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A B S T R A C T

The purpose of this study is to determine the relationship between heat stroke and ischemic heart disease (IHD),
in a nationwide population using a longitudinal approach. We retrospectively examined the data from the
National Health Insurance Research Database (NHIRD) in Taiwan, for patients examined between 2000 and
2013. In total, 628 patients with a heat stroke episode were enrolled and matched with 1256 patients without
any history of a heat stroke episode by propensity score matching at a ratio of 1:2. The mean follow-up years of
the heat stroke group was 11.89 years and the mean follow up of the control group was 11.51 years. An asso-
ciation between heat stroke episodes and IHD (log-rank p < .001) was found in a univariate cox regression
analysis. After multivariate adjustment, age, comorbidities (hypertension, diabetes, stroke), and lower insurance
premiums were associated with IHD events in patients who had a heat stroke. IHD was independently associated
with heat stroke following cox multivariate regression analysis and patients with a heat stroke episode had a
higher incidence of IHD events compared to those without any heat stroke episode (2598.41/105 person-years
vs. 1286.14/105 person-years, adjusted hazard ratio 3.527, 95% CI: 2.078–4.032, p < .001). The onset of IHD in
patients who suffered a heat stroke was earlier than in those without a heat stroke episode (2.08 ± 3.45 vs.
3.61 ± 3.25 years, p < .001). In conclusion, clinicians should be aware about evaluating the IHD risk following
a heat stroke episode in a patient.

1. Introduction

Heat injuries include heat stroke, heat syncope, heat cramps, and
heat exhaustion, which reportedly caused approximately 70,000 deaths
in Europe in 2003 [1]. As the prevalence of hot climates increase,
deaths due to heat injuries are expected to rise by up to 2.5 folds in the
2050s, from a current annual death of approximately 2000 in the
United States [2]. It has been reported that heat stroke is the most
serious form of heat injuries and has a high rate of mortality (ap-
proximately 80%); however, it can be reduced to 10% with early di-
agnosis and immediate cooling [2]. Several risk factors for heat stroke
include obesity, poor acclimatization, inadequate hydration, strenuous
exercise, and hot and humid climates [3]. Moreover, heat stroke occurs

in old persons due to chronic dehydration, underlying comorbidities,
and relative deficiencies of the heat shock protein with aging [4,5]. It is
important to know how to prevent a heat stroke.

Heat stroke is usually the result of a strenuous activity or prolonged
exposure to high temperatures, resulting in the core body temperature
rising above 40.0 °C (104.0 °F) and a disturbed sensorium [3]. Several
studies have demonstrated the importance of evaluating heat stroke
patients for damage to vital organs [6–10]. In a retrospective cohort
study, Yang et al. analyzes the data from 117 consecutive patients (86
survivors, 31 nonsurvivors) who has suffered an exertional heat stroke,
at 48 Chinese hospitals between April 2003 and July 2015, which de-
monstrates that recurrent heat strokes could predispose to central
nervous system injuries [6]. Heat stroke can cause multiple syndromes
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including bowel ischemia, [7] acute liver failure, [8] coagulopathy, [9]
impaired renal function with electrolyte disturbances [10] and myo-
cardial damage [11,12].

It is reported that patients who have suffered a heat stroke might
have decreased left-ventricular end-diastolic volume, leading to a re-
duced cardiac stroke volume and decrease in coronary artery perfusion
[13], resulting in ischemic heart disease (IHD). Although the under-
lying mechanisms that lead to the development of IHD in patients
suffering from heat stroke remain unclear, the effects of heat stroke on
IHD have been reported. Animal studies have shown that microvascular
endothelial injury and inflammation play a significant role in the car-
diovascular pathogenesis of heat injury [14–16]. Additionally, dehy-
dration due to the heat stroke could be implicated in the IHD process
[17].

However, no studies have yet investigated the long-term con-
sequences of heat stroke on ischemic heart disease (IHD) in the general
population. We used data from the Taiwan National Health Insurance
Research Database (NHIRD) for the period 2000–2013 to evaluate the
association between heat stroke episodes and IHD events.

2. Materials and Methods

2.1. Data sources

This nationwide, observational, propensity-score-matched cohort
study used data from the Taiwan NHIRD. The Institutional Review
Board of the Tri-Service General Hospital (No. 2–105–05-082) ap-
proved this study and waived the requirement of informed consent, and
we confirmed that all analyses followed the relevant guidelines and
regulations. The study enrolled all patients diagnosed with heat stroke
(ICD-9-CM 992.0) in Taiwan. In this study, we used data from the
NHIRD in Taiwan to investigate the association between heat stroke
and IHD events for the period between 2000 and 2013.

The NHIRD contained all registration files and details about the
original claims for 1 million beneficiaries of the National Health
Insurance database structured for research purposes. The NHIRD con-
tained clinical data for population-based longitudinal cohort studies in
Taiwan [18]. NHIRD being one of the highest quality databases
worldwide [19], had been widely used for longitudinal cohort studies
[20–27]. It contained information regarding the outpatient data, in-
patient data, disease profiles, drugs prescribed, intervention proce-
dures, and medical costs for> 99% of the population in Taiwan, cov-
ering>22 million people. The diagnosis codes were based on the 9th
revision of the International Classification of Diseases. To protect
privacy, the individuals' identities were encrypted within the NHIRD.

2.2. Study design

This study used all the registered information and data of the ori-
ginal claims of 1 million individuals between January 1, 2000, and
December 31, 2013, from the NHIRD. Patients diagnosed with heat
stroke based on the International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM) codes: (heat stroke, ICD-9-
CM 992.0) were included. The diagnosis of heat stroke was a primary
diagnosis. The exclusion criteria included patients who had been di-
agnosed with IHD or heart failure, or< 18 years old during enrollment.

The remaining patients whose follow-up data were available were
divided into two groups: patients who had suffered a heat stroke and
those with no history of heat stroke (Fig. 1). Patients and controls were
enrolled and propensity-score-matched (1:2) by age, sex, index date,
comorbidities, and baseline medications. A logistic regression model
was used for propensity matching analysis. The index date was defined
as the date of onset of heat stroke and the follow-up period was con-
sidered from the same date. We assigned a date for the control patients
who had not experienced a heat stroke event, as a pseudo-heat-stroke
event, which matched the index date of their corresponding study

Fig. 1. Cohort assembly of patients with or without heat stroke.
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subjects (referred to as the index date). This method minimized the
length of time bias in this cohort study.

During the study period, the comorbidities (hypertension, hyperli-
pidemia, stroke, diabetes mellitus), current medications (calcium
channel blockers, beta blockers, angiotensin converting enzyme in-
hibitors, angiotensin receptor blockers, anti-platelet agents, anti-dia-
betics, statins), insurance premium, season, demographic character-
istics, the urbanization level of the place of residence, and the level of
care were recorded at admission. We also recorded the incidence of IHD
events to ensure that the heat stroke preceded the IHD events and to
address protopathic bias.

Baseline comorbidities were identified using ICD-9 codes and in-
cluded diabetes mellitus (250–250.3, 250.7, 250.4–250.6), hyperten-
sion (401–405), hyperlipidemia (272.0–272.4), and stroke (430–438).
Our IHD patients were monitored starting from the year 2000. The
tracking duration, as well as the time from the onset of heat stroke to
IHD, was calculated.

2.3. Outcome measures

The outcomes detected were in the primary diagnosis position. The

primary outcome was IHD (ICD-9-CM codes: 410–414) after heat
stroke, assessed for the period 2000–2013. All the study participants
were monitored from the index date until the onset of IHD events (ICD-
9-CM codes: 410–414), withdrawal from the NHIRD program, death, or
till the end of 2013. The secondary outcome was the duration between
the heat stroke episodes and the IHD events in each subgroup.

2.4. Statistical analysis

Through propensity score matching, the two groups were balanced
with respect to known confounding factors to ensure comparability
during analyses and minimize the bias [28].

Baseline distribution of demographic characteristics and co-
morbidities were evaluated using the chi-square test for categorical
variables and t-test for continuous variables. A logistic regression model
was used for propensity matching and the ratio of the study subjects
and the matched cohort was 1:2 (heat stroke group: control
group=1:2). Multivariate models were simultaneously adjusted for
age, sex, hypertension, diabetes mellitus, hyperlipidemia, brain stroke,
calcium-channel blockers, beta-blockers, angiotensin-converting en-
zyme inhibitors, angiotensin II receptor blockers, statins, antidiabetic

Table 1
Basic Characteristics of Case Patients with Heat stroke and Matched Control Patients after Propensity Score Matching.

Total Heat stroke Control P

N=1884 (%) N=628 (%) N=1256 (%)

Gender 0.999
Male 1221 64.81 407 64.81 814 64.81
Female 663 35.19 221 35.19 442 35.19
Age (years) 50.13 ± 19.13 50.75 ± 18.82 0.508
Cormobilities 0.999
Hypertension 288 15.28 96 15.28 192 15.28
Diabetes 291 15.44 97 15.44 145 15.44
Hyperlipidemia 63 3.34 21 3.34 42 3.34
Cerebral stroke 576 30.57 192 30.57 384 30.57
Medications
CCB 170 9.02 62 9.87 108 8.60 0.394
β-Blockers 136 7.22 45 7.17 91 7.25 0.907
ACEIs 197 10.46 66 10.51 131 10.43 0.958
ARBs 47 2.49 18 2.87 29 2.31 0.531
Anti-diabetic drugs 154 8.17 53 8.44 101 8.04 0.789
Anti-platelet drug 150 7.96 51 8.12 99 7.88 0.857
Statins 283 15.02 95 15.13 188 14.97 0.946
Climate < 0.001⁎

Spring 472 25.05 105 16.72 367 29.22
Summer 640 33.97 373 59.39 267 21.26
Autumn 391 20.75 107 17.04 284 22.61
Winter 381 20.22 43 6.85 338 26.91
Insured Premium (NT$) < 0.001⁎

<18,000 1842 97.77 606 96.50 1236 98.41
18,000-34,999 32 1.70 22 3.50 10 0.80
≧35,000 10 0.53 0 0.00 10 0.80
Patient Care Quality < 0.001⁎

Medical center 482 25.58 126 20.06 356 28.34
Regional hospital 596 31.63 172 27.39 424 33.76
Local hospital 806 42.78 330 52.55 476 37.90
Urbanization Level < 0.001⁎

1 (The highest) 589 31.26 158 25.16 431 34.32
2 819 43.47 289 46.02 530 42.20
3 111 5.89 32 5.10 79 6.29
4 (The lowest) 365 19.37 149 23.73 216 17.20
Area of Taiwan <0.001⁎

Northern area 724 38.43 189 30.10 535 42.60
Middle area 581 30.84 223 35.51 358 28.50
Southern area 416 22.08 118 18.79 298 23.73
Eastern area 148 7.86 87 13.85 61 4.86
Islands area 15 0.80 11 1.75 4 0.32

ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; CCB, calcium-channel blocker;
N denotes sample size.
P-value (category variable: Chi-square/Fisher exact test; continue variable: t-test).

⁎ denotes P < .05 and was considered statistically significant.
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drugs, and antiplatelet drugs. After stratifying by age, sex, comorbid-
ities, and medications, the relative risk for IHD in the heat stroke group
were compared with that in the control group using the Cox model.
Cumulative incidence curves of IHD for the two cohorts were assessed
using Kaplan-Meier analysis, and the differences between the cohorts
were evaluated using the log-rank test. Univariate and multivariate Cox
regression analyses were used to estimate the hazard ratios (HRs) and
95% confidence intervals (95% CIs) for all outcomes. All variants with a
significant difference (P < .05) in the univariate analysis were entered
into the multivariate model, Kaplan-Meier curves, and log-rank test.

Spearman's correlation was used to assess the relationship between the
two variables for monotonic relationships. In the outcomes analysis, P
values lower than 0.05 were considered as statistically significant. All
data analyses were conducted using the SPSS software version 22 (SPSS
Inc., Chicago, IL, USA).

3. Results

In this study, a total of 882 individuals diagnosed with heat stroke
for the first time were enrolled. Of these, 254 patients were excluded on
the basis of exclusion criteria. After propensity score matching by
gender, age, index date, comorbidities, and medications, a total of 628
patients and 1256 matched controls were enrolled, as shown in Fig. 1.
During the 13 years of follow-up, we identified 194 IHD events
(30.89%) in the heat stroke group and 186 (14.80%) IHD events in the
control group.

As depicted in Table 1, the baseline characteristics of the patients
and controls were comparable with respect to gender, age, insurance
premiums (in NT$), hypertension, hyperlipidemia, diabetes mellitus,
stroke, and current medications like calcium channel blockers, beta-
blockers, angiotensin-receptor blockers, angiotensin-converting enzyme
inhibitors, anti-diabetics, anti-platelet drugs, and statins. Patients with
heat stroke, however, were more likely than controls to reside in middle
or eastern Taiwan and outlets islands, in an area with a higher urba-
nization level, and local hospital care.

Fig. 2 showed the Kaplan–Meier curve for cumulative IHD risk
stratified by heat stroke with a log-rank test. Heat stroke was associated
with a significantly increased risk of IHD events (Log-rank P < .001).
From the first year of follow-up to the thirteenth year, the incidence of
IHD events in the heat stroke group was higher than in the control
group. Furthermore, the incidence of IHD events increased dramatically
within the first year after heat stroke. If patients with previous heart
disease or age<18 years were not excluded and all of the 882 patients
with heat stroke was compared with all control subjects, heat stroke
was still associated with a significantly increased risk of IHD events
(Log-rank P < .001) (Fig. 3).

The adjusted hazards ratio of IHD events in the groups of subjects
with heat stroke and matched controls were depicted in Table 2. Pa-
tients with heat stroke had a higher rate of IHD events than the control
patients had (adjusted HR=3.527, P < .001), during the follow-up
period after adjustment by age, gender, insurance premium, co-
morbidities, current medications including calcium channel blockers,
beta-blockers, angiotensin converting enzyme inhibitors, angiotensin II
receptor blockers, antidiabetics, anti-platelet drugs, statins, climate,
urbanization level, patient care quality, and the geographical part of
Taiwan. The risks of IHD events were associated with those with
age> 40 years, some comorbidities (diabetes, hypertension, cerebral
stroke, hyperlipidemia, and medications), and low insurance premiums
(low socioeconomic status), although p < .05 for absence and presence
of these comorbidities. There was a correlation between heat stroke
episodes and IHD events in the hot climate areas in Taiwan. After
analyzing the Spearman's correlation coefficient in subgroup analysis,
these covariates (hypertension, diabetes, stroke, angiotensin II receptor
blockers, angiotensin-converting enzyme inhibitors, calcium channel
blockers, β-blockers, anti-diabetic drugs, anti-platelet drugs, and sta-
tins) were not significantly associated with heat stroke.

The mean follow-up time of the heat stroke group and the control
group was 11.89 ± 13.32 and 11.51 ± 12.96 years, respectively
(Table 3). The duration between the onset of heat stroke and IHD was
2.08 ± 3.45 years. In contrast, the duration in the matched group was
3.61 ± 3.25 years. The onset of IHD in patients who suffered a heat
stroke was earlier than in those without a heat stroke episode.

4. Discussion

This is the first study to examine the long-term consequences of heat

Fig. 2. Kaplan-Meier curve for cumulative risk of ischemic heart disease in
patients with and without heat stroke.

Fig. 3. Kaplan-Meier curve for cumulative risk of ischemic heart disease in
patients with and without heat stroke. Patients with previous heart disease or
age< 18 years were not excluded.
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Table 2
Risk of Ischemic Heart Disease among Patients with Heat stroke and Matched Control Patients.

Heat stroke Control

Event PYs Rate (per 105 PYs) Event PYs Rate (per 105 PYs) Cox regression adjusted HR# 95%CI P

Ischemic heart disease 194 7466.09 2598.41 186 14,461.88 1286.14 3.527 2.781 4.473 < 0.001⁎

Gender
Male 125 5132.06 2435.67 107 8460.87 1264.65 2.895 2.078 4.032 < 0.001⁎

Female 69 2334.03 2956.26 79 6001.01 1316.45 8.406 4.816 14.671 < 0.001⁎

Age (year-old)
18–29 10 603.52 1656.95 0 597.40 0.00 – –
30–39 0 1106.31 0.00 0 1832.74 0.00 – –
40–49 21 1452.77 1445.51 36 2234.53 1611.08 7.406 1.944 28.209 0.003⁎

50-59 47 1879.15 2501.13 32 3464.60 923.63 3.555 1.746 7.236 < 0.001⁎

60-69 46 1484.69 3098.29 48 2371.14 2024.34 130.929 29.492 581.265 < 0.001⁎

70-79 47 620.50 7574.54 64 2807.08 2279.95 3.231 1.874 5.568 < 0.001⁎

≧80 23 319.15 7206.64 6 1154.39 519.76 36.050 0.073 193.425 < 0.001⁎

Hypertension
No 121 6850.58 1766.27 129 11,432.92 1128.32 2.712 1.995 3.697 < 0.001⁎

Yes 73 615.51 11,860.08 57 3028.96 1881.83 7.043 2.698 18.387 < 0.001⁎

Diabetes
No 144 6538.99 2202.17 115 12,397.21 927.63 5.332 3.902 7.286 < 0.001⁎

Yes 50 927.10 5393.16 71 2064.67 3438.81 22.523 9.928 51.098 < 0.001⁎

Hyperlipidemia
No 194 7463.94 2599.16 176 13,804.76 1274.92 3.509 2.760 4.462 < 0.001⁎

Yes 0 2.15 0.00 10 657.12 1521.79 0.000 – – 0.997
Cerebral stroke
No 174 7364.84 2362.58 164 12,845.04 1276.76 3.070 2.382 3.957 < 0.001⁎

Yes 20 101.25 19,753.09 22 1616.84 1360.68 8.064 1.004 15.919 0.046⁎

CCB
No 184 6340.43 2902.01 181 12,316.87 1469.53 3.438 2.701 4.377 < 0.001
Yes 10 1125.66 888.37 5 2145.01 233.10 6.612 5.244 8.439 < 0.001

β-Blockers
No 189 6952.13 2718.59 183 13,760.66 1329.88 3.565 2.811 4.529 < 0.001
Yes 5 513.96 972.84 3 701.22 427.83 3.988 3.124 5.001 < 0.001

ACEIs
No 182 6367.53 2858.25 175 12,257.92 1427.65 3.425 2.503 4.444 < 0.001
Yes 12 1098.56 1092.34 11 2203.96 499.10 3.811 2.979 4.832 < 0.001

ARBs
No 194 5923.81 3274.92 186 12,752.22 1458.57 3.527 2.781 4.473 < 0.001
Yes 0 1542.28 0.00 0 1709.66 0.00 – – – –

Anti-diabetic drugs
No 164 6189.67 2649.58 142 10,436.27 1360.64 3.329 2.602 4.343 < 0.001
Yes 30 1276.42 2350.32 44 4025.61 1093.00 3.703 2.935 4.798 < 0.001

Anti-platelet drug
No 154 4574.99 3366.13 144 10,436.24 1379.81 4.201 3.025 5.424 < 0.001
Yes 40 2891.10 1383.56 42 4025.64 1043.31 2.308 1.803 3.012 < 0.001

Statins
No 167 5747.14 2905.79 156 11,476.75 1359.27 3.623 2.871 4.735 < 0.001
Yes 27 1718.95 1570.73 30 2985.13 1004.98 2.422 2.099 3.468 < 0.001

Climate
Spring 22 1337.53 1644.82 81 3695.17 2192.05 5.721 2.526 10.999 < 0.001⁎

Summer 103 1142.63 9014.29 25 2751.87 908.47 82.939 43.785 157.107 < 0.001⁎

Autumn 48 2960.50 1621.35 59 4314.26 1367.56 0.982 0.579 1.665 0.946
Winter 21 2025.43 1036.82 21 3700.58 567.48 1.000 0.378 2.642 0.498

Insured premium$

<18,000 194 6757.36 2870.94 186 14,276.52 1302.84 3.527 2.781 4.473 < 0.001⁎

18,000–34,999 0 708.73 0.00 0 183.60 0.00 – – – –
≧35,000 0 0.00 – 0 1.76 0.00 – – – –

Patient care quality
Medical center 13 1285.79 1011.05 42 3021.24 1390.16 0.842 0.288 2.460 0.754
Regional hospital 86 3848.74 2234.50 90 7368.36 1221.44 4.327 2.685 6.974 < 0.001⁎

Local hospital 95 2331.56 4074.53 54 4072.28 1326.04 10.129 5.226 19.632 < 0.001⁎

Urbanization level
1 (The highest) 81 1108.31 7308.42 48 4149.67 1156.72 21.839 10.527 45.303 < 0.001⁎

2 101 4012.32 2517.25 83 7322.65 1133.47 8.313 5.327 12.972 < 0.001⁎

3 0 674.88 0.00 17 648.46 2621.60 0.000 – – 0.884
4 (The lowest) 12 1670.58 718.31 38 2341.10 1623.17 0.525 0.266 6.156 0.602

Area of Taiwan
Northern area 85 1153.22 7110.53 92 5604.17 1641.63 7.562 5.962 9.591 < 0.001⁎

Middle area 33 3816.02 864.78 34 4313.25 788.27 1.915 1.510 2.430 < 0.001⁎

(continued on next page)
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stroke on IHD. The major findings of our study are as follows: (1)
Patients suffering for heat stroke are at risk for IHD. (2) There is a
positive relationship between IHD events and hot climate in patients
with heat stroke episodes, with a higher risk in old age, those with low
insurance premiums (low socioeconomic status), and presence of co-
morbidities (diabetes, hypertension, and stroke). (3) The onset of IHD
in patients who suffered a heat stroke is earlier than in those without a
heat stroke episode.

In this cohort study, we demonstrate that patients suffering from
heat stroke episodes have increased IHD events. Although the under-
lying mechanisms for the development of IHD in patients suffering from
heat stroke remain unclear, some suggested mechanisms are micro-
vascular endothelial injury and inflammation [14–16]. Rasouli et al.
also indicates that hemoconcentration, (a decrease in plasma volume) is
significantly associated with the prevalence and severity of IHD [17].
These findings suggest a mechanical pathway between heat stroke and
myocardial ischemia.

In this study, we observe that advanced age, comorbidities (dia-
betes, hypertension, and stroke), low insurance premiums (low socio-
economic status), and lower quality of health care are associated with
increased IHD events in patients suffering from heat stroke episodes.
Aging is associated with attenuated sweating and skin vasodilation,
resulting in heat stroke episodes when in a hot climate [29]. Moreover,
it is known that the risk of IHD increases substantially with age [30],
which is consistent with our result of age affecting IHD events. There
are cardiovascular risks factors for heat stroke episodes, such as patients
with existing systemic vascular disease [31,32] and diabetes mellitus
[33], indicating a probable cardiovascular involvement in the con-
sequences of heat stroke episodes.

Individuals with low insurance premiums have a low socioeconomic
status in Taiwan, and these patients were a risk for IHD events in our
study. Janati et al. also reports that people from lower socioeconomic
status are at a greater risk of IHD events than those from higher so-
cioeconomic status [34]. Our study also discovers that the risk of heat
stroke episodes increases noticeably with gradual urbanization. The
variation in daily temperature is significantly more in an urban area
than in a suburban area [35]. One of the causes for environmental and
temperature changes in the urban areas is the urban heat island effect,
which occurs when a city experiences much hotter temperatures than
the nearby rural areas [36]. Urbanization alters the natural surface and

atmospheric circumstances. The biogeochemical effect of urban aerosol
or haze pollution contributes to urban heat island in the urban areas
than in the surrounding rural areas [37].

The strengths of our study include the use of a national database, a
case-control matched index date, and the use of propensity score
matching between the study and control groups to ensure comparability
during analyses and minimize the bias due to confounding factors.
Moreover, this population-based observational study includes adjust-
ments for possible potential risk factors.

Our study has a few limitations. First, we could not assess the se-
verity of IHD because this information is not available from the data-
base. Second, we could not obtain body height, weight, and occupation,
information on personal habits, disease severity, or family history due
to the privacy policy of NHIRD. Third, the data from 2000 to 2013 is
used; hence, the results may not be applicable to more recent data.
Fourth, because this is a retrospective study, we may not assure quality
control of all data. Fifth, the sample size is not large enough and the
effect size is the compelling case. However, since there has been no
significant change in the ICD-9 codes, diagnostic criteria of IHD, or the
administrative process in the NHIRD since 2013, it is unlikely that the
data quality would have changed significantly in years that are more
recent. A further study is necessary to evaluate the accuracy of ac-
companying comorbidity diagnoses among the IHD cases.

5. Conclusions

Our results show the association between heat stroke episodes and
increased IHD consequences. The onset of IHD in patients who suffered
a heat stroke is earlier than in those without a heat stroke episode.
Therefore, being vigilant about the cardiovascular complications in
patients with heat stroke is suggested.
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Table 2 (continued)

Heat stroke Control

Event PYs Rate (per 105 PYs) Event PYs Rate (per 105 PYs) Cox regression adjusted HR# 95%CI P

Southern area 12 1722.18 696.79 20 3428.17 583.40 2.084 1.613 2.667 < 0.001⁎

Eastern area 67 755.48 8868.53 40 1110.94 3600.55 4.299 3.385 5.496 < 0.001⁎

Islands area 0 19.19 0.00 0 5.35 0.00 – – – –

ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; CCB, calcium-channel blocker; PYs, person-years; adjusted HR, adjusted
hazard ratio, CI, confidence interval.

# Adjusted for covariates including age, gender, insurance premium, comorbidities, calcium channel blockers, beta-blockers, angiotensin converting enzyme
inhibitors, angiotensin II receptor blockers, diabetes mellitus medication, anti-platelet drugs, statins, season, location, and urbanization level.

$ denotes New Taiwan dollar.
⁎ denotes P < .05 and was considered statistically significant.

Table 3
Follow-up years Among Heat Stroke Patients and Matched Control Patients.

Heat stroke Control P

Min Middle Max Mean ± SD Min Middle Max Mean ± SD

The cohort study 0.01 5.87 12.97 11.89 ± 13.32 0.01 6.89 13.70 11.51 ± 12.96 0.989
IHD events 0.10 0.25 12.80 2.08 ± 3.45 0.10 3.03 12.77 3.61 ± 3.25 < 0.001⁎

IHD, Ischemic heart disease, SD, Standard deviation.
⁎ denotes P < .05 and was considered statistically significant.
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