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Summary. Background and Objective. Associations between hot temperatures and both overall
and cardio- and cerebrovascular mortality have been observed in many European, North American,
and Southeastern Asian cities. However, the effects varied among the settings with limited evidence
from the countries with arid and semiarid climates. The aim of this study was to assess the effect of
air temperature on deaths from the selected diseases of the circulatory system in the city of Astana,
Kazakhstan.

Material and Methods. The daily counts of deaths from hypertensive diseases (ICD-10 codes,
I110-115), cerebrovascular diseases (ICD-10 codes, 160—169), and ischemic heart disease (ICD-10
codes, 120-125) during the warm seasons (April-September) of 2000-2001 and 2006—2010 were
obtained from the City Registry Office. The associations between the maximum apparent tempera-
ture (average of lags 0—3) and mortality were assessed by a first-order autoregressive Poisson re-
gression with the adjustment for barometric pressure (average of lags 0—3), wind speed, and effects
of month, year, holidays, and weekends.

Results. Altogether, there were 282, 1177, and 2994 deaths from hypertensive diseases, cer-
ebrovascular diseases, and ischemic heart disease, respectively. The maximum effective temperature
varied between —2.2°C and 44.5°C. An increase in temperature by 1°C was associated with a 1.9%
(95% CI, 0.3-3.5) increase in the daily number of deaths from cerebrovascular diseases and with
a 3.1% (95% CI, 0.2—-6.1) decrease in the number of deaths from hypertensive diseases among

women.

Conclusions. The results suggest a positive association between the maximum apparent tempera-
ture and the daily counts of deaths from cerebrovascular diseases and an inverse association between
temperature and mortality from hypertensive diseases, but only among women.

Introduction

The deleterious effects of both heat and cold on
human health are well recognized (1). Although as-
sociations between hot summer temperatures and
both overall and cardiovascular mortality have been
observed in high-, middle-, and low-income coun-
tries, the results varied among the settings (2—10).
The greater effects of warmer temperatures were
observed in more-northern cities, while the effect
of colder temperatures was more pronounced in
more-southern locations (5). People living in cities,
particularly elderly, are among the most vulnerable
groups bearing a high risk of death from ambient
heat exposure (2, 7). In some populations, women
are more sensitive to the effects of high tempera-
tures than men (10). Moreover, it has been suggest-
ed that developing countries are more sensitive to
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climate change because of a more vulnerable popu-
lation and generally a less advanced public health
infrastructure (3).

In spite of the fact that the effects of high tem-
peratures on cardiovascular mortality were assessed
in high-, middle-, and low-income settings with
the low or average levels of cardiovascular mortal-
ity, only few studies have been performed in the
countries of the former Soviet Union (11), which
might be particularly vulnerable to climate change
given their exceptionally high mortality from car-
diovascular diseases combined with rapid aging of
the population and large social inequalities. More-
over, previous studies were performed in temper-
ate, subtropical, and tropical climates (2—10), while
evidence on the effect of temperature on cardiovas-
cular diseases from continental, semiarid, and arid
climates is still scarce.

Kazakhstan is a former Soviet republic, which be-
came an independent state in 1991. Life expectancy
in Kazakhstan is among the lowest in the European
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WHO (World Health Organization) region with one
of the greatest gender gaps in the world, i.e., 63.6
years for men and 73.5 years for women in 2009
(12). The diseases of the circulatory system were the
main causes of death with an age-standardized mor-
tality rate of 626.4 per 100 000 in 2009, which is
higher than in most European countries (12). High
alcohol consumption, high prevalence of smoking
among men, high fat diet, and poor detection and
treatment of hypertension are the main factors be-
hind high cardiovascular mortality in Kazakhstan
(13). The high levels of both cardiovascular mortal-
ity and risk factors for cardiovascular diseases, popu-
lation aging, and rapid urbanization combined with
a high variability of temperatures typical of conti-
nental and semiarid climates make the Kazakhstani
population particularly vulnerable to the effects of
climate change and warrant research on how the
population of this Central Asian republic responds
to the exposure of ambient air temperature.

The aim of this study was to assess the effect of
air temperature on deaths from hypertensive dis-
eases, ischemic heart disease, and cerebrovascular
diseases during the warm period of the year in the
city of Astana, Kazakhstan.

Material and Methods

This ecological study was performed in the city
of Astana, which is located in the north-central part
of Kazakhstan (51°10°N, 71°26E), with a popula-
tion of 709 000 inhabitants in 2010. According to
the Koppen-Geiger classification, Astana is located
on the border between a humid continental and
semiarid climate and has cold winters and warm
summers (14). The mean temperatures for January
and July are —17.3°C and 20.2°C, respectively.

The daily counts of adult deaths from hyper-
tensive diseases (ICD-10 codes, 110-115), cerebro-
vascular diseases (ICD-10 codes, 160-169), and is-
chemic heart disease (ICD-10 codes, 120-125) for
the warm periods (from April 1 through September
30) in 2000-2001 and 2006-2010 were obtained
from the City Registry Office. This 6-month pe-
riod was selected to ensure comparability with other
similar studies. The data for the period between
2002 and 2005 were unavailable for the study. The
data on maximum daily temperatures, humidity,
barometric pressure, and wind speed in Astana for
the whole study period were obtained from the Na-
tional Hydrometeorological Service (Kazhydromet).
The maximum apparent temperature was used as an
index of discomfort related to the individual’s per-
ceived air temperature since it combines the effects
of temperature and humidity and is associated with
the body’s ability to cool by perspiration and evapo-
ration during hot days (9, 15). The maximum appar-
ent temperatures were calculated using the formula:

AT=-2.653+0.994xT+0.0153xDT?

where T is the maximum daily value of temperature,
and DT is the dew point temperature (16). Given
that the effect of hot weather on the deaths from the
diseases of the circulatory system can be delayed,
the average values for the maximum apparent tem-
perature for lags 0—3 were used. Similarly, the aver-
age values for barometric pressure for lags 0—3 were
calculated, while the data on wind speed were used
with lag 0 as in other studies (9, 15).

The daily counts of deaths from the studied caus-
es were used as dependent variables. An exploratory
analysis using the countfit estimation function in the
Stata software (17) revealed that the Poisson distri-
bution provided the best fit for the data. In addition,
the autocorrelations and partial autocorrelations of
dependent variables showed that a first-order autore-
gressive regressive Poisson model should be selected
for the assessment of the associations between tem-
perature and daily mortality. Robust standard errors
were used to account for heterogeneity (17). Months,
years, and holidays were included in the models as
binary variables, while barometric pressure and wind
speed were used as continuous variables. First, a cur-
vilinear relationship between temperature and each
of the outcomes was modeled by fitting cubic splines
with 7 knots from 5°C to 35°C spaced every 5°C us-
ing the UVRS program in the Stata software with a
linear adjustment for covariates (18). Then, the most
parsimonious model was selected by a stepwise re-
duction of the number of knots from 7 to the mini-
mum using the 5% level of alpha error. The best fit-
ting models were linear models (no knots) across the
whole temperature spectrum. All analyses were per-
formed separately by gender and age groups (18-59
years and 60 years and more).

To allow the comparisons with other studies, the
analyses were repeated assuming a log-linear in-
crease in risk above the threshold, which was set at
the 90th percentile of the maximum apparent tem-
perature as reported elsewhere (9, 15). Given the
small numbers of deaths in the temperature interval
above the 90th percentile, these analyses were per-
formed without stratification by age.

All analyses were performed using the Stata 10.0
software (Stata Corp, TX, USA).

Results

Altogether, there were 282, 1177, and 2994
deaths from hypertensive diseases, cerebrovascular
diseases, and ischemic heart disease, respectively,
during the total study period of 1281 days. The daily
counts of deaths from hypertensive diseases varied
between 0 and 3 with an average of 0.22 deaths per
day. The corresponding numbers for deaths from is-
chemic heart disease were 0, 8, and 2.34, while for
deaths from cerebrovascular causes, they were 0, 5,
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Fig. Associations between maximum apparent temperature and daily mortality from hypertensive disorders (top),
cerebrovascular diseases (middle), and ischemic heart disease (bottom) during the warm season in Astana, Kazakhstan

and 0.92. The maximum apparent temperature var-
ied between —2.2°C and 44.5°C (mean, 21.2°C). No
clear pattern of the relationship between tempera-
ture and mortality from the selected diseases of the
circulatory system was observed (Fig.).

When associations between temperature and
mortality were assessed across the whole spectrum
of temperatures, the significant effects of higher

temperatures on daily death counts were found for
hypertensive disorders (P=0.047) and cerebrovas-
cular diseases (P=0.039). In the overall sample, an
increase in temperature by 1°C was associated with
a 1.2% (95% CI, 0.1-2.4) increase in the daily num-
ber of deaths from cerebrovascular diseases. At the
same time, an increase in temperature by 1°C was
associated with a 2.2% (95% CI, 0.03—4.3) decrease
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in the number of deaths from hypertensive diseases.
No effect of temperature on mortality from ischem-
ic heart disease was detected.

In gender-stratified analysis, the significant as-
sociations between temperature and mortality were
observed for the same groups of causes of death, but
only among women. While the observed association
between temperature and deaths from hypertensive
diseases was attributed mostly to a strong inverse ef-
fect of temperature among those aged 18—59 years
(Table 1), the association between temperature and
deaths from cerebrovascular diseases was mainly at-
tributed to the effect of temperature on mortality in
the oldest age group (Table 2). Moreover, an inverse
association was found between temperature and is-
chemic heart disease, but only among women in the
age group of 18-59 years (Table 3). All the other

coefficients for ischemic heart disease were close to
zero with relatively narrow confidence intervals.

The effect of temperature on mortality from hy-
pertensive diseases among men in the younger age
group was similar to that observed among all wom-
en, but the results did not reach the level of statisti-
cal significance because of a small number of deaths
among the former (n=36, Table 1). Similarly, the
coefficient for the association between temperature
and the daily counts of deaths from cerebrovascular
diseases among younger men was even greater than
among women (Table 2), but the small number of
cases resulted in a wide confidence interval that in-
cluded zero.

No significant effect of the maximum apparent
temperature above the 90th percentile threshold on
any of the studied outcomes was found (Table 4).

Table 1. Associations Between Maximum Apparent Temperatures (Average of Lags 0—3) and Daily Counts of Deaths
From Hypertensive Diseases (IDC10 Codes, I10-115) Across the Whole Temperature Spectrum

Age Group, Number

Changes in Daily Mortality per 1°C

Years Gender of Deaths % . 95% Confidence Intervals
Change Lower Limit Upper Limit

Men 36 -3.1 -8.6 2.5

18-59 Women 28 10.9 17.9 40

60 and more Men 78 0.1 -4.0 4.1

Women 140 -2.0 -5.2 1.3

All S Men 114 -1.1 -4.3 2.2

ages Women 168 -3.1 —6.1 -0.2

*Adjusted for barometric pressure (average of lags 0—3), wind speed, month, year, holidays, and weekends.

Table 2. Associations Between Maximum Apparent Temperatures (Average of Lags 0—3) and Daily Counts of Deaths
From Cerebrovascular Diseases (IDC10 Codes, 160-169) Across the Whole Temperature Spectrum

Changes in Daily Mortality per 1°C

Agi{g}arr(;up ’ Gender oI;hIl)Ifsl:tehrs % . 95% Confidence Intervals
Change Lower Limit Upper Limit

Men 128 2.5 -1.3 6.4

18-59 Women 76 11 43 6.5

60 and more Men 374 -0.2 -2.2 1.9

Women 599 2.0 0.4 3.6

All ages Men 502 0.4 -1.3 2.2

£es Women 675 1.9 0.3 35

*Adjusted for barometric pressure (average of lags 0—3), wind speed, month, year, holidays, and weekends.

Table 3. Associations Between Maximum Apparent Temperatures (Average of Lags 0—3) and Daily Counts of Deaths
From Ischemic Heart Disease (IDC10 Codes, 120-125) Across the Whole Temperature Spectrum

Age Group, Number

Changes in Daily Mortality per 1°C

Years Gender of Deaths % . 95% Confidence Intervals
Change Lower Limit Upper Limit

18-59 Men 540 0.3 -14 2.0

Women 120 —4.5 -8.2 -0.7

60 and more Men 999 0.5 -0.6 1.6

Women 1335 -0.6 -1.5 0.4

All ages Men 1539 0.4 -0.5 14

ges Women 1455 -0.9 -18 0.1

*Adjusted for barometric pressure (average of lags 0—3), wind speed, month, year, holidays, and weekends.
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Table 4. Associations Between Maximum Apparent Temperatures (Average of Lags 0—3) and Daily Counts of Deaths
From Selected Groups of Diseases of Circulatory System Above the Temperature Threshold

Group Total Number

Changes in Daily Mortality per 1°C

of Diseases Gender of Deaths % 95% Confidence Intervals
Change* Lower Limit Upper Limit

110-115 (all ages) Wl\cﬁ:;n ;% gé :%gg %;‘11

160169 (all ages) Wl\c:[g;n g; 471; :g?t %ig

120-125 (all ages) Wl\é{;lln g% 8:5%) :Z:; g:g

*Adjusted for barometric pressure (average of lags 0-3), wind speed, month, year, holidays, and weekends.

Discussion

To our knowledge, this is the first study on the
effects of temperature on the daily counts of deaths
from the selected diseases of the circulatory system
in Central Asia. The results suggest a positive asso-
ciation between the maximum apparent temperature
and mortality from cerebrovascular diseases and an
inverse association with mortality from hypertensive
diseases, but the association was significant only
among women. A similar inverse association was
found for ischemic heart disease, but it was limited
only to younger women.

The main strength of this study is the use of a
relatively large data set, i.e., the total number of
deaths from the selected causes for each day during
a relatively long period of 7 complete years using
the most reliable source of information in Astana,
i.e., the City Registry Office, to avoid potential bias,
which might be present when only hospital data are
used. Moreover, the use of the methods similar to
those used in most international studies ensures the
comparability of the findings. Maximum apparent
temperature used in this study as the main exposure
reflects both temperature and humidity (15, 16) and
is a more appropriate indicator of discomfort than
mean or maximum daily temperatures. Moreover,
our study is among the first that assessed the effect
of temperature on deaths from hypertensive diseas-
es, while most other researchers have studied deaths
from all the diseases of the circulatory system (8, 9,
19) or cardiorespiratory mortality (3, 8), although
deaths from ischemic heart disease and cerebrovas-
cular diseases have also been studied (10). The use
of combination of deaths from cardiovascular and
respiratory diseases considerably increases statisti-
cal power, and given that the coefficients for the as-
sociation between temperatures are usually greater
than for cardiovascular deaths alone, these studies
are more likely to produce statistically significant re-
sults. However, we opted for a more detailed analysis
of the diseases of the circulatory system because the
effects of temperature may differ within this broad
group of diagnoses as reported in elsewhere (2).

The results of the present study are in line with
most other studies, which have reported positive as-
sociations between temperature and mortality from
cerebrovascular diseases or cardiovascular diseases
in general. However, we did not observe a V- or J-
shaped association as in most European and North
American studies (4-6, 9, 10, 19). The association
between temperature and cerebrovascular deaths
followed a linear pattern, similarly to what was ob-
served in Beijing (2), although the effect in Astana
was considerably greater. While a 5°C increase in
temperature in Beijing was associated with a 6.4%
increased risk, our results suggest an increase in the
number of cases by 9.5% for the same increase in
temperature. As in most other studies, the effect of
temperature on cerebrovascular deaths was more
pronounced in the oldest age group. Interestingly,
an increase in the number of cases was nearly twice
as high in the oldest age group in comparison with
the age group of 18-59 years, while in other coun-
tries the difference was much less pronounced (7, 9,
19). The oldest age group in our study comprised
persons aged 60 years and more, while in most other
studies, the lower limit for the oldest group was 65
years and more (2, 3, 10, 19) or 75 years (9) com-
plicating direct comparisons with these studies. The
choice of the oldest age group can be justified by the
fact that life expectancy in Kazakhstan is nearly 10
years shorter than in most countries where similar
studies were performed (12). Given that the elderly
are considered more sensitive to the effects of heat,
the inclusion of younger cases in our study was like-
ly to have resulted in some underestimation of the
effect. A larger difference in the effects of tempera-
ture on cerebrovascular deaths between younger and
older age groups in Astana combined with the fact
that the older age group was younger than in other
studies suggests that the elderly in Astana seem to
be even more vulnerable to the effects of heat than
the elderly in high-income countries. Given that
the elderly have poorer health in general and the
fact that elderly people in Kazakhstan are among
the most socially disadvantaged and live mostly in
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old houses often without air conditioners may partly
explain a high sensitivity of this group to the effect
of hot temperatures.

From the public health point of view, the results
are particularly important because cerebrovascular
diseases are more common in Kazakhstan than in
most European and Asian countries with an age-
standardized mortality rate of 181.4 per 100 000.

No association between air temperature and
deaths from ischemic heart disease was observed,
which is in line with the Chinese study (2), but con-
tradicts the results of a few European studies (10,
19), which showed an increase in mortality from is-
chemic heart disease parallel to an increase in tem-
perature. Moreover, the study showed an inverse as-
sociation among younger women. It is known that
high temperature facilitates sweating, and the loss
of fluid and salts leads to hemoconcentration (20).
Heat also provokes the release of interleukin 1 and
interleukin 6 into the circulatory system leading to
the damage of endothelial cells that may facilitate
acute cardiac events. However, no associations were
found between heat and hospitalizations from car-
diovascular diseases in general (15) or from acute
coronary syndromes (21) in Europe, while a positive
association was observed in the United States, par-
ticularly among the elderly (22). A recent review of
the effects of temperature on the incidence of myo-
cardial infarction has concluded that more research
is needed to show which populations and individu-
als are vulnerable (23).

A similar inverse association was found between
temperature and deaths from hypertensive diseases,
which was also most pronounced among younger
women, although negative coefficients were ob-
tained for all age groups and both genders, except
older men, suggesting robustness of this finding. It
is well established that the association between the
absolute values of systolic blood pressure and both
indoors and outdoors air temperature is inverse
(24-26), but the present study seems to be the first
showing an inverse association between mortality
from hypertensive diseases and air temperature on
the population level.

We suggest interpreting the results of the present
study and comparing them with other studies with
caution taking into account its limitations. Although
the design of the study was in general similar to
most of the previous studies, direct comparisons are
difficult due to different cutoffs of temperature, ad-
justments factors, and modeling techniques. More-
over, different temperatures were used in different
studies, i.e., maximum temperatures (3), mean ap-
parent temperatures (19), or maximum apparent
temperatures (9). Although the data on all deaths
during 7 years were collected, there was a 4-year
gap for which no data were available. However, this
is unlikely to bias the results because the adjustment

was made for the effects of years and months using
dichotomous variables; thus, the effects of each year
were estimated independently. Moreover, the ad-
justment for years as dummy variables at least partly
controls the effect of rapidly growing population of
Astana. Nevertheless, even during a 7-year period,
there were relatively a few cases of deaths in the days
when temperature exceeded the threshold resulting
in low statistical power reflected by wide confidence
intervals. Another limitation is unavailability of the
data on potential confounders such as ozone, black
smog, suspended particles, nitrogen dioxide, and
other pollutants that may be associated with both
exposure and outcomes. The adjustment for ozone
and PM10 levels has been shown to reduce asso-
ciations between apparent temperature and mortal-
ity in both Europe (19) and North America (27).
However, the effect was more pronounced in more
polluted cities (9), while in Stockholm, the effect of
adjustment was negligible. Given that the levels of
air pollution in Astana are low, the associations ob-
served in this study may remain the same even after
the adjustment for pollutants.

Differences between the findings from different
locations may reflect sociodemographic, cultural,
economic, and technological differences among the
settings that result in the different proportions of
people susceptible to the effects of heat. Interna-
tional experience shows that heat-warning systems
are of ultimate importance to reduce heat-associated
mortality (28). Public health interventions targeting
hospitals, pharmacies, and social services that deal
with the elderly will be the key in reducing popu-
lation vulnerability (7). Universal understanding of
health hazards related to heat, planning of the built
environment, and installation of air conditioners in
hospitals, social care units, office buildings, and pri-
vate houses may also reduce the effect of hot tem-
peratures on mortality.

Sensitivity to hot temperatures has declined in
recent decades parallel to economic improvements
in high-income countries (29) and may be expected
to decrease in the most developed high-income set-
tings. Astana is a rapidly developing capital of the
oil-rich Republic of Kazakhstan with considerable
capital investments, newly built residential areas,
and well-functioning infrastructure. Moreover, the
population of Astana is generally younger, better
educated, and wealthier in comparison with most
other Central Asian cities. All these factors compli-
cate the generalization of our findings to other cities
in the region. Studies from larger cities in Central
Asia such as Tashkent and Almaty are warranted
to corroborate our findings. Moreover, further re-
search using the data on hospitalizations or ambu-
lance calls may further improve our understanding
on the effects of hot temperatures on the diseases
of the circulatory system in Central Asia. More
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evidence from research on urban design, housing
quality, local topography, and population behavior
is needed for planning effective adaptive strategies
for cities in Central Asia.

Conclusions

The results suggest a positive association be-
tween the maximum apparent temperature and the
daily counts of deaths from cerebrovascular diseases
and an inverse association between temperature and
mortality from hypertensive diseases and ischemic
heart disease. These effects of temperature were
observed only among women for the former two
outcomes and only among younger women for the
latter. Factors behind these associations warrant fur-
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