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Abstract

Background: Seasonal associations of cardiovascular mortality have been noted in most populations of European
origin years ago, but are not well evaluated in Asian populations recently.

Methods: Utilizing the electronic Hospitalization Summary Reports (HSRs) from 32 top-ranked hospitals in
Beijing, China, we evaluated the association between winter season and the risk of cardiovascular death among
hospitalized individuals. General additive models and logistic regression models were adjusted for confounding
factors.

Results: Older patients who were admitted to the hospital in the winter months (January, February, November and
December) had a death risk that was increased by approximately 30% to 50% (P < 0.01) over those who were
admitted in May. However, younger patients did not seem to experience the same seasonal variations in death risk.
The excess winter deaths among older patients were associated with ischemic heart disease (RR = 1.22; 95% CI 1.13
to 1.31), pulmonary heart disease (RR = 1.42; 95% CI 1.10 to 1.83), cardiac arrhythmias (RR = 1.67; 95% CI 1.36 to 2.05),
heart failure (RR = 1.30; 95% CI 1.09 to 1.54), ischemic stroke (RR = 1.30; 95% CI 1.17 to 1.43), and other cerebrovascular
diseases (RR = 1.78; 95% CI 1.40 to 2.25). The risks of mortality were higher in winter months than in the month of May,
regardless of the presence or absence of respiratory disease.

Conclusions: Winter season was associated with a substantially increased risk of cardiovascular death among older
Chinese cardiovascular inpatients.
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Background
Excess winter mortality from cardiovascular diseases has
been an active research area since 1960s [1-9]. Some stud-
ies have concluded that the increase in winter deaths re-
sults from cold indoor and outdoor temperatures, while
others posited that the increased winter mortality may be
associated with epidemics of respiratory syncytial virus
and influenza [10-15]. Studies are difficult because cardio-
vascular and respiratory diseases are codependent disor-
ders and often coexist in one patient. Prior studies of
seasonal variation used death certification data, which did
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reproduction in any medium, provided the or
not record disease diagnoses but recorded a primary cause
of death [13-15].
Many previous studies reporting seasonal variations of

cardiovascular mortality were conducted in Europe [1,4,5]
and North America [2,3,6], while a few were conducted in
Asia [7-9]. In those countries, excess seasonal cardiovascu-
lar mortality varies widely from 5% to 30% [16]. Moreover,
excess winter mortality is reported to be relatively lower in
Scandinavian countries than in the UK [17,18]. In addition
to cold temperatures, the variations among countries may
be related to differences in socioeconomic factors, health-
care systems, or individual lifestyles [19]. However, most
previous studies of seasonal variations and health were
conducted years ago, and there is little current information
[1-9]. More importantly, existing studies focused on either
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overall or some specific cardiovascular or cerebrovascular
deaths without accounting for other circulatory diseases
such as pulmonary heart disease and rheumatic heart dis-
ease [1-9].
There has been a dramatic increase in the incidence of

cardiovascular disease in China over recent decades [20].
Cardiovascular diseases have become the largest cause of
hospitalization and mortality in China, and are expected
to remain the dominant trend [20]. Due to the lack of
high quality data, the association between winter season
and deaths from cardiovascular disease has not been well
evaluated among the Chinese population (20% of the
world population). This study used data from 626,950 car-
diovascular inpatients from 32 top-ranked general hospi-
tals in Beijing to investigate whether associations between
winter season and cardiovascular deaths were modified by
age and cardiovascular subtypes and to determine the
fraction attributable to respiratory diseases.

Methods
Data source and study subjects
Data were obtained from electronic Hospitalization Sum-
mary Report (HSR) in 32 top-ranked (Grade 3A) hospitals
in Beijing from Jan 1, 2006 to Dec 31, 2010. Hospitals in
China are ranked by the existing hospital hierarchical
management approach. For both public and private hospi-
tals, the rank is assessed according to medical services and
management, quality and safety of clinical care, and tech-
nical level and efficiency. There are three grades and ten
classes, and the first class hospitals are designated Grade
3A, which is the highest rank except the national special
hospitals in China.
To fulfill the administrative requirements of the China

Ministry of Health, every hospital in Beijing must submit
an electronic HSR to a centralized health information
system of the Beijing Municipal Health Bureau (full doc-
ument on the official website: http://www.bjhb.gov.cn/
zwfwq/ztlm/drg/ppt/201110/t20111008_41256.htm). The
standard summary report is documented with basic
demographics, dates of admission and discharge, pre- and
post-hospitalization diagnoses, discharge status, treatments,
and financial costs. This study is considered exempt since it
used data collected for administrative purpose without any
personal identifiers.
The HSR diagnosis was coded according to the Inter-

national Classification of Diseases, 10th Revision, Clinical
Modification (ICD-10-CM). The HSR contains a max-
imum of eight discharge diagnoses with the first diagnosis
listed designated as the principal diagnosis, while the rest
diagnoses were supplementary. Cardiovascular inpatients
were identified if the first-listed diagnoses were cardiovas-
cular diseases (ICD-10-CM codes I00-I99), rheumatic heart
disease (codes I00-I09), hypertension (codes I10-I15), an-
gina pectoris (codes I20), acute ischemic heart disease
(codes I21-I24), chronic ischemic heart disease (code I25),
pulmonary heart disease (codes I26-I28), cardiac arrhyth-
mias (codes I44-I49), heart failure (code I50), other heart
disease (codes I30-I42, I51), hemorrhagic stroke (codes
I60-I62), ischemic stroke (code I63), other cerebrovascular
diseases (codes I64-I62), diseases of arteries and arterioles
(codes I70-I79), or other circulatory diseases (codes I80-
I89, I95-I99). For this study, nonparametric estimation
which requires enough sample size was used to predict the
daily average mortality rate. Those aged < 30 yrs were ex-
cluded from this study for small sample size. Therefore,
the final analytic sample size was 626,950. To distinguish
individuals with or without respiratory diseases, cardiovas-
cular inpatients were considered to have a respiratory dis-
ease if at least one of the supplementary diagnostic codes
was J00-J47.

Statistical analysis
Mortality rates for cardiovascular patients were calcu-
lated for each different group such that the numerator
was the number of deaths for calendar-month, the win-
ter and summer seasons, and disease subtypes. The Gen-
eralized Addictive Model (GAM), an extension of linear
regression models, was used to describe average daily
variations in mortality from 2006 to 2010 [21]. It models
the daily average mortality rate (on a logit scale) with
unspecified smooth function of admission date λ(t),
which is estimated by cubic smoothing spline. The knots
of the spline located at the beginning and end of each
season as well as the first and last day of the five years.
Using log-binomial regression models and the mortality
in May as the reference, we estimated gender-, year-,
and hospital-adjusted rate ratios (RRs) and 95% confi-
dence intervals (CIs) for the other months. Analyses
were performed separately for older (≥ 65 years) and
younger patients (30 to < 65 years), since there is con-
siderable heterogeneity in seasonal patterns of mortality
among these two populations. To define seasons for fur-
ther analysis, we grouped data of the four months of
November, December, January, and February as the win-
ter season, and the four months of May, June, July, and
August as the summer season based on the results of
the approximation in the risk of death between months
(see Table 1). We then analyzed the associations between
the winter season and the risk of cardiovascular death
among older inpatients. Similar analyses were performed
separately among patients with and without respiratory
disease. All analyses were carried out using STATA 12.0
(StataCorp LP, College Station, Texas).

Results
Descriptive characteristics of the study sample were shown
in Table 2. Compared with younger inpatients, older inpa-
tients had a statistically significantly higher mortality rate
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Table 1 Risks of death associated with hospitalization months by older and younger cardiovascular inpatients

Month ≥ 65 years (n = 308,952) 30 to < 65 years (n = 317,998)

No. Death rate (%) RRs (95% CI)* P-value No. Death rate (%) RRs (95% CI)* P-value

January 23,912 5.0 1.49 (1.36, 1.63) < 0.01 23,244 1.3 1.06 (0.91, 1.24) 0.43

February 23,054 4.6 1.39 (1.27, 1.52) < 0.01 22,266 1.3 1.02 (0.87, 1.20) 0.82

March 28,587 3.5 1.06 (0.96, 1.16) 0.24 30,463 1.0 0.86 (0.74, 1.01) 0.07

April 27,745 3.9 1.18 (1.08, 1.29) < 0.01 27,770 1.2 1.01 (0.87, 1.18) 0.91

May† 26,758 3.3 Reference 27,248 1.2 Reference

June 24,555 3.5 1.03 (0.94, 1.14) 0.51 25,270 1.1 0.92 (0.78, 1.08) 0.29

July 23,689 3.7 1.10 (1.00, 1.21) 0.05 25,376 1.1 0.89 (0.76, 1.04) 0.15

August 23,695 3.7 1.09 (0.99, 1.19) 0.09 25,120 1.2 0.92 (0.78, 1.08) 0.30

September 24,213 4.0 1.19 (1.08, 1.30) < 0.01 24,395 1.3 1.02 (0.88, 1.19) 0.79

October 28,006 4.2 1.26 (1.15, 1.37) < 0.01 28,149 1.3 1.05 (0.90, 1.22) 0.53

November 28,027 4.3 1.29 (1.18, 1.41) < 0.01 30,110 1.3 1.06 (0.91, 1.23) 0.45

December 26,711 4.5 1.35 (1.24, 1.48) < 0.01 28,587 1.2 0.99 (0.85, 1.15) 0.86
*The rate ratios (RRs) were adjusted for gender, year, and hospital.
†Mortality rates in May were taken as the reference levels for comparison.
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(4.0% vs. 1.2%, p < 0.001), longer length of hospital stay
(13 days vs. 10 days, P < 0.001), and more supplementary
diagnoses (5 diagnoses vs. 3 diagnoses, P < 0.001), but a
lower rate of surgery (55.4% vs. 70.6%, P < 0.001) and a
lower cost per stay (USD 2,436 vs. USD 2,583, P < 0.001).
Mortality due to cardiovascular disease was presented

in Figure 1. Among older patients, the mortality rate
peaked during winter months and was lowest in the
summer months between 2006 and 2010. Mortality rates
trended downwards during both the winter (6.2% to
4.3%) and summer (3.9% to 3.2%) over the 5 years
Table 2 Characteristics of cardiovascular inpatients by two ag

≥ 65 years

(n = 308,952)

No. (%)

Year

2006 53,960 (17.5)

2007 57,873 (18.7)

2008 58,909 (19.1)

2009 66,031 (21.4)

2010 72,179 (23.4)

Gender

Male 172,130 (55.7)

Female 136,822 (44.3)

No. of surgery (%) 171,027 (55.4)

No. of in-hospital death (%) 12,409 (4.0)

Median length of stay (days)* 13 (8, 20)

Median no. of diagnoses* 5 (3, 6)

Median cost per stay (USD)* 2,436 (1,419, 6,277)
*Numbers in brackets are the 25th and 75th percentile.
studied. The cyclical seasonal mortality pattern found
among older inpatients was not observed among youn-
ger inpatients. Similar seasonal trends and overall
downward trends existed for both older and younger in-
patients with heart disease and cerebrovascular disease
(data not shown).
Table 1 shows the adjusted risks of cardiovascular

death associated with hospitalization months among older
and younger inpatients. Older patients who were hospital-
ized in the winter months had a 30% to 50% increased risk
of death (P < 0.01) than those who were hospitalized in
e groups

30 to < 65 years Total

(n = 317,998) (n = 626,950)

No. (%) No. (%)

50,114 (15.8) 104,074 (16.6)

55,898 (17.6) 113,771 (18.2)

60,511 (19.0) 119,420 (19.1)

71,523 (22.5) 137,554 (21.9)

79,952 (25.1) 152,131 (24.3)

215,099 (67.6) 387,229 (61.8)

102,899 (32.4) 239,721 (38.2)

224,539 (70.6) 395,566 (63.1)

3,856 (1.2) 16,265 (2.6)

10 (6, 16) 12 (7,18)

3 (1, 5) 4 (2, 6)

2,583 (1,266, 8,221) 2,516 (1,339, 7,358)



Figure 1 Temporal trends of mortality rates for older (dotted line) and younger (solid line) inpatients with cardiovascular diseases
(I00-I99) from 32 hospitals in Beijing, China. The shades indicated the 95% confidence intervals. The highest and lowest mortality rate within
each year were annotated above/below the dotted line. Average daily mortality rates were estimated as predictive values from the generalized
additive model.
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May (the month with the lowest death rate). Compared
with older inpatients, however, the risks of death associated
with the winter months were not statistically significant
among younger inpatients. Separate analyses of deaths
from cardiovascular and cerebrovascular diseases were
similar (results not shown).
To evaluate which cardiovascular diseases were asso-

ciated with the increased winter deaths among older
inpatients (Table 3), we examined winter and summer
hospitalization groups. The rates of death in winter and
Table 3 Associations between winter season and deaths amo

Cardiovascular disease subtypes Winter season*(n = 101,704)

Deaths/No. Death rate (%

Ischemic heart disease (I20-I25) 1,826/42,761 4.3

Angina pectoris (I20) 145/19,367 0.8

Acute ischemic heart disease (I21-I24) 1,274/9,342 13.6

Chronic ischemic heart disease (I25) 407/14,052 2.9

Pulmonary heart disease (I26-I28) 194/1,753 11.1

Cardiac arrhythmias (I44-I49) 248/7,221 3.4

Heart failure (I50) 372/4,454 8.4

Cerebrovascular disease (I60-I69) 1,691/27,829 6.1

Hemorrhagic stroke (I60-I62) 575/3,378 17.0

Ischemic stroke (I63) 924/18,647 5.0

Other cerebrovascular diseases (I64-I69) 192/5,804 3.3

Rheumatic heart disease (I00-I09) 63/979 6.4

Hypertensive diseases (I10-I15) 35/8,389 0.4

Other heart disease (I30-I42, I51, I52) 73/1,587 4.6

Diseases of arteries and arterioles (I70-I79) 139/3,969 3.5

Other circulatory diseases (I80-I89, I95-I99) 21/2,762 0.8
*Winter season consisted of January, February, November, and December, while summe
was taken as the reference levels.
†The rate ratios (RRs) were adjusted for gender, year, and hospital.
summer were highest for hospitalized patients diagnosed
with hemorrhagic stroke (17% and 15.5%), acute ischemic
heart disease (13.6% and 11.9%), and pulmonary heart
disease (11.1% and 8.2%). In addition, a significantly in-
creased mortality risk was associated with the winter sea-
son among those patients diagnosed with ischemic heart
disease (RR = 1.22; 95% CI 1.13 to 1.31), pulmonary heart
disease (RR = 1.42; 95% CI 1.10 to 1.83), cardiac
arrhythmias (RR = 1.67; 95% CI 1.36 to 2.05), heart failure
(RR = 1.30; 95% CI 1.09 to 1.54), ischemic stroke
ng older cardiovascular inpatients

Summer season*(n = 98,748) RRs (95% CI)† P-value

) Deaths/No. Death rate (%)

1,358/38,946 3.5 1.22 (1.13, 1.31) < 0.01

113/17,653 0.6 1.16 (0.90, 1.48) 0.25

942/7,893 11.9 1.14 (1.04,1.25) 0.01

303/13,400 2.3 1.28 (1.10, 1.49) < 0.01

121/1,477 8.2 1.42 (1.10, 1.83) < 0.01

160/7,737 2.1 1.67 (1.36, 2.05) < 0.01

243/3,755 6.5 1.30 (1.09, 1.54) < 0.01

1,328/28,975 4.6 1.35 (1.25, 1.45) < 0.01

439/2,825 15.5 1.12 (0.98, 1.29) 0.10

768/19,721 3.9 1.30 (1.17, 1.43) < 0.01

121/6,429 1.9 1.78 (1.40, 2.25) < 0.01

57/1,032 5.5 1.17 (0.80, 1.71) 0.42

34/7,889 0.4 1.07 (0.66, 1.73) 0.78

72/1,648 4.4 1.03 (0.74, 1.45) 0.85

114/4,024 2.8 1.22 (0.94, 1.57) 0.13

16/3,214 0.5 1.47 (0.76, 2.86) 0.26

r season consisted of May, June, July, and August. Mortality rate in summer season
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(RR = 1.30; 95% CI 1.17 to 1.43), and other cerebrovascu-
lar diseases (RR = 1.78; 95% CI 1.40 to 2.25). However,
there was no positive association between winter season
and deaths from hemorrhagic stroke.
Table 4 listed the risks of mortality associated with

hospitalization months for older cardiovascular inpatients
with and without respiratory disease. The mortality risks
were higher in the winter months than in the month of
May, regardless of whether they had a respiratory disease.
However, winter increases in deaths were nearly 20%
higher among patients diagnosed with respiratory diseases
(40% to 60%) than those not diagnosed with respiratory
diseases (20% to 40%), and the monthly mortality rates
among the former were also about twice that of the latter.
The analytic results of cardiovascular subtypes after ex-
cluding patients with respiratory diseases were similar to
those with the influence of respiratory disease, except for
hemorrhagic stroke, which also showed increases in winter
deaths (RR = 1.18; 95% CI 1.01 to 1.37; results not shown).

Discussion
Our study demonstrated that overall cardiovascular mor-
tality increased by approximately 30% to 50% during
winter among cardiovascular inpatients aged ≥ 65 yrs in
Beijing, China. The winter increase in mortality was seen
among those with diverse subtypes of cardiovascular dis-
eases, including ischemic heart diseases, pulmonary
heart disease, cardiac arrhythmias, heart failure, and
stroke. It should be emphasized that our estimates were
independent of the impact of concurrent diagnosis of
Table 4 Risks of mortality associated with hospitalization mo
without respiratory diseases in Beijing, China

Month Cardiovascular inpatients with respiratory
diseases* (n = 50,451)

Death/No. Death rate (%) RRs (95% CI)† P-va

January 355/4492 7.9 1.54 (1.28, 1.85) < 0

February 311/3865 8.1 1.59 (1.32, 1.92) < 0

March 266/4583 5.8 1.14 (0.94, 1.37) 0.2

April 302/4437 6.8 1.33 (1.11, 1.61) < 0

May‡ 210/4089 5.1 Reference

June 211/3661 5.8 1.07 (0.87, 1.31) 0.5

July 233/3736 6.2 1.20 (0.99, 1.47) 0.0

August 242/3873 6.3 1.16 (0.95, 1.41) 0.1

September 241/3864 6.2 1.22 (1.01, 1.49) 0.0

October 309/4490 6.9 1.34 (1.11, 1.62) < 0

November 337/4662 7.2 1.43 (1.19, 1.72) < 0

December 332/4699 7.1 1.34 (1.11, 1.61) < 0
*Cardiovascular inpatients with respiratory diseases were those with a secondary di
acute lower respiratory infections, other diseases of upper respiratory tract, chronic
diagnosis as pulmonary heart disease.
†The rate ratios (RRs) were adjusted for gender, year, and hospital.
‡Mortality rates in May were taken as the reference levels.
respiratory diseases. Results for younger patients, how-
ever, did not show a statistically significant elevated risk
of cardiovascular deaths during the winter months.
Despite improved health care quality in recent years,

mortality continues to peak during the winter months
among older cardiovascular inpatients. Although the
reason for this peak is not fully understood, the winter
increase in mortality may be reduced or prevented by
adequate clinical interventions since recognized triggers
such as cold temperatures and respiratory infections can
be effectively remediated during hospitalization.
Winter cardiovascular mortality among older inpa-

tients is higher in Beijing than in other regions of the
world. A previous study reported that excess winter mor-
tality from coronary events was about 10% in 21 countries
[22]. In addition, studies in the U.S. and in Canada also
found that the difference in winter-summer mortality was
about 10% for myocardial infarction, 20% for stroke, and
17% for sudden cardiac death [23,24]. The magnitude of
excess winter mortality from cardiovascular disease was
also found to be 28% and 48% higher in Norway and
Ireland, respectively [17]. The winter peak in mortality
from coronary heart disease was noted to diminish by
about 2% per year from 1937 until around 1970 in the U.S.,
however, the trend reversed until 1991 [25]. The winter-
summer difference has fluctuated in different countries,
and reported data were generally based on statistics col-
lected in the 1980s and the 1990s [22-25].
Our results showed the overall risk of death increased

by 10% or more if cardiovascular inpatients aged ≥ 65 yrs
nth among older cardiovascular inpatients with or

Cardiovascular inpatients without respiratory
diseases (n = 258,501)

lue Death/No. Death rate (%) RRs (95% CI)† P-value

.01 843/19420 4.3 1.44 (1.30, 1.60) < 0.01

.01 757/19189 3.9 1.32 (1.19, 1.47) < 0.01

0 743/24004 3.1 1.03 (0.93, 1.15) 0.55

.01 787/23308 3.4 1.13 (1.02, 1.25) 0.02

680/22669 3.0 Reference

4 636/20894 3.0 1.03 (0.92, 1.15) 0.61

7 652/19953 3.3 1.07 (0.96, 1.19) 0.21

4 639/19822 3.2 1.06 (0.95, 1.19) 0.27

4 733/20349 3.6 1.18 (1.06, 1.31) < 0.01

.01 863/23516 3.7 1.23 (1.11, 1.36) < 0.01

.01 861/23365 3.7 1.24 (1.12, 1.38) < 0.01

.01 866/22012 3.9 1.34 (1.21, 1.49) < 0.01

agnosis as acute upper respiratory infections, influenza and pneumonia, other
lower respiratory diseases, and those with primary diagnosis or secondary
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were also diagnosed with a respiratory disease. However,
the respiratory disease factor seemed not to contribute a
large effect on the excess winter mortality, because pa-
tients diagnosed with both diseases accounted for a small
fraction (about 25%) of all cardiovascular patients, and the
risks of mortality were one-fold higher than those with a
single cardiovascular disease in all months. Our finding is
consistent with previous studies that influenza vaccination
prevented only a small fraction of hospitalizations (20%)
for cardiovascular diseases [26].
We also found that most of the cardiovascular disease

subtypes were associated with a winter increase in mor-
tality except for angina pectoris, rheumatic heart disease,
hypertension, and arteries and arterioles diseases. For
those cardiovascular subtypes with a positive association,
however, the magnitudes of excess winter mortality were
different, and a high difference was found for cardiac ar-
rhythmias with the adjusted rate ratios being 1.67 (95%
CI 1.36 to 2.05). The high mortality risk of cardiac ar-
rhythmias may be associated with some abnormal activ-
ity in the cardiovascular system during winter.
The winter season may act as a surrogate variable

representing other causes that ultimately lead to death.
Excess winter cardiovascular mortality is principally driven
by cold temperatures, and the temperature hypothesis is
plausible biologically [27]. Previous studies showed that
cold temperatures could increase systemic vascular resist-
ance and fibrinogen levels, which further induced an in-
crease in blood pressure, thrombus formation, and also
enhanced fibrinolytic activity, platelet adhesiveness, and
lipid levels [28-30]. Beijing is located in Northern China,
with a typical cold and dry winter. Springs and autumns are
both of relatively short duration. The public heating system
lasts from November to March, with fairly dry and filthy air
due to limited ventilation. Due to the cold winter climate,
residents in Beijing tend to stay indoors in a climate-
controlled condition. The large differences in the indoor/
outdoor temperatures as well as longtime stay in indoor en-
vironment with poor ventilation may induce or worsen the
onset of vascular conditions. Because of reduced physio-
logic reserves, older patients may be more vulnerable to
winter stress [23]. No visible seasonal fluctuations of mor-
tality among young patients may be due to the existence
of different reasons for suffering cardiovascular diseases.
Young adults suffer cardiovascular diseases because of their
adverse health behaviors and job stress. Aside from cold
temperatures, however, other factors, including holiday ef-
fects also increase the cardiovascular risk during the winter
[27-31]. An increase in cardiovascular deaths in winter
months among older patients may be associated with two
important holidays - the New Year and the Chinese Spring
Festival - and may have been caused by hospital factors ra-
ther than by individual holiday behaviors. During the holi-
day season, on-duty staffing and care may be reduced.
Our data from the 32 top-ranked hospitals in Beijing
allowed us to examine seasonal associations with mul-
tiple disease endpoints and the large sample size allows
statistical analysis with reliable results once potential re-
ferral biases are accounted for. The reliability of our re-
sults relates to the high quality of the HSR data. The
HSR data were required by the Beijing Municipal Health
Bureau for computing allocations of financial resources
and evaluating hospital performance. Hospitals included
in this study have a high reputation for quality in all as-
pects of healthcare, including diagnosis, treatment, hos-
pital management, coding, and electronic medical record
systems in China. Only inclusion of top-ranked hospitals
in this study can help with eliminating quality of care as a
strong potential confounding factor. However, results from
this study can be only applicable to top-ranked hospitals
and are not representative for all hospitals. The quality of
care for other hospitals may not be as well as these top-
ranked hospitals and thus can possibly have a more not-
ably seasonal variation of daily average mortality rate.
Our study has some limitations. Despite quality con-

trols, the HSR data are still subject to measurement er-
rors, which include errors due to incomplete or inaccurate
information recorded on summary reports as well as pro-
cessing errors. It is also possible that misclassification of
diseases in coding may have occurred, especially for some
subtypes of cardiovascular diseases. However, the mis-
classification of coding, if it exists, should occur randomly
and should not depend upon the seasons. The HSR data
are restricted to hospitalized patients; therefore, we could
not analyze cardiovascular patients who were not hospital-
ized—those who were not admitted to the hospital, those
who died before being treated, or those who died after be-
ing discharged from the hospital. Thus, the amplitudes of
excess winter mortality in our study could have been
underestimated. The HSR data are abstracts describing an
individual’s hospitalization, and lack clinical details that
may influence the risks of death in relation to the winter
season. In this study, we assumed that the standards of ad-
mission and treatment for cardiovascular diseases are the
same throughout the year, and that the impact of the ab-
sence of particular clinical details is small. Finally, al-
though we have adjusted for several confounding factors,
it is possible that those residual confounding effects of
other unidentified factors remain and that these could dis-
tort the positive association found between cardiovascular
deaths and the winter season.
Our study has important clinical implications. We sug-

gest that hospitals and physicians evaluate their care for
older cardiovascular patients, particularly those with high-
risk conditions such as respiratory infection and cardiac
arrhythmias, during the winter season. The plan of care
for these patients should include controlling the tem-
perature of the wards, early identification of high-risk
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patients, use of preventive therapies including vascular and
anti-infection treatments, sufficient health care staffing, use
of adequate monitoring devices and complete discharge in-
structions to prevent re-admission. Clinical guidelines re-
lated to the care of older patients during the winter season
may be necessary to ensure that physicians and other hos-
pital staff are aware of the increase in cardiovascular deaths
among older individuals during the winter season.

Conclusions
Overall cardiovascular mortality increased by approxi-
mately 30% to 50% during winter among cardiovascular
inpatients aged ≥ 65 yrs, while the excess winter mortality
was not observed among younger cardiovascular inpa-
tients in Beijing, China. The winter increase in mortality
was seen among those with diverse subtypes of cardiovas-
cular diseases, including ischemic heart diseases, pulmon-
ary heart disease, cardiac arrhythmias, heart failure, and
stroke. It should be emphasized that our estimates were
independent of the impact of concurrent diagnosis of re-
spiratory diseases.
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