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ABSTRACT

Deleterious effect of cold on overall mortality is well-established. We studied associations
between the air temperature and the number f ambulance calls for asthma in Nur-Sultan,
Kazakhstan - the second coldest capital in the world. Daily counts of ambulance calls for asthma
in Nur-Sultan for the cold seasons (October-March) 2006-2010 were obtained from the Municipal
Ambulance Station. Associations between the number of calls and mean and minimum apparent
temperatures (average for lags 0-15) were studied using first-order Poisson auto-regression
models controlling for wind speed and effects of month, year, weekends and holidays.
Altogether, there were 7373 ambulance calls for asthma during the study period. An inverse
association between minimum apparent temperature and the number of calls was observed for
the age-group 60 years and older. A decrease of the minimum apparent temperature by 1°C was
associated with an increase in the number of calls by 1.7% (95% Cl: 0.1%-3.3%) across the whole
temperature spectrum. No associations in other age groups were found. Our results suggest an
inverse association between the average 15-day lag minimum apparent temperature and the
number of ambulance calls during the cold season in Nur-Sultan, but this is limited to the oldest
age-group.
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Introduction
observed among the elders [5]. Other studies have

Earlier research has shown that climate, and specifically
low temperatures, is an important independent deter-
minant of health [1]. Deleterious effect of cold on
respiratory mortality is well-established: approximately
a half of excess mortality during winter months is
attributed to deaths from respiratory causes [2].
Moreover, exposure to cold air is known to exacerbate
chronic inflammatory airway diseases including asthma
[3]. More than two-thirds of Finnish adults with asthma
report cold-related respiratory symptoms, the symp-
toms, but they start to emerge at relatively cold tem-
peratures and with a temperature threshold increasing
by age [4]. In New Zealand, respiratory hospital admis-
sions have been shown to be strongly associated with
minimum temperatures during winter with the increase
in hospitalisations when temperature falls below 8°C. As
in the Finnish study, the greatest increase has been

reported an increase in respiratory hospital admissions
in cold days among children [6], while other studies
suggest that this association is limited only to adults
[7]. At the same time, Fitzgerald et al. have reported on
a nearly 5% decrease in asthma admissions during cold
spells in New York State with a decline being the stron-
gest in the coldest regions [8]. Winter and low latitude
had a statistically significant association with the
increased risk of asthma, especially in children and low-
latitude areas in a recent meta-analysis [9].

Thus, the results on the associations between cold
temperature and asthma exacerbations vary between
the settings and across age-groups warranting further
research in different settings.

Most of the studies on the associations between
climatic factors and asthma have been performed in
high income countries with temperate or subtropical
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climate complicating generalisation of the findings and
warranting replication of the results in other parts of
the world, particularly in developing settings where low
temperatures are not uncommon.

The capital of Kazakhstan — Nur-Sultan (Astana until
2019) - is located in the steppe region on the border
between a humid continental and a semi-arid climate
[10]. Although located in Central Asia, the city has much
in common with inland settings in the Arctic, particu-
larly in Siberia. Winters are long and temperatures
below -30°C are common. However, the size of the
city is much greater (834000 in 2014) comparable to
the Arctic settings making it a unique setting for explor-
ing effects of climatic factors on various health out-
comes [11-13]. Information on respiratory health in
Kazakhstan in international peer-reviewed literature is
scarce. The only study on the prevalence of asthma we
identified in Pubmed suggests that 1.9% of residents of
Nur-Sultan had “doctor-diagnosed asthma” and 25.5%
had wheezing symptoms in 2018 [14].

The aim of this study is to assess associations
between air temperature and daily counts of ambu-
lance calls for asthma during cold season in Nur-
Sultan, Kazakhstan - the coldest capital city in the
European WHO region and the second coldest capital
in the world.

Methods

This was an ecological study using aggregated data on
daily counts of ambulance calls for doctor-diagnosed
asthma during the cold seasons (from October 1
through March 31) 2006-2010. This six months period
was selected to ensure comparability with other studies
on the associations between climatic factors and health
outcomes. Mean and minimum apparent temperatures
were calculated using the formula
AT = —2.653 + 0.994*T + 0.0153*DT* where T is the
mean or the minimum daily temperature, respectively,
and DT is the dew point temperature [15]. Apparent
temperatures represent discomfort indices and are
more appropriate for studies on the effects of cold
since they combine the effect of temperature and
humidity. However, we also repeated all analyses
using mean and minimum daily temperatures. Data on
temperature, humidity and wind speed were obtained
from the Kazakhstani Hydrometerological Service
(Kazhydromet). The meteorological station is located
close to the geographical centre of the Nur-Sultan
municipality; therefore, we assume that the data effec-
tively represent the temperature in the city.

The daily counts of ambulance calls for asthma were
used as dependent variables. The data were obtained

from the Municipal Ambulance Station. Diagnosis of
asthma by ambulance doctor was based on a prior
diagnosis of asthma and physical exam finding of
wheezing or improvement with short-acting beta
agonist.

An exploratory analysis using the countfit estima-
tion function in Stata software revealed that the
Poisson distribution provided the best fit for the
data [16]. In addition, analysis of autocorrelations
and partial autocorrelations of dependent variables
showed the first-order autocorrelation. Robust stan-
dard errors were used to account for heterogeneity
[16]. We also modelled curvilinear relationships
between temperature and outcomes by fitting cubic
splines with knots spaced every 5°C using uvrs func-
tion in Stata [17] and searched for a threshold value
for the temperature using "hockey-stick” models [17].
However, the most parsimonious model describing
relationship between the temperature and the num-
ber of calls was linear across the whole temperature
spectrum during the study period. Thus, first-order
autoregressive Poisson regression was used to assess
the effect of temperature on daily counts of calls. The
effect of cold on health outcomes [1,18], including
asthma [19], can be delayed for up to two weeks, so
we used average temperature values for lags 0-
15 days. Also, wind speed with 0 lag was included in
the models as a continuous variable. Months, years
and public holidays were included in the models as
binary variables.

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

Results

Mean daily temperature varied between -36.2°C to
18.4°C during the study period. The corresponding
numbers for minimum temperature were —39.7°C and
12.8°C. Altogether, there were 7373 ambulance calls for
asthma during the study period. The number of calls
across independent variables is presented in Table 1.
Out of them, 51.3% were among men. The daily counts
of ambulance calls for asthma varied between 0 and 21
with the median of 8 calls per day. Calculation of aver-
age temperatures for lag 0-15 days resulted in reduc-
tion in the number of days included in the analyses and
in the overall number of cases to 7355.

Associations between the number of calls and either
mean or minimum temperatures did not reach the level
of statistical significance (Table 2). Significant associa-
tion between the temperature and the number of calls
was observed only for the oldest age-group: the num-
ber of calls increased on average by 1.7% (95% Cl: 0.1-
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Table 1. Background characteristics of the study population and average values for air temperatures during the cold seasons 2006—

2010 in Nur-Sultan, Kazakhstan.

Total number of calls

Number of calls per day

Variable

N % 25" percentile Median 75" percentile
Age-group
0-17 351 4.8 0 0 1
18-44 1812 24.6 1 2 3
45-59 2082 283 1 2 3
60+ 3110 423 2 3 5
Gender
Male 3785 513 2 4 6
Female 3588 48.7 2 4 5
Year
2006 1205 16.3 5 6 8
2007 1218 16.5 5 7 8
2008 1223 16.6 5 6 8
2009 1795 243 7 10 12
2010 1932 26.2 8 10 13
Month
January 1220 16.5 5 8 10
February 1153 15.6 6 8 10
March 1205 16.3 5 7 10
October 1226 16.6 5 7 10
November 1207 16.4 5 8 10
December 1362 18.5 6 8 12
Mean daily temperature, °C -14.8 -6.6 0.6
Minimum daily temperature, °C -19.5 -10.5 -2.5
Mean apparent daily temperature, °C -12.1 -7.6 -1.9
Minimum apparent daily temperature, °C -14.6 -10.7 -1.1

Table 2. Association between mean- and minimum temperature and daily counts of ambulance calls for asthma during the cold

seasons 2006-2010 in Nur-Sultan, Kazakhstan.

Mean temperature

Minimum temperature

95% Confidence intervals

% difference 95% Confidence intervals

Age, years Gender % difference
0-17 Males —-0.6
Females 20
Both genders -0.2
18-44 Males -0.7
Females 0.2
Both genders -03
45-59 Males 0.6
Females 0.6
Both genders 0.6
60+ Males -0.6
Females -0.2
Both genders -0.5

-3.6; 24 -0.1 -3.0; 2.8
-2.2;6.2 1.7 -2.5;59
-24; 2.7 0.4 -2.1; 29
-24;1.1 -0.5 -2.1;1.2
-1.1; 15 0.2 -1.1;15
-1.4;0.8 -0.2 -1.2; 0.8
—-0.6; 1.9 0.5 -0.7; 1.8
-0.7; 1.9 0.6 -0.7; 1.9
-04; 14 0.5 -04; 1.4
-1.7; 04 -0.7 -18;0.3
-14; 1.1 -0.4 -1.6; 0.8
-1.3; 04 -0.7 -1.5; 0.1

3.3) for each 1°C decrease in minimum apparent tem-
perature in multivariable autoregressive models (Table
3). Results of regression modelling were also presented
graphically in Figure 1.

Discussion

This is to the best of our knowledge the first study from
Central Asia on the association between air tempera-
ture and asthma exacerbations. We found an inverse
association between temperature and ambulance calls
for asthma in the cold season, but only among the
oldest age-group.

The main strength of the study is that we included
all served ambulance calls during cold seasons from

2006 to 2010. There in only one ambulance station in
the city and the use of all calls in the city in the given
period minimises both random error and selection bias.
Relatively large sample size provides an opportunity to
assess relatively small variations in the number of
ambulance calls across the whole range of
temperatures.

Our results are in line with the consensus that elderly
are the most vulnerable to the effects of cold [1]. Cold
temperatures and low humidity were shown to be
associated with respiratory infections in Finland [20].
Cooling of the air to 10°C during exercise and to
—17°C during resting is associated with bronchospasm
in asthmatic subjects which may partly explain our
findings [21]. However, it has been suggested that it is
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Table 3. Association between mean- and minimum apparent temperature and daily counts of ambulance calls for asthma during

the cold seasons 2006-2010 in Nur-Sultan, Kazakhstan.

Mean apparent temperature

Minimum apparent temperature

95% Confidence intervals

% difference 95% Confidence intervals

Age, years Gender % difference
0-17 Males -15
Females 4.2
Both genders 0.5
18-44 Males -1.0
Females 0.6
Both genders -0.2
45-59 Males 15
Females 0.7
Both genders 0.9
60+ Males -1.4
Females -0.4
Both genders -1.0

—6.3; 3.4 -1.2 -6.8; 4.4
-1.9;,10.3 35 -3.8; 10.0
—34; 44 0.3 -4.1; 4.8
-39, 1.9 -0.8 -4.0; 2.4
-1.5; 2.8 0.4 -2.0; 2.8
-2.0; 1.5 -0.3 =22, 1.7
-0.5; 3.6 2.1 —-0.2; 45
-1.6; 3.0 0.5 -2.2; 3.1
-0.6; 2.5 1.1 -0.6; 2.9
-3.2,04 -2.0 —-4.0; 0.0
-24; 1.6 -1.1 -35;1.2
-2.5;04 -1.7 -3.3; 0.1

facial cooling but not breathing of cold air induces
bronchoconstriction [22]. Cooling of bronchi by cold
air slows ciliary movement and induces local inflamma-
tory responses [23]. Thus, an infectious pathway of
asthma exacerbations associated with cold tempera-
tures cannot be excluded.

However, contrary to the findings from many other
studies, we have not observed associations between
temperature and asthma exacerbations among chil-
dren, young-, and middle-aged adults [3,6,7,24]. The
absence of association for younger age groups in this
study is highly likely to be due to limited statistical
power. One may also speculate that parents of children
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2010 in Nur-Sultan, Kazakhstan.



less pronounced effects of cold on health outcomes
than in other European settings. This hypothesis is
further supported by the findings from Yakutsk, North-
Eastern Russia, where winter temperatures during cold
season are even more extreme than in Nur-Sultan. Both
settings have low humidity suggesting that our results
should be generalised with due caution to areas with
less continental climates and with higher winter tem-
peratures. Donaldson et al found no association
between air temperature and mortality with the excep-
tion for some increase in the number of deaths from
respiratory causes [23]. Nur-Sultan is a rapidly develop-
ing capital of the oil rich Kazakhstan, where adaptive
capacities to harsh climatic conditions are in place with
well-established warning system, modern housing, cen-
tral heating arrangement with the indoor temperature
kept between 20 and 24°C in most of the apartments
and good public transport infrastructure. A culture of
putting fur or feather cloths and hats when going out-
doors in winter was proposed as one of the explana-
tions of limited associations between cold and health
outcomes in Yakutsk [23], which is also relevant for our
setting.

Nevertheless, the results should be interpreted with
caution taking into consideration potential limitations
of the study. As a dependent value we used the num-
ber of asthma exacerbation diagnoses set by the med-
ical doctor who served the ambulance call and visited
the patient leaving a chance for misclassification bias.
However, even if this is the case, measurement bias is
unlikely to vary across the temperatures and thus can
be considered as non-differential. Non-differential bias
is associated with less precision and wider confidence
intervals. Another limitation of the study is lack of data
about asthma characteristics given heterogeneity of the
condition. The effects of temperature extremes are
likely to be more pronounced among the most vulner-
able groups. This corresponds with our results suggest-
ing that the effect of temperature on asthma
exacerbation in Nur-Sultan is restricted to the oldest
age-group. At the same time the only results that
reached the level of statistical significance were
obtained in the largest age-group. Therefore, this asso-
ciation should be interpreted with caution. Individual
data were not available for this study, so we could not
test the hypothesis on variations of the effects of tem-
perature on the outcome across socio-economic strata
or asthma types.

Air pollution, particularly levels of NO, and SO, dur-
ing winter season, was also shown to be associated
with the risk of exacerbations of asthma [26] but not
in all studies [27]. Nevertheless, a recent systematic
review and meta-analysis has demonstrated clear

INTERNATIONAL JOURNAL OF CIRCUMPOLAR HEALTH e 5

association between the number of alsthma-related
ambulance dispatches and NO, [28]. We did not have
access to the data on pollutants in Nur-Sultan during
study period, therefore the confounding effect of air
pollution cannot be excluded. Given that this is an
ecological study with limitations by design [29] further
research should be performed on an individual level
and directed at studying the factors behind the
observed association for further development of strate-
gies directed at mitigation of the effects of cold on
population health in urban settings of Central Asia.

Conclusions

In agreement with the findings from other settings, the
results suggest an inverse association between the
average 15-day lag minimum apparent temperature
and the number of ambulance calls during the cold
season but in Nur-Sultan this effect seems to be
restricted to the oldest age-group.
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