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Abstract. – AIM: The frequency of hyperten-
sion events increases after a strong stress, but
the mechanism has not been fully investigated.
This study aimed to investigate its prevalence
and risk factors after the Wenchuan earthquake
(8.0 on the Richter scale), so as to provide a sci-
entific basis for the prevention of hypertension
in natural disasters or unforeseen accidents.

SUBJECTS AND METHODS: Victims staying in
temporary shelter for more than 1 year between
March to May 2009 were randomly selected by multi-
stage stratified cluster sampling method. And prede-
termined questionnaire survey and physical exami-
nation were carried out. In this study, all participants
signed informed consent form.

RESULTS: A total of 3230 victims aged over 20
years participated in this study, and the prevalence
rate of hypertension among those victims was
24.08% (778/3230), most of whom had first-level hy-
pertension; and the standardized rate was 18.44%.
Moreover, the rates of hypertension awareness,
dosing and controlling was only 34.58%, 53.43%
and 17.84%, respectively. Among this cohort, the
prevalence rate of hypertension increased with age
(p < 0.01), but its distribution was similar between
male and female victims (25.0% versus 23.58, p >
0.05). Logistic regression analysis showed that
age, family history of hypertension, sleep quality,
waist-to-hip ratio, body mass index and blood glu-
cose level were risk factors of earthquake-induced
hypertension among victims in temporary shield
district, but mental stress was not.

CONCLUSIONS: Though mental stress was
not a risk factor of hypertension in this study,
earthquake-induced hypertension should not be
ignored. For victims after earthquake, the educa-
tion of the prevention and treatment of hyperten-
sion should be strengthened.
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Introduction

On May 12, 2008, an 8.0-magnitude earth-
quake shook in Sichuan province of China, and
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left 69,227 people dead, more than 374,000 peo-
ple injured, and approximately 5 million people
homeless (as of 25 September, 2008)1. Currently,
how to reduce the number of disaster-related
deaths and restore the normal medical system are
two main goals of disaster medicine1,2.
At the time of a disaster, there is a chronology in

the onset of diseases3. From the day of the disaster
over a period of several months, possible hyperten-
sion-related diseases increased, including stroke,
myocardial infarction, angina, aortic dissection,
heart failure3-6; and the risk of these hypertension-
related diseases increases approximately 1.5- to 3-
fold after an earthquake3,7. Additionally, the elevat-
ed risk also could persist for a long period8. At pre-
sent, more and more evidences indicated that a
large percentage of disaster related deaths would
be caused by hypertension-related cardiovascular
diseases. And of them, the increased blood pres-
sure and hypercoagulability were two major mech-
anisms that triggered the occurrence and develop-
ment of cardiovascular disease7.
Since the first report of hypertension in the

victims of the Texas City Disaster in 19489, hy-
pertension after disaster events had been widely
concerned and it had become an important re-
search focus of disaster medicine5,8,10. And the in-
creasing of hypertension after a disaster had been
presented in majority of previous studies in past
decades8. The degree of hypertension in those
studies differed according to the severity of the
disaster-induced damage and the time of the
study relative to the disaster.
In attempt to reveal the clinical characteristics

and risk factors of earthquake-induced hyperten-
sion among victims, present study was designed
and performed among victims staying in tempo-
rary shelter for more than 1 year after earth-
quake. By understanding the prevalence and risks
of disaster-related hypertension, early preventing
the onset of diseases and reducing the number of
disaster-related deaths would be more effectively.
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Subjects and Methods

Subject and Study Design
By multi-stage stratified cluster sampling

method, a total of 20 thousand victims, staying in
temporary shelter for more than 1 year from Be-
ichuan and Dujiangyan, between March to May
2009, were randomly screened. And 3230 vic-
tims aged more than 20 years were finally in-
cluded and received predetermined questionnaire
survey and physical examination. All victims par-
ticipated in this study signed informed consent
form.

Questionnaire Survey and
Physical Examination
The survey forms were completed by physi-

cians, who were rigorously trained for the re-
search approach, investigational content, quality
control, and filling of survey form.
The following data were collected according

to our pre-designed survey form with a series of
answers and responses: demographic information
(including age, gender, race, occupation, educa-
tional level, household income, et al), diagnose
and treatment of personal important chronic dis-
eases (such as hypertension, high cholesterol, di-
abetes, stroke, coronary heart disease, et al), per-
sonal habits (including salt intake, smoking, al-
cohol consumption, et al), and family disaster sit-
uation (including availability of labor, housing
property damage, casualties, mental stress, et al).
Physical examination was completed by pro-

fessionally physicians, and data of blood pres-
sure, height, chest circumference, abdominal cir-
cumference and hip circumference were collect-
ed according to unified protocol. The blood pres-
sure was determined by mercury sphygmo-
manometer. The body mass index (BMI) and the
waist-to-hip ratio (WHR) were calculated ac-
cording to generally accepted mathematical for-
mula.

Diagnose Criteria
Hypertension was diagnosed according to

WHO/ISH guideline11: systolic blood pressure
(SBP) ≥ 140 mmHg and/or diastolic blood pres-
sure (DBP) ≥ 90 mmHg (1 mmHg equal to 0.133
Kpa). In this study, if participants had previous
diagnosis of hypertension or nearly two weeks
taking blood pressure medicine, they should be
regarded as hypertension even blood pressure
was normal at the time of physical examination.
Obesity was defined by an increasing of BMI

according to following criteria: BMI ≥ 24.0 but <
27.9 kg/m2 for overweight; BMI ≥ 28.0 kg/m2 for
obesity. The central obesity was determined by
waistline ≥ 90 cm for male and ≥ 80 cm for fe-
male.

Quality Control and Statistical Methods
A double entry of data was performed using

EPI info6.0 software, and a standard cross check
of the data was carried out to ensure the accuracy
and reliability of the data. The age/sex-adjusted
standardized prevalence rate of hypertension was
calculated using 2002 Beichuan County and Du-
jiangyan census data. Comparison of quantitative
was performed using the paired t test or One-way
ANOVA, comparison of qualitative variables was
performed using Chi-square test or Fisher’s exact
test, and risk factor of hypertension was analyzed
by logistic regression analysis. The p-value
which was less than 0.05 (two-tailed) was con-
sidered to indicate a significant difference. All
statistical analyses were performed using the
SPSS software package version 15.0 (SPSS Inc.,
Chicago, IL, USA).

Results

Overall Prevalence of Hypertension and
Distribution Characteristics
As Table I showed that 3230 victims that were

consisted of 1144 male and 2086 female victims
participated in this study, and 778 victims among
them were diagnosed as hypertension. The age of
participants ranged from 20 to 88 years, with a
media age of 58 years. Additionally, there were
2106 participants with Han race and 1124 partici-
pants with Qiang race.
In this study, the prevalence and standardized

prevalence rate was 24.08% (Table II) and
18.44%, respectively. The prevalence rate of hy-
pertension was increased with age, but distrib-
uted similarly between male and female (Table
II). The classification of blood pressure of those
victims was ranged from grade 1 to grade 3, and
majority of those victims were graded as grade 1
(15.76% (509/3230) for grade 1; 6.41%
(207/3230) for grade 2; and 1.91% (62/3230) for
grade 3).

The Impact of the Earthquake Disaster
on the Prevalence of Hypertension
After Wenchuan earthquake, the surviving vic-

tims suffered varying degrees of mental stress
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Surveyed Diagnosed Prevalence rate p-value

Total population 3230 778 24.08%
Male 1144 286 25.00% > 0.05
Female 2086 492 23.58%
Qiang Race 1124 258 22.95%
Male 451 104 23.06% > 0.05
Female 673 154 22.88%
Han Race 2106 519 24.64%
Male 943 242 25.66% < 0.05
Female 1163 277 23.82%

Table I. Hypertension distribution among victims participating in this study.

Age Total victims (n, %) Male victims (n, %) Female victims (n, %)

20-29 2 (1.56) 1 (2.00) 1 (1.28)
30-39 11 (3.99) 4 (4.90) 7 (3.61)
40-49 86 (16.86) 33 (17.55) 53 (16.46)
50-59 197 (25.58) 61 (24.79) 136 (25.95)
60-69 298 (28.52) 103 (37.32) 195 (34.45)
70-79 158 (28.52) 73 (30.42) 85 (27.07)
80- 26 (17.33) 11 (17.74) 15 (17.04)
Total 25.0% 23.58% 24.08%
Standardized prevalence rate 17.95% 16.69% 17.44%

Table II. The distribution of gender and age among victims participating in this study.

due to casualties, property losses and changes of
living environment. In this study, we analyzed
the impact of various event caused by earthquake
on the occurrence of hypertension, and found
that the factors of casualties, heavy housing dam-
age, property damage, lower incomes, and new
diseases were associated with occurrence of hy-
pertension, but the difference between victims
with or without hypertension was not statistically
significant (Table III).

The Rates of Awareness, Treatment and
Control of Hypertension
Among the 778 hypertensive patients, 269 pa-

tients were diagnosed before this study and the
awareness rates of hypertension was 34.58%.
Among those 269 patients who were diagnosed
of hypertension before this study, 143 (53.43%)
patients had medications for treating hyperten-
sion but only 89 patients took regular medica-
tions; and only 48 patients (17.84%) kept their
blood pressure in the normal range.

Logistic Regression Analysis of
Factors Related To Hypertension
The variables of age, sex, smoking, waist-to-hip

ratio, body mass index, mental stress, sleep quali-
ty, food preferences, total cholesterol, blood sugar,

family history of hypertension, history of stroke,
history of coronary heart disease had been includ-
ed in logistic stepwise multiple regression equa-
tion, but as Table IV showed only age (95% CI
1.643-2.268), family history of hypertension (95%
CI 1.320-1.981), sleep quality (95% CI 1.036-
1.189), waist-to-hip ratio (95% CI 1.208-1.661),
body mass index (95% CI 1.008-1.721), blood
glucose (95% CI 1.080-1.593) were finally enter
the equation and identified as potent risk factors
related to earthquake-induced hypertension.

Discussion

This study is the largest epidemiological survey
of hypertension in disaster area after the devastat-
ing earthquake occurred in Sichuan, and we found
that the prevalence rate of hypertension was
24.08%, and the standardized prevalence rate was
17.44% among victims in temporary shield dis-
trict. Though the national hypertension census re-
sults from China showed that there was an aggra-
vating trend of hypertension prevalence12, the re-
sult of present study was consistent with previous
studies in general population. For example in In-
terASIA research13, representing the typical Chi-
nese adult population, showed that the prevalence
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rate of hypertension was 27.2%. We inferred that
the no trends in the prevalence of hypertension
among victims living in temporary shield district
may be related to the following factors: (1) Vic-
tims received timely and proper resettlement,
which reduced the stress in a certain degree; (2)
The bases of living facilities were guaranteed, and
the eating habits change after earthquake, espe-
cially for reducing salt intake; (3) Under the sup-
port of government, there were stable life and no
significant lifestyle changes for majority of vic-
tims; (4) The basic medical facilities was guaran-
teed and improved in residential areas of the disas-
ter victims.
In this study, though more casualties in family,

heavy housing damage, property damage, lower
incomes, and new diseases were observed in vic-
tims with hypertension, the differences in those
factors between hypertensive and non-hyperten-
sive victims were not significantly. Indeed, these
encouraging findings could not be separated
from timely relief and support of government14,15.
Additionally, majority of victims participating in
this study had mental stress more or less, and
64.02% of the participants could accept the reali-
ty and carry out a proper living and working.
Though the heavy mental stress resulted the in-
creasing of hypertension, but the difference in
mental stress between hypertensive and non-hy-

pertensive victims was not significant. And we
thought this result would be due to the positive
psychological interventions by the government
and community volunteers after the earthquake16-
18.
The results of logistic regression analysis in

this study showed that family history of hyper-
tension, diabetes, BMI, waist-hip ratio were po-
tent independent risk factors of hypertension
among victims after earthquake. And this result
is also consistent with previous studies19,20. As we
know, hypertension is a lifestyle disease, induced
by long-term accumulation of a variety of risk
factors. Thus, there is a long way to effectively
prevent and treat hypertension in victims after
the earthquake21.

Conclusions

In summary, after earthquake disaster, though
majority of the survivors were moved to tempo-
rary shield district and basic living conditions
were guaranteed, because of the existence of sig-
nificant mental stress and bodily injury, the pre-
vention and control of chronic disease should be
concerned. And the following experience could
be drawn from this study: (1) we should strength-
en the health education of hypertension preven-

Hypertension Non-hypertension p-value

Casualties
1-2/≥ 3 persons 446 (21.92)/193 (24.59) 1598 (78.08)/592 (75.41) > 0.05
Housing damage
Mild/Severe 236 (22.82)/542 (24.68) 798 (77.18)/1659 (75.32) > 0.05
Property damage
Mild/Severe 221 (22.41)/557 (24.82) 765 (77.59)/1687 (75.18) > 0.05
Lower incomes
No/Yes 113 (22.16)/665 (24.45) 397 (77.84)/2055 (75.55) > 0.05
New diseases
No/Yes 628 (23.93)/150 (24.75) 1996 (76.07)/456 (75.25) > 0.05

Table III. The impact of the damage caused by earthquake on the occurrence of hypertension.

Variable Regression coefficient p-value OR value 95% CI

Age 0.054 0.000 2.146 1.643-2.268
Family history of hypertension 0.632 0.000 1.648 1.320-1.981
Sleep quality 0.104 0.003 1.110 1.036-1.189
Waist-to-hip ratio 0.597 0.002 1.406 1.208-1.661
Body mass index 0.376 0.004 1.318 1.008-1.721
Blood glucose 0.244 0.002 1.276 1.080-1.593

Table IV. Logistic regression analysis of risk factors related to earthquake-induced hypertension.
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tion and treatment, raise the awareness of health,
and increase the quality of life for victims after
earthquake; (2) It is necessary and important to
prevent and treat hypertension in victims after
earthquake, especially those who are younger
than 40 years old should be concerned; (3) Hy-
pertension census and routine monitoring should
be carried out so as to early prevent the onset of
diseases and reduce the number of disaster-relat-
ed deaths
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