland Lower Silesia 0.35 
       

Pancreas 1.64 0.69 India Karunagappally 10.50 Zimbabwe Harare 0.74 
   Malta 2.83 Peru Lima 0.83 
   Korea Kangwha 2.67 Ecuador Quito 0.86 
       

Thyroid 0.38 0.05 India Barshi 2.50 Spain Albacete 0.05 
   Australia Capital Territory 1.05 Mali Bamako 0.05 
   Canada NWT 0.75 Switzerland Neuchatel 0.10 

     
Other endocrine glands 1.29 0.66 Estonia 4.00 Iceland 0.33 

   Spain Asturias 3.33 Switzerland Neuchatel 0.40 
   Canada NB 3.00 France Isere 0.43 
       

Bone 1.51 0.59 Switzerland Geneva 6.50 Spain Albacete 0.33 
   Uganda Kyadondo 3.83 Switzerland Neuchatel 0.33 
   Italy Latina 3.67 Malta 0.40 
       

Skin melanoma 1.00 0.14 Japan Miyagi 3.00 Mali Bamako 0.33 
   India Trivandrum 3.00 Zimbabwe Harare 0.46 
   Peru Trujillo 1.82 France Calvados 0.51 
       

Other skin cancers 1.57 0.32 Korea Kangwha 5.00 Spain Albacete 0.55 
   France Somme 3.37 Puerto Rico 0.70 
   Uganda Kyadondo 3.10 USA Utah 0.89 
       

Connective tissue 1.39 0.62 Canada NWT 9.00 Brazil Goiana 0.54 
   Zimbabwe Harare 3.83 Switzerland Valais 0.56 
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(b) 1988-92   Canada PEI 3.44 Mali Bamako 0.60 
       

Kidney 1.99 0.29 India Barshi 4.00 Uganda Kyadondo 0.50 
   French Polynesia 3.67 Mali Bamako 0.68 
   Canada PEI 3.46 Argentina Concordia 0.97 
       

Bladder 5.06 4.83 Algeria Setif 18.00 Zimbabwe Harare 1.06 
   Spain Albacete 10.94 Thailand Chiang Mai 2.12 
   Italy Macerata 10.81 Argentina Concordia 2.33 
       

Hodgkin lymphoma 1.46 0.81 Peru Trujillo 9.00 Japan Saga Prefacture 0.50 
   Uganda Kyadondo 4.50 Switzerland Valais 0.62 
   Switzerland Graubunden 3.55 Canada NWT 0.68 
       

Non-Hodgkin lymphoma 1.54 0.15 India Karunagappally 4.64 Kuwait 0.77 
   Japan Saga Prefacture 2.67 Canada NWT 0.83 
   Mali Bmako 2.44 French Polynesia 0.89 

     
Multiple myeloma 1.43 0.29 India Trivandrum 6.50 India Karunagappally 0.43 

   China Qidong 2.60 Korea Kangwha 0.50 
   Japan Yamagata 2.11 Zimbabwe Harare 0.67 
       

Leukemia 1.49 0.11 Korea Kangwha 3.08 Mali Bamako 0.30 
   Switzerland Neuchatel 2.44 Uganda Kyadondo 0.58 
   Spain Albacete 2.38 Argentina Concordia 0.94 
       

Eye 1.43 0.48 Italy Trieste 5.00 India Trivandrum 0.50 
   Japan Hiroshima 4.00 Italy Romagna 0.56 
   Spain Murcia 3.50 Brazil Goiana 0.63 
       

Brain 1.49 0.68 Canada Yukon 10.55 French Polynesia 0.67 
   Algeria Setif 2.67 Italy Macereta 0.80 
   Argentina Concordia 2.54 Italy Ferrara 0.96 
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(b) 2003-2007 – Cancer Incidence in Five Continents Volume X 
Cancer Overall SR Populations with highest & lowest SRm 

 SRm (SRv) Highest SRm                                                             Lowest SRm 
Lip 4.56 (12.94) Australia Northern Territory  23.00 Thailand Khon Khen 0.19 

   Italy Sassari Province 18.00 India Karunagappally 0.33 
   Iceland 17.00 Thailand Lampang 0.33 
       

Tongue 3.01 (3.00) Belarus 15.00 Colombia Pasto 0.33 
   Portugal Azores 10.20 Canada Yukon 0.56 
   Argentina Tierra del Fuego 9.67 China Jiashan 0.60 
       

Salivary glands 1.56 (0.96) Italy Lombardy Mantova 12.00 Canada PEI 0.17 
   France Vendee 8.00 Portugal Azores 0.25 
   Switzerland Valais 5.50 Korea Jejudo 0.25 
       

Mouth 2.54 (2.44) Belarus 12.33 China Jiaxin 0.33 
   Ukraine 11.33 Kuwait 0.43 
   Latvia 8.33 Canada Yukon 0.44 
       

Pharynx 3.34 (4.98) Spain Canary Islands 12.00 Libya Benghazi 0.50 
   Brazil Cuiaba 11.00 Australia Capital Territory 0.50 
   Spain Austurias 10.00 Switzerland Neuchatel 0.67 
       

Larynx 11.53 (104.52) Spain Cuenca 100.00 Canada NWT 0.54 
   China Zhongshan 55.00 India Sikkim 1.50 
   Korea Jejudo 52.00 Malawi Blantyre 2.00 
       

Lung 3.28 (4.85) Turkey Edirne 15.60 India Barshi Paranda & Bhum 0.70 
   Belarus 12.08 India Sikkim 0.97 
   Tunisia North 11.77 India Mizoram 1.00 
     

Oesophagus 5.01 (11.22) Spain Cuenca 25.00 Qatar 0.57 
   Korea Jejudo 20.75 Colombia Manizales 0.80 
   Spain Albacete 30.50 India Sikkim 1.04 
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(c) 2003-07 cont… SRm (SRv)  Highest SRm                                                             Lowest SRm 
       

Nose & sinuses 2.34 (1.78) Spain La Rioja 10.00 Uganda Kyadondo 0.22 
   Malaysia Penang 9.00 Switzerland St. Gall Appenzel 0.40 
   France Loire Atlantique 7.50 India Sikkim 0.44 
       

Stomach 2.15 (0.18) India Trivandrum 4.77 Canada NWT 0.74 
   France Manche 3.87 Malawi Blantyre 0.80 
   France Tarn 3.35 Zimbabwe Harare 0.82 
       

Small intestine 1.63 (0.89) Korea Jejudo 9.00 Argentina Tierra del Fuego 0.28 
   Zimbabwe Harare 8.00 Italy Syracuse 0.29 
   Italy Nuoro 3.00 Thailand Lampang 0.33 
       

Colon 1.38 (0.07) India Barshi Paranda & Bhum 3.67 India Sikkim 0.73 
   Spain Basque 2.06 Ecuador Cuenca 0.77 
   Korea Jejudo 2.00 Chile Biobio 0.81 
       

Rectum & anus 1.74 (0.14) Argentina Tierra del Fuego 3.80 Ecuador Cuenca 0.58 
   India Sikkim 3.50 Uganda Kyandondo 0.83 
   India Barshi Paranda & Bhum 2.67 Malawi Blantyre 0.83 
       

Liver 3.04 (1.64) Argentina Tierra del Fuego 12.17 Ecuador Cuenca 0.69 
   Italy Sondrio 8.78 Cuba Villa Clara 1.09 
   France Vendee 8.47 Algeria Setif 1.19 
       

Gallbladder 0.99 (0.10) France Calvados 2.40 India Sikkim 0.26 
   Canada NWT 2.37 Qatar 0.28 
   Switzerland Graubunden & Glarus 2.13 Algeria Setif 0.36 
       

Pancreas 1.44 (0.09) Iran Golestan 2.80 Malawi Blantyre 0.25 
   China Yanting 2.37 Brazil Aracaju 0.60 
   Korea Jejudo 2.33 Zimbabwe Harare 0.70 

Thyroid 0.33 (0.01) Canada PEI 1.00 Argentina Tierra del Fuego 0.03 
   China Yanting 1.00 Canada Yukon 0.08 
   Thailand Bangkok 0.97 Korea Daejeon 0.13 
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(c) 2003-07 cont…. SRm  Highest SRm                                                           Lowest SRm 
Other endocrine glands 1.65 (1.12) Italy Parma 7.00 Spain Albacete 0.25 

   Italy Nuoro 6.00 Italy Naples 0.33 
   Australia Tasmania 6.00 Portugal Azores 0.33 
       

Bone 1.43 (0.41) Italy Sassari  5.33 Turkey Edrine 0.29 
   Switzerland Valais 5.00 Italy Nuoro 0.33 
   Bahrain 4.00 Libya Benghazi 0.50 
       

Skin melanoma 1.09 (0.12) India Bhopal 4.00 China Macao 0.25 
   China Yanting 3.00 Bahrain 0.33 
   Thailand Bangkok 2.00 Malawi Blantyre 0.37 
       

Other skin cancers 1.41 (0.14) France Martinique 4.00 Spain Cuenca 0.22 
   USA Wyoming 3.00 UK wales 0.50 
   Switzerland Tiando 2.50 Canada Saskatchwan 0.50 
       

Connective tissue 1.38 (0.17) China Macao 4.50 China Cixian 0.33 
   Bahrain 3.17 Spain Cuenca 0.47 
   China Qideng 3.00 China Jiashan 0.50 
       

Kidney 2.09 (0.41) India Karunagappally 8.00 China Yanting 0.50 
   Canada Yukon 5.88 Uganda Kyadondo 0.65 
   India Trivandrum 5.00 South Africa 0.75 
       

Bladder 4.66 (3.58) India Karunagappally 15.00 Canada NWT 1.02 
   Turkey Trabzon 13.83 India Sikkim 1.33 
   Italy Nuoro 13.71 Uganda Kyandondo 1.44 
       

Hodgkin lymphoma 1.35 (0.41) India Karunagappally 8.00 China Nangang Harbin 0.33 
   Malaysia Penang 5.33 China Jiashan 0.50 
   Korea Gwangju 4.00 India Mizoram 0.50 
       

Non-Hodgkin lymphoma 1.45 (0.09) China Yanting 4.07 India Sikkim 0.45 
   Canada NWT 3.59 Ecuador Cuenca 0.84 
   India Dindigul Ambillikai 2.50 Chile Antofagasta 0.87 
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(c) 2003-07 cont… SRm (SRv) Highest SRm                                                            Lowest SRm 
Multiple myeloma 1.42 (0.23) Canada Yukon 7.00 India Mizoram 0.33 

   South Africa 3.50 Colombia Pasto 0.43 
   Qatar 3.00 Zimbabwe Harare 0.45 
       

Leukemia 1.52 (0.90) Malaysia Penang 10.00 Spain Cuenca 0.17 
   Zimbabwe Harare 7.00 France Somme 0.20 
   Brazil Cuiaba 4.33 Chile Biobio 0.25 
       

Eye 1.51 (1.55) Switzerland Neuchatel 14.00 Korea Gwangju 0.33 
   China Yangcheng 6.50 Colombia Pasto 0.33 
   Spain Granada 6.00 Jamaica Kingston & St. Andrew 0.40 
       

Brain 1.37 (0.07) China Yanting 2.23 Malawi Blantyre 0.33 
   Uganda Kyandondo 2.11 Zimbabwe Harare 0.50 
   Italy Genova 2.06 Jamaica Kingston & St. Andrew 0.58 

 
*Cancers are listed in ascending order of ICD-O-3 codes 
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Appendix 5: Magnitude of sex ratios (un-transformed versions) of 30 cancer types plotted against 
their variances in (a) 1973-1977, (b) 1988-92, and (c) 2003-07. 

 (a) 1973-77 

 

Cancer types categorized according to three levels of logs of sex ratio magnitude (Log SRm) and 
variances (Log SRv) based on tertiles. 

 

SRm (Low): ≤ 1.500; SRm (Medium): 1.511 to 2.030; SRm (High): > 2.030  
SRv (Low): ≤ 0.38); SRv (Medium): 0.39 to 1.36; SRv (High): > 1.36  

   SRv  
  Low Medium High 

 Low 
Salivary glands, 

Gallbladder, 
Thyroid, Colon 

Small Intestine, Connective 
tissues, Eye, Skin Melanoma, 

Brain, Multiple Myeloma  
 

SRm Medium 
Rectum & Anus, Pancreas, Non-
Hodgkin Lymphoma, Leukemia, 

Other skin cancers 

 
Bone, Hodgkin Lymphoma, 

Other endocrine glands, 
Bladder 

Nose & Sinuses 

 High Stomach  
Tongue, Mouth, Lip, 

Pharynx, Oesophagus, Liver, 
Larynx, Lung, Kidney 
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Appendix 5 cont…. 

(b) 1988-92 

 

Cancer types categorized according to three levels of logs of sex ratio magnitude (Log SRm) and 
variances (Log SRv) based on tertiles 

   Log SRv  
  Low Medium High 

 Low 
Colon, Gallbladder, Skin 

melanoma, Thyroid, Multiple 
myeloma 

Bone, Connective tissues, Eye, 
Brain, Other endocrine glands  

Log 
SRm Medium 

Stomach, Rectum & anus, 
Kidney, Non-Hodgkin 
Lymphoma, Leukemia 

Salivary glands, Small Intestine, 
Pancreas, Hodgkin Lymphoma, 

Other skin cancers 
 

 

 High   
Lip, Tongue, Pharynx, 

Oesophagus, Liver, Nose & 
Sinuses, Larynx, Bladder 

SRm (Low): ≤ 1.49; SRm (Medium): 1.50 to 2.56; SRm (High): > 2.56  
SRv (Low): ≤ 0.30); SRv (Medium): 0.31 to 1.24; SRv (High): > 1.24   
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Appendix 5 cont…. 

(c) 2003-07 

 

Cancer types categorized according to three levels of logs of sex ratio magnitude (Log SRm) and 
variances (Log SRv) based on tertiles 

   Var log SR  
  Low Medium High 

 Low 

Colon, Gallbladder, 
Skin melanoma, 

Connective tissue, Brain, 
Thyroid 

 

Bone, Hodgkin Lymphoma, 
Multiple Myeloma,  
Other skin cancers  

 

Mag log 
SR Medium 

Other endocrine glands, 
Rectum & Anus, Pancreas, 
Non-Hodgkin Lymphoma,  

Salivary glands, Stomach 
Small Intestine, Kidney, Eye, 

Leukemia, 
 

 

 High   

Lip, Tongue, Mouth, 
Pharynx, Oesophagus, 
Liver,Nose & Sinuses, 
Larynx, Lung, Bladder 

 
SRm (Low): ≤ 1.43; SRm (Medium): 1.44 to 2.15; SRm (High): > 2.15  
SRv (Low): ≤ 0.17); SRv (Medium): 0.18 to 1.55; SRv (High): > 1.55
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Appendix 6:  Regression models in three scenarios (A, B & C) with varying number of registry-populations (N) for 21 types of 
cancers (A 6-a to A 6-u): fixed-effects models (a and b); mixed effects model with random intercepts (c); and mixed effects model 
with random intercepts and slopes (d).  

 

 21 types of cancers (A 6-a to A 6-u) starting on next 20 pages. Formal notations in all four models are explained in 
appendix 2. In the footnotes of tables A 6-a to A 6-u, basic notations are used that carries same meanings as formal 
notations shown in appendix 2. 

 Three scenario A, B, and C are explained in the text in section 7.6.1 of Chapter 7. 
 Registries are used as surrogates of regions (for the intra- and inter-regional variations). 
 Model d (RI and RS models) from the appendix 6 (A 6-a to A 6-u) are used in Tables 8-12 to 8-14 of Chapter 8.  
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A 6-a: Cancer of oral cavity and pharynx : regression models in three scenarios (A, B & C) with varying number of registry-
populations (N): fixed-effects models (a and b); mixed effects model with random intercepts (c); and mixed effects model with 
random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance (δk)2   

Between-country 
variance  (τk)2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)τ 
12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 663530 15.27 -0.063 0.026 (-0.115,-0.011)     
b. Fixed Effects  ε 393815 10.46 -0.154 0.023 (-0.200,-0.108)     
          
c. Random Intercepts  AIC 22735 19.26 -0.149 0.023 (-0.194,-0.103) 142.70* τ2       101.42*   
d. Random Intercepts & Slopes AIC 22566 21.27 -0.193 0.0535 (-0.299,-0.086) 130.50* τ 12   838.44* τ 22   0.22* τ 12   -13.31* 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 568028 19.94 -0.167 0.046 (-0.258,-0.076)     
b. Fixed Effects  ε 333546 13.37 -0.209 0.037 (-0.283,-0.135)     
          
c. Random Intercepts  AIC 18564 21.82 -0.205 0.037 (-0.279,-0.132) 150.79* τ2       99.58*   
d. Random Intercepts & Slopes AIC 18350 22.08 -0.211 0.0706 (-0.350,-0.071) 132.51* τ 12   1301.22* τ 22   0.39* τ 12   -22.36* 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 410347 19.86 -0.185 0.051 (-0.286,-0.085)     
b. Fixed Effects  ε 249146  12.66 -0.192 0.041 (-0.272,-0.112)     
          
c. Random Intercepts   AIC 13825 20.15 -0.192 0.041 (-0.272,-0.112) 150.01* τ2       90.15*   
d. Random Intercepts & Slopes 

 
AIC 13673 20.20 -0.193 0.079 (-0.349,-0.036) 132.01* τ 12   1096.01* τ 22   0.35* τ 12   -19.19* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-b: Cancer of Lung : regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-
effects models (a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes 
(d). 

 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 47211 8.31 -0.096 0.006 (-0.108, -0.083)     
b. Fixed Effects  ε 15644 6.83 -0.134 0.004 (-0.143, -0.126)     
          
c. Random Intercepts  AIC 14593 10.09 -0.133 0.004 (-0.142, -0.125) 5.14* τ2       10.69*   
d. Random Intercepts & Slopes AIC 13586 11.89 -0.173 0.018 (-0.208, -0.137) 3.45* τ 12   114.64* τ 22   0.03* τ 12   -1.89* 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 34978 9.84 -0.130 0.010 (-0.151, -0.110)     
b. Fixed Effects  ε 10888 7.89 -0.152 0.006 (-0.164, -0.140)     
          
c. Random Intercepts  AIC 11533 10.87 -0.151 0.006 (-0.163, -0.139) 4.45* τ2      9.75*   
d. Random Intercepts & Slopes AIC 10963 11.71 -0.169 0.017 (-0.203, -0.134) 3.36* τ 12   113.44* τ 22   0.03* τ 12   -1.84* 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 19545 9.99 -0.142 0.010 (-0.162, -0.121)     
b. Fixed Effects  ε 4607 7.45 -0.141 0.005 (-0.152, -0.131)     
          
c. Random Intercepts   AIC 7341 9.98 -0.141 0.005 (-0.152, -0.131) 2.59* τ2       7.97*   
d. Random Intercepts & Slopes 

 
AIC 6573 9.98 -0.141 0.017 (-0.174, -0.109) 1.57* τ 12   69.42* τ 22   0.019* τ 12   -1.129* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 



 

248 
 

A 6-c: Esophageal cancer : regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-
effects models (a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes 
(d). 

 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 152267 4.70 0.024 0,012 (0.001, 0.047)     
b. Fixed Effects  ε 98196 4.00 -0.015 0.011 (0.001, 0.007)     
          
c. Random Intercepts  AIC 19736 6.37 -0.012 0.011 (-0.033, 0.009) 33.31* τ2       18.06*   
d. Random Intercepts & Slopes AIC 19559 8.15 -0.052 0.023 (-0.099,-0.005) 30.45* τ 12   146.78* τ 22   0.04* τ 12   -2.40* 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 100425 8.06 -0.053 0.018 (-0.089,-0.016)     
b. Fixed Effects  ε 58006 6.25 -0.061 0.015 (-0.090,-0.032)     
          
c. Random Intercepts  AIC 15214  8.48 -0.060 0.015 (-0.089,-0.031) 24.67* τ2       16.75*   
d. Random Intercepts & Slopes AIC 15105  8.73 -0.066 0.022 (-0.109,-0.022) 23.26* τ 12   129.48* τ 22   0.030* τ 12   -1.95* 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 74133 8.02 -0.056 0.021 (-0.097,-0.014)     
b. Fixed Effects  ε 41501 5.96 -0.054 0.016 (-0.086,-0.023)     
          
c. Random Intercepts   AIC 11059 7.92 -0.054 0.016 (-0.086,-0.023) 24.03* τ2       17.06*   
d. Random Intercepts & Slopes 

 
AIC 10953 7.83 -0.052 0.026 (-0.104,-0.0001) 22.24* τ 12   132.53* τ 22   0.033* τ 12   -2.06* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-d: Cancer of oral cavity and pharynx : regression models in three scenarios (A, B & C) with varying number of registry-populations (N): 
fixed-effects models (a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 113) 
 

         

Fixed-Effects a ε 29837 5.16 - 0.028 0.005 (-0.038,-0.019)     
Fixed Effects b ε 13049 5.23 -0.048 0.004 (-0.056,-0.040)     

          
Random Intercepts c  AIC 13936 5.99 -0.047 0.004 (-0.054,-0.039) 4.31* τ2       5.15*   

Random Intercepts & Slopes d AIC 13451 6.88 -0.067 0.012 (-0.090,-0.042) 3.52* τ 12   46.58* τ 22   0.013* τ 12   -0.77* 
          
(B) 1983-2007 (N = 76-113) e          
          

Fixed-Effects a ε 25954 6.87 -0.067 0.008 (-0.083,-0.052)     
Fixed Effects b ε 11417 5.32 -0.075 0.006 (-0.086,-0.064)     

          
Random Intercepts c  AIC 12084 7.22 -0.074 0.006 (-0.085,-0.064) 4.39* τ2       5.05*   

Random Intercepts & Slopes d AIC 11603 7.44 -0.079 0.013 (-0.105,-0.053) 3.53* τ 12   55.44* τ 22   0.016* τ 12   -0.93* 
          
(C) 1983-2007 (N = 76) f          
          

Fixed-Effects a ε 20983 7.57 -0.084 0.009 (-0.102,-0.065)     
Fixed Effects b ε 9357 6.87 -0.087 0.006 (-0.100,-0.075)     

          
Random Intercepts c  AIC 9707 7.73 -0.087 0.006 (-0.099,-0.074) 4.51* τ2       5.16*   

Random Intercepts & Slopes d 
 

AIC 9264 7.80 -0.089 0.016 (-0.120,-0.057) 3.50* τ 12   65.22* τ 22   0.019* τ 12   -1.11* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better)
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A 6-e: Cancer of bladder: regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects models 
(a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 17710 4.06 0.016 0.004 (0.009, 0.024)     
b. Fixed Effects  ε 10247 4.01 -0.002 0.003 (-0.009, 0.005)     
          
c. Random Intercepts  AIC 13070 4.88 -0.001 0.003 (-0.008, 0.006) 3.39* τ2       2.56*   
d. Random Intercepts & Slopes AIC 13022 5.04 -0.005 0.006 (-0.173, 0.008) 3.23* τ 12   7.74* τ 22   0.002* τ 12   -0.109* 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 15761 4.83 -0.001 0.007 (-0.015, 0.013)     
b. Fixed Effects  ε 8980 4.41 -0.010 0.006 (-0.021, 0.001)     
          
c. Random Intercepts  AIC 10869 5.24 -0.009 0.006 (-0.020, 0.002) 3.69* τ2       2.57*   
d. Random Intercepts & Slopes AIC 10856 5.28 -0.101 0.007 (-0.024, 0.004) 3.59* τ 12   8.33* τ 22   0.002* τ 12   -0.114* 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 10637 5.09 -0.011 0.008 (-0.027, 0.004)     
b. Fixed Effects  ε  6047 4.47 -0.012 0.006 (-0.023, 0.001)     
          
c. Random Intercepts   AIC 7724 5.09 -0.012 0.006 (-0.023, 0.001) 3.41* τ2       2.35*   
d. Random Intercepts & Slopes 

 
AIC 7719 5.09 -0.012 0.007 (-0.025, 0.003) 3.36* τ 12   6.22* τ 22   0.001 τ 12   -0.068* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-f: Cancer of liver : regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects models (a 
and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & AIC βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 20908 2.51 0.002 0.004 (0.100, 0.027)     
b. Fixed Effects  ε 13980 2.38 0.010 0.004 (-0.001, 0.015)     
          
c. Random Intercepts  AIC 13968 2.99 0.01 0.004 (-0.0003, 0.015) 4.64* τ2       2.09*   
d. Random Intercepts & Slopes AIC 13928 3.24 0.02 0.006 (-0.001, 0.013) 4.54* τ 12   8.13* τ 22   0.001* τ 12   -0.10* 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 17277 3.73 -0.01 0.01 (-0.023, 0.006)     
b. Fixed Effects  ε 11654 2.88 -0.01 0.01 (-0.020, 0.005)     
          
c. Random Intercepts  AIC 11462 3.69 -0.01 0.01 (-0.020, 0.005) 4.80* τ2       1.96*   
d. Random Intercepts & Slopes AIC 11451  3.67 -0.01 0.01 (-0.021, 0.006) 4.80* τ 12   6.14* τ 22   0.0004 τ 12   -0.05* 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 13756 3.78 -0.008 0.01 (-0.026, 0.009)     
b. Fixed Effects  ε  9478 2.96 -0.009 0.01 (-0.024, 0.005)     
          
c. Random Intercepts   AIC 8473 3.83 -0.009 0.01 (-0.024, 0.005) 5.39* τ2       2.13*   
d. Random Intercepts & Slopes 

 
AIC 8469 3.83 -0.009 0.01 (-0.025, 0.006) 5.40* τ 12   5.74* τ 22   0.0003 τ 12   -0.04 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-g: Hodgkin lymphoma: regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects 
models (a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 5371 2.22 -0.015 0.002 (-0.019,-0.011)     
b. Fixed Effects  ε 4773 2.05 -0.019 0.002 (-0.024,-0.014)     
          
c. Random Intercepts  AIC 10273 2.35 -0.018 0.002 (-0.022,-0.013) 1.63* τ2       0.15*   
d. Random Intercepts & Slopes AIC 10257 2.47 -0.021 0.003 (-0.027,-0.014) 1.61* τ 12   1.05* τ 22   0.0003 τ 12   -0.02 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 4589 2.22 -0.023 0.004 (-0.031,-0.015)     
b. Fixed Effects  ε 4083 2.33 -0.025 0.004 (-0.033,-0.017)     
          
c. Random Intercepts  AIC 8470 2.63 -0.024 0.004    (-0.032,-0.017) 1.74* τ2       0.13*   
d. Random Intercepts & Slopes AIC 8445 2.63 -0.024 0.005 (-0.034,-0.014) 1.69* τ 12   2.73* τ 22   0.001* τ 12   -0.05* 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 3105 2.76 -0.028 0.004 (-0.036,-0.019)     
b. Fixed Effects  ε  2808 2.44 -0.028 0.004 (-0.036,-0.020)     
          
c. Random Intercepts   AIC 6085 2.76 -0.028 0.004 (-0.036,-0.019) 1.62* τ2       0.09*   
d. Random Intercepts & Slopes 

 
AIC 6046 2.74 -0.027 0.005 (-0.038,-0.016) 1.58* τ 12   2.62* τ 22   0.001* τ 12   -0.05* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose 
(lower is better)
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A 6-h: Cancer of Stomach : regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects 
models (a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 1417 2.09 0.004 0.001 (0.002, 0.006)     
b. Fixed Effects  ε 1113 2.25 0.003 0.001 (0.001, 0.005)     
          
c. Random Intercepts  AIC 6018 2.14 0.003 0.001 (0.001, 0.005) 0.37* τ2       0.01   
d. Random Intercepts & Slopes AIC 5999 2.16 0.002 0.001 (-0.001,0.005) 0.36* τ 12   0.10 τ 22   0.0001 τ 12   -0.002 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 1259 2.38 -0.003 0.002 (-0.01, 0.001)      
b. Fixed Effects  ε 979 2.43 -0.002 0.002 (-0.01, 0.002)     
          
c. Random Intercepts  AIC 5132 2.36 -0.002 0.002 (-0.01, 0.001) 0.40* τ2       0.09   
d. Random Intercepts & Slopes AIC 5121 2.36 -0.002 0.002 (-0.01, 0.002) 0.39* τ 12   0.09 τ 22   0.0001 τ 12   -0.002 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 1002 2.37 -0.002 0.002 (-0.01, 0.003)     
b. Fixed Effects  ε  798 2.43 -0.002 0.002 (-0.01, 0.002)     
          
c. Random Intercepts   AIC 3912 2.38 -0.002 0.002 (-0.01, 0.002) 0.45* τ2       0.09*   
d. Random Intercepts & Slopes 

 
AIC 3898 2.37 -0.002 0.003 (-0.01, 0.003) 0.44* τ 12   0.10 τ 22   0.001 τ 12   -0.003 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-i: Cancer of pancreas: regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects models 
(a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 1106 1.86 -0.01 0.001 (-0.010, -0.006)     
b. Fixed Effects  ε 915 1.72 -0.01 0.001 (-0.013, -0.009)     
          
c. Random Intercepts  AIC 5360 1.98 -0.01 0.001 (-0.012, -0.008) 0.30* τ2       0.05*   
d. Random Intercepts & Slopes AIC 5319 2.07 -0.01 0.002 (-0.016, -0.009) 0.29* τ 12   0.45* τ 22   0.0002* τ 12   -0.008* 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 823 1.99 -0.01 0.002 (-0.014, -0.008)     
b. Fixed Effects  ε 665 1.77 -0.01 0.002 (-0.015, -0.009)     
          
c. Random Intercepts  AIC 4118 2.01 -0.01 0.002 (-0.015, -0.009) 0.27* τ2       0.05*   
d. Random Intercepts & Slopes AIC 4098 2.06 -0.01 0.002 (-0.015, -0.009) 0.27* τ 12   0.40* τ 22   0.0001* τ 12   -0.006* 
          

(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 498 2.07 -0.013 0.002 (-0.016, -0.010)     
b. Fixed Effects  ε 384   1.79 -0.013 0.002 (-0.016, -0.010)     
          
c. Random Intercepts   AIC 2572  2.07 -0.013 0.002 (-0.016, -0.010) 0.22* τ2       0.05*   
d. Random Intercepts & Slopes 

 
AIC 2536  2.08 -0.013 0.002 (-0.017, -0.009) 0.21* τ 12   0.53* τ 22   0.0002* τ 12   -0.009* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-j: Cancer of bone: regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects models 
(a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 8129 1.42 0.006 0.003 (0.001, 0.012)     
b. Fixed Effects  ε 7550  1.31 0.001 0.003 (-0.006, 0.007)     
          
c. Random Intercepts  AIC 11271 1.51 0.004 0.003 (-0.002, 0.010) 2.72* τ2       0.075*   
d. Random Intercepts & Slopes AIC 11274 1.50 0.004 0.003 (-0.001, 0.010) 2.71* τ 12   0.067* τ 22   --- τ 12   --- 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 7633 1.83 -0.003 0.005 (-0.013, 0.008)     
b. Fixed Effects  ε 7063 1.58 -0.008 0.005 (-0.019, 0.003)     
          
c. Random Intercepts  AIC 9446 1.88 -0.004 0.005 (-0.014, 0.007) 3.18* τ2       0.064*   
d. Random Intercepts & Slopes AIC 9817  2.02 -0.007 0.010 (-0.027, 0.014) 3.13* τ 12   0.001 τ 22   0.009 τ 12   -0.0032 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 4567 1.85 -0.005 0.005 (-0.015, 0.006)     
b. Fixed Effects  ε 4339  1.46 -0.005 0.005 (-0.016, 0.005)     
          
c. Random Intercepts   AIC 6605  1.86 -0.005 0.005 (-0.015, 0.006) 2.62* τ2       0.015   
d. Random Intercepts & Slopes 

 
AIC 6607 1.85 -0.005 0.006 (-0.017, 0.007) 2.59* τ 12   0.624 τ 22   0.0004 τ 12   -0.016 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-k: Cancer of kidney: regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects models 
(a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 3760 1.85 0.007 0.002 (0.004, 0.011)     
b. Fixed Effects  ε 3288 1.99 0.002 0.002 (-0.002, 0.006)     
          
c. Random Intercepts  AIC 9329 2.03 0.003 0.002 (-0.002, 0.007) 1.08* τ2       0.12*   
d. Random Intercepts & Slopes AIC 9334 2.02 0.004 0.002 (-0.008, 0.007) 1.09* τ 12   0.17* τ 22   0.0001* τ 12   -0.003* 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 3263 1.88 0.006 0.003 (-0.008, 0.013)     
b. Fixed Effects  ε 2834 1.84 0.004 0.003 (-0.002, 0.010)     
          
c. Random Intercepts  AIC 7749 1.95 0.005 0.003 (-0.001, 0.011) 1.17* τ2       0.12*   
d. Random Intercepts & Slopes AIC 7820 1.89 0.006 0.003 (-0.0001, 0.122) 1.17* τ 12   ---- τ 22  ---- τ 12 ----   
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 1534 1.89 0.005 0.003 (-0.001, 0.010)     
b. Fixed Effects  ε  1351 1.82 0.005 0.003 (-0.001, 0.010)     
          
c. Random Intercepts   AIC 4827 1.89 0.004 0.003 (-0.001, 0.0101) 0.76* τ2       0.07*   
d. Random Intercepts & Slopes 

 
AIC 4825 1.89 0.005 0.003 (-0.002, 0.0112) 0.75* τ 12   0.39 τ 22   0.0002 τ 12   -0.009* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-l: Leukemia: regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects models (a and b); 
mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 954 1.62 -0.001 0.001 (-0.002, 0.001)     
b. Fixed Effects  ε 863 1.73 -0.002 0.001 (-0.004,-0.003)     
          
c. Random Intercepts  AIC 5111 1.66 -0.002 0.001 (-0.003,0.0002) 0.28* τ2       0.02*   
d. Random Intercepts & Slopes AIC 5112 1.68 -0.002 0.001 (-0.004,0.0001) 0.28* τ 12  0.05*    τ 22   0.00001 τ 12   -0.001 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 811 1.85 -0.0106 0.002 (-0009,-0.003)     
b. Fixed Effects  ε 727 1.85 -0.0106 0.002 (-0009,-0.003)     
          
c. Random Intercepts  AIC 4269 1.85 -0.0106 0.001 (-0009,-0.003) 0.29* τ2       0.02*   
d. Random Intercepts & Slopes AIC 4272 1.85 -0.0106 0.002 (-0009,-0.003) 0.29* τ 12   0.98 τ 22   0.00001 τ 12   -0.001 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 487 1.85 -0.0106 0.002 (-0009,-0.003)     
b. Fixed Effects  ε  435 1.85 -0.0106 0.002 (-0009,-0.003)     
          
c. Random Intercepts   AIC 2733 1.85 -0.0106 0.001 (-0009,-0.003) 0.25* τ2       0.25*   
d. Random Intercepts & Slopes 

 
AIC 2729 1.85 -0.0106 0.001 (-0009,-0.002) 0.24* τ 12   0.12* τ 22   0.00002 τ 12   -0.002 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-m: Non-Hodgkin lymphoma: regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects 
models (a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 1317 1.72 -0.004 0.001 (-0.006,-0.002)     
b. Fixed Effects  ε 1117 1.70 -0.006 0.001 (-0.008,-0.004)     
          
c. Random Intercepts  AIC 6004 1.79 -0.005 0.001 (-0.007,-0.003) 0.37* τ2       0.06*   
d. Random Intercepts & Slopes AIC 6008 1.79 -0.006 0.001 (-0.008,-0.003) 0.37* τ 12   0.07* τ 22   --- τ 12   ---- 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 1134 1.76 -0.005 0.002 (-0.008,-0.001)     
b. Fixed Effects  ε 950 1.81 -0.007 0.002 (-0.011,-0.003)     
          
c. Random Intercepts  AIC 5029 1.83 -0.006 0.002 (-0.009,-0.003) 0.39* τ2       0.06*   
d. Random Intercepts & Slopes AIC 5378 1.83 -0.006 0.005 (-0.015,0.003) 0.39* τ 12   --- τ 22   --- τ 12   --- 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 369 1.76 -0.006 0.001 (-0.009,-0.003)     
b. Fixed Effects  ε  315 1.76 -0.006 0.001 (-0.008,-0.003)     
          
c. Random Intercepts   AIC 2162 1.76 -0.006 0.001 (-0.008,-0.003) 0.18* τ2      0.02*   
d. Random Intercepts & Slopes 

 
AIC 2144 1.76 -0.006 0.001 (-0.009,-0.002) 0.17* τ 12   0.21 τ 22   0.0001 τ 12   -0.003* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-n: Multiple myeloma: regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects models 
(a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 2312 1.48 0.002 0.001 (-0.001,0.005)     
b. Fixed Effects  ε 2127  0.001 0.002 (-0.002,0.004)     
          
c. Random Intercepts  AIC 7867 1.49 0.001 0.002 (-0.002,0.004) 0.71* τ2       0.04*   
d. Random Intercepts & Slopes AIC 7872  1.49 0.002 0.002 (-0.002,0.005) 0.71* τ 12   0.13* τ 22   0.00003 τ 12   -0.002 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 1845 1.48 0.002 0.002 (-0.003,0.006)     
b. Fixed Effects  ε 1673 1.61 0.001 0.002 (-0.004,0.005)     
          
c. Random Intercepts  AIC 6336 1.51 0.001 0.002 (-0.004,0.006) 0.69* τ2       0.04*   
d. Random Intercepts & Slopes AIC  1.53 0.001 0.003 (-0.005,0.007) 0.69* τ 12   0.001* τ 22   0.002 τ 12   0.001 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 856 1.51 0.001 0.002 (-0.004,0.005)     
b. Fixed Effects  ε  796 1.61 0.001 0.002 (-0.004,0.005)     
          
c. Random Intercepts   AIC  1.52 0.001 0.002 (-0.004,0.005) 0.45* τ2       0.014   
d. Random Intercepts & Slopes 

 
AIC  1.52 0.004 0.002 (-0.004,0.005) 0.45* τ 12   0.23 τ 22   0.0001 τ 12   -0.004 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-o: Cancer of rectum and anus : regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects 
models (a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 672 1.43 0.006 0.001 (0.004, 0.007)     
b. Fixed Effects  ε 505 1.32 0.005 0.001 (0.003, 0.006)     
          
c. Random Intercepts  AIC 3550 1.47 0.005 0.001 (0.004, 0.007) 0.16* τ2       0.05*   
d. Random Intercepts & Slopes AIC 3519  1.47 0.005 0.001 (0.003, 0.006) 0.16* τ 12   0.11* τ 22   0.00002* τ 12   -0.002* 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 579 1.52 0.004 0.001 (0.001, 0.006)     
b. Fixed Effects  ε 418 1.35 0.004 0.001 (0.002, 0.007)     
          
c. Random Intercepts  AIC 2987 1.51 0.004 0.001 (0.002, 0.007) 0.17* τ2       0.06*   
d. Random Intercepts & Slopes AIC 2988 1.51 0.004 0.001 (0.001, 0.007) 0.17* τ 12   0.01* τ 22   0.00003* τ 12   -0.001* 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 359 1.53 0.004 0.001 (0.001, 0.007)     
b. Fixed Effects  ε  253 1.36 0.004 0.001 (0.002, 0.006)     
          
c. Random Intercepts   AIC 1823 1.53 0.004 0.001 (0.001, 0.006) 0.14* τ2       0.05*   
d. Random Intercepts & Slopes 

 
AIC 1817  1.53 0.004 0.002 (0.001, 0.007) 0.14* τ 12   0.16* τ 22   0.001* τ 12   -0.003* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 



 

261 
 

A 6-p: Cancer of brain: regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects models (a 
and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 3202 1.43 0.002 0.002 (-0.001,0.005)     
b. Fixed Effects  ε 2940 1.50 -0.001 0.002 (-0.001,0.003)     
          
c. Random Intercepts  AIC 8932 1.51 0.0001 0.0018 (0.956,-0.003) 0.97* τ2       0.52*   
d. Random Intercepts & Slopes AIC 8678 1.34 0.0040 0.0055 (-0.007,0.0149) 0.85* τ 12   4.44* τ 22   0.003* τ 12   -0.115* 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 2961 1.41 0.002 0.003 (-0.004,0.008)     
b. Fixed Effects  ε 2713 1.39 0.002 0.003 (-0.004,0.008)     
          
c. Random Intercepts  AIC 7584 1.43 0.002 0.003 (-0.004,0.008) 1.12* τ2       0.05*   
d. Random Intercepts & Slopes AIC 7355 1.39 0.003 0.006 (-0.009,0.014) 0.97* τ 12   4.83* τ 22   0.003* τ 12   -0.124* 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 980 1.65 -0.004 0.002 (-0.008,0.001)     
b. Fixed Effects  ε  905 1.62 -0.004 0.002 (-0.008,0.001)     
          
c. Random Intercepts   AIC 4055 1.65 -0.004 0.002 (-0.008,0.0001) 0.51* τ2       0.51*   
d. Random Intercepts & Slopes 

 
AIC 4055 1.65 -0.004 0.002 (-0.008,0.0011) 0.51* τ 12   0.17* τ 22   0.00003* τ 12   -0.002* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-q: Cancer of Eye: regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects models (a 
and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 6592 1.23 0.008 0.003 (0.001,0.012)     
b. Fixed Effects  ε 5993 1.09 0.007 0.003 (0.0001,0.012)     
          
c. Random Intercepts  AIC 9934 1.31 0.008 0.003 (-0.0001,0.0114) 2.36* τ2       0.13*   
d. Random Intercepts & Slopes AIC 9921 1.26 0.008 0.004 (-0.0004,0.0137) 2.32* τ 12   0.29 τ 22   0.0004* τ 12   -0.010 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 5816 1.23 0.008 0.005 (-0.002, 0.018)     
b. Fixed Effects  ε 5218 0.89 0.011 0.005 (-0.001, 0.021)     
          
c. Random Intercepts  AIC 8204 1.14 0.009 0.005 (-0.0005, 0.0193) 2.58* τ2       0.14*   
d. Random Intercepts & Slopes AIC 8231 1.18 0.008 0.005 (-0.0025, 0.0189) 2.55* τ 12   0.29 τ 22   0.0007 τ 12   -0.009 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 3982 1.16 0.010 0.005 (0.000, 0.021)     
b. Fixed Effects  ε  3603 0.94 0.010 0.005 (0.002, 0.021)     
          
c. Random Intercepts   AIC 5986  1.15 0.010 0.005 (-0.0003, 0.2076) 2.37* τ2       0.12*   
d. Random Intercepts & Slopes 

 
AIC 5978 1.20 0.009 0.006 (-0.0003, 0.0214) 2.33* τ 12   0.57 τ 22   0.0007 τ 12   -0203 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-r: Cancer of colon : regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects models (a 
and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 340 1.00 0.008 0.001 (0.007, 0.009)     
b. Fixed Effects  ε 256 1.00 0.007 0.001 (0.006, 0.008)     
          
c. Random Intercepts  AIC 1399 1.05 0.007 0.005 (0.005, 0.008) 0.084* τ2       0.03*   
d. Random Intercepts & Slopes AIC 1342 1.06 0.007 0.001 (0.004, 0.009) 0.079* τ 12   0.16* τ 22   0.0001 τ 12   -0.003 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 297 1.16 0.004 0.001 (0.002, 0.006)     
b. Fixed Effects  ε 216 1.10 0.004 0.001 (0.002, 0.006)     
          
c. Random Intercepts  AIC 1305 1.17 0.041 0.009 (0.002, 0.006) 0.088* τ2       0.03*   
d. Random Intercepts & Slopes AIC 1231 1.15 0.005 0.001 (0.002, 0.007) 0.082* τ 12   0.29* τ 22   0.0001 τ 12   -0.006* 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 202 1.21 0.003 0.001 (0.001, 0.005)     
b. Fixed Effects  ε  151 1.14 0.003 0.001 (0.001, 0.005)     
          
c. Random Intercepts   AIC 853 1.21 0.003 0.001 (0.001, 0.005) 0.09* τ2       0.02*   
d. Random Intercepts & Slopes 

 
AIC 773  1.21 0.003 0.002 (-0.0002, 0.006) 0.08* τ 12   0.31* τ 22   0.0001* τ 12   -0.007* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-s: Cancer of skin (melanoma): regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects 
models (a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 1914 0.87 0.005 0.001 (0.003, 0.008)     
b. Fixed Effects  ε 1571 0.97 0.005 0.001 (0.002, 0.007)     
          
c. Random Intercepts  AIC 6946 0.89 0.005 0.001 (0.002, 0.007) 0.54* τ2       0.09*   
d. Random Intercepts & Slopes AIC 6917 0.94 0.004 0.002 (-0.001, 0.009) 0.52* τ 12   1.05* τ 22   0.0003* τ 12   -0.018* 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 1712 0.95 0.004 0.002 (-0.001, 0.008)     
b. Fixed Effects  ε 1409 1.01 0.004 0.002 (-0.001, 0.008)     
          
c. Random Intercepts  AIC 5920 0.94 0.004 0.002 (-0.001, 0.008) 0.59* τ2       0.09*   
d. Random Intercepts & Slopes AIC 5884 0.96 0.003 0.003 (-0.003, 0.009) 0.57* τ 12   1.52* τ 22   0.001* τ 12   -0.027* 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 1187 0.91 0.005 0.003 (0.001, 0.011)     
b. Fixed Effects  ε 958 0.96 0.005 0.002 (0.001, 0.010)     
          
c. Random Intercepts   AIC 4189 0.92 0.005 0.002 (0.0003, 0.001) 0.55* τ2       0.11*   
d. Random Intercepts & Slopes 

 
AIC 4166 0.92 0.005 0.003 (-0.002, 0.012) 0.53* τ 12   1.14* τ 22   0.0004* τ 12   -0.022* 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-t: Cancer of gallbladder : regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects 
models (a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 1382 0.58 0.10 0.001 (0.008, 0.012)     
b. Fixed Effects  ε 1173 0.65 0.01 0.001 (0.006, 0.011)     
          
c. Random Intercepts  AIC 6107 0.62 0.01 0.001 (0.006, 0.011) 0.39* τ2       0.06*   
d. Random Intercepts & Slopes AIC 6101 0.64 0.01 0.001 (0.005, 0.011) 0.38* τ 12   0.17* τ 22   0.0001* τ 12   -0.003* 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 1229 0.61 0.01 0.002 (0.005, 0.013)     
b. Fixed Effects  ε 1043 0.65 0.01 0.002 (0.006, 0.013)     
          
c. Random Intercepts  AIC 5217 0.59 0.01 0.002 (0.006, 0.013) 0.43* τ2       0.05*   
d. Random Intercepts & Slopes AIC 5220 0.59 0.01 0.002 0.001, 0.013) 0.43* τ 12   0.09 τ 22   0.0001 τ 12   -0.001 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 788 0.64 0.01 0.002 (0.004, 0.013)     
b. Fixed Effects  ε  678 0.71 0.01 0.002 (0.004, 0.012)     
          
c. Random Intercepts   AIC 3566 0.64 0.01 0.002 (0.004, 0.012) 0.38* τ2       0.04*   
d. Random Intercepts & Slopes 

 
AIC 3569 0.65 0.01 0.002 (0.004, 0.012) 0.38* τ 12   0.16 τ 22   0.00004 τ 12   -0.002 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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A 6-u: Cancer of thyroid: regression models in three scenarios (A, B & C) with varying number of registry-populations (N): fixed-effects models 
(a and b); mixed effects model with random intercepts (c); and mixed effects model with random intercepts and slopes (d). 

Models Errors & 
AIC 

βο β1 SE β1 (95% CI) intra- regional 
variance δ2 (Ɛij)  

inter-regional 
variance  τ2 or τ 12 

Variation in 
slopes  τ 22 

Cov (u1i , u2j)  
τ 12 

(A) 1953-2007 ( N= 3 to 113)† 
 

         

a. Fixed-Effects  ε 189 0.51 -0.003 0.0001 (-0.004,-0.002)     
b. Fixed Effects  ε 172 0.49 -0.003 0.0001 (-0.004,-0.003)     
          
c. Random Intercepts  AIC 17 0.52 -0.003 0.0004 (-0.004,-0.003) 0.06* τ2       0.004*   
d. Random Intercepts & Slopes AIC 18 0.53 -0.003 0.0005 (-0.005,-0.003) 0.06* τ 12   0.11* τ 22   0.000003 τ 12   -0.0002 
          
(B) 1983-2007 (N = 76 to 113) †          
          
a. Fixed-Effects  ε 122 0.52 -0.003 0.0001 (-0.004,-0.002)     
b. Fixed Effects  ε 105 0.50 -0.004 0.0001 (-0.004,-0.003)     
          
c. Random Intercepts  AIC 622 0.53 -0.004 0.0001 (-0.004,-0.003) 0.04* τ2       0.005*   
d. Random Intercepts & Slopes AIC 625 0.54 -0.004 0.0001 (-0.005,-0.002) 0.04* τ 12   0.03* τ 22   0.00001 τ 12   -0005 
          
(C) 1983-2007 (N = 76) ‡          
          
a. Fixed-Effects  ε 73 0.51 -0.004 0.0001 (-0.005,-0.003)     
b. Fixed Effects  ε  64 0.51 -0.004 0.0001 (-0.005,-0.003)     
          
c. Random Intercepts   AIC 881 0.54 -0.004 0.0001 (-0.005,-0.003) 0.04* τ2       0.004*   
d. Random Intercepts & Slopes 

 
AIC 904 0.54 -0.004 0.0001 (-0.005,-0.003) 0.03* τ 12   0.03* τ 22   -0.001 τ 12   -00001 

a. Sex ratio i = βο + β1 (Time) + Ɛi       Ɛi ~ N (0, δ2)  * p value < 0.005 
b. Sex ratio i = βο + β1 (Time) + β2 (country1) +  β3 (country2) ….. +  βn (country n)  + Ɛi   Ɛi ~ N (0, δ2) 
c. Sex ratio ij = βο + β1 (Time) + Ɛij + uj        Ɛij ~ N (0, δ2);   uj ~ N (0, τ2) for country j 
d. Sex ratio ij = βο + β1 (Time) + Ɛij + u1j  + u2j Time       Ɛij ~ N (0, δ2); u1j ~ N (0, τ12) for country j; u2j ~ N (0, τ 22) for country j; Cov (u1i , u2j) = τ 12  

† Unbalanced data (No. of countries different in different year) ‡ Balanced data (No. of countries same in each year)  AIC gives an indication of which model to choose (lower is better) 
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Appendix 7:  Plots of worldwide SR magnitude (mean predicted values) form 1983-2007 for 11 
types of cancers (A 7-a to A 7-h) 

 
 Basic notations are used in the explanation of the graphs e.g., δ2 for intra-regional 

variations and τ 12 for between regional variations. 
 Formal notations for intra and inter-regional variations are explained in appendix 2. 
 Observations on the trajectories over time are explained below the figures (A 7-a to A7-

h) 
 Intra- and inter- regional variations, variation in trajectories (slopes) and covariance of 

slopes in appendix 6 can be visually absorbed from the graphs in appendix 7.  
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A 7-a Esophageal cancer: mean predicted value of sex ratios plotted against time 1983-2007 

 

 

 

RI & RS model based on 76 cancer registries δ2  (22.24) < τ 12 (132.53). 

Cancer of esophagus showed similar pattern as cancer of larynx (page--) i.e., the baseline 
SR on average was among the highest i.e., 7.83 with average annual decrease of 0.052 
(Table 8-14). After cancer of larynx, within- and between- variation of the registries was 
highest (within δ2= 22.24, and between τ 12 = 132.53). The steepest declines in 25 years was 
seen in Tarragona (Spain), St. Gall Appenzell (Switzerland), Doubs and Somme in France. 
The lowest SR on average was again observed in Singapore, however the trajectory showed 
an increasing trend. The covariance between the trajectories was also significant (Appendix 
6: A 6-c). The covariance of trajectories is also evident from Figure, where the registries 
with highest baseline SR have steepest declines in 25 years. 
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A 7-b Lung cancer: mean predicted value of sex ratios plotted against time 1983-2007 

 

RI & RS model based on 76 cancer registries where δ2  (1.57) < τ 12 (69.42). 

After cancer of larynx, lung cancer showed the highest baseline SR of almost 10 in RI & RS 
model in 1983. Table 8-14 shows that the average annual rate of decrease of lung cancer 
from 1983 to 2007 was 0.141 and this was a significant decrease (-0.174, -0.109). The figure 
above shows some of the registries with their baseline SR on average, and variations in their 
trajectories. It is interesting to observe from both table 7-14 and figure above, that compared 
to cancers of larynx and esophagus, lung cancers shows a very little within-registry variance 
(within- variance:  δ2 (Ɛij) = 1.57, compared to between- variance: τ 12 = 69.42). For both 
cancers of larynx and esophagus, the within- component of trajectories was very high while 
it was still much lower than between- variations of SR (Table 7-14). Significant covariance 
of trajectories was also observed [Cov (u1i , u2j) τ 12 = -1.13]. 
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A 7-c Liver cancer: mean predicted value of sex ratios plotted against time 1983-2007. 

 

RI & RS model based on 76 cancer registries where δ2  (5.4) < τ 12 (5.7). 

Among cancers that show within-registry population variance that is close to between- 
component (but still lower) are cancers of pancreas and liver. In liver cancer, this difference 
is very small (Table 8-14: 5.40 vs 5.74). The analysis of liver cancer also shows that 
although there was a decrease in the average annual rate of SR, this reduction did not show 
any significant relationship with passage of time from 1983 to 2007 (β1 = -0.009: 95% CI: -
0.025, 0.006). Figure above shows that the trajectories of lung cancer did not vary 
significantly (Table 7-14) and that there is very little covariance between these trajectories. 
The β0 shows that for liver cancer SR on average at baseline was 5.09, i.e., it is a highly 
male dominant cancer and the trend is consistent across all registries   



 

271 
 

A 7-d Hodgkin’s lymphoma: mean predicted value of sex ratios plotted against time 1983-2007.  

 

RI & RS model based on 76 cancer registries where  δ2  (1.57) < τ 12 (2.62). 

Among other cancers that showed somewhat similar pattern of differences in within- and 
between- variances of registries for SR, are cancers of bladder, colon and Hodgkin’s 
lymphoma. The baseline SR on average for Hodgkin’s lymphoma was 2.74 and average 
annual rate of decrease i.e., β1 was – 0.027 (95% CI: -0.038, -0.017). The intercepts, β0, and 
trajectories negatively and significantly covaried [Cov (u1i , u2j) τ 12 = -0.05]. For Hodgkin’s 
lymphoma, the highest baseline SR was from Neuchatel, Switzerland followed by Cali 
(Colombia), Manila (Philippines) and Chiang Mai in Thailand. One of the lowest baseline 
SR was found in Utah, US, and was fairly stable throughout the years.  
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A 7-e NHLymphoma: mean predicted value of sex ratios plotted against time 1983-2007. 

 

RI & RS model based on 76 cancer registries where δ2  (0.17) ≈ τ 12 (0.21). 

Non-Hodgkin’s lymphoma is one of the few cancers along with cancers of thyroid and 
rectum and anus that showed same within- and between- registry variances of SR. The 
baseline SR on average for Non-Hodgkin’s lymphoma was 1.76, a relatively male dominant 
but seems to affect females to more or less same extent. The average annual rate of decrease 
i.e., β1 was – 0.006 (95% CI: -0.009, -0.002). The intercepts, β0, and trajectories negatively 
and significantly covaried [τ 12 = -0.05]. The highest baseline SR was observed in Iceland 
whereas lowest was observed in Israel. 
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A 7-f Thyroid cancer: mean predicted value of sex ratios plotted against time 1983-2007: 

 

RI & RS model based on 76 cancer registries where δ2  (0.04) ≈  τ 12 (0.03). 

Thyroid cancer is highly female dominant cancer as evident from baseline SR of 0.54 and has 
remained consistently female dominant. It is also one of the few cancers that showed same 
within- and between- registry variances of SR. The average annual rate of decrease i.e., β1 was – 
0.004 (95% CI: -0.005, -0.003). The intercepts, β0, and trajectories negatively and significantly 
covaried [τ 12 = -0.0005]. The highest baseline SR in 1983 on average was observed in Iceland 
whereas lowest was observed in Miyagi in Japan. 
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A 7-g Gallbladder cancer: mean predicted value of sex ratios plotted against time 1983-2007. 

 

RI & RS model based on 76 cancer registries where δ2  (0.38) > τ 12 (0.16). 

After thyroid, cancer of gallbladder also remained a female dominant cancer, i.e., it showed 
consistent lowest SR throughout 25 year period. This type of cancer shows within- registry 
variance that is slightly more than between- registry variance of SR. On average, the baseline SR 
is 0.65 and the average annual rate of decrease is -0.004. The intercepts, β0, and trajectories 
negatively and significantly covaried [τ 12 = -0.002]. The highest baseline SR in 1983 on average 
was observed in Switzerland and lowest was observed in Costa Rica. 
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A 7-h Leukemia: mean predicted value of sex ratios plotted against time 1983-2007. 

 

RI & RS model based on 76 cancer registries where δ2  (0.24) > τ 12 (0.12). 

Leukemia is considered to be the most stable cancer in terms of incidence rates throughout the 
world, in particular among children (ref). On average, the baseline SR is 1.85 in our study. The 
average annual rate of decrease is -0.006 (95% CI: -0.009, -0.002). Leukemia has also one the 
lowest difference in within- and between- registry variations as seen in Table 8-14 (within- is 
slightly more than between: 0.24 vs. 0.12). The highest baseline SR in 1983 on average was 
observed in Neuchatel, Switzerland and lowest was observed in Chiang Mai in Thailand. 
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A 7-i Brain cancer: mean predicted value of sex ratios plotted against time 1983-2007. 

 

RI & RS model based on 76 cancer registries where δ2  (0.17) > τ 12 (0.16). 

Brain cancer is one of the rare cancer that shows a higher within-registry variations compared 
to between- registry variations (Table 8-14). The average SR on baseline year of 1983 is 1.65 
and somewhat belongs to an intermediate category of SR i.e., neither very highly male 
dominant nor has very low SR. The average annual rate of decrease is 0.004 (7-14). Tran, 
France shows one of the steepest reduction in average annual rate of SR from the baseline 
value of SR in 1983. Registries from Denmark and Thailand show the lowest baseline SR 
and show a slight increase in average rate of change. 
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A 7-j Stomach cancer: mean predicted value of sex ratios plotted against time 1983-2007. 

 

RI & RS model based on 76 cancer registries where δ2  (0.44) > τ 12 (0.10). 

Although Stomach has a high incidence and the SR on average at baseline is also high (β0 = 
2.74), it is distinct in the sense that the difference between within- and between- registry variance 
is somewhat similar to brain and gallbladder cancer. The average annual rate of decrease is -
0.002 that is not significant (95% CI: -0.007, 0.003). The intercepts, β0, and trajectories did not 
show any covarance. The highest baseline SR in 1983 on average was observed in Switzerland 
and among the lowest were regions belonging to registries from India, Philippines and Thailand. 
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A 7-h Eye cancer: mean predicted value of sex ratios plotted against time 1983-2007. 

 

RI & RS model based on 76 cancer registries where δ2  (2.33) > τ 12 (0.57). 

Cancer of eye is one of the rarest cancers in our analysis. It is one of those cancers where 
within-registry variation is notably higher than between-registry variation. The SR on 
average seems to be relatively small indicating that the incidence rates of this cancer is 
relatively same in both males and females. This type of cancer is also one of those where the 
average annual rate of SR is increasing however statistically is non-significant (Table 8-14).  
Cancer of eye also shows that populations with lowest SR have the steepest increase in 
average annual rate, e.g., Switzerland, Nova Scotia in Canada, and Costa Rica. 
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Appendix 8: SPSS syntax for categories of sex ratio magnitude (SRm), sex ratio variation (SRv) and 
Incidence (Im) 

Quartiles of SRm (MeanSR), SRv (VarianceSR) and Im (Mean_ASR_MF) and division into 3 equal parts  

FREQUENCIES VARIABLES=MeanSR  VarianceSR Mean_ASR_MF 
  /NTILES=4 
  /NTILES=3 
  /ORDER=ANALYSIS. 
 
Selection of cut-off values in 2003-07 (CI5 Vol X): 3 equal categories [for low (0), medium (1) and high (2)] 

 
RECODE MeanSR (0.329 thru 1.435=0) (1.440 thru 2.148=1) (ELSE=2) INTO SRm_cat. 
VARIABLE LABELS  SRm_cat 'SRm_cat'. 
EXECUTE. 
 
RECODE VarianceSR (0.014 thru 0.173=0) (0.174 thru 1.549=1) (ELSE=2) INTO SRv_cat. 
VARIABLE LABELS  SRm_cat 'SRm_cat'. 
EXECUTE. 
 
RECODE Mean_ASR_MF (0.208 thru 1.628=0) (1.685 thru 6.516=1) (ELSE=2) INTO Im_cat. 
VARIABLE LABELS  SRm_cat 'SRm_cat'. 
EXECUTE. 
 
Selection of cut-off values in 1988-93 (CI5 Vol VII): 3 equal categories [for low (0), medium (1) and high (2)] 

 
RECODE MeanSR (0.376 thru 1.493=0) (1.500 thru 2.230=1) (2.570 thru 15.300=2) INTO SRm_cat. 
VARIABLE LABELS  SRm_cat 'SRm_cat'. 
EXECUTE. 
 
RECODE VarianceSR (Lowest thru 0.300=0) (0.310 thru 1.240=1) (ELSE=2) INTO SRv_cat. 
VARIABLE LABELS  SRv_cat 'SRv_cat'. 
EXECUTE. 
 
RECODE Mean_ASR_MF (Lowest thru 1.900=0) (1.950 thru 5.900=1) (ELSE=2) INTO Im_cat. 
VARIABLE LABELS  SRm_cat 'SRm_cat'. 
EXECUTE. 
 
Selection of cut-off values in 1973-77 (CI5 Vol IV): 3 equal categories [for low (0), medium (1) and high (2)] 

 
RECODE MeanSR (0.425 thru 1.500=0) (1.511 thru 2.030=1) (ELSE=2) INTO SRm_cat. 
VARIABLE LABELS  SRm_cat 'SRm_cat'. 
EXECUTE. 
 
RECODE VarianceSR (Lowest thru 0.380=0) (0.390 thru 1.360=1) (ELSE=2) INTO SRv_cat. 
VARIABLE LABELS  SRv_cat 'SRv_cat'. 
EXECUTE. 
 
RECODE Mean_ASR_MF (0.440 thru 2.105=0) (2.110 thru 4.450=1) (ELSE=2) INTO Im_cat. 
VARIABLE LABELS  SRm_cat 'SRm_cat'. 
EXECUTE.
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Appendix 9: Distribution of data for selected 
group of cancers showing log transformations 
(on right-side) 
 
Tongue (Untransformed) 

 
Esophagus (Untransformed) 

 
Stomach (Untransformed) 

 
 
 
 
 

 
 
 
 
Tongue (Log transformed) 

 
Esophagus (Log transformed) 

 
 
Stomach (Log transformed) 
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Colon (Untransformed) 

 
 
Gallbladder (Untransformed) 

 
 
Liver(Untransformed) 

 
 
 
 
 
 
 
 

 
 
Colon (Log transformed) 

 
Gallbladder (Log transformed) 

 
 
Liver (Log transformed) 
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SPSS syntaxes for mixed effect regression models 

File name: Syntax_MEM_for all cancers.sps 
 
To select larynx, delete all other cancers with syntax below 
 
FILTER OFF. 
USE ALL. 
SELECT IF (Cancercode = 1). 
EXECUTE. 
 
A new file Larynx_rough.sav is made with 3158 rows.  
 
ANALYSIS OF 1953-2007  
 
FIXED EFFECT MODEL 1953-2007 with only time (YEARCODE) as predictor 
 
UNIANOVA SR WITH Yearcode 
  /METHOD=SSTYPE(3) 
  /INTERCEPT=INCLUDE 
  /PRINT=PARAMETER 
  /CRITERIA=ALPHA(.05) 
  /DESIGN=Yearcode. 
 
GRAPH FOR FIXED EFFECT MODEL 1953-2007 (scatterplot: x-axis-yearcode, y-axis-SR, set-color-Registry) 
 
* Chart Builder. 
GGRAPH 
  /GRAPHDATASET NAME="graphdataset" VARIABLES=Yearcode SR Registry MISSING=LISTWISE 
REPORTMISSING=NO     
  /GRAPHSPEC SOURCE=INLINE. 
BEGIN GPL 
  SOURCE: s=userSource(id("graphdataset")) 
  DATA: Yearcode=col(source(s), name("Yearcode")) 
  DATA: SR=col(source(s), name("SR")) 
  DATA: Registry=col(source(s), name("Registry"), unit.category()) 
  GUIDE: axis(dim(1), label("Year code")) 
  GUIDE: axis(dim(2), label("Sex Ratio")) 
  GUIDE: legend(aesthetic(aesthetic.color.exterior), label("Registry")) 
  SCALE: cat(aesthetic(aesthetic.color.exterior), include("0", "1", "2", "3", "4", "5", "6",  
    "7", "8", "9", "10", "11" 
, "12", "13", "14", "15", "16", "17", "18", "19", "20", "21", "22", "23", "24", "25" 
, "26", "27", "28", "29", "30", "31", "32", "33", "34", "35", "36", "37", "38", "39" 
, "40", "41", "42", "43", "44", "45", "46", "47", "48", "49", "50", "51", "52", "53" 
, "54", "55", "56", "57", "58", "59", "60", "61", "62", "63", "64", "65", "66", "67" 
, "68", "69", "70", "71", "72", "73", "74", "75", "76", "77", "78", "79", "80", "81" 
, "82", "83", "84", "85", "86", "87", "88", "89", "90", "91", "92", "93", "94", "95" 
, "96", "97", "98", "99", "100", "101", "102", "103", "104", "105", "106", "107", "108" 
, "109", "110", "111", "112")) 
  ELEMENT: point(position(Yearcode*SR), color.exterior(Registry)) 
END GPL. 
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FIXED EFFECT MODEL 1953-2007 with time (YEARCODE) as predictor and REGISTRY as covariate 
 
UNIANOVA SR BY Registry WITH Yearcode 
  /METHOD=SSTYPE(3) 
  /INTERCEPT=INCLUDE 
  /PRINT=PARAMETER 
  /CRITERIA=ALPHA(.05) 
  /DESIGN=Yearcode Registry. 
 
RANDOM INTERCEPT MODEL 1953-2007 
 
MIXED SR WITH Yearcode 
  /CRITERIA=CIN(95) MXITER(100) MXSTEP(10) SCORING(1) SINGULAR(0.000000000001) HCONVERGE(0,  
    ABSOLUTE) LCONVERGE(0, ABSOLUTE) PCONVERGE(0.000001, ABSOLUTE) 
  /FIXED=Yearcode | SSTYPE(3) 
  /METHOD=ML 
  /PRINT=SOLUTION TESTCOV 
  /RANDOM=INTERCEPT | SUBJECT(Registry) COVTYPE(VC) 
  /SAVE=PRED. 
 
GRAPH FOR RANDOM INTERCEPT MODEL 1953-2007 
 
GGRAPH 
  /GRAPHDATASET NAME="graphdataset" VARIABLES=Yearcode MEAN(PRED_1)[name="MEAN_PRED_1"] Registry  
    MISSING=LISTWISE REPORTMISSING=NO 
  /GRAPHSPEC SOURCE=INLINE. 
BEGIN GPL 
  SOURCE: s=userSource(id("graphdataset")) 
  DATA: Yearcode=col(source(s), name("Yearcode")) 
  DATA: MEAN_PRED_1=col(source(s), name("MEAN_PRED_1")) 
  DATA: Registry=col(source(s), name("Registry"), unit.category()) 
  GUIDE: axis(dim(1), label("Year code")) 
  GUIDE: axis(dim(2), label("Mean Predicted Values")) 
  GUIDE: legend(aesthetic(aesthetic.color.interior), label("Registry")) 
  SCALE: cat(aesthetic(aesthetic.color.interior), include("0", "1", "2", "3", "4", "5", "6",  
    "7", "8", "9", "10", "11" 
, "12", "13", "14", "15", "16", "17", "18", "19", "20", "21", "22", "23", "24", "25" 
, "26", "27", "28", "29", "30", "31", "32", "33", "34", "35", "36", "37", "38", "39" 
, "40", "41", "42", "43", "44", "45", "46", "47", "48", "49", "50", "51", "52", "53" 
, "54", "55", "56", "57", "58", "59", "60", "61", "62", "63", "64", "65", "66", "67" 
, "68", "69", "70", "71", "72", "73", "74", "75", "76", "77", "78", "79", "80", "81" 
, "82", "83", "84", "85", "86", "87", "88", "89", "90", "91", "92", "93", "94", "95" 
, "96", "97", "98", "99", "100", "101", "102", "103", "104", "105", "106", "107", "108" 
, "109", "110", "111", "112")) 
  ELEMENT: line(position(Yearcode*MEAN_PRED_1), color.interior(Registry), missing.wings()) 
END GPL. 
 
RANDOM INTERCEPT AND SLOPE MODEL 1953-2007 
 
MIXED SR WITH Yearcode 
  /CRITERIA=CIN(95) MXITER(100) MXSTEP(10) SCORING(1) SINGULAR(0.000000000001) HCONVERGE(0,  
    ABSOLUTE) LCONVERGE(0, ABSOLUTE) PCONVERGE(0.000001, ABSOLUTE) 
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  /FIXED=Yearcode | SSTYPE(3) 
  /METHOD=ML 
  /PRINT=SOLUTION TESTCOV 
  /RANDOM=INTERCEPT Yearcode | SUBJECT(Registry) COVTYPE(UN) 
  /SAVE=PRED. 
 
GRAPH FOR RANDOM INTERCEPT AND SLOPE MODEL 1953-2007 
 
GGRAPH 
  /GRAPHDATASET NAME="graphdataset" VARIABLES=Yearcode MEAN(PRED_2)[name="MEAN_PRED_2"] Registry  
    MISSING=LISTWISE REPORTMISSING=NO 
  /GRAPHSPEC SOURCE=INLINE. 
BEGIN GPL 
  SOURCE: s=userSource(id("graphdataset")) 
  DATA: Yearcode=col(source(s), name("Yearcode")) 
  DATA: MEAN_PRED_2=col(source(s), name("MEAN_PRED_2")) 
  DATA: Registry=col(source(s), name("Registry"), unit.category()) 
  GUIDE: axis(dim(1), label("Year code")) 
  GUIDE: axis(dim(2), label("Mean Predicted Values")) 
  GUIDE: legend(aesthetic(aesthetic.color.interior), label("Registry")) 
  SCALE: cat(aesthetic(aesthetic.color.interior), include("0", "1", "2", "3", "4", "5", "6",  
    "7", "8", "9", "10", "11" 
, "12", "13", "14", "15", "16", "17", "18", "19", "20", "21", "22", "23", "24", "25" 
, "26", "27", "28", "29", "30", "31", "32", "33", "34", "35", "36", "37", "38", "39" 
, "40", "41", "42", "43", "44", "45", "46", "47", "48", "49", "50", "51", "52", "53" 
, "54", "55", "56", "57", "58", "59", "60", "61", "62", "63", "64", "65", "66", "67" 
, "68", "69", "70", "71", "72", "73", "74", "75", "76", "77", "78", "79", "80", "81" 
, "82", "83", "84", "85", "86", "87", "88", "89", "90", "91", "92", "93", "94", "95" 
, "96", "97", "98", "99", "100", "101", "102", "103", "104", "105", "106", "107", "108" 
, "109", "110", "111", "112")) 
  ELEMENT: line(position(Yearcode*MEAN_PRED_2), color.interior(Registry), missing.wings()) 
END GPL. 
 
ANALYSIS OF 1983-2007 UNBALANCED DATA 
 
FOR MAKING File with unbalanced data from 1983-2007 Cancer_rough_1983_unbalnced.sav (e.g., 
Larynx_rough_1983_unbalanced.sav) made from Cancer_rough.sav (e.g., Larynx_rough.sav)   
 
Run the frequency of populations again to check that no population has less than 15 years of follow-up except 
Russia which has 14 years of followup (freuencies of populations are actually years of followup) 
 
DATASET ACTIVATE DataSet2. 
FREQUENCIES VARIABLES=Population 
  /ORDER=ANALYSIS. 
 
For selecting cases from 1983 – 2007 UNBALANCED (all cases before 1983 are de-selected) 
 
USE ALL. 
COMPUTE filter_$=(Yearcode >= 30). 
VARIABLE LABELS filter_$ 'Yearcode >= 30 (FILTER)'. 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 
FORMATS filter_$ (f1.0). 
FILTER BY filter_$. 
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EXECUTE. 
 
For selecting cases from 1983 – 2007 UNBALANCED (all cases before 1983 are deleted) 
 
FILTER OFF. 
USE ALL. 
SELECT IF (Yearcode >= 30). 
EXECUTE. 
 
A new file is made with unbalanced data from 1983-2007 Cancer_rough_1983_unbalanced.sav (e.g., 
Larynx_rough_1983_unbalanced.sav) made from Cancer_rough.sav (e.g., Larynx_rough.sav)   
 
FIXED EFFECT MODEL 1983-2007 UNBALANCED with only time (YEARCODE) as predictor 
 
UNIANOVA SR WITH Yearcode 
  /METHOD=SSTYPE(3) 
  /INTERCEPT=INCLUDE 
  /PRINT=PARAMETER 
  /CRITERIA=ALPHA(.05) 
  /DESIGN=Yearcode. 
 
GRAPH FOR FIXED EFFECT MODEL 1983-2007 UNBALANCED (scatterplot: x-axis-yearcode, y-axis-SR, set-color-
Registry) 
 
* Chart Builder. 
GGRAPH 
  /GRAPHDATASET NAME="graphdataset" VARIABLES=Yearcode SR Registry MISSING=LISTWISE 
REPORTMISSING=NO     
  /GRAPHSPEC SOURCE=INLINE. 
BEGIN GPL 
  SOURCE: s=userSource(id("graphdataset")) 
  DATA: Yearcode=col(source(s), name("Yearcode")) 
  DATA: SR=col(source(s), name("SR")) 
  DATA: Registry=col(source(s), name("Registry"), unit.category()) 
  GUIDE: axis(dim(1), label("Year code")) 
  GUIDE: axis(dim(2), label("Sex Ratio")) 
  GUIDE: legend(aesthetic(aesthetic.color.exterior), label("Registry")) 
  SCALE: cat(aesthetic(aesthetic.color.exterior), include("0", "1", "2", "3", "4", "5", "6",  
    "7", "8", "9", "10", "11" 
, "12", "13", "14", "15", "16", "17", "18", "19", "20", "21", "22", "23", "24", "25" 
, "26", "27", "28", "29", "30", "31", "32", "33", "34", "35", "36", "37", "38", "39" 
, "40", "41", "42", "43", "44", "45", "46", "47", "48", "49", "50", "51", "52", "53" 
, "54", "55", "56", "57", "58", "59", "60", "61", "62", "63", "64", "65", "66", "67" 
, "68", "69", "70", "71", "72", "73", "74", "75", "76", "77", "78", "79", "80", "81" 
, "82", "83", "84", "85", "86", "87", "88", "89", "90", "91", "92", "93", "94", "95" 
, "96", "97", "98", "99", "100", "101", "102", "103", "104", "105", "106", "107", "108" 
, "109", "110", "111", "112")) 
  ELEMENT: point(position(Yearcode*SR), color.exterior(Registry)) 
END GPL. 
 
FIXED EFFECT MODEL 1983-2007 UNBALANCED with time (YEARCODE) as predictor and REGISTRY as covariate 
 
UNIANOVA SR BY Registry WITH Yearcode 
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  /METHOD=SSTYPE(3) 
  /INTERCEPT=INCLUDE 
  /PRINT=PARAMETER 
  /CRITERIA=ALPHA(.05) 
  /DESIGN=Yearcode Registry. 
 
RANDOM INTERCEPT MODEL 1983-2007 UNBALANCED  
 
MIXED SR WITH Yearcode 
  /CRITERIA=CIN(95) MXITER(100) MXSTEP(10) SCORING(1) SINGULAR(0.000000000001) HCONVERGE(0,  
    ABSOLUTE) LCONVERGE(0, ABSOLUTE) PCONVERGE(0.000001, ABSOLUTE) 
  /FIXED=Yearcode | SSTYPE(3) 
  /METHOD=ML 
  /PRINT=SOLUTION TESTCOV 
  /RANDOM=INTERCEPT | SUBJECT(Registry) COVTYPE(VC) 
  /SAVE=PRED. 
 
GRAPH FOR RANDOM INTERCEPT MODEL 1983-2007 UNBALANCED (MEAN PRED_1 on Y asis and Year code on x 
axis) 
 
GGRAPH 
  /GRAPHDATASET NAME="graphdataset" VARIABLES=Yearcode MEAN(PRED_1)[name="MEAN_PRED_1"] Registry  
    MISSING=LISTWISE REPORTMISSING=NO 
  /GRAPHSPEC SOURCE=INLINE. 
BEGIN GPL 
  SOURCE: s=userSource(id("graphdataset")) 
  DATA: Yearcode=col(source(s), name("Yearcode")) 
  DATA: MEAN_PRED_1=col(source(s), name("MEAN_PRED_1")) 
  DATA: Registry=col(source(s), name("Registry"), unit.category()) 
  GUIDE: axis(dim(1), label("Year code")) 
  GUIDE: axis(dim(2), label("Mean Predicted Values")) 
  GUIDE: legend(aesthetic(aesthetic.color.interior), label("Registry")) 
  SCALE: cat(aesthetic(aesthetic.color.interior), include("0", "1", "2", "3", "4", "5", "6",  
    "7", "8", "9", "10", "11" 
, "12", "13", "14", "15", "16", "17", "18", "19", "20", "21", "22", "23", "24", "25" 
, "26", "27", "28", "29", "30", "31", "32", "33", "34", "35", "36", "37", "38", "39" 
, "40", "41", "42", "43", "44", "45", "46", "47", "48", "49", "50", "51", "52", "53" 
, "54", "55", "56", "57", "58", "59", "60", "61", "62", "63", "64", "65", "66", "67" 
, "68", "69", "70", "71", "72", "73", "74", "75", "76", "77", "78", "79", "80", "81" 
, "82", "83", "84", "85", "86", "87", "88", "89", "90", "91", "92", "93", "94", "95" 
, "96", "97", "98", "99", "100", "101", "102", "103", "104", "105", "106", "107", "108" 
, "109", "110", "111", "112")) 
  ELEMENT: line(position(Yearcode*MEAN_PRED_1), color.interior(Registry), missing.wings()) 
END GPL. 
 
RANDOM INTERCEPT AND SLOPE MODEL 1983-2007 UNBALANCED 
 
MIXED SR WITH Yearcode 
  /CRITERIA=CIN(95) MXITER(100) MXSTEP(10) SCORING(1) SINGULAR(0.000000000001) HCONVERGE(0,  
    ABSOLUTE) LCONVERGE(0, ABSOLUTE) PCONVERGE(0.000001, ABSOLUTE) 
  /FIXED=Yearcode | SSTYPE(3) 
  /METHOD=ML 
  /PRINT=SOLUTION TESTCOV 
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  /RANDOM=INTERCEPT Yearcode | SUBJECT(Registry) COVTYPE(UN) 
  /SAVE=PRED. 
 
GRAPH FOR RANDOM INTERCEPT AND SLOPE MODEL 1983-2007 UNBALANCED (MEAN PRED_2 on Y asis and 
Year code on x axis) 
 
GGRAPH 
  /GRAPHDATASET NAME="graphdataset" VARIABLES=Yearcode MEAN(PRED_2)[name="MEAN_PRED_2"] Registry  
    MISSING=LISTWISE REPORTMISSING=NO 
  /GRAPHSPEC SOURCE=INLINE. 
BEGIN GPL 
  SOURCE: s=userSource(id("graphdataset")) 
  DATA: Yearcode=col(source(s), name("Yearcode")) 
  DATA: MEAN_PRED_2=col(source(s), name("MEAN_PRED_2")) 
  DATA: Registry=col(source(s), name("Registry"), unit.category()) 
  GUIDE: axis(dim(1), label("Year code")) 
  GUIDE: axis(dim(2), label("Mean Predicted Values")) 
  GUIDE: legend(aesthetic(aesthetic.color.interior), label("Registry")) 
  SCALE: cat(aesthetic(aesthetic.color.interior), include("0", "1", "2", "3", "4", "5", "6",  
    "7", "8", "9", "10", "11" 
, "12", "13", "14", "15", "16", "17", "18", "19", "20", "21", "22", "23", "24", "25" 
, "26", "27", "28", "29", "30", "31", "32", "33", "34", "35", "36", "37", "38", "39" 
, "40", "41", "42", "43", "44", "45", "46", "47", "48", "49", "50", "51", "52", "53" 
, "54", "55", "56", "57", "58", "59", "60", "61", "62", "63", "64", "65", "66", "67" 
, "68", "69", "70", "71", "72", "73", "74", "75", "76", "77", "78", "79", "80", "81" 
, "82", "83", "84", "85", "86", "87", "88", "89", "90", "91", "92", "93", "94", "95" 
, "96", "97", "98", "99", "100", "101", "102", "103", "104", "105", "106", "107", "108" 
, "109", "110", "111", "112")) 
  ELEMENT: line(position(Yearcode*MEAN_PRED_2), color.interior(Registry), missing.wings()) 
END GPL. 
 
ANALYSIS BALANCED DATA 1983-2007  
 
Removing registries before 1983 and selecting year with balanced number of countries n=76 i,e, 76 countries fixed  
in each year) 
 
USE ALL. 
COMPUTE filter_$=(Registry = 13 | Registry = 14 | Registry = 17 | Registry = 20 | Registry = 26 |  
    Registry = 27 | Registry = 35 | Registry = 37 | Registry = 38 | Registry = 40 | Registry = 43 |  
    Registry = 44 | Registry = 45 | Registry = 48 | Registry = 49 | Registry = 51 | Registry = 56 |  
    Registry = 61 | Registry = 62 | Registry = 63 | Registry = 64 | Registry = 70 | Registry = 73 |  
    Registry = 74 | Registry = 76 | Registry = 77 | Registry = 78 | Registry = 80 | Registry = 81 |  
    Registry = 85  | Registry = 88 | Registry = 94 | Registry = 95 | Registry = 107 | Registry = 108 |  
    Registry = 110). 
VARIABLE LABELS filter_$ 'Registry = 13 | Registry = 14 | Registry = 17 | Registry = 20 | '+ 
    'Registry = 26 | Registry = 27 | Registry = 35 | Registry = 37 | Registry = 38 | Registry = 40 '+ 
    '| Registry = 43 | Registry = 44 | Registry = 45 | Registry = 48 | Registry = 49 | R... (FILTER)'. 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 
FORMATS filter_$ (f1.0). 
FILTER BY filter_$. 
EXECUTE. 
 
USE ALL. 
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COMPUTE filter_$=(filter_$ = 0). 
VARIABLE LABELS filter_$ 'filter_$ = 0 (FILTER)'. 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 
FORMATS filter_$ (f1.0). 
FILTER BY filter_$. 
EXECUTE. 
 
FILTER OFF. 
USE ALL. 
SELECT IF (filter_$ = 1). 
EXECUTE. 
 
Remove 3 more registries coded 6, 7 and 8 (Australia Western, Austria Tyrol and Austria Vorarlberg) 
 
USE ALL. 
COMPUTE filter_$=(Registry = 6 | Registry = 7 | Registry = 8). 
VARIABLE LABELS filter_$ 'Registry = 6 | Registry = 7 | Registry = 8 (FILTER)'. 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'. 
FORMATS filter_$ (f1.0). 
FILTER BY filter_$. 
EXECUTE. 
 
FILTER OFF. 
USE ALL. 
SELECT IF (filter_$ = 0). 
EXECUTE. 
 
Check no of years of followup for every registry which should be 25 years of followup for every registry 
 
DATASET ACTIVATE DataSet2. 
FREQUENCIES VARIABLES=Population 
  /ORDER=ANALYSIS. 
 
FIXED EFFECT MODEL 1983-2007 BALANCED with only time (YEARCODE) as predictor 
 
UNIANOVA SR WITH Yearcode 
  /METHOD=SSTYPE(3) 
  /INTERCEPT=INCLUDE 
  /PRINT=PARAMETER 
  /CRITERIA=ALPHA(.05) 
  /DESIGN=Yearcode. 
 
GRAPH FOR FIXED EFFECT MODEL 1953-2007 (scatterplot: x-axis-yearcode, y-axis-SR, set-color-Registry) 
 
* Chart Builder. 
GGRAPH 
  /GRAPHDATASET NAME="graphdataset" VARIABLES=Yearcode SR Registry MISSING=LISTWISE 
REPORTMISSING=NO     
  /GRAPHSPEC SOURCE=INLINE. 
BEGIN GPL 
  SOURCE: s=userSource(id("graphdataset")) 
  DATA: Yearcode=col(source(s), name("Yearcode")) 
  DATA: SR=col(source(s), name("SR")) 
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  DATA: Registry=col(source(s), name("Registry"), unit.category()) 
  GUIDE: axis(dim(1), label("Year code")) 
  GUIDE: axis(dim(2), label("Sex Ratio")) 
  GUIDE: legend(aesthetic(aesthetic.color.exterior), label("Registry")) 
  SCALE: cat(aesthetic(aesthetic.color.exterior), include("0", "1", "2", "3", "4", "5", "6",  
    "7", "8", "9", "10", "11" 
, "12", "13", "14", "15", "16", "17", "18", "19", "20", "21", "22", "23", "24", "25" 
, "26", "27", "28", "29", "30", "31", "32", "33", "34", "35", "36", "37", "38", "39" 
, "40", "41", "42", "43", "44", "45", "46", "47", "48", "49", "50", "51", "52", "53" 
, "54", "55", "56", "57", "58", "59", "60", "61", "62", "63", "64", "65", "66", "67" 
, "68", "69", "70", "71", "72", "73", "74", "75", "76", "77", "78", "79", "80", "81" 
, "82", "83", "84", "85", "86", "87", "88", "89", "90", "91", "92", "93", "94", "95" 
, "96", "97", "98", "99", "100", "101", "102", "103", "104", "105", "106", "107", "108" 
, "109", "110", "111", "112")) 
  ELEMENT: point(position(Yearcode*SR), color.exterior(Registry)) 
END GPL. 
 
FIXED EFFECT MODEL 1983-2007 BALANCED with time (YEARCODE) as predictor and REGISTRY as covariate 
 
UNIANOVA SR BY Registry WITH Yearcode 
  /METHOD=SSTYPE(3) 
  /INTERCEPT=INCLUDE 
  /PRINT=PARAMETER 
  /CRITERIA=ALPHA(.05) 
  /DESIGN=Yearcode Registry. 
 
RANDOM INTERCEPT MODEL 1983-2007 BALANCED 
 
MIXED SR WITH Yearcode 
  /CRITERIA=CIN(95) MXITER(100) MXSTEP(10) SCORING(1) SINGULAR(0.000000000001) HCONVERGE(0,  
    ABSOLUTE) LCONVERGE(0, ABSOLUTE) PCONVERGE(0.000001, ABSOLUTE) 
  /FIXED=Yearcode | SSTYPE(3) 
  /METHOD=ML 
  /PRINT=SOLUTION TESTCOV 
  /RANDOM=INTERCEPT | SUBJECT(Registry) COVTYPE(VC) 
  /SAVE=PRED. 
 
GRAPH FOR RANDOM INTERCEPT MODEL 1983-2007 BALANCED 
 
GGRAPH 
  /GRAPHDATASET NAME="graphdataset" VARIABLES=Yearcode MEAN(PRED_1)[name="MEAN_PRED_1"] Registry  
    MISSING=LISTWISE REPORTMISSING=NO 
  /GRAPHSPEC SOURCE=INLINE. 
BEGIN GPL 
  SOURCE: s=userSource(id("graphdataset")) 
  DATA: Yearcode=col(source(s), name("Yearcode")) 
  DATA: MEAN_PRED_1=col(source(s), name("MEAN_PRED_1")) 
  DATA: Registry=col(source(s), name("Registry"), unit.category()) 
  GUIDE: axis(dim(1), label("Year code")) 
  GUIDE: axis(dim(2), label("Mean Predicted Values")) 
  GUIDE: legend(aesthetic(aesthetic.color.interior), label("Registry")) 
  SCALE: cat(aesthetic(aesthetic.color.interior), include("0", "1", "2", "3", "4", "5", "6",  
    "7", "8", "9", "10", "11" 
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, "12", "13", "14", "15", "16", "17", "18", "19", "20", "21", "22", "23", "24", "25" 
, "26", "27", "28", "29", "30", "31", "32", "33", "34", "35", "36", "37", "38", "39" 
, "40", "41", "42", "43", "44", "45", "46", "47", "48", "49", "50", "51", "52", "53" 
, "54", "55", "56", "57", "58", "59", "60", "61", "62", "63", "64", "65", "66", "67" 
, "68", "69", "70", "71", "72", "73", "74", "75", "76", "77", "78", "79", "80", "81" 
, "82", "83", "84", "85", "86", "87", "88", "89", "90", "91", "92", "93", "94", "95" 
, "96", "97", "98", "99", "100", "101", "102", "103", "104", "105", "106", "107", "108" 
, "109", "110", "111", "112")) 
  ELEMENT: line(position(Yearcode*MEAN_PRED_1), color.interior(Registry), missing.wings()) 
END GPL. 
 
RANDOM INTERCEPT AND SLOPE MODEL 1983-2007 BALANCED 
 
MIXED SR WITH Yearcode 
  /CRITERIA=CIN(95) MXITER(100) MXSTEP(10) SCORING(1) SINGULAR(0.000000000001) HCONVERGE(0,  
    ABSOLUTE) LCONVERGE(0, ABSOLUTE) PCONVERGE(0.000001, ABSOLUTE) 
  /FIXED=Yearcode | SSTYPE(3) 
  /METHOD=ML 
  /PRINT=SOLUTION TESTCOV 
  /RANDOM=INTERCEPT Yearcode | SUBJECT(Registry) COVTYPE(UN) 
  /SAVE=PRED. 
 
GRAPH FOR RANDOM INTERCEPT AND SLOPE MODEL 1983-2007 BALANCED 
 
GGRAPH 
  /GRAPHDATASET NAME="graphdataset" VARIABLES=Yearcode MEAN(PRED_2)[name="MEAN_PRED_2"] Registry  
    MISSING=LISTWISE REPORTMISSING=NO 
  /GRAPHSPEC SOURCE=INLINE. 
BEGIN GPL 
  SOURCE: s=userSource(id("graphdataset")) 
  DATA: Yearcode=col(source(s), name("Yearcode")) 
  DATA: MEAN_PRED_2=col(source(s), name("MEAN_PRED_2")) 
  DATA: Registry=col(source(s), name("Registry"), unit.category()) 
  GUIDE: axis(dim(1), label("Year code")) 
  GUIDE: axis(dim(2), label("Mean Predicted Values")) 
  GUIDE: legend(aesthetic(aesthetic.color.interior), label("Registry")) 
  SCALE: cat(aesthetic(aesthetic.color.interior), include("0", "1", "2", "3", "4", "5", "6",  
    "7", "8", "9", "10", "11" 
, "12", "13", "14", "15", "16", "17", "18", "19", "20", "21", "22", "23", "24", "25" 
, "26", "27", "28", "29", "30", "31", "32", "33", "34", "35", "36", "37", "38", "39" 
, "40", "41", "42", "43", "44", "45", "46", "47", "48", "49", "50", "51", "52", "53" 
, "54", "55", "56", "57", "58", "59", "60", "61", "62", "63", "64", "65", "66", "67" 
, "68", "69", "70", "71", "72", "73", "74", "75", "76", "77", "78", "79", "80", "81" 
, "82", "83", "84", "85", "86", "87", "88", "89", "90", "91", "92", "93", "94", "95" 
, "96", "97", "98", "99", "100", "101", "102", "103", "104", "105", "106", "107", "108" 
, "109", "110", "111", "112")) 
  ELEMENT: line(position(Yearcode*MEAN_PRED_2), color.interior(Registry), missing.wings()) 
END GPL. 
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Following research projects of medical students, residents and junior faculty were under my 
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Impact of age on outcome after colorectal cancer surgery in the elderly. 
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Early postoperative outcome after curative colorectal cancer surgery. 
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Transfer delay and in-hospital mortality of trauma patients (General Surgery) 
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Predictors of recurrence in cancers of cheek. 
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Avan BI, Raza SA, Afridi H. Residents' perceptions of communication skills in postgraduate medical 
training programs of Pakistan. J Postgrad Med 2005;51(2):85-91. 
    
Raza SA, Akhtar S, Avan BI, Hamza H, Rahbar MH. A matched case control study of risk factors for  
neonatal tetanus in Karachi, Pakistan. J Postgrad Med 2004;50:247-52. 
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Khan MR, Tayyab M, Chawla T, Raza SA, Azami R. Laparoscopic and open cholecystectomies, a 
perspective from developing country. Abstract in  J Soc Laparoendosc Surg 2003;7:S80. 
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American College of Epidemiology Q-GIS basics workshop (course instructor: Amber Dismer, CDC). 
New Orleans, Louisiana, United States, September 24, 2017.   
 
Epidemiology Student Conference, Canadian Society for Epidemiology and Biostatistics,  
Montreal, Canada, June 2011. 
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Montreal, Canada, June 2011. 
 
Third North American Congress of Epidemiology. Eco-Epidemiology: The rational and methods for 
understanding the complex dynamics between ecosystem change and human health. Montreal, Canada, 
June 2011 
 
IARC Summer School in Cancer Epidemiology. Module 1: Analytical Epidemiology; Module 2: Survival 
Analysis Methods for Cancer Registries, Lyon, France, June 19-July 14, 2006. 
 
IARC Seminar on Biobanks in Europe, Lyon, France 2006 
International Course on Cancer Epidemiology- Principles and Methods – organized by Massey 
University, New Zealand and Ministry of Health, Kingdom of Tonga (course director: Professor Neil 
Pearce).  Nuku’alofa, Tonga, May 17-28, 2004. 
 
Professional development workshop: Master class in professional life. (by Professor Rosslyne Freeman, 
AKU), Office of Faculty Development, Aga Khan University. Karachi, Pakistan, October 2003. 
 
 



 

301 
 

Second Symposium and workshop on ‘Ethical issues of health research in developing countries, Aga 
Khan University. Karachi, Pakistan, August 2003. 
 
Ninth Annual Cancer Conference by Pakistan Society of Clinical Oncology. Karachi, Pakistan, December 
2002. 
 
National conference on ‘Early childhood development and care; Best investment for future, Aga Khan 
University. Karachi, Pakistan, September 2002. 
 
National symposium, Aga Khan University. Complexity and Health Care. Workshop on ‘Making 
decisions in chaos and understanding chaos in decision making. Karachi, Pakistan, May 2002. 
 
Facilitations and tools training workshop, continuous quality improvement (CQI), Aga Khan University. 
Karachi, Pakistan, March 2002. 
 
 
 

 


