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ABSTRACT

BACKGROUND: Non-communicable diseases (NCD) such as
hypertension (HTN) and diabetes mellitus (DM) have been one of
the major health problems in the world. The aim of this study was
to evaluate the prevalence rate of DM and HTN following natural
and man-made disasters that impose significant economic and
psychological burdens on human commuenities.

METHODS: In this systematic and meta-analysis review, all cross-
sectional studies that at least one of their objectives was to measure
the prevalence of HTN or DM in individuals affected by natural
and man-made disasters were included. Literature review was done
in international databases including PubMed, Scopus and Web of
Science, from database inception to February 17, 2019. The
extracted data included the bibliographic characteristics of the
article, the age of the participants, number of participants, gender,
sample size, outcome, duration of the follow-up, and prevalence of
DM and HTN. Data were analyzed by STATA software (versionll)
and random effect method and the I2 index were used to
investigate heterogeneity between the articles.

RESULTS: A total of 16 articles met the inclusion criteria. Based
on the quality assessment, 11 papers were categorized as moderate
and 5 paper were categorized as high quality. The prevalence of
HTN and DM in disaster-exposed populations were 47.35 (CI 95%:
38.53-56.17) and 13.56 (CI 95%: 10.12-17.01), respectively.
CONCLUSION: The results of this study show a high prevalence
of HTN and DM in survivors of major disasters, which is higher in
comparison to the general population

KEYWORDS: Diabetes Mellitus; Hypertension; Disasters; Natural
Disasters; Patient Care Management

INTRODUCTION

At the end of the 21st century, the occurrence of natural disasters
throughout the world increased six-fold comparing the last 50 years
(1). Readiness regarding these disasters is generally related to how to
evacuate disaster-stricken people from the site of disaster, how to
provide transportation, food, water and shelter, and also how to
prevent contagious diseases in the population who continue to live
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following disaster (2-3). The mentioned factors are
absolutely necessary, but they are not sufficient. In
the case of unexpected disasters, preparedness is
necessity in order to take care of a healthy
population whose health is at risk, as well as those
who are more vulnerable to stress compared to
healthy people. Populations affected by major
disasters can bear an onerous burden of disability
and chronic diseases such as heart disease,
hypertension (HTN), cancer, stroke, diabetes
mellitus (DM), and chronic lung diseases (4).
Chronic diseases are aggravated due to conditions
caused by natural disasters (lack of food, lack of
drinking water, cold or heat, physical or
psychological stress, exposure to infections, etc.).
Natural disasters can also pose the risk of adverse
health outcomes for individual's suffering from
limited morbidity and pregnant women (5-7).
Individuals from lower socioeconomic levels, those
without health insurance, as well as those suffering
from mental illnesses and disabilities experience
higher morbidity and mortality both during and
after natural disasters (8-9). Various reports show
the relationship between acute mental stresses
resulting from major calamities or war and the
increased risk of death (10-12). Severe stresses can
increase the risk of prevalence of cardiovascular
diseases and other diseases such as DM (13-16).
Non-communicable diseases (NCDs) such as DM,
cardiovascular diseases, cancers and respiratory
diseases are regarded as a significant worldwide
burden as well as a major health challenge for
different nations. Populations of the nations
throughout the world are generally getting older,
and this factor has led to a significant appearance
regarding the effects of NCDs. According to the
estimation of the World Health Organization
(WHO), the total annual mortality rate due to
NCDs will increase from 38 million in 2012 to 55
million in 2030 (17-19).

DM is a chronic disease characterized by
hyperglycemia resulting from a deficiency in
insulin secretion, reduction of sensitivity to insulin,
or both (20-21). The reported prevalence rate
regarding DM varies around the world. Various
studies have estimated the number of people with
DM worldwide from 451 million in 2017 to 592
million in 2035 (22-23). Type 1 DM can occur at
any age, but its highest incidence is at birth to age

14 (24). Genetic background is important in the
development of type 1 DM, but it is not enough for
its emergence. Environmental factors play an
important role in transforming a  brief
autoimmunity into type 1 DM. Improvement of
living standards and reduction of exposure to
microorganisms are likely to result in rise of
autoimmunity (23,25). Type 2 DM has a slow
onset, and unlike type 1, its common symptoms
lack any kind of acute metabolic disorder. In type 2
DM, there is a long pre-diagnosis period that more
than half of cases could be left unnoticed (23).

Hypertension (HTN) is not only recognized as
a risk factor for cardiovascular disease (CVD), but
also it is a health concern in societies (26). The
number of individuals suffering from HTN in the
global population is estimated to be over 1.5 billion
individuals (26-28). Approximately, 7.6 million
premature deaths happen due to HTN that accounts
for about 13.5% of the total premature death rate
(29). However, the proportion of HTN is increasing
in developed countries (30). This growth is higher
in many low-income and middle-income countries
(31-34). Risk factors regarding HTN include age,
low fitness, tobacco consumption, unhealthy diet,
high salt intake, and mental stress (35-36). As far
as we know, only one systematic review study
(without meta-analysis) has addressed NCDs
subsequent to the occurrence of a major disaster at
time of Great East Japan Earthquake (37). Due to
importance of the issue and lack of comprehensive
review in this regard in the literature, the aim of
this study was to present a systematic review and
meta-analysis to evaluate the prevalence of DM
and HTN following the occurrence of natural and
man-made disasters that impose a lot of economic
and psychological burdens on human societies.

METHODS

This systematic review and meta-analysis included
all cross-sectional descriptive or analytical cross-
sectional studies that at least one of their aims was
to measure the prevalence of HTN and/or DM in
people affected by natural and man-made disasters.
Furthermore, all studies or reports resulting from
the baseline phase of the cohort studies whether
published as separate papers or as papers attributed
to cohort profile were included. In addition, if the
social trials included at least one group of non-
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patients affected by natural or man-made disasters
and in baseline phase they showed at least one
outbreak of HTN or DM, they were included in our
study. All papers or reports resulting from case
reports, case series as well as cross-sectional
studies based on hospitals or clinics whose
participants suffered from a specific disease were
excluded from the study this study. Also, studies in
which all subjects suffered from HTN or DM were
excluded.

Type of participant: All of the preliminary studies
in which disaster-exposed participants had reported
at least one of the two diseases of HTN or DM
were included in the current systematic review
study. The participants in the initial study had no
limitations regarding their age and sex, in other
words, each of the initial studies that had examined
at least one of the two sexes in each age group was
included. Participants in the initial study of this
systematic review had no restrictions considering
their ethnicity or race, and if an initial study that
had investigated the prevalence of HTN or DM in
an ethnicity, it was also included in the study.

Literature search strategy: The search was
limited to the English language and was made for
articles related to the topic using the following
search terms: (hypertension OR diabetes) and
(disaster OR crisis). The search was made on the
international databases including PubMed and
Scopus, in the title /abstract field and on the Web
of Science in the topic field, from database
inception to February 17, 2019. The gray literature
was not actively searched, because they usually do
not portray the whole picture of the results and
when fully published the results may change
substantially.

Study selection: This phase of the study was
conducted in three sections. First of all, duplicate
studies were deleted. Second, the title and abstract
of the remaining papers were independently

investigated by the researchers based on the
inclusion and exclusion criteria. Disagreements
were resolved by discussion. Finally, the screened
studies were selected based on the full text and
independently by the researchers. Also, the
reference list of included studies were searched
again for additional relevant articles.

Data extraction and quality assessment: Data
extraction was separately performed by the
researchers and entered into the researcher-made
checklist. The checklist includes the first author's
name, country, year of publication, age of
participants, number of participants, gender,
sample size, outcome, follow-up duration in cohort
studies and prevalence of diabetes and
hypertension. Quality assessment of the included
studies was carried out by strengthening the
reporting of observational studies in epidemiology
(STROBE) checklist. Based on this checklist,
studies obtain a score ranging from 0 to 34. In this
review, studies were classified into 3 groups
according to their obtained score as weak quality,
ranging from 0 to 11; moderate quality, ranging
from 12 to 22; and high quality, ranging from 23 to
34.

Statistical analysis: The collected data was
analyzed by STATA software (version 11). I? index
was applied in order to investigate the
heterogeneity among the papers. Due to the I
index of more than 50%, the random effect method
was used to combine studies.

RESULTS

After conducting a comprehensive screening of the
literature and reviewing the full text of the papers,
finally a total of 16 papers were included in our
systematic review and meta-analysis. The process
of selecting studies in the PRISMA flowchart is
described in Figure 1.
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Figure 1: Flow diagram of literature search and retrieval
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The design of most studies was cohort, and most of the included studies were conducted in USA and Japan. The Basic features of included studies are presented in

Table 1.

Table 1: Summary of the basic features of included studies

443

Authors Year  Location Study Design Number of Participants ~ Gender (Female/Male)  Age (Mean) Type of Disaster F/U Duration
Moscona et al. (38) 2018 USA Cohort 2341 NR NR Hurricane 12
Hayashi et al. (39) 2017  Japan Cohort 14492 7725/ 6767 65.0 Earthquake 2.5
Slusky et al. (40) 2017  Israel Cohort 529 NR NR Chernobyl Contamination 4
Bello etal. (41) 2017 USA Cohort 10297 NR NR Terrorist Attack 3.5
Kuroda et al. (42) 2017  Japan Cohort 438 262 /176 73.6 Earthquake 3
Tanaka et al. (43) 2016  Japan Cross-Sectional 40 26 /14 69 Earthquake -
Ebner et al. (44) 2016  Japan Cohort 576 329 /247 68.3£10.9 Nuclear power plant accident 5
Nishizawa et al. (45) 2015  Japan Cohort 8 3/5 76 Earthquake 1
Nakaya et al. (46) 2015  Japan Cross-Sectional 3032 1616/1516 NR Earthquake -
Lin etal. (47) 2015  Taiwan longitudinal survey 288 199 /96 58.42 Hurricane 0.5
Miller-Archie etal. (48) 2014 USA Cohort 36899 14089 /22810 NR Terrorist Attack NR
Brackbill et al. (49) 2014 USA Cohort 2474 980 /1494 NR Terrorist Attack NR
Sun et al. (50) 2013 China Cross-Sectional 3230 2086 /1144 58 Earthquake -
Jiao etal. (51) 2012  USA Cohort 418 121 /297 59 +12 Hurrica 5
Sharma et al. (52) 2008 USA longitudinal survey 3054 1619 /1435 NR Hurricane -
Dorn et al. (53) 2006  Netherlands  Cohort 1462 768 /694 NR Fire disaster 4

NR=Non reported
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Quality assessment of studies: Based on the
quality assessment performed using the STROBE
checklist, 11 studies were categorized as moderate,
and 5 studies were categorized as high level of
quality.

Synthesis of results: The present study has
combined the results reported in 13 and 11 studies
to estimate the prevalence of HTN and DM. The
result of combining HTN prevalence in the 13
studies was 47.35% (CI 95%: 38.53-56.17), and the
I-squared index related to heterogeneity in these
studies was 99.8% (Figure 2). The result of
combining DM prevalence in the 11 studies was

13.56% (CI 95%: 10.12-17.01), and the I-squared
index for the combined studies was 99.5% (Figure
3). The result of combining HTN prevalence in the
5 studies conducted in the USA and the 5 ones
conducted in Japan was 49.90% (CI 95%: 33.64-
66.16) and 52.31% (CI 95%: 40.14-64.47),
respectively. The combination of DM prevalence in
the 4 studies was done in the USA, and in the 4
ones was done in Japan, it was 20.53% (CI 95%:
10.18-30.89) and 10.57% (CI 95%: 8.23-12.90),
respectively.

Study
ID ES (95% CI)
Jiao (2012) E - 72.00 (67.70, 76.30)
Sun (2013) E 24.08 (22.61, 25.55)
Miller-archie (2014) ¢ E 38.32(37.82,38.82)
Brackbill (2014) - E 36.30 (34.41, 38.19)
Nakaya (2015) 3321 (31.53, 34.89)
Lin (2015) -':- 46.20 (40.44, 51.96)
Tanaka (2016) E —_— 70.00 (55.80, 84.20)
Ebner (2016) E - 63.70 (59.77, 67.63)
Shusky (2017) - E 34.21 (30.17, 38.25)
Hayashi (2017) E ¢ 54.02 (53.21, 54.83)
Bello (2017) E 22.60 (21.79, 23.41)
kuroda (2017) -0'5- 44.50 (39.85, 49.15)
Moscona (2018) E . 80.60 (79.00, 82.20)
Overall (I-squared = 99.8%. p = 0.000) O 47.35 (38.53,56.17)
NOTE: Weights are from random effects analysis i

0 l(IJO

Figure 2: The composition of hypertension prevalence in the reviewed studies
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ES (95% CT)
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5.50 (3.34, 7.66)

- 39.90 (37.92. 41.88)

<> 13.56 (10.12, 17.01)

T
50

Figure 3: The composition of diabetes mellitus prevalence in the reviewed studies

DISCUSSION

As far as we know, the present study is the first
systematic review study that has investigate the
prevalence of DM and HTN in survivors of natural
disasters. Our study was designed to examine the
relationship between the prevalence of HTN and
DM and the created conditions following natural or
unnatural  disasters that affect the human
population. In genera, HTN and DM are
considered as common NCDs and impose huge
economic and social burdens on different
communities. During the occurrence of disasters,
the primary focus of the responsible organs is
usually on organizing settlements and ultimately
preventing communicable diseases in survivors;
therefore, chronic diseases such as HTN and DM
are often overlooked. The results of our study
showed a high prevalence of HTN and DM in
survivors of disasters such as earthquakes, storms
and major terrorist events such as the world trade
towers incident that affected many individuals.
This high prevalence may indicate a correlation
between the mental and physical state of survivors
and chronic diseases such as HTN and DM. During

the occurrence of disasters, due to various factors
such as unavailability of medicines, loss of medical
records, disruption of mobility due to destruction of
major paths to access treatment centers the
controlled cases of HTN and DM may recur, and/or
individuals who are in pre-hypertension and pre-
diabetic stages may develop more advanced stages
of these diseases, which can also contribute to an
increase in these diseases prevalence in surviving
population from disasters. In a study conducted by
Murakami et al., similar results like ours were
noted (37,54), suggesting that HTN and DM
prevalence was higher in survivors of the natural
disaster compared to the general population. Also,
in a study by Fonesca et al. It has been shown that
after Hurricane Katrina, mean systolic blood
pressure, hemoglobin Alc and low-density
lipoprotein (LDL) cholesterol levels of diabetic
patients have been significantly increased (55).
Additionally, in a study that examined DM in
individuals with post-traumatic stress disorder
(PTSD) (16), high prevalence of DM was seen in
individuals affected due to high mental stresses that
led to PTSD. Other studies have also shown a
correlation between the incidence of metabolic
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syndrome and PTSD (56-57). Considering the
results of this study and the high prevalence of DM
and HTN in our study, the effect of psychological
factors in the prevalence of these two diseases can
be taken into account.

Due to the small number of identified studies,
we did not assess the publication bias of included
studies. Also, exclusion of non-English language
papers and limiting the search of the literature to
peer-reviewed journals were another limitations of
this study.

In conclusion, this study found that the
prevalence of HTN and DM was higher in
survivors of disasters in comparison to the general
population. Therefore, in addition to communicable
diseases, some measurements should be taken to
manage afflicted and susceptible individuals
regarding HTN and DM and generally NCDs.
Because these types of chronic diseases, impose a

great burden on treatment system of the
community.
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