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Abstract  

Background. Mild Cognitive Impairment (MCI) is a risk factor for developing 

Alzheimer’s disease (AD), and about half of older people with MCI will progress to AD 

within the next five years. The aim of the present study was to compare the semantic 

performance of MCI progressors (MCI-p) and non-progressors (MCI-np). The hypothesis 

was that MCI-p would present with poorer semantic performance relative to MCI-np at 

baseline, indicating that semantic deficits may increase the risk of future decline toward 

AD.  

Method. Fifty-six MCI participants (aged 65-89) from the CIMA-Q study were analyzed, 

with 18 progressing and 38 remaining stable over two years. ANCOVA assessed their 

initial semantic and non-semantic cognitive performance, and mixed ANOVAs gauged 

longitudinal patterns of cognitive decline at the 2-year follow-up. 

Results. In the semantic domain, MCI-p performed significantly worse than MCI-np at 

baseline on two semantic tests (category fluency and object decision). In other cognitive 

domains, MCI-p performed worse than MCI-np on a test of executive functions (cognitive 

flexibility) but showed similar performance on a test of episodic memory. There were no 

significant differences between groups in the rates of progression on semantic tests over 

the 2-year period, but a steeper decline was observed in MCI-p at follow-up on tests of 

global cognition, episodic memory, and processing speed.  

Conclusion. This suggest that MCI patients who present with semantic memory 

impairment in addition to episodic memory impairment are at greater risk of future 

progression to AD.  

Keywords: MCI; Alzheimer’s disease; Semantic memory; neuropsychological predictors.  

 

Key Points summary:  

Question: This study investigates the differences in cognition between patients with mild 

cognitive impairment (MCI) that ultimately progressed, or not, to Alzheimer’s disease. 

Findings: Those who progressed displayed heightened deficits in both semantic memory 

and cognitive flexibility at baseline compared to stable patients, while both groups 

exhibited similar levels of general cognition and episodic memory. Importance: This 

suggests that older people with MCI who experience deficits in both semantic memory 

(memory of world facts and common knowledge) and episodic memory (memory of 

personal life events) are at greater risk of progressing towards Alzheimer's disease than 

those with deficits solely in episodic memory. Next steps: To refine our understanding of 

the prognostic value of different semantic tests in MCI progression, future studies 

employing longitudinal designs with larger participant cohorts and a more extensive array 

of neuropsychological tests would be beneficial.  
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Introduction 

Early diagnosis of Alzheimer’s disease (AD) is a major research objective, as 

pharmacological and non-pharmacological interventions may be more effective in the 

earliest stages of the disease, prior to clinical diagnosis. Mild cognitive impairment (MCI) 

is considered by many as a transitional stage between healthy aging and AD (Dubois et al., 

2010). Older adults with MCI show mild deficits on neuropsychological tests, without 

meeting the criteria for dementia. They typically have a memory complaint, which is 

confirmed by impaired performance on objective memory tests. MCI is a significant risk 

factor for developing AD: the rate at which MCI patients progress to AD in clinically based 

studies is 10% to 15% per year (Petersen et al., 1999). 

Some MCI patients remain stable over time, however, or even revert to normal at 

follow-up (Summers & Saunders, 2012). This highlights MCI heterogeneity and the 

importance of identifying MCI patients who are more likely to progress to AD. Large 

epidemiological studies have explored the longitudinal trajectories of cognitive and 

behavioral symptoms in cognitively normal older adults, some of whom developed AD 

over time. Amieva et al. (2008) followed 3777 cognitively normal older adults over 

fourteen years. Over the course of the study, 350 of them developed AD. Normal older 

adults who later developed dementia showed signs of cognitive decline as early as twelve 

years prior to their diagnosis. In fact, the first identifiable cognitive decline was observed 

in a category fluency task, a semantic task that requires generating as many exemplars as 

possible of a conceptual category (e.g., animals) in a limited period of time. A more recent 

longitudinal study (Payton et al., 2022) followed 1646 individuals for 12 years, and 

compared the 220 who later developed AD with the other participants. Findings showed 

that category fluency, along with global cognition and word recall, declined at a higher rate 

in the time frame from 12 to 6 years prior to diagnosis. Other cognitive domains, such as 

perceptual speed and executive functions, showed a higher rate of decline only in the time 

frame from 6 to 0 years prior to diagnosis. Another large epidemiological study conducted 

by Wilson et al. (2011) followed 1511 cognitively healthy older participants annually for 

up to 16 years, of whom 217 developed AD. Results indicated that individuals who later 

developed AD showed an initial decline in semantic memory about 6.3 years prior to 

diagnosis, and later working memory, perceptual speed, visuospatial skills and episodic 

memory were affected (respectively 75, 70, 65 and 63 months before diagnosis). 

In the past decade or more, a growing number of cross-sectional studies have shown 

that semantic memory is consistently impaired in MCI (see Joubert et al., 2021  for a recent 

review and meta-analysis). Semantic memory concerns general knowledge about the 

world, including language, knowledge about objects, people, places, historical facts or 

events, scientific knowledge, acquired over a lifetime. Some studies showed that MCI 

patients were disproportionately impaired in category fluency compared to phonemic 

fluency, in comparison with healthy controls (Adlam et al., 2006; Chasles et al., 2019; 

Monsch et al., 1997; Murphy et al., 2006; Vonk et al., 2020; Wright et al., 2022). This 
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suggests selective deficits in the retrieval or storage of semantic knowledge. In other 

studies, MCI patients were impaired on picture naming tasks that required naming pictures 

of common biological and man-made entities. MCI patients provided less spontaneous 

answers than controls on these tasks (Ahmed et al., 2008; Balthazar et al., 2008; Joubert et 

al., 2010; Joubert et al., 2008; Salehi et al., 2017; Taler et al., 2020) and made more errors 

(Gallant et al., 2019), in particular, more semantic errors (Salehi et al., 2017). Similarly, 

MCI patients provided less spontaneous answers and made more mistakes when they had 

to name faces and answer questions about famous faces and people (Ahmed et al., 2008; 

Barbeau et al., 2012; Joubert et al., 2010; Joubert et al., 2008; Rahmani et al., 2019), famous 

public events (Barbeau et al., 2012; Benoit et al., 2018; Joubert et al., 2008; Langlois et al., 

2016) and famous buildings (Ahmed et al., 2008). MCI patients also experienced 

difficulties when they had to associate words or pictures and answer yes/no semantic 

questions (Taler et al., 2020). Finally, MCI patients showed reduced semantic priming of 

famous names despite normal repetition priming (Brambati et al., 2012), suggesting 

disrupted semantic knowledge in MCI. In summary, these studies showed that semantic 

deficits have consistently been reported in MCI across a wide range of naming and 

semantic tasks relative to age and education matched healthy older adults.  

These studies were all cross-sectional, however, and cannot inform us on the causal 

relationship between semantic deficits and risk of progression to AD. In fact, not all MCI 

patients present with semantic deficits. For instance, one study reported that only about 

half of MCI patients showed impaired performance on semantic tests (Joubert et al., 2008). 

Thus, longitudinal studies are needed to determine if the presence of semantic deficits in 

MCI patients may increase the risk of future progression to AD. Episodic memory 

impairment is one of the core clinical criteria of MCI, however it is non-specific and may 

be present in a range of other health conditions, accounting in part for MCI heterogeneity. 

Therefore, an important question to address is whether MCI patients with episodic and 

semantic memory deficits have a greater risk of progression to AD than MCI patients 

without semantic deficits. To our knowledge, only a few recent longitudinal studies have 

studied the prognostic value of semantic impairment. Gallucci et al. (2018) studied a group 

of patients with MCI at baseline, who progressed or not to AD at a two-year follow-up. 

They found that performance within the normal range on the category fluency test and on 

RAVLT delayed recall was protective against the onset of dementia. Similar results were 

found by Sutin et al. (2019), showing that better performance on the category fluency test 

was associated with a lower risk of conversion from MCI to dementia over the 6-year 

follow-up period. Garcia et al. (2021) showed that MCI patients who developed AD were 

significantly impaired at baseline on a task that involved naming famous faces compared 

to those who did not progress. A meta-analysis (Prado et al., 2019) reviewed 24 studies 

published between 1997 and 2018 that evaluated progression from MCI to AD, based on 

neuropsychological test results. Findings showed that MCI progressors performed worse 

than non-progressors in many cognitive domains, including expressive language (evaluated 
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with semantic tests such as picture naming and category fluency). Another meta-analysis 

(Belleville et al., 2017) showed that semantic memory tests have high sensitivity and 

specificity required to predict progression from MCI to AD. Longitudinal studies using a 

variety of semantic tests are needed to support the idea that semantic deficits may help 

improve prognosis in MCI.  

The primary aim of the current study was to investigate performance on different 

semantic tests in MCI progressors and MCI non-progressors. Our hypothesis was that, at a 

2-year follow-up, MCI progressors would be significantly impaired on semantic tests at 

baseline, relative to MCI patients who remained stable. A secondary aim of the study was 

to compare both groups in other cognitive domains such as episodic memory and executive 

functions. Our hypothesis was that MCI progressors would be significantly impaired at 

baseline on an episodic memory (learning) test relative to MCI patients who remained 

stable. To this end, we compared the performance at baseline of MCI participants who 

declined at follow-up (MCI progressors) versus those who remained stable (MCI non-

progressors) at a 2-year follow-up.   

 

Methods  

2.1 Design 

The data used in this article was obtained from the Consortium pour l’identification 

précoce de la Maladie d’Alzheimer – Québec (CIMA-Q) (Belleville et al., 2019), a research 

group founded in 2013 with an initial grant from the Fonds de Recherche du Québec – 

Pfizer. The long term research effort of CIMA-Q was to build a cohort of elderly men and 

women characterized in terms of clinical outcomes, cognition, neuroimaging, and 

biological samples with the following objectives: (1) to establish early diagnosis of 

Alzheimer's disease; (2) to provide the scientific community with a well-characterized 

cohort; and (3) to identify new therapeutic targets allowing to prevent or slow down the 

cognitive decline and Alzheimer's disease (4) via subsequent clinical studies. CIMA-Q 

represents a common effort by several researchers from Québec affiliated with Université 

Laval, McGill University, Université de Montréal, and Université de Sherbrooke, led by 

principal investigator and director Dr. Sylvie Belleville from the Centre de recherche de 

l’Institut universitaire de gériatrie de Montréal, affiliated with the CIUSSS Centre-sud-de-

l’ile-de-Montréal. Since 2014, CIMA-Q has recruited 350 cognitively healthy participants 

with subjective cognitive impairment, mild cognitive impairment, or Alzheimer's disease. 

Volunteers were recruited from memory clinics, through advertisements posted in the 

community, and from among participants in the NuAge population study (Gaudreau et al., 

2007). The present study was approved by the research ethics board of the IUGM (CER-

VN-IUGM) and by CIMA-Q. Further details on the CIMA-Q study can be found in the 

reference paper by Belleville and collaborators (2019) . 
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The CIMA-Q study methodology included a neuropsychological assessment, 

standardized neuroimaging, and biological sampling of participants, carried out at different 

time points. Prior to participation, a telephone pre-screening interview was conducted with 

each participant, during which the project was explained, informed verbal consent was 

obtained and the presence of a memory complaint with or without concerns was 

documented. At the first visit (baseline), a standardized clinical evaluation and 

questionnaires to measure health, lifestyle, cognitive complaints, clinical expression, 

functional impact, and emotional and behavioral symptoms were administered. 

Participants then came back for a second visit, during which blood samples were obtained, 

and a standardized neuropsychological and neuropsychiatric evaluation was conducted by 

a CIMA-Q-certified psychometrician. At that same visit, participants who agreed to the 

optional procedures underwent an MRI and/or PET scan and/or lumbar puncture for 

cerebrospinal fluid (CSF) collection. The CSF collection was done by a neurologist who 

obtained 10-15 mL of fluid, per the recommendations per the Alzheimer's disease 

neuroimaging initiative (Darby et al., 2015). CSF analyses were carried out to determine 

the levels of amyloid-beta 38, 40 and 42 peptide and total tau protein, see Belleville et al. 

(2019) for details.  

Because one of the goals of CIMA-Q is to detect individuals at risk of developing 

AD, the participants of the CIMA-Q cohort had a follow-up full assessment every two 

years after the initial baseline assessment (2, 4 and 6-year follow-ups). The follow-ups 

included the clinical, neuropsychological, and neuropsychiatric evaluations, blood 

samples, and neuroimaging when applicable.  

In the current study, we performed a retrospective analysis of longitudinal data in 

MCI participants and healthy older control participants at baseline and at the 2-year follow-

up. We did not include data from later follow-ups in the CIMA-Q study, due to attrition of 

participants, insufficient sample sizes for the purpose of the present project (explained in 

part by the COVID-19 pandemic), and the fact that not all participants were seen at all time 

points. 

 

2.2 Participants 

The present study included 2 groups of participants from the CIMA-Q cohort who were 

assessed both at baseline and after 2 years. The two groups included 18 MCI progressors 

and 38 MCI non-progressors (N=56 MCI participants). The participants were at least 65 

years old and were native French or English speakers.  

All MCI participants met the criteria for MCI at baseline, as assessed by the CIMA-

Q team and based on the National Institute on Aging and the Alzheimer’s Association 

(NIA-AA) clinical criteria for MCI (Albert et al., 2011). These criteria included: (a) a 

reported memory decline; (b) an objective memory impairment based on the WMS-III 

Logical Memory II score, adjusted for education; (c) a score between 20 and 26 on the 

MoCA; and (d) a score of 0.5 on the Clinical Dementia Rating Scale. As the criteria is 
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based on the memory impairment, all MCI patients are amnestic MCI. All MCI patients 

were subdivided into early and late stages based on their MoCA score and the AD 

Neuroimaging Initiative criteria (Albert et al., 2011). The group of MCI progressors (MCI-

p) included 18 MCI participants (8 females and 10 males) and included both early-MCI (N 

= 12) and late-MCI participants (N = 6). The CIMA-Q team classified patients at different 

points in time, independently from the researchers who conducted the present study. MCI 

participants were classified as progressors when they progressed from early-MCI to late-

MCI (N = 8) or from MCI to AD (N = 10) between baseline and the 2-year follow-up 

assessment. The criteria for AD was based on the NIA/AA criteria (McKhann et al., 2011), 

which include cognitive symptoms that interfere with the ability to function at usual 

activities, has an insidious onset and an history of worsening of cognition by report or 

observations, and has most prominent cognitive deficits in the amnestic presentation . Also, 

AD patients had to score between 13 and 25 on the MoCA test.  

The group of MCI non-progressors (MCI-np) included 38 participants (20 females, 

18 males). MCI participants were classified as non-progressors if their MCI status 

remained stable at the 2-year follow-up (N=26), if they reverted from late-MCI to early-

MCI within that time frame (N=4) or if they reverted from MCI to normal cognition (N=8). 

More specific inclusion and exclusion criteria for groups can be found in the supplementary 

material of the article describing the CIMA-Q project (Belleville et al., 2019).  

 

2.3 Cognitive Assessment 

Semantic memory was assessed based on results from a) the category fluency test, in 

which participants must produce as many names of animals as possible in one minute; b) 

the Vocabulary subtest of the WAIS-IV, in which participants are required to define words; 

and (c) the Object Decision Subtest of the BORB, where participants must decide if line 

drawings are real or chimera.  

Other cognitive domains were also assessed in the present study:  1) General 

cognition was assessed with the MoCA test, a short cognitive screening test (Nasreddine 

et al., 2005); 2) Episodic memory was assessed with delayed recall of the RAVLT test; 3) 

Executive functions were assessed with the Trail Making Test B/A ratio (cognitive 

flexibility), the Coding subtest of the WAIS-IV (processing speed), and the Letter Fluency 

test; 4) Visuospatial skills were assessed with the Line Orientation subtest of the BORB. 

2.4 Statistical Analysis 

2.4.1 General dataset 

Our data were analyzed using the Statistical Package for the Social Sciences (IBM SPSS 

28.0), with an alpha significance level set at p<0.05. The normality of the distribution was 

confirmed by analyzing the skewness and kurtosis of each variable for each group, using 

the cut-off recommended by Curran et al. (1996) of respectively +/-2 and +/-7. Q-Q plots 

for each variable were also examined. Preliminary analysis showed that not more than 5% 
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of data was missing for each variable used in the analysis. Independent samples t-tests were 

carried out to determine if there were significant differences between the 2 MCI groups 

(MCI-p, MCI-np) in terms of demographic characteristics. In case of non-normal 

distribution, Mann-Whitney U-tests were carried out.     

 

2.4.2 Cognitive tests 

The main goal of this study was to determine if MCI participants who had declined from 

baseline at a 2-year follow-up had shown significantly greater difficulties on semantic tests 

than MCI non-progressors. The secondary goal was to compare the performance of both 

MCI groups in other cognitive domains, including episodic memory. For the semantic 

domain, univariate ANCOVA (covariates: age, education and sex) were carried out for the 

three semantic tests (category fluency test, object decision and vocabulary) to determine if 

there were significant differences between MCI progressors and non-progressors at 

baseline, and nonparametric Mann-Whitney U-tests in case of non-normal distribution. For 

the category fluency test, the letter fluency score was also added as a covariate. This allows 

to statistically control for the executive component of verbal fluency and isolate semantic 

processing (Papp et al., 2016).  

The same analysis (ANCOVA with age, education, and sex as covariates) was applied for 

the other cognitive domains, including episodic memory, executive functions and 

visuospatial skills. Bonferroni corrections were applied for multiple comparisons within 

each cognitive domain, when necessary. In order to assess the diagnosis performance of 

our variables, we conducted Receiver Operating Characteristic (ROC) curves. For 

variables where the area under the curve (AUC) was significant, we determined the optimal 

classification threshold using the Youden’s Index, which calculates the cut-off value that 

optimizes both sensitivity and specificity of the model. Although there is no consensus in 

the literature about the labelling of AUC (de Hond et al., 2022), we used the common 

criteria and considered that AUC below .7 was low, between .7 and .8 was acceptable, 

between .8 and .9 was good and over .9 was excellent.  

Finally, to explore if there were different patterns of longitudinal decline in MCI groups, 

mixed ANOVAs were performed for the cognitive tests that enabled differentiating MCI 

progressors from non-progressors at baseline, with Group (MCI-p and MCI-np) as the 

between-group factor and Time (Baseline and 2-year Follow-up) as the within-subject 

factor. 

 

2.5 Transparency and openness 

Materials and data for this study are not available without the CIMA-Q authorization. In 

adherence to transparent reporting guidelines (Nosek et al., 2015), additional information 

regarding sample size, data exclusions (if applicable), manipulations, and the measures 

employed can be provided upon reasonable request. Note that this study was not pre-

registered. 
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Results 

Demographic data. Results of the two groups of participants (MCI-p and MCI-np) are 

presented in Table 1. There were no significant differences between MCI progressors and 

MCI non-progressors on any of the variables. Results indicate that the 2 groups did not 

differ significantly in terms of age (t(54)=1.62, p=0.11), education (t(53)=-1.22, p=0.23), 

memory complaint score (t(54)=-0.10, p=0.92), depressive symptoms (t(54)=0.03, 

p=0.98), anxiety symptoms (t(54)=-0.84, p=0.40), insomnia (t(54)=-0.67, p=0.51), daily 

sleepiness (t(53)=0.90, p=0.37), vascular health (t(52)=0.50, p=0.62), csf-Aβ42 levels 

(t(10)=-1.54, p=0.15) and csf-tau levels (t(10)=0.58, p=0.58). Finally, chi-square analysis 

did not reveal a significant difference in the proportion of males and females (χ2=0.33, 

p=0.57) or in the proportion of ApoE4 carriers (χ2=0.73, p=0.39) between MCI groups. 

 

Neuropsychological tests 

Semantic tests. Results of MCI-p and MCI-np participants on the neuropsychological tests 

are summarized in Table 2. Our first analysis compared the performance of MCI-p and 

MCI-np groups on semantic tests (category fluency, object decision and vocabulary) at 

baseline, when controlling for age, education and sex. Results showed a significant 

difference between progressors and non-progressors on the category fluency test 

(F(1,48)=4.39, p=0.04 η2 = 0.08), with progressors producing on average 3 fewer names 

of animals than non-progressors in one minute (X̄ MCI-p=14.8 words, sd=3.82; X̄ MCI-

np=17.7 words, sd=3.89). Results also showed that MCI progressors were impaired relative 

to non-progressors on the object decision subtest (F(1,49)=4.82, p=0.03 η2= 0.09), but not 

on the Vocabulary subtest (F(1,49)=0.25, p=0.62). These results remained significant after 

Bonferonni corrections for multiple comparisons. 

 Also, because category fluency (animals) was significantly impaired in the MCI-p 

group relative to the MCI-np group, further exploratory analyses were carried out in regard 

to semantic productions to explore if there were between-group differences in mean cluster 

size (number of exemplars in a cluster) and number of switches between subcategories (a 

subcategory corresponds to a category of animals: domestic animals, wild animals, etc.), 

based on a previously published method (Troyer et al., 1997). The present study also 

analyzed the mean number of different subcategories mentioned, an aspect of word 

production not addressed in the previous reference. Since Troyer et al. (2000; 1997; 1998) 

used 22 subcategories for their analysis, it was possible to extract an index based on these 

subcategories. All responses for the three indexes (mean cluster size,  number of switches, 

number of subcategories) were extracted with an algorithm in Python that went through 

the list of animal names produced by each participant and then grouped each animal to its 

corresponding subcategory, while also measuring the number of switches simultaneously. 

In the end, the number of subcategories for which there was a response represented the 

number of different subcategories mentioned. A MANOVA was performed to examine the 
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multivariate pattern of responses of MCI-p compared to MCI-np (number of switches: 

MCI-p �̅�(sd)=6.83 (2.43); MCI-np �̅�(sd)=8.47 (2.46); number of subcategories: MCI-p 

�̅�(sd)=10.5 (2.04); MCI-np �̅�(sd)=11.7 (1.30); mean cluster size: MCI-p �̅�(sd)=2.28 

(0.41); MCI-np �̅�(sd)= 2.45 (0.42)). The results show a significantly different pattern of 

responses for the MCI-p group compared to the MCI-np group (Wilk’s 𝛥 = 0,832, F [3] = 

3,502, p < 0,05, T2 = 0,17). The canonical variable is 0.41, which indicates a moderate 

relationship between group membership and the three variables (Tabachnick et al., 2013). 

Saturations of the three dependent variables are 0.74 for the number of switches, 0.81 for 

the number of different subcategories mentioned and 0.48 for the mean cluster size, which 

indicates that both the number of switches and the number of different subcategories are 

most associated with differences between the two groups.  

 Executive functions. In the executive functions domain, groups did not differ on the 

Coding subtest (processing speed) (F(1,49)=0.78, p=0.38) or on the letter fluency test 

(F(1,49)=1.23, p=0.27). However, groups differed significantly on the TMTB/A ratio 

(cognitive flexibility) (F(1,46)=8.76, p=0.005 η2= 0.16).  

 Other cognitive domains. Regarding non-semantic cognitive domains at baseline, 

MCI-p and MCI-np groups did not differ on the MoCA (general cognition; F(1,30)=1.55, 

p=0.22) and on the Line orientation test (visuospatial domain; F(1,49)=0.08, p=0.78). 

Finally, in the episodic memory domain, MCI-p and MCI-np groups did not differ on the 

RAVLT delayed recall (F(1,50)=0.15, p=0.70).  

 ROC analysis. In terms of predictive accuracy, the ROC curve result indicates a fair 

ability in distinguishing between MCI-p and MCI-np with the category fluency score 

(AUC= 0.75, p<0.01). The optimal classification threshold, determined by maximizing the 

Youden’s Index, was 15.5 words. ROC analysis also showed significant results for Object 

Decision (AUC= 0.73, p<0.01), with an optimal cutoff score of 28.5, and for the TMT 

Ratio B/A (AUC=0.73, p<0.01), with an optimal cutoff of 2.36. ROC analysis did not show 

a significant ability to distinguish between MCI-p and MCI-np for other variables in our 

study, in particular for general cognition (MoCA; AUC=0.63, p=0.14), phonemic fluency 

(AUC=0.64, p=0.11), and episodic memory (RAVLT delayed recall; AUC = 0.58, p=0.35). 

Results of the ROC analyses are presented in Table 3 and ROC curves are shown in Figure 

2.  

 Longitudinal analysis. In terms of longitudinal progression, a mixed ANOVA 

showed a significant interaction between the moment of testing (baseline vs follow-up) and 

the participant group (MCI-p vs MCI-np) for general cognition (MoCA test; 

(F(1,54)=17.89, p<.001, η2=.25)), processing speed (coding subtest; (F(1,34)=4.58, p=.04, 

η2= .12)), and episodic memory (RAVLT; (F(1,36)=10.46, p=.003, η2=.23)). This means 

that for these three tests, the pattern of decline between baseline and the follow-up 

evaluation was different for the MCI-p and MCI-np, with MCI-p showing a more severe 

decline in performance than MCI-np. The patterns of decline were not different between 

the two groups for the other tests (category fluency (F(1,37)=0.12, p=0.73), object decision 
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(F(1,36)=2.05, p=0.16), TMT ratio (F(1,33)=0.03, p=0.87) and line orientation 

(F(1,36)=1.70, p=0.2), indicating that MCI-p and MCI-np progress at the same rate over 

time. See Table 3 and Figure 1a-g.  

 

Discussion 

 Semantic impairment is a consistent feature of MCI (Joubert et al., 2021). However, 

nearly all previous studies assessing semantic memory in MCI were cross-sectional and 

thus it was not possible to determine if semantic impairment in MCI actually increased the 

risk of future progression to AD. The current study addressed this question by examining 

longitudinal neuropsychological data in MCI progressors and non-progressors in the 

CIMA-Q cohort. The semantic performance of MCI progressors and non-progressors was 

compared at baseline and at follow-up 2 years later.  

 In the first place, results showed that the MCI groups did not differ at baseline in 

terms of different variables such as age, education, sex, memory complaint, anxiety, 

depression, vascular health, insomnia, and daily sleepiness. The fact that the two groups 

did not differ significantly on any of these variables is important, because some, such as 

depression, anxiety, older age, and female gender, have been reported to impact cognitive 

performance and heighten the risk of conversion from MCI to AD (Li et al., 2016). Thus, 

in our study, differences in cognitive performance observed seem independent of these 

factors. More surprisingly, however, MCI groups did not differ significantly in terms of 

biomarkers such as csf-Aβ42 and csf-Tau levels, but this is likely because only a small 

subset of these patients had lumbar puncture and that biomarker results do not accurately 

reflect the groups. Similarly, there was a non-significant difference in APOE4 status 

between MCI progressors and non progressors. This result is unexpected, since APOE4 is 

the primary genetic risk factor for sporadic AD (Emrani et al., 2020), however similar 

results have been reported previously where APOE4 was associated with both stable and 

progressive MCI (Ganguli et al., 2019). Again, results of the current study regarding 

APOE4 need to be interpreted with caution due to the modest sample size.

 Semantic memory. Results showed that MCI progressors performed significantly 

worse than non-progressors at baseline on two of the three semantic tests (category fluency 

and object decision). Regarding category fluency, our findings are consistent with earlier 

studies that demonstrated impaired category fluency in individuals with MCI (Chasles et 

al., 2019; Monsch et al., 1997; Murphy et al., 2006). However, most studies adopted a 

cross-sectional approach, comparing individuals with MCI to normal controls. Our study 

is one of the few that uses a longitudinal approach comparing patients who will eventually 

progress toward AD and those who will not (Vaughan et al., 2018; Vonk et al., 2020; 

Wright et al., 2022).  

 Category fluency has been widely used as a measure of semantic memory, although 

it also involves elements of processing speed and executive function (Belleville et al., 2017; 

Chertkow & Bub, 1990), as well as language skills (Whiteside et al., 2016). This is why it 
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is recommended to use both category fluency and phonemic (letter) fluency tasks (Henry 

& Crawford, 2004). Both tasks place similar demands on executive functions—such as the 

ability to generate specific words with organized efficiency, efficient retrieval of words, 

and inhibition of inappropriate words. However, category fluency introduces an additional 

component related to semantic memory. In our study, our results indicate that only category 

fluency, and not phonemic fluency, exhibited a significant difference between the MCI-p 

and MCI-np groups at baseline. It is worth pointing out that phonemic fluency was included 

as a covariate in the category fluency analysis, allowing to better extract the semantic 

component, akin to the approach taken by Papp et al. (2016). Our finding of reduced 

category fluency but not letter fluency performance in MCI progressors relative to non- 

progressors thus point to the underlying semantic nature of deficit. It is also worth pointing 

out that other methods, such as a phonemic/category discrepancy score, have proven useful 

in distinguishing semantic from executive components of verbal fluency (Marra et al., 

2021; Wright et al., 2023), and may be more operational in clinical practice.  

 Further analysis of the category fluency task results showed that there is a significant 

difference between the MCI progressors’ and non-progressors’ responses across three 

variables (i.e., number of switches, number of different subcategories and mean cluster 

size), with a moderate effect size (Steyn Jr & Ellis, 2009). We found that the number of 

different subcategories and the number of switches, respectively, are most associated with 

group differences. Since optimal category fluency performance involves generating words 

within a subcategory until exhaustion and then switching to a new subcategory (Troyer, 

2000), a better performance is associated with more switching, generating more 

subcategories, and larger cluster sizes. In this study, MCI-np demonstrated better 

performance than MCI-p across all three variables. The pattern of performance in the MCI-

p group, which is disproportionately affected in the category fluency test compared to the 

phonemic fluency test, and also produces fewer words per category, smaller clusters and 

fewer switches between subcategories, is similar to the performance of Alzheimer’s 

patients, as documented by Troyer et al. (1998).   

 The other semantic test for which the MCI-p group was significantly impaired 

relative to the MCI-np group was the BORB object decision test. This test assesses 

knowledge of visual representations of objects and (mainly) animals and requires 

discriminating between real and non-real line drawings. Results on this test have previously 

been shown to be impaired both in AD and in the semantic variant of primary progressive 

aphasia (svPPA) (St-Hilaire et al., 2018), but to our knowledge, this is the first study to 

report significantly worse performance in MCI progressors. Like the category fluency test, 

the object decision test is simple and brief to administer and our results suggest that it may 

be useful in a clinical setting in the assessment of older adults with mild neurocognitive 

impairment. It is important to point out that the object decision test is non-executive in 

nature, contrary to category fluency. Therefore, our results do not support the idea that 

semantic deficits in MCIp are purely executive in nature. Finally, performance of MCI 



14 

 

progressors and non-progressors did not differ on the Vocabulary test, which indicates that 

vocabulary may remain stable over the course of AD progression, or at least during the 

prodromal stage of the disease.  

 The ROC analysis in our study highlights the good discriminating ability of the 

category fluency and object decision tests, both allowing to distinguish between MCI-p 

and MCI-np at a fair level. In category fluency, using a cut-off of 15 words would 

distinguish which patients are in the MCI-p group with a sensitivity of 0.68 and a 

specificity of 0.77. Similarly, in the object decision test, using a cut-off score of 29 allows 

to identify patients in the MCI-p group with a sensitivity of 0.71 and a specificity of 0.77. 

These results enhances the clinical utility of semantic memory assessments among older 

patients.    

  

Other cognitive domains  

At baseline, the MCI progressor and non-progressor groups also had similar global 

cognitive status, as measured with the MoCA cognitive screening test. This suggests that 

the differences reported between the two MCI groups do not reflect differences in severity 

of the disease, and rule out the possibility that MCI progressors were at a more advanced 

stage of cognitive decline at baseline.   

 In terms of episodic memory, all MCI patients by definition have episodic memory 

deficits, since they are part of the core diagnostic features of MCI (Albert et al., 2011). 

However, performance on the verbal learning test (RAVLT delayed recall) did not enable 

differentiation of MCI progressors from non-progressors at baseline in this study. It is 

worth mentioning that MCI inclusion was based on performance on another episodic 

memory test, the logical memory test, and that the RAVLT was not used as a screening 

tool for MCI. Therefore, in our view it cannot be argued that similar episodic memory 

performance in MCI groups is related to the screening procedure. 

 An interesting finding of this study is the significant difference observed between 

the two groups in the TMT ratio B/A, which is a measure of cognitive flexibility and 

executive function (Arbuthnott & Frank, 2000). This result implies that decline in cognitive 

flexibility could potentially serve as a predictor of progression toward AD in MCI, in 

addition to and independently of semantic memory. Our result aligns with prior research 

which has also identified certain measures of executive function allowing to distinguish 

non-demented older adults who subsequently experience global cognitive decline from 

those who maintain cognitive stability (Clark et al., 2012; Junquera et al., 2020). However, 

a decline in executive function is not specific to AD, as it can also occur in other 

neurodegenerative conditions such as Parkinson’s disease (Levy et al., 2002), 

frontotemporal dementia (Hornberger et al., 2008), as well as in non-degenerative 

conditions such as depression (Nuño et al., 2021), anxiety (Shields et al., 2016) and even 

COVID-19 (Ariza et al., 2023).  
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Longitudinal analyses 

Longitudinal performance on semantic tests showed that while MCI-p and MCI-np groups 

differed at baseline on category fluency and object decision tests, semantic performance 

remained stable in the two groups over the course of two years. In contrast, the MCIp group 

declined significantly more at follow-up on the MoCA (global cognition) and on the 

delayed recall of the RAVLT (episodic memory), even though the two groups did not differ 

on these measures at baseline.  

 Taken together, results of the current study appear to support our hypothesis that 

semantic deficits may precede episodic deficits in MCI progression to AD. MCI 

progressors showed worse semantic performance at baseline, along with poorer cognitive 

flexibility, followed by a significant decline in episodic memory and global cognition at 

the follow-up. This view is in line with epidemiological studies which have shown that 

semantic memory declines first among other domains in older adults who go on to develop 

Alzheimer's disease (Wilson et al., 2011). It is also in line with studies showing that 

baseline semantic verbal fluency performance is predictive of future conversion to 

dementia (Sutin et al., 2019; Garcia et al., 2021). Although further studies are needed to 

confirm this hypothesis, the idea that semantic impairment may serve as a useful marker 

allowing to detect those MCI individuals who are more prone to conversion to AD is key, 

because: all MCI patients have episodic memory impairment; semantic decline may be 

more specific to AD (as opposed to executive dysfunction for instance); semantic memory 

is preserved in normal aging (Park et al., 2002); and semantic tests are easily accessible, as 

opposed to biomarkers which are costly and not necessarily associated with clinical 

outcome (Pang et al., 2023). Therefore, a cognitive approach to the early identification of 

AD may be useful compared to a purely biological approach to the identification of AD. 

 

 

Limitations  

Several limitations are worth acknowledging in our study. Firstly, the number of 

participants was relatively modest, hence early- and late-stage MCI participants were 

combined in a single group. Secondly, only a small subset of participants had lumbar 

puncture, potentially accounting for the absence of significant difference between the two 

groups concerning csf-Aβ42 and csf-Tau levels. Additionnaly, it must be pointed out that 

the CIMA-Q study did not use detailed semantic testing, such as tests for instance that 

require naming and providing semantic information about famous faces or famous places, 

which are more sensitive in detecting semantic impairment in MCI and AD (Joubert et al., 

2021; Montembeault et al., 2017). Therefore, more longitudinal studies are needed to 

compare the prognotic value of different semantic tests in MCI progression. 

 

Conclusion 
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This is one of the first longitudinal studies to investigate semantic performance at different 

time points in MCI patients. Our results indicate that performance on category fluency and 

object decision semantic tests was worse at baseline in MCI progressors relative to non-

progressors. Semantic tests such as these may thus be helpful in identifying MCI patients 

who are more likely to progress to AD and may be useful in routine clinical practice, 

especially when we consider that semantic knowledge remains stable during normal aging 

(Park et al., 2002). In addition, MCI progressors were significantly impaired on a measure 

of cognitive flexibility at baseline relative to non-progressors, indicating that executive 

dysfunction may also contribute to improving prognosis. There were no differences 

between the two MCI groups in terms of several potentially confounding variables such as 

age, education, sex, depression, anxiety, sleep, and vascular burden, indicating that these 

variables could not explain the differences observed. Finally, steeper rates of decline in 

global cognition, episodic memory, and processing speed at follow-up in the MCI 

progressor group suggest that decline in these domains may follow shortly after semantic 

decline. In the longer run, more precise screening of AD-MCI patients may allow them and 

their families to make better informed decisions in regard to their jobs or lifestyle (Gauthier 

et al., 2011), plan for the future in order to improve their quality of life (Porsteinsson et al., 

2021), and choose to participate in different therapeutic treatments such as cognitive 

interventions (Jean et al., 2010).   
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Table 1. Patient and healthy control characteristics (mean and S.D.). 

 MCI progressors 

(N=18) 

 

Mean 
(S.D.) 

Range 

MCI non-progressors 

(N=38) 

 

Mean 
(S.D.) 

Range 

Age 77.7 
(5.4)  

70 - 88 

 

75.1 
(5.7)  

66 - 86 

Education (years) 13.6 
(4.0)  

7 - 20 

 

14.9 
(3.7) 

10 - 24 

 

Sex (female / male) 8/10 20/18 

Memory complaint 

(QAM) 

22.5 
(6.2)  

15 - 38 

 

22.7 
(8.0)  

11 - 40 

 

Depression  

(GDS-10) 

6.4 
(4.4) 

0 - 15 

 

6.3 
(5.7)  

0 - 24 

 

Anxiety  

(GAI) 

3.2 
(3.4)  

0 - 13 

 

4.4 
(5.6)  

0 - 20 

 

Insomnia  

(questionnaire) 

6.7 
(6.2) 

0 - 23 

 

7.8 
(6.1)  

0 - 22 

 

Daily Sleepiness  

(Epworth scale) 

5.6 
(1.9)  

3 - 10 

4.8 
(3.5) 

 0 - 16 

 

Vascular Health 

(Hachinski) 

 

1.7 
(1.7)  

0 - 7 

 

1.4 
(1.4)  

0 - 5 

 

CSF Aβ42 

 

 

 

233 1 
(118)  

161 - 410 

 

407 2 
(207)  

121 - 763 

 

CSF Tau 

 

 

 

525 1 
(375)  

239 - 1077 

 

412 2 
(290)  

199 - 1097 

ApoE4 carriers  

(1 allele/2 alleles) 

 

 

3/4 

 

 

9/2 

 

§ p<0.05 between MCI progressors and non-progressors (there were no significant 

differences on any of the variables between the 2 groups) 
1 Data available for N=4 participants in this group 
2 Data available for N=8 participants in this group 
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Table 2. Cognitive performance of MCI progressors and non-progressors at baseline. 

 

 

MCI progressors 

(N=18) 

 

Mean 
(S.D.) 

Range 

MCI non-progressors 

(N=38) 

 

Mean 
(S.D.) 

Range 

Semantic Memory   

Category Fluency (1 min) † 14.8  
(3.8)  

9 - 22 

 

17.7 
(3.9)  

12 - 29 

 

Object Decision (BORB) † 26.8  
(3.4)  

17 - 32 

 

29.2 
(2.2)  

24 - 32 

 

Vocabulary (WAIS-IV) 42.1 
(17.4)  

3 - 62 

45.6 
(10.0)  

21 - 62 

Episodic Memory   

RAVLT delayed recall 6.4 
(3.8)  

0 - 12 

7.6 
(3.3)  

1 - 14 

Executive functions   

TMT B/A ratio* † 2.8  
(0.9)  

2 - 4 

 

2.2 
(0.7)  

1 - 5 

 

Coding (WAIS-IV) 51.3 
(16.2)  

21 - 84 

 

52.0 
(13.1)  

30 - 76 

 

Letter fluency 11.7 
(4.0)  

5 - 19 

13.6 
(4.5)  

2 - 23 

Visuospatial skills   

Line Orientation 24.8 
(3.3)  

19 - 29 

25.1 
(2.4)  

14 / 28 

Global cognition   

MoCA 24.1 
(1.9)  

21 - 27 

25.0 
(2.0)  

19 - 30 
† p<0.05 between MCI progressors and non-progressors.  

* A higher TMT B/A ratio indicates more deficits in cognitive flexibility, i.e., a greater trade-

off in TMTB vs. TMTA performance.  

Note. All analyses included age, education and sex as covariates.  
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Table 3. ROC analyses at baseline 

 

 

AUC 

(CI 95%) 

p-value 

Optimal threshold 

(score in test) 

Youden’s index 

(sensitivity; 

specificity) 

Semantic Memory    

Category Fluency (1 min)  0.75 

(0.61-0.90) 

p<0.01 

 

15.5 0.45 

(0.68; 0.77) 

Object Decision (BORB)  0.73 

(0.57-0.88) 

p<0.01 

 

28.5 0.48 

(0.71; 0.77) 

Vocabulary (WAIS-IV) 0.50 

(0.33-0.68) 

p=0.96 

  

Episodic Memory    

RAVLT delayed recall 0.58 

(0.41-0.75) 

p=0.35 

  

Executive functions    

TMT B/A ratio 0.73 

(0.58-0.88) 

p<0.01 

 

2.36 0.35 

(0.67; 0.69) 

Coding (WAIS-IV) 0.51 

(0.34-0.68) 

p=0.90 

 

  

Letter fluency 0.64 

(0.48-0.80) 

p=0.11 

  

Visuospatial skills    

Line Orientation 0.52 

(0.33-0.71) 

p=0.86 

  

Global cognition    

MoCA 0.63 

(0.46-0.79) 

p=0.14 

  

Note. AUC below .7 is low, between .7 and .8 is acceptable, between .8 and .9 is good and over .9 is 

excellent. 
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Figure 1. Patterns of change on different cognitive tests at baseline and follow-up. 

a. General cognition : MoCA  

  

b. Semantic memory: Category Fluency 

 

c. Semantic memory: Object decision 

  

 

d. Cognitive flexibility: TMT B/A Ratio 

 

 

e. Episodic memory: RAVLT delayed recall  

  

f. Visuospatial skills: Line Orientation 

 

 
  

g. Processing speed: Coding 

  

p < .001 

p < .05 

p < .01 
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Figure 2. ROC curves 

 

a. General cognition : MoCA  

  

b. Semantic memory: Category Fluency 

 
c. Semantic memory: Object decision 

  

 

d. Cognitive flexibility: TMT B/A Ratio 

 

 
e. Episodic memory: RAVLT delayed recall  

  

f. Executive function: Phonemic Fluency 

 

 
  

 

AUC : 0.63, p>0.05 AUC : 0.75, p<0.01 

AUC : 0.73, p<0.01 AUC : 0.73, p<0.01 

AUC : 0.58, p>0.05 
AUC : 0.64, p>0.05 
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