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ABSTRACT
Introduction: Mortality from cardiovascular disease (CVD) varies according to seasons in
countries that are located far away from the equator, likely linked to concomitant seasonal
variation in underlying CVD risk factors. We assessed temporal variation in CVD mortality in
the Seychelles, a small island state situated near the equator and where the climate is
virtually constant throughout the year. Seychelles is one of the few countries located near
the equator where all deaths are registered.
Methods: We recoded all deaths along broad causes, including CVD (n=5643), stroke (2112)
and myocardial infarction (MI, 804). Stroke and MI were considered as the cause of death if
the diagnosis appeared in any of the four fields for underlying causes of death in the death
certificates. In view of the small size of the population, we pooled all deaths (n=13’163)
between 1989 and 2010.
Results: Mortality for all CVD, stroke and MI did not systematically vary according to month
or season (chi square >0.05). A lack of variation was also observed within sex and age
categories.
Conclusion: The lack of seasonal variation in CVD mortality in a country located near the
equator is consistent with the hypothesis that seasonal variation in CVD decreases along
decreasing a country’s latitude.
Keywords: Cardiovascular disease - Africa - Trends - Mortality - Variation
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INTRODUCTION
Mortality from cardiovascular diseases (CVD), particularly stroke and acute
myocardial infarction (AMI), varies according to seasons in countries with large seasonal
variations in temperature (1;2;3), with highest mortality rates during cold months (4;5).
Inversely, less variation in CVD mortality is apparent in regions with minimal seasonal
changes such as Taiwan (6). Seasonal variation in CVD mortality may relate to seasonal
variations in CVD risk factors, e.g. blood pressure (7), stress levels (8), thrombotic activity (1),
fibrinogen blood levels (9), and blood cholesterol levels, which may be associated in turn to
seasonal variations in the diet (10;11). However, the exact contributions of these factors
have not been assessed precisely. A few studies have also suggested that seasonal variation
in CVD mortality is larger in older persons, which may relate to differences in thrombotic
activity according to age (12).
Variation in stroke and AMI (13) mortality has also been observed in relation to the
day of the week (13, 14), possibly in relation to work or stress conditions. CVD mortality also
varies according to hour of the day (3;15;16), likely related to circadian rhythm in several
CVD risk factors, e.g. physical activity, adrenergic hormones and blood pressure (17).
In this study, we assessed seasonal variation in CVD mortality in the Seychelles, an
island state near the equator (4° South) where the temperature and several other
environment related factors, including the diet is relatively constant throughout the year.
Seychelles is one of the few countries near the equator where all deaths at the entire
population level are medically certified through vital statistics. Because information on the
exact time of death is not available and some deaths may be recorded in vital statistics on
the next days (e.g. for deaths occurring during the week end), we focus on variation of
mortality according to month and seasons and not on day‐to‐day or circadian variations.
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Based on vital statistics, total mortality rates standardized for age (per 100,000
population, using the WHO Ahmad population) decreased by approximately 25% between
1990 and 2010 (from 1669 to 1113 in men and from 710 to 535 in women), consistent with
downard trends found in many middle income countries (18). Of note, the age‐adjusted
mortality from CVD decreased by 40‐50% in the interval. However, because of the
population increased in size (from 68’000 to 87’000 in 2010) and age (e.g. median age
increased by approximately 10 years in the interval), the total number of deaths per year
increased from 552 to 670 in the interval.

METHODS AND PARTICIPANTS
Original data of the vital statistics were available electronically for the period
between 1989 and 2010. Death certificates allow for up to three separate underlying causes
of death and associated conditions can be mentioned in another field. We recoded all deaths
according to broad cause categories, including cardiovascular disease (CVD, n=5’643), stroke
(2’112) and myocardial infarction (804), using the WHO ICD 10 classification of diseases.
Stroke and MI were considered as the cause of death if the diagnosis appeared in any of the
four fields for the underlying causes of death in the death certificates. We also considered
deaths from cancer (n=2’260) and from external causes (n=1064). Because of the small size
of the country (87’000 inhabitants in 2010), we pooled all deaths (n=13’163) between 1989
and 2010 when examining seasonal variation of deaths according to month. We used the chi
square test to test for differences in mortality between months. Although they can provide
useful information, statistical tests are not formally required in this study since data come
from the total population (i.e. they are not based on population samples).
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RESULTS
Among a total of 13’163 deaths (57% of men), there were 5643 deaths from CVD
(52% of men), 2112 deaths from stroke (51% of men), 804 from MI (63% of men). There
were 2260 deaths from cancer (60% of men) and 1064 from external cause (79% of men).
The number of deaths according to month of the year is tabulated in Table 1 and
graphed in Figure 1. There was not systematic difference in the numbers of CVD, stroke and
MI deaths according to month or seasons. Despite the fact that we pooled all deaths
occurring between 1989 and 2010, the number of deaths was fairly small and fluctuations
occur in the month‐to‐month numbers of CVD deaths: however there was no pattern for
systematic differences according to month or season. Age‐stratified analysis (results not
shown) also showed that there was no consistent seasonal pattern among young, middle
aged or older person and in men or women considered separately. Analysis also suggests the
absence of seasonal variation for mortality due to cancer and external causes.

Table 1. Number of deaths from CVD and other broad causes according to month and
difference (in %) from expected numbers assuming no seasonal change time
Jan
All causes
%∆

Feb

Mar

Apr

May Jun

Jul

Aug

1167 1073 1128 1107 1125 1020 1085 1135

Sep

Oct

1048 1097

Total
1081 1097 13163
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4.6
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1.3

2.2
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4.6
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%∆
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‐1

Number of deaths per year

Figure 1. Number of deaths from CVD and other broad causes according to months
(logarithmic scale of the Y axis)
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DISCUSSION
This first study to examine seasonal variation in CVD mortality in the African region
suggests that cardiovascular mortality did not vary according to the month or season in the
Seychelles. This finding is consistent with the view that seasonal variation in CVD mortality
decreases along decreasing country latitude and, possibly, concomitant smaller variation in
several CVD risk factors in tropical countries than in countries with marked seasons.
Seasonal variation of CVD mortality has been observed in countries that are remote
from the equator, e.g. in Italy (4), Greece (5), New Zealand (2;12) and California (19). CVD
mortality is highest during the coldest months in all these countries. Seasonal variation in
CVD mortality has been related to concomitant seasonal variation in factors such as
temperature (1;2;3;12); light and/or related vitamin D (16); or nutrition, e.g. a diet possibly
more atherogenic in winter (fats, meat, alcohol, etc) than in summer (salads, fruits) (10;11).
Fibrinogen levels were also found to increase by up to 23% in winter in England (9). Seasonal
variation in physical activity, tobacco habits and other potential triggers of CVD can also play
a role (20). Seasonal variation in CVD mortality can also be associated with social events, e.g.
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end of the year festive times with caloric excess or more atherogenic/prothrombotic diet on
these occasions, or stress related to these events (9;21).
The role of infections (influenza, etc) related to cold weather has also been suggested
to act as a trigger of CVD. However, flu‐like syndromes tend to occur with less seasonal
variation in Seychelles than in countries with cold seasons and the epidemics are often
limited in magnitude (e.g. less than 500 cases of influenza‐like syndrome are generally
notified in a year) (22). Little systematic seasonal variation is also observed in Seychelles for
other frequent infectious agents on most years, e.g. viral fever (3000‐6000 cases notified
every year on average), gastroenteritis (3000‐6000 cases notified every year on average) and
other occasional viruses (e.g. 4650 chikungunya cases notified in 2 months in 2006). Because
we merged mortality data from several years and epidemics of infectious diseases do not
consistently occur on the same months over years in Seychelles, we cannot assess whether
CVD mortality is related to these epidemics.
Inversely, the absence of seasonal variation in CVD mortality in Seychelles is
indirectly consistent with the lack of variation in temperature, day light length, and diet
throughout the year. A lack of seasonal variation in CVD mortality has also be observed in
Taiwan, a country close to the equator (6) and characterized by a fairly constant climate and,
likely, diet throughout the year.
As stated in the introduction, CVD mortality also varies also according to day of the
week and hour of the day. However, we could not examine these weekly or daily variations
in CVD mortality because the exact time of death was not available and some deaths could
be reported on a next day.
Our study has some limitations. Because of the small number of deaths occurring in
the small population of the Seychelles, we had to merge data from different years: this
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precluded us to analyze seasonal trends separately in different years. This should not
obscure variation by month or season if a systematic seasonal trend was indeed present. As
already mentioned, our data lack information on the exact time of death, which precluded
analysis of circadian or day‐to‐day variations in CVD mortality. Finally, although we merged
mortality data from several years, the number of deaths in this study is still not very large
and our study lacks power to identify small seasonal variation. A strength of this study was
the availability, in a country in the African region, of information on all deaths occurring in
the entire population with reasonable accuracy of the causes of death.
In conclusion, our finding of a lack of systematic seasonal variation of CVD mortality
in the Seychelles is consistent with the view that CVD mortality is attenuated or abolished in
countries located near the equator. Our findings also indirectly support a role of the
cardiovascular risk factors which vary in intensity according to seasons. Few data on CVD
variation are available in countries located near the equator and further studies in other
equatorial countries are needed to confirm our findings.
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