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Background and Purpose: The role of antihypertensive medication adherence in reducing 
the effect of ambient temperature (TEM) on intracerebral hemorrhage (ICH) pathogenesis is 
unclear. We aimed to study the influence of ambient TEM on the ICH occurrence in 
hypertensive patients with different medication adherence.
Methods: We enrolled consecutive ICH patients with a definite history of hypertension in 
a teaching hospital over a period of six years. Medication adherence was calculated using the 
proportion of prescription days covered (PDC) to antihypertensive mediation in the last 
month before the ICH attack. Optimal medication adherence (OMA) was the PDC > 80%, 
and non-optimal medication adherence (non-OMA) was ≤80%. Daily ambient TEM and its 
variation were collected as the explanatory variables, and dominant air pollutants were 
gathered as covariates. We adopted a time-stratified case-crossover approach to minimize 
individual confounders. Conditional logistic regression was conducted to calculate the odds 
ratio (OR) of daily ambient TEM on ICH occurrence.
Results: We recruited a total of 474 patients in this study. The number of participants with 
OMA and non-OMA was 249 and 225. Daily mean and max TEM in lag0 to lag2, as well as 
daily min TEM in lag0 to lag1, were significantly related to ICH onset in all enrolled patients 
and non-OMA cases. However, only daily TEM in lag0 was meaningfully associated with 
ICH onset in the OMA cases. The risk of ICH in OMA patients, respectively, changed by 
7.9% (OR = 0.921, [0.861, 0.985]) or 6.3% (OR = 0.937, [0.882, 0.995]) when daily mean or 
max TEM was altered by 1°C in lag0, but the change raised by 10.4% (OR = 0.896, [0.836, 
0.960]) or 7.5% (OR = 0.925, [0.868, 0.986]) in non-OMA patients. And the risk varied (OR 
= 0.933, [0.882, 0.988]) only in non-OMA patients when daily min TEM was altered by 1°C 
in lag1.
Conclusion: Our results indicate that OMA to antihypertensive drugs reduces the influence 
of ambient TEM on ICH occurrence in hypertensive patients.
Keywords: intracerebral hemorrhage, risk, ambient temperature, medication adherence

Introduction
Intracerebral hemorrhage (ICH) is the second common subtype of stroke, with an 
annual incidence rate of 22 per 100,000 in low- and middle-income countries and 
10 per 100,000 in high-income countries.1 The ICH patients, usually with severe 
intracranial pressure,2 have the worst mortality and disability compared with other 
stroke types.3 Although several personal risk factors contribute to the pathogenesis, 
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the critical individual factor leading to ICH occurrence is 
unsatisfactory control of hypertension.3,4 A recent report 
shows that uncontrolled hypertension three months after 
ICH is associated with recurrent stroke and mortality.5 In 
addition, the adverse effect of environmental factors, such 
as ambient temperature (TEM), on ICH occurrence is also 
greatly concerned. Researches from regions with different 
climates worldwide confirm a significant negative correla-
tion between ambient TEM and ICH occurrence.6–10 

Elaborate precautions against these risk factors in ICH 
patients are essential to reduce the incidence of the disease.

Currently, antihypertensive medication adherence has been 
emphasized in several studies to strengthen primary or second-
ary prevention.11,12 Optimal medication adherence (OMA) 
helps control blood pressure in patients with hypertension, 
especially in the absence of new antihypertensive drugs.4 

This good adherence reduces the risk of ICH, either in patients 

with newly prescribed antihypertensive medications or in those 
who have suffered from hemorrhagic stroke.13,14 However, it is 
unclear whether OMA to the antihypertensive drug can reduce 
the biological effect of the change in ambient TEM. In this 
study, we supposed that optimal adherence to antihypertensive 
medication diminishes the influence of ambient TEM on ICH 
occurrence. We adopted a time stratified case-crossover 
approach to explore correlation intensity between TEM and 
ICH occurrence in patients with different antihypertensive 
medication adherence and discussed the underlying reason 
for the possible difference in correlation intensity.

Methods
Clinical Data
We retrospectively analyzed the clinical data of ICH patients 
with a definite history of hypertension in a teaching hospital 
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from January 1, 2014, to December 31, 2019. The hospital 
(east longitude 103.8° and north latitude 30.7°), located in the 
west of the city, is the nearest large-scale medical center to the 
national benchmark climate station in Chengdu (straight-line 
distance = 6.4km). This city has a subtropical monsoon cli-
mate, with characteristics of low wind speed, high humidity, 
and less sunshine all year round. The inclusion criteria required 
that the ICH patients had a definite history of hypertension and 
received chronic disease management in our institution more 
than one month before onset, with at least one prescription 
record of antihypertensive drugs. Patients were excluded if 
they fulfilled one of the following four criteria: (1) patients 
had large vascular diseases such as aneurysms or vascular 
malformations, (2) or they were outside the city at the time of 
ICH onset, (3) or the specific time of symptom occurrence was 
unknown, (4) or the data was missing. The time of ICH onset 
was determined based on the occurrence of symptoms.

Medication Adherence
Medication adherence refers to the consistency between 
the patient’s medication and the prescription. It is 
a process characterized by three major components: the 
initiation, the implementation, and the discontinuation.4 

On the condition that all the enrolled patients in our 
study had at least one definite prescription record of anti-
hypertensive drugs, we used the proportion of prescription 
days covered (PDC) by antihypertensive mediation in the 
last month before ICH onset to represent the 1-month 
medication adherence. We collected the prescription 
records of all participants and calculated the PDC to anti-
hypertensive mediation. OMA was PDC>80%, and non- 
optimal medication adherence (non-OMA) was PDC 
≤ 80%.

Meteorological Data and Air Pollutants
Our study collected data of ambient TEM and their fluc-
tuation as explanatory variables. These parameters 
included daily mean TEM, maximum (max) TEM, mini-
mum (min) TEM, diurnal and day-to-day variation of 
TEM. The diurnal variation was the difference value 
between daily max TEM and min TEM. The day-to-day 
variation was the absolute value of daily mean TEM in 
the day minus the one in the previous day. Ambient TEM 
data were from the National Meteorological Data Center 
(http://data.cma.cn/).

Three dominant air pollutants in the local city, the 
PM2.5, NO2, and O3, were entered as covariates, consider-
ing their impact on ICH onset.15–17 Pollutant data were 

from the local Ecological and Environment Bureau (http:// 
sthj.chengdu.gov.cn/).

Statistical Analysis
We adopted a time-stratified case-crossover approach in 
the present study. This design used patients themselves as 
a control to minimize individual confounders (Figure 1) 
The risk factors’ exposure degree of participants at the 
target event occurrence (case days) was investigated, 
compared with the exposure degree of the same partici-
pants at other times (control days). In other words, the 
participants were in case and control states in different 
periods. If exposure was related to the event, the fre-
quency of exposure in case days should be higher than 
that in control days. In this study, the case days were the 
days of symptom onset (lag0). The control days were the 
other corresponding days in the same month with seven 
days as the interval. Data within two days before onset 
were included to explore the possible lag effect. Lag1 
referred to the previous day before lag0, and lag2 
referred to the day before Lag1. The choice of lag1 and 
lag2 in the control days was consistent with that in the 
case days.

Numerical variables with normal distributions were 
expressed as mean (±standard deviation), and numerical 
variables with non-normal distributions were expressed as 
median (25–75%). Categorical variables were represented 
as frequency and percentage. Normal distribution was 
examined by the Shapiro–Wilk test. The comparison 
was performed between patients with OMA and non- 
OMA by the Chi-square test or Mann–Whitney U-test 
as appropriate. We conducted a conditional logistic 
regression analysis to explore the effect of daily TEM 
and their fluctuation on ICH occurrence in all patients 
and the cases with OMA and non-OMA, respectively. 
The outcomes were expressed as odds ratio (OR) and 
95% confidence interval. A timeline was drawn to illus-
trate the temporal logic of the included data (Figure 2) 
R software (4.0.3) and GraphPad (9.0.0) were used for 
analysis and graphing, and the significance level 
was 0.05.

Results
We enrolled 474 patients who met the research criteria 
were in this study. There were 299 males and 175 females, 
with a ratio of 1.7:1.0. The median age was 63.0 years, and 
about 60% of patients were aged ≥60 years old. More than 
70% of the patients had deep ICH, and about 30% had 
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a history of smoking or drinking. The proportion of 
patients with diabetes or cardiac disease was about 10% 
and 5%. The main seasons that ICH occurred were winter 
and spring. According to the 1-month antihypertensive 
medication adherence, the number of patients with OMA 
and non-OMA was 249 and 225, respectively. There was 
no significant difference in age, gender, hemorrhage loca-
tion, diabetes, smoking, drinking, and onset season 
between the two groups, except for cardiac disease. 
Table 1 shows the baseline characteristics of the 
participants.

In the conditional logistic regression model, daily mean 
and max TEM in lag0 to 2, and daily min TEM in lag0 to 
1, were significantly related to the ICH occurrence in all 
patients. This pattern persisted in cases with non-OMA. 
But in cases with OMA, we observed that only daily TEM 

in lag0 was meaningfully associated with ICH onset. The 
ORs were also dissimilar in patients with different medi-
cation adherence when the daily TEM was altered. For 
instance, the risk of ICH changed by 7.9% (OR = 0.921, 
[0.861, 0.985]) or 6.3% (OR = 0.937, [0.882, 0.995]) in 
OMA patients when daily mean or max TEM was respec-
tively altered by 1°C in lag0, but the change expanded by 
10.4% (OR = 0.896, [0.836, 0.960]) or 7.5% (OR = 0.925, 
[0.868, 0.986]) in non-OMA patients under the same con-
dition. And the occurrence of ICH only changed in non- 
OMA patients (OR = 0.933, [0.882, 0.988]) when daily 
min TEM was altered by 1°C in Lag1. We did not observe 
any correlation of diurnal variation and day-to-day varia-
tion of TEM to ICH onset regardless of the medication 
adherence (Figure 3 and Table 2).

Figure 1 A graph illustrates to use of patients as self-control in a time-stratified case-crossover approach. In this study, the case days were the days of symptom onset, and 
the control days were the other corresponding days in the same month with seven days as the interval. Participants’ exposure to risk factors in case days and control days 
were compared to judge the correlation between exposure and target event occurrence.

Figure 2 A research timeline illustrates the temporal logic of the included data. In this study, lag0 referred to the day when the symptoms of intracerebral hemorrhage 
(ICH) occurred. Lag1 referred to the previous day before lag0, and lag2 referred to the previous day before Lag1, and so on until lag30. The proportion of prescription days 
covered (PDC) by antihypertensive mediation in the last month before ICH onset was used to represent the 1-month medication adherence. The ambient temperature 
(TEM) in lag0 to lag2 were included to study its impact on ICH.
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Discussion
This study is the first to explore the role of antihyperten-
sive medication adherence in reducing the effect of ambi-
ent TEM on ICH occurrence. The main findings are: (1) 
only daily TEM in lag0 was related to ICH onset in OMA 
patients, (2) and these patients had a lower fluctuation in 
the risk of ICH when daily TEM altered.

Ambient TEM is a significant factor that affects the 
risk of ICH. Many studies reveal that short-term exposure 
to low ambient TEM has a meaningful effect on ICH 
occurrence.6–10 This meteorological parameter has 
immediate and delayed influences on the risk of stroke 
events.9 In the current study, we found that the lag effect 
of TEM weakened in the patients who had OMA to anti-
hypertensive medications. The fluctuation of ICH risk also 
diminished when the ambient TEM was altered by 1°C. 

These results suggest that the benefit of OMA to antihy-
pertensive drugs can reduce the effect of ambient TEM on 
ICH occurrence. In this study, participants in the OMA 
group had a higher proportion of cardiac history. This may 
be because patients who had a history of heart disease 
were more likely to recognize the harm of irregular admin-
istration of antihypertensive drugs. Our study did not 
observe any correlation of diurnal variation and day-to- 
day variation of TEM to ICH onset regardless of medica-
tion adherence, which is inconsistent with previous 
research.18–20 This contradiction may be due to different 
research designs and climatic characteristics.

The possible reason for our findings is that OMA may 
attenuate the influence of low ambient TEM on blood pressure. 
Hypertension is a crucial individual factor causing ICH, and 
the decrease of ambient TEM leads to an increase in blood 

Table 1 Baseline Characteristics of Intracerebral Hemorrhage Patients Enrolled in This Study Who Had a History of Hypertension

Characteristics Total (N = 474) OMA to Antihypertensive 
Drugs (N = 249)

Non-OMA to 
Antihypertensive Drugs  
(N = 225)

p valuec

Age 63.0 (52.0, 72.0) 63.0 (53.0, 72.0) 61.0 (51.0, 71.0) 0.111

Gender 0.989

Male 299 (63.1%) 157 (63.1%) 142 (63.1%)

Female 175 (36.9%) 92 (36.9%) 83 (36.9%)

Hemorrhage location 0.307
Deep 337 (71.1%) 172 (69.1%) 165 (73.3%)

Lobar 137 (28.9%) 77 (30.9%) 60 (26.7%)

Smoking 0.890

Yes 146 (30.8%) 76 (30.5%) 70 (31.1%)

No 328 (69.2%) 173 (69.5%) 155 (68.9%)

Drinkinga 0.706

Yes 143 (30.2%) 77 (30.9%) 66 (29.3%)
No 331 (69.8%) 172 (69.1%) 159 (70.7%)

Diabetesb 0.112
Yes 49 (10.3%) 31 (12.4%) 18 (8.0%)

No 425 (89.7%) 218 (87.6%) 207 (92.0%)

Cardiac disease 0.021

Yes 27 (5.7%) 20 (8.0%) 7 (3.1%)

No 447 (94.3%) 229 (92.0%) 218 (96.9%)

Onset season 0.151

Cold (winter and spring) 298 (62.9%) 149 (59.8%) 149 (66.2%)
Warm (summer and 

autumn)

176 (37.1%) 100 (40.2%) 76 (33.8%)

Notes: aDrinking history was defined as drinking at least once a month or cumulative drinking for six months or more. bSmoking history was defined as continuous or 
cumulative smoking for six months or more. cComparison was performed between patients with OMA and non-OMA. 
Abbreviations: OMA, Optimal medication adherence; non-OMA, non-optimal medication adherence.
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pressure.21 This low ambient TEM usually causes excitation of 
the sympathetic nerve, increases the secretion of adrenocortical 
hormone and thyroid hormone, and activates the renin–angio-
tensin system. They collectively constrict peripheral blood 
vessels and enhance blood flow resistance, with the effect of 
raising blood pressure.21,22 For patients with hypertension, 
good antihypertensive medication adherence helps maintain 
the patient’s blood pressure at an optimal level. This may 
weaken the influence of low ambient TEM on blood pressure 
and reduce the effect of ambient TEM on ICH occurrence.

In our study, the selection of control was random 
bidirectional before and after the target event occurrence 
with seven days as the interval. This way of control selec-
tion can simultaneously control the confounding factors 
such as seasonality and day-of-week effect and eliminate 
the time trend bias.23 Recently, scholars use an artificial 
neural network to predict daily stroke occurrences and 
achieved good prediction performance.24 However, this 
method lacks interpretability due to the existence of 
a “black box”. Logistic regression is a handy, fast, and 
practical modeling method. In particular, the interpretabil-
ity of the model is simple.25 In our research, a convenient 
explanation of the model was crucial, and consequently, 
we adopted classical logistic regression instead of using 
the neural network technique. Medication adherence is 
a time-dependent variable.14 Considering that our study 

observed the effect of short-term TEM exposure (lag0- 
lag2) on ICH occurrence, we used 1-month PDC before 
onset to represent patients’ recent medication adherence.

This study also has several potential limitations. Firstly, we 
used a retrospective method and recruited a small sample size, 
which may lead to selective bias and decreased credibility of 
the results. Some factors related to medication adherence, such 
as socioeconomic status,26 were not included in the study, 
which may also confound our results. In addition, we used 
logistic regression to fit the model. Although the model has 
a satisfactory explanatory ability, the fitting accuracy is not 
very high. There are problems of overfitting or underfitting, 
and it is difficult to deal with data imbalance. Secondly, our 
study proceeded under the condition of subtropical monsoon 
climate, and the results had regional characteristics. Our con-
clusions may not be applicable to other climate types. Multi- 
center researches with a large sample are required. Finally, the 
present research mainly focused on the role of optimal anti-
hypertensive medication adherence in reducing the effect of 
ambient TEM on ICH occurrence. Other meteorological fac-
tors (such as air pressure, humidity, sunshine) and air pollutants 
(such as particulate matters, nitrogen oxides, sulfur oxides, 
ozone) were not included. It is of interest to further explore 
whether medication adherence can reduce the effect of other 
environmental factors on ICH occurrence.

Figure 3 The influence of daily ambient temperature (TEM) and their fluctuation on intracerebral hemorrhage onset in patients with different antihypertensive medication 
adherence. The diurnal variation (the maximum of the day minus the minimum) and the day-to-day variation (the absolute value of the mean in the day minus the one in the 
previous day) of TEM were calculated to represent fluctuation. Optimal medication adherence was the patient had a proportion of prescription days covered (PDC) > 80%, 
and non-optimal medication adherence was PDC ≤ 80%. *P < 0.05; **P < 0.01. 
Abbreviation: CI, confidence interval.
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Conclusions
In summary, our study indicates that optimal antihyperten-
sive medication adherence helps to reduce the effect of 
ambient TEM on ICH occurrence in hypertensive patients. 
The discovery may be an underlying reason to explain the 
clinical benefit of antihypertensive drugs against environ-
mental hazards, such as a cold wave. Large sample multi-
center studies are needed to strengthen our conclusion.
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