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FRONT MATTER: COMMENT

Electric fan use during heat waves: Turn off for the elderly?

Comment on: Ravanelli NM, Jay O. Electric fan use in heat waves: Turn on or turn off?
Temperature. 2016;3:358-360. doi:10.1080/23328940.2016.1211073.

In their Discovery article, Ravanelli & Jay' make a compelling argument that should change our perception of
electric fan use during heat waves. Public health agencies generally discourage fan use above air temperatures of
~35°C (95°F), due to the concern that increased air velocity will only serve to accelerate dry heat gain and dehy-
dration. However, as Ravanelli & Jay' discuss, greater heat gain during fan use is far outweighed by increased
sweat evaporation, the latter of which can be offset by drinking less than one cup of water per hour. Conse-
quently, fan use delayed the increase in heart rate and internal body temperature of young adults exposed to a
humidity ramp protocol performed at 36°C (97°F) and 42°C (108°F)”. These findings are particularly important
given a general lack of knowledge regarding the effectiveness of fan use during heat waves.

Identifying simple, cost-effective, and sustainable cooling interventions has perhaps never been more impor-
tant. The world’s climate is changing, the effects of which are already being felt. According to the National Oce-
anic and Atmospheric Administration, 2016 was the hottest year on record and the third year in a row that this
record was set. One consequence of climate change is an increase in frequency, intensity, and duration of heat
waves. For example, Kuwait endured a heat wave during July 2016 that saw temperature peak at 54°C (129°F). In
the United States, a June heat wave brought temperatures in excess of 46°C (115°F) across parts of the Southwest.
Such periods of extreme heat are consistently associated with excess morbidity and mortality”. Therefore, the
finding that electric fans can alleviate cardiovascular and thermoregulatory strain at temperatures as high as
42°C (108°F) is promising for their implementation as a cooling intervention during heat waves. Electric fans
represent a relatively more sustainable intervention than widespread air-conditioning use, which places signifi-
cant burden on the electrical grid and adds a substantial thermal load to the environment. Furthermore, access to
air-conditioning is not universal and for those who do have access to air-conditioning, economical concerns may
limit its use.

Heat-related morbidity and mortality disproportionately affect the elderly’. This is important because aging,
even in the absence of overt disease, compromises cardiovascular and thermoregulatory responses during heat
exposure’. It remains unclear if the beneficial effects of fan use, as identified in young adults, can be transferred
to a vulnerable population such as the elderly. As a first step toward addressing this question, we followed up on
the Ravanelli et al.” study by exposing healthy older adults (61-71 years) to extreme heat and humidity*. Follow-
ing an initial baseline period at a relative humidity of 30%, relative humidity was increased in a step-wise fashion
by 2% every 5 min until 70%. Throughout the protocol, air temperature remained constant at 42°C (108°F). On
separate days, the participants performed the protocol with or without an electric fan turned on to provide an air
velocity of ~4 m/s. In contrast to what Ravanelli et al.” observed in young adults, fan use did not delay the
increase in heart rate and internal body temperature of older adults. Rather, fan use resulted in greater heart rate
and internal body temperature during the protocol®. Taken at face value, these findings suggest that fan use may
be detrimental for the elderly during heat waves.

An important consideration of our study is the air temperature used (42°C; 108°F). Although such tempera-
tures are sometimes encountered, they are rarely accompanied with the levels of humidity we examined. There-
fore, our findings cannot be generalized to most heat wave conditions. Rather, our findings provide the first
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validation of a model proposed by Jay et al.” that predicts the environmental limits at which fan use is either ben-
eficial, or of marginal benefit, or detrimental. This model is reproduced in Figure 1. It can first be appreciated
that, for a given relative humidity, the “marginal benefit” and “detrimental” zones are shifted to lower air temper-
atures in the elderly. For example, at a relative humidity of 20%, fan use would remain beneficial until an air tem-
perature of ~45°C in young adults, whereas it would only remain beneficial until an air temperature of ~42°C
for the elderly. It is also evident that, before beginning the step-wise increases in humidity, the environmental
conditions of our protocol (42°C, 30% humidity, green dashed line) exceeded the peak conditions of all but 2 of
the most severe heat waves of the past 20 y (see circled numbers). Furthermore, these baseline conditions were
already within the zone of marginal benefit of fan use predicted for the elderly. Finally, the environmental condi-
tions at which an increase in heart rate (42°C, ~55% humidity) and internal body temperature (42°C, ~65%
humidity) occurred were well within the zone where fan use was modeled to be detrimental (red dashed lines).
Therefore, we cannot rule out the possibility that fan use would be beneficial for older adults exposed to less
extreme environmental conditions.

Overall, the results of our study raise 2 considerations for future research. First, the effectiveness of fan use
during heat exposure is likely influenced by factors which compromise thermoregulatory responses, such as age
and health status. When air temperature is greater than skin temperature, fan use will only be beneficial if it is
accompanied by greater sweat evaporation. In older adults, a reduced sweating capacity may explain why fan use
was not beneficial under the conditions we examined. In fact, whole-body sweat loss was similar between condi-
tions in our study”, whereas sweat loss was elevated by fan use in young adults®. Second, the effects of fan use will
differ according to the environmental conditions used. As the model proposed by Jay et al.” clearly highlights,
there is a finite range of environmental conditions within which electric fans will be beneficial. However, the ben-
efits of fan use (as predicted by this model) might be overestimated for very hot and dry environments. In such
conditions, evaporative efficiency is high even without additional air flow provided by an electric fan. If evapora-
tive efficiency is not further improved by fan use, the fan will only serve to increase skin temperature leading to
greater cutaneous vasodilation. This may result in greater cardiovascular strain that is not considered by the
model. Therefore, an important task moving forward will be to experimentally quantify the range of air tempera-
tures and relative humidities within which electric fans are beneficial, particularly for populations vulnerable to
heat-related morbidity and mortality. Doing so will allow public health agencies to establish guidelines for fan
use based on empirical evidence, rather than the (as of yet) unsubstantiated belief that fan use is detrimental for
all when air temperature reaches ~35°C (95°F).
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Figure 1. Predicted environmental limits at which fan use is either beneficial (white area), or of marginal benefit (light gray area), or det-
rimental (dark gray area) for young adults (left panel) and the elderly (right panel). The green dashed lines represent the baseline envi-
ronmental conditions of our protocol (42°C, 30% humidity). The red dashed lines represent the environmental conditions at which an
increase in heart rate (HR; 42°C, ~55% humidity) and internal body temperature (Tcore; 42°C, ~65% humidity) occurred during a step-
wise increase in relative humidity. The circled numbers indicate the peak outdoor conditions for 10 of the most severe heat waves in
the past 20 years: (1) Washington, DC, 2012 (day); (2) Paris, France, 2003 (day); (3) Newark, NJ, 2011; (4) Chicago, IL, 1995; (5) New York,
NY, 2006; (6) Chicago, IL, 1999 (day); (7) Washington, DC, 2012 (night); (8) Chicago, IL, 1999 (night); (10) Paris, France, 2003 (night). Mod-
ified with permission from Jay et al.”
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