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Abstract

Background: Acute effects of metrological factors on cerebrovascular diseases (CBVD) have become a growing public health 
concern. However, the impact of those factors on CBVD among type 2 diabetes (T2D) patients has not been well studied in 
the study area. The main aim of this study was to assess the acute effects of metrological factors including temperature, relative 
humidity and atmospheric pressure on incidence of CBVD among type 2 diabetes patients in Beijing, China.

Methods: Data was obtained from 258 large general hospitals from the Beijing Public Health Information Center Cardiovascular 
Case Database and China. Meteorological Administration covering 16 districts in Beijing from 2014 to 2018. Time-stratified case 
crossover design with a distributed lag nonlinear model (DLNM) was used by considering 27 lag days on CBVD admissions.

Results: Within five years (January 2014–December 2018), a total of 223,216 cases for cerebrovascular disease were collected 
after excluding nonlocal admissions, of which 9,541 (4.27%), 149,757 (67.09%), 7,444 (3.33%), 31,356 (14.05%), and 23,912 
(10.71%) were hospitalized for hemorrhagic stroke, ischemic stroke, atherosclerosis, intracranial aneurysm, and apoplexy sequela, 
respectively. In short, male participants and elderly individuals (≥65 years) accounted for 57.6% and 61.7%, respectively. Generally, 
the cumulative exposure-response curve for temperature was almost inverted “V”-shaped, with a slight increase at concentrations 
of higher than 25°C. The cumulative exposure response curve for relative humidity was almost linear. The cumulative exposure-
response curves for atmospheric pressure were V-shaped, which meant that both high and low concentrations of atmospheric 
pressure may increase the risk of cerebrovascular disease incidence among patients with T2D.

Conclusions: The results of this study indicate that both an increase and a decrease in temperature and atmospheric pressure had a 
significant association with the occurrence of cerebrovascular disease among co morbid patients with diabetes. This study provides 
evidence of the short term effects of metrological factors on hospital admissions of CBVD among T2D patients.
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Introduction

Since 1990, cerebrovascular diseases (CBVD) remain a 
leading cause of death worldwide [1,2]. CBVD risk factors 
are usually related to lifestyle habits such as smoking, alcohol 
consumption, insufficient physical activity, high blood 
pressure and cholesterol, and obesity, but also environmental 
factors such as metrological factors and air pollution make 
a significant contribution to CBVD onsets [3]. In 2019, 
cerebrovascular diseases accounted for 8.7 million deaths 
worldwide which is equivalent to about 14.6 % of all deaths [4]. 
China faces the greatest challenge from stroke in the world, 
accounting for 1.57 million deaths in 2018 [5,6], accounting 
for approximately one-quarter of the overall mortality [7].

The impacts of metrological factors have been documented 
in worldwide studies [8,9] and studies carried on in North 
America (Schwartz, Samet et al. 2004, Anderson and Bell 
2009, Goldberg, Gasparrini et al. 2011), Europe [10,11] and 
Australia [12], with a significant effect of heat waves on 
mortality and morbidity. Most previous studies have been 
studied about the effects of weather conditions on incidence of 
stroke which was not complicated with type 2 diabetes (T2D) 
and were conducted in developed countries [13,14]. However, 
the disease burden of co morbidities has become a serious 
issue for public health in developing countries like China. The 
short-term effects of metrological factors on cerebrovascular 
disease onset among diabetic participants in China remain 
largely unknown. Additionally, these associations at the 
city-specific level have not been thoroughly investigated, 
particularly in Beijing.

Therefore, in this study, we aimed to determine the acute 
effects of metrological factors on the hospitalization of cause-
specific CBVD among T2D patients, including hemorrhagic 
stroke, ischemic stroke, atherosclerosis, intracranial aneurysm 
and apoplexy sequela in Beijing, China.

Materials and Methods

Study area and data collection

Beijing is located in the northern part of China at a latitude 
of 39”26”–41”03’N. The data recording system in the 
study area has been proven to be of high validity and good 
representativeness, covering more than 95% of medical 
services for permanent residents in Beijing [15]. The 
geographic locations of 258 hospitals included in the analysis 
have been described in our previous study [16].

Cerebrovascular admissions data were obtained from 
the Beijing Municipal Commission of Health and Family 
Planning Policy Research Center (http://xxzx.bjchfp.gov.cn/
hangyexinxi/) from January 1, 2014, to December 31, 2018. 

The data were collected from 258 large general hospitals. Data 
included the patient’s date of admission, principal diagnosis, 
age and sex. CBVD data were categorized according to 
the International 10th Revision (ICD-10) codes to identify 
hemorrhagic stroke (ICD-10: I60-I62), ischemic stroke (ICD-
10: I63), atherosclerosis (ICD-10: I65), intracranial aneurysm 
(ICD-10: I67) and apoplexy sequela (ICD-10: I69) which 
were considered the primary outcomes. A history of T2D 
was coded as E12 and was defined as having fasting plasma 
glucose ≥7.1 mmol/L and/or current treatment of diabetes 
with ant diabetic medication before admission. According 
to the living address of cases, only cerebrovascular disease 
admissions among residents living in Beijing were included 
in this analysis.

Meteorological data was extracted from the China 
Meteorological Data Sharing Service System (https://data.
cma.cn/en). Daily air pollution data was collected from 
35 fixed-site air quality monitoring stations of the Beijing 
Municipal Environmental Protection Bureau (http://www.
bjepb.gov.cn/) between January 1, 2014, and December 31, 
2018.

Ethical clearance

In this study, informed consent was not specifically required 
because we only analyzed the aggregated data, which were 
typically used for administrative purposes we did not use 
personal data identifiers. However, the study was approved by 
the Institutional Review Board of Capital Medical University 
with the IRB00009511 identification number.

Statistical analysis

Statistical Analysis for continuous variables were described 
with mean ± standard deviation (SD) or median and 
interquartile range (IQR). Categorical variables were 
presented as numbers and percentages. A time-stratified case-
crossover design was adopted to remove control confounders 
and long-term trends [17]. Based on bidimensional functions 
called “cross-basis”,

DLNM can reflect both lag structure of the association 
and the nonlinear exposure responses [18]. Therefore, the 
combination of the case-crossover design with DLNM was 
applied to simultaneously estimate the short-term, nonlinear, 
and lagged effects of metrological factors on cerebrovascular 
disease onset. Daily numbers of cerebrovascular diseases 
onset were modeled using generalized linear Poisson 
regression models to study the association between CBVD 
onset and meteorological variables including air temperature 
(mean, maximum, minimum, diurnal variation), atmospheric 
pressure (mean, maximum, minimum, diurnal variation), and 
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relative humidity. Each meteorological variable was modeled 
separately after adjusting for day of week, public holiday 
(binary variable) and AQI, removing the confounding effect 
of those factors on CBVD onset. Modeling was also repeated 
in the subgroup analysis (<65 years vs. >65 years, male vs. 
female). Z tests were used to compare differences between 
effect estimates in the strata [19]. The statistical tests were two-
sided, and P < 0.05 was considered statistically significant. 
All statistical analyses were conducted in R software (version 
4.0.2) using the mgcv package

In our study, a DLNM model combined with a time-stratified 
case-crossover design was built as follows:

𝑌𝑡~𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜇𝑡)

(𝜇𝑡) = 𝛼 + (𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑖, 3) + 𝑃𝐶𝐴𝑖 + 𝑐𝑏(𝑇𝑒𝑚𝑝𝑡, 3) +  
𝑐𝑏(𝑅𝐻𝑡, 3) + cb(atmt,3) + 𝛾𝐻𝑜𝑙𝑖𝑑𝑎𝑦𝑡 + 𝜆𝑆𝑡𝑟𝑎𝑡𝑢𝑚

where 𝑡 is the specific day of observation; 𝑌𝑡 is the number 
of cerebrovascular cases on 𝑡; 𝜇𝑡 is the expectation of 𝑌𝑡; 𝛼 
is the intercept; 𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑖, 𝑡, 𝑇𝑒𝑚𝑝𝑡, atmt and 𝑅𝐻𝑡 are, 
respectively, the 𝑖𝑡ℎ concentration of gaseous pollutant, daily 
temperature, daily atmospheric pressure and relative humidity 
on 𝑡`; 𝑐𝑏() is the cross-basis function for exposure-response 
natural spline for gaseous pollutant, daily temperature or 
relative humidity. Holiday is the indicator variable used to 
control the effect of public holidays, and Stratum represents 
the time stratum of the case-crossover design.

Results

A total of 223,216 cases for cerebrovascular disease were 
collected after excluding nonlocal admissions, of which 9,541 
(4.27%), 149,757 (67.09%), 7,444 (3.33%),31,356 (14.05%), 
and 23,912 (10.71%) were hospitalized for hemorrhagic 
stroke, ischemic stroke, atherosclerosis, intracranial 
aneurysm, and apoplexy sequela, respectively. In short, male 

participants and elderly individuals (≥65 years) accounted 
for 57.6% and 61.7%, respectively. Table 1 summarizes the 
characteristics and distribution of daily cerebrovascular 
disease (overall and cause-specific), stratified by sex and age 
over the study period. During the study period, the median 
daily temperature, the median daily atmospheric pressure 
and the mean relative humidity were 14.4°C, 1012 mbar and 
54.3 ± 19.2%, respectively. Figure 1 presents a correlation 
analysis between atmospheric pollutants and meteorological 
factors using Pearson correlation test. The correlations 
between all pollutant concentrations and meteorological 
parameters (temperature and relative humidity) were 
calculated. Gaseous pollutants except O3 were strongly 
correlated with each other (coefficients ranged from 0.49 to 
0.87) and moderately correlated with relative humidity and 
temperature (coefficients ranged from -0.41 to 0.33).

Figure 2 presents the relative risks of metrological factors 
(temperature, relative humidity and atmospheric pressure) 
on overall and cause-specific cerebrovascular diseases using 
different lag structures. The maximum relative risk (RR) 
was 1.006 (95% CI: 1.004-1.007) for total CBVD, 1.005 (95% 
CI: 1.003-1.006) for ischemic stroke, 1.007 (95% CI: 1.005-
1.01) for atherosclerosis, 1.006 (95% CI: 1.003-1.007) for 
intracranial aneurysm, and 1.008 (95% CI: 1.006-1.011) for 
apoplexy sequela. Extremely high and low temperatures were 
associated with an increased risk of overall cerebrovascular 
cases (RR: 1.002; 95% CI: 1.001-1.003) atlag1 day, intracranial 
aneurysm cases (RR: 1.003; 95% CI: 1.002-1.004) at lag4 day, 
and apoplexy sequela cases (RR: 1.004; 95% CI: 1.003-1.005) 
at lag0 day (Figure 2a). Positive associations were observed 
between relative humidity and risk for overall and cause 
specific cerebrovascular cases except ischemic stroke (Figure 
2b). Both rapid increases and decreases in atmospheric 
pressure were associated with an increased risk of overall 

Total Male Female <65 y ≥65 y
N P25-P75 N (%) P25-P75 N (%) P25-P75 N (%) P25-P75 N (%) P25-P75

Hemorrhagic stroke 9541 3-7
5692 
(59.7)

2-4
3848 
(40.3)

1-3
4218 
(44.7)

1-3
5323 
(55.3)

2-4

Ischemic stroke 149757 52-104
87285 
(58.2)

30-61
62469 
(41.8)

23-44
57454 
(38.2)

21-40
92303 
(61.8)

31-65

Atherosclerosis 7444 1-6
5460 
(73.2)

1-4
1984 
(26.8)

0-2
3412 
(45.3)

0-3
4032 
(54.7)

1-3

Intracranial aneurysm 31356 11-22
14876 
(47.4)

5-11
16480 
(52.6)

6-12
13068 
(41.6)

4-10
18288 
(58.4)

6-13

Apoplexy sequela 23912 3-21
14550 
(61.0)

2-13
9361 
(39.0)

1-8
7049 
(30.5)

1-6
16863 
(69.5)

2-15

Overall 223216 72-157
128508 
(57.6)

41-91
94703 
(42.4)

32-66
85726 
(38.3)

30-60
137490 
(61.7)

43-98

Table 1: Characteristics and distribution of daily cerebrovascular cases in Beijing (2014-2018).
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Figure 1: Pearson correlation coefficients between weather conditions and air pollution and daily admissions for 
cerebrovascular Disease in Beijing, 2014-2018 (n = 1799).

cerebrovascular cases (RR: 1.0101; 95% CI: 1.0099-1.0104) 
at lag0 day, hemorrhagic stroke cases (RR: 1.0386; 95% CI: 
1.0373-1.040) at lag0 day, ischemic stroke cases(RR: 1.003; 
95% CI: 1.0026-1.0033) at lag0 day, atherosclerosis cases (RR: 
1.0017; 95%CI: 1.0002-1.0032) at lag5 day, and intracranial 
aneurysm cases (RR: 1.0441; 95% CI:1.0434-1.0449) at lag0 
day (Figure 2c).

When temperature was 14.4°C, a 20°C increase was 
associated with an increase of 1.0023 in the relative risk 
(RR) (95% CI: 1.0011-1.0033) of hospital admissions for 
total CBVD, 1.0052 in the RR (95% CI: 1.0023-1.0066) for 
Ischemic stroke, 1.0043 in the RR (95% CI: 1.0033-1.0065) for 
Hemorrhagic stroke, and 1.0062 in the RR (95%CI: 1.0044-
1.0075) for Atherosclerosis. When relative humidity was 
54.3, a 20% increase was associated with a slight increase of 
1.0132 in the RR (95% CI: 1.0094-1.0145) for total CBVD and 

1.0023 in the RR (95% CI: 1.0013-1.0047) for Hemorrhagic 
stroke. However, no statistically significant association with 
relative humidity was observed for Ischemic stroke and 
Atherosclerosis admissions. When atmospheric pressure was 
1012 mbar, a 20% increase was associated with an increase 
of 1.0011 in the RR (95% CI: 1.0009-1.0014) for total CBVD, 
1.0086 in the RR (95% CI: 1.0073-1.0090) for Ischemic stroke, 
1.0032 in the RR (95% CI: 1.0026-1.0034) for Hemorrhagic 
stroke and 1.0017 in the RR 1.0017 (95% CI: 1.0002-1.0032) 
for Atherosclerosis (Table 2).

As shown in Figure 3, the cumulative exposure-response 
curves of the overall association between weather conditions 
(temperature, relative humidity and atmospheric pressure) 
and cerebrovascular cases amongT2D patients were almost 
nonlinear. Generally, the cumulative exposure-response 
curve for temperature was almost inverted “V”-shaped, with 
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a slight increase at concentrations of higher than 25°C. The 
cumulative exposure response curve for relative humidity 
was almost linear. The cumulative exposure-response curves 
for atmospheric pressure were V-shaped, which meant that 
both high and low concentrations of atmospheric pressure 
may increase the risk of cerebrovascular disease onset among 

patients with T2D.

Table 3 Summary of the cumulative cold and hot effects 
associated with the 1st and 99.9th percentiles of temperature 
on the acute effects of CBVDs at lag 0, lag 5, lag 15 and lag 27. 
The highest hospitalization for all causes of specific CBVD 
occurred at lag 0 due to cold.

Figure 2: Relative risk with 95% CI (confidence interval) in cerebrovascular morbidity associated with increase and 
decrease in concentrations of metrological factors for different lag structures : (a) Temperature (b) Relative humidity (c) 
Atmospheric pressure.

Events
 RR 95% CI

Temperature Relative Humidity Atmospheric pressure
Total CBVD 1.0023(1.0011-1.0033) 1.0132(1.0094-1.0145) 1.0011(1.0009-1.0014)
Ischemic stroke 1.0052(1.0023-1.0066) 1.0023(1.0013-1.0047)  1.0086 (1.0073-1.0090)
Hemorrhagic stroke 1.0043(1.0033-1.0065) 1.0000(1.0009-1.0019)
Atherosclerosis 1.0062(1.0044-1.0075) 1.0004(1.0002-1.0005)

Table 2: RRs of event occurrence for temperature and relative humidity.
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The distribution of meteorological factors and the counts of 
daily admissions for CBVD across four seasons from 2014 to 
2018 are described in Figure S1.

Discussion

This study was the first study to examine the acute effects 
of metrological factors on the hospitalization of people 
with CBVD among type 2 DM patients in Beijing, China. 
We found significant lagged and non linear effects of 
metrological factors (temperature, relative humidity and 
atmospheric pressure) on CBVD admission among T2D 
patients. In subgroup analysis, the associations were more 
significant in the elderly (age >65 years old) and male 
participants. In previous studies, metrological factors were 
associated with the incidence of cerebrovascular disease 

but haven’t been studied among co morbid patients with 
diabetes. Our study added to the limited evidence for the 
risk of co morbidities of diabetes and cerebrovascular 
diseases due to the effect of metrological factors in 
developing countries like China.

The pathophysiologic effects of metrological factors on 
cerebrovascular disease among co morbid patients with T2D 
can be explained. Temperature changes induce blood vessels 
to dilate and constrict, which increase myocardial oxygen 
demand, myocardial ischemia, the cardiac work load and 
causes heart failure and may trigger cerebrovascular disease 
[20]. Atmospheric pressure may directly influence vessels 
walls by triggering endogenous inflammory and changing 
endothelial function [21,22].

Figure 3: Cumulative exposure-response curves on overall cerebrovascular cases for metrological factors (temperature, 
relative humidity and atmospheric pressure):a) cumulative effect of temperature b) cumulative effect of relative humidity c)
cumulative effect of atmospheric pressure



© Asian Journal of Complementary and Alternative Medicine, 2022 26

Liu X, Guo X, et al.

Most previous studies were designed to study the effects of 
metrological factors on the morbidity or mortality of stroke 
[23-25]. However, no existing study has examined the 
effects of metrological factors on cerebrovascular disease 
among patients with T2D. Many researchers have described 

U-, V- or J-shaped associations between meteorological 
factors and cerebrovascular mortality [24,26]. Similarly, 
the present study found the cumulative exposure-response 
curve for temperature was almost inverted “V”-shaped, with 
a slight increase at concentrations of higher than 25°C. The 

Figure 4: 3D graphs of temperature, relative humidity and atmospheric pressure effect on cerebrovascular cases: a) Overall 
effect of temperature on CBVD b) Overall effect of relative humidity on CBVD c) Overall effect of atmospheric pressure 
on CBVD.

Season effects Lag CBVD Ischemic Stroke Hemorrhagic Stroke Atherosclerosis
Hot effects Lag 0 0.97(0.87,1.05) 0.96(0.86,1.05) 1.07(0.89,1.27) 0.93(0.82,1.04)

Lag 5 1.056(1.01,1.07) 1.05(0.89,1.27) 1.08(1.01,1.12) 1.038(1.00,1.07)
Lag 15 1.048(1.02,1.05) 1.05(1.02,1.06) 1.05(1.01,1.08) 1.026(1.00,1.04)
Lag 27 1.06(1.03,1.08) 1.06(1.03,1.09) 1.12(1.07,1.18) 1.03(0.98,1.05)

Cold effects Lag 0 1.17(1.04,1.27) 1.04(0.52,1.29) 1.10(0.89,1.33) 1.04(0.91,1.16)
lag 5 0.95(0.89,0.95) 0.92(0.88,0.94) 0.95(0.88,1.00) 0.99(0.94,1.02)

Lag 15 0.97(0.96,1.00) 0.99(0.97,1.00) 0.95(0.9,0.97) 0.99(0.96,1.00)
Lag 27 0.95(0.90,0.97) 0.96(0.90,0.97) 1.00(0.92,1.06) 0.96(0.91,1.00)

Table 3: The cumulative hot and cold effects (relative risks and 95% CI) on cause-specific cerebrovascular diseases, including 
CBVD, Ischemic Stroke, Hemorrhagic Stroke and Atherosclerosis.
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cumulative exposure response curve for relative humidity 
was almost linear. The cumulative exposure-response curves 
for atmospheric pressure were V-shaped, which meant that 
both high and low concentrations of atmospheric pressure 
may increase the risk of cerebrovascular disease onset among 
patients with T2D.

There are some strengths of our study. First, the data 
on cerebrovascular cases has been proven to be of high 
validity and good representativeness, covering more than 
95% of permanent residents in Beijing, and the sample size 
was relatively large. Therefore, the present results may be 
representative of the authentic associations between weather 
conditions and cerebrovascular diseases in the study area. 
Second, this study was the first time that a nonlinear and 
lagged association was observed between metrological factors 
and morbidity of cerebrovascular diseases in a population 
with T2D, which may have important implications for the 
prevention and treatment of CBVD.

The study had also some limitations. First, we could not 
collect data on the relationships between patients. However, 
there might be a few family aggregation cases, which may 
affect the population sensitivity [27]. Second, we used fixed-
site monitor measurements as a proxy for personal exposure, 
which may result in exposure errors and underestimation of 
the associations between weather conditions and diseases. 
Third, since the date of diagnostic is not available, it cannot 
be differentiated between the accurate occurrence of stroke 
and T2D. Fourth, the generalizability of our results might be 
limited as the study collected data from one highly polluted 
city and only included T2D [28-36].

Conclusions

Our study suggested that both an increase and a decrease 
in temperature and atmospheric pressure had a significant 
association with the occurrence of cerebrovascular disease 
among co morbid patients with diabetes. This study provides 
evidence of the short term effects of metrological factors on 
hospital admissions of CBVD among T2D patients
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