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Abstract
Background:
Several studies have been conducted on the effects of floods on the health of the affected
community. We aimed to determine the effects of floods as the most common disaster on
hypertension as one of the most common non-communicable diseases (NCDs).
Material and Methods:
The 4 databases, including Medline, Scopus, Google Scholar, and Science Direct were searched
with the search strategy protocol up to the end of 2020. Grey literature database and websites of
WHO, UNDRR, and PreventionWeb also searched. After removing duplicate articles, abstracts of
the relevant titles were reviewed and eligible articles were included for full text review. Finally,
the study variables were extracted from selected articles.
Results:
The search strategy resulted in 8 final relevant articles from total number of 48980 articles. All
final articles noted meaningful effect of flood on hypertension. There were founded positive
correlation between anxiety level, property loss, financial loss, physical activity, use of alcoholic
beverages, interruption of medication and medical cares with hypertension. Different studies have
reported also long-term effects of flooding on blood pressure.
Conclusions:
The flood has effect on blood pressure in affected population. According to the importance of
hypertension and its burden, screening are recommended in the affected community.
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Introduction
In recent 50 years, natural disasters occurring three times more often than before with
Increasingly bad consequences (1). For example, disasters have resulted in roughly 700.000
deaths, over 1.4 million injured, and near 23 million people homeless (2). Floods are the most
frequent natural disaster around the world, with potential growing occurrences in the future due to
the consequences of climate change (3). Floods not only have short term effects on human health,
but also pose long-term side effects resulting from unhealthy living conditions and population
displacement (4).
Disasters create the conditions for disease to occur or worsen by destroying infrastructure
and reducing access to essential living resources, including safe water and food, health care
facilities, and available resources (5). These changes in life conditions pose a significant risk of
diseases to affected population. Non-communicable diseases, especially those with a chronic
nature, such as hypertension (HTN), are among a group of diseases that are greatly affected (5).
HTN or high blood pressure is an important health issue that markedly increases the risks of heart,
brain, kidney diseases. It’s estimated 1.28 billion adults aged 30-79 years around the world have
HTN which most of them (two-thirds) live in low- and middle-income countries (6). Disasters
cause the emergence of new cases or disruption of the treatment of chronic diseases, including
high blood pressure and affect the state of disease control (7).
In recent years, several studies have been conducted on the effects of disasters, especially
floods, on the health of the affected community. Although several studies have been performed on
the effects of floods on the cardiovascular system, but the current study seeks to determine the
effects of floods as the most common disaster on hypertension as one of the most common noncommunicable diseases (NCDs). It is hoped that the results of this study will pave the way for
proper planning for better management of hypertension in disasters.

Material and Methods
We developed a searching strategy, inclusion, and exclusion criteria of studies. We have
reported the process of our review and results according to the PRISMA guideline.
Research questions
The review aimed to answer the following questions:

1.

How many documents and what are the characteristics of the articles on the Hypertension

and Disasters in terms of article type, study approach (qualitative or quantitative), study setting,
Population and samples, results, time period, and country or affiliation of first/corresponding
authors?
2.

What are the consequences of flood on blood pressure?

Definitions
• A “disaster” is “a man-made or natural event that disrupts the affected community
functions and results in widespread losses that are greater than community resources” (8).
• "Hypertension" is a chronic disease of the cardiovascular system (CVS) characterized
when blood pressure is too high. Hypertension is diagnosed if, when it is measured on two different
days, the systolic blood pressure readings on both days is ≥140 mmHg and/or the diastolic blood
pressure readings on both days is ≥90 mmHg (6).
Inclusion criteria
• Articles that were published in peer-reviewed journals and had addressed blood pressure
or hypertension in the context of flood (as defined above).
• Articles in any format including editorials, case reports, and original research.
• Books or Guidelines had addressed hypertension in the context of flood (as defined
above).
Exclusion criteria
• All non-English articles, unless an English abstract was available.
• Papers with abstracts that did not include enough information or were not accessible for
extraction of the study variables.
Search strategy (Data sources and literature search)
We searched 4 databases, including Medline, Scopus, Google Scholar, and Science Direct.
We searched the databases for retrieving published articles up to the end of 2020. In addition, grey
literature [1] was searched through the "New York academy of medicine grey literature reports"
(9). Websites of WHO, UNDRR, and PreventionWeb searched for relevant guidelines. We also
reviewed the references of retrieved studies to identify additional articles.

We chose key terms and developed a search strategy based on the National Library of
Medicine "Medical Subjects Headings (MeSH)". The following search strategy was applied in the
PubMed database: “(Flood [Title/Abstract]) AND ("High Blood pressure" OR "Hypertension")
[Title/Abstract]). For searching in the other databases, we did it similar to the PubMed search
strategy. Searched contents were limited to titles and abstracts of articles.
[1] - Grey literature definition: "That which is produced on all levels of government, academics,
business and industry in print and electronic formats, but which is not controlled by commercial
publishers."
Study screening process
Primarily, the mentioned keywords were entered into the search box of databases, and the
search was limited to abstracts and titles. The keywords search results were reviewed by members
of the review team (GG, SP, MH, RN, and FG). The studies that met the inclusion criteria, were
included in the review. If there was any uncertainty for meeting the inclusion criteria, a decision
was made based on the supervisory team consensus (RH, YS, and FG). Articles unrelated to the
aim of the study were excluded. The remaining titles were entered into a spreadsheet and sorted to
exclude duplicates. In the next step, the abstracts of the selected titles were screened for their
precise relevance to the aims of the study. The abstracts that met the inclusion criteria, were
included in the review. Abstracts that were not precisely relevant were excluded. The full texts of
the remaining papers were downloaded from the databases. If an article was not available free of
charge, we paid for access. Data extraction from selected articles, data sorting in tables, and
presentation of analysis results and writing of the final report were done by (RH, YS, RN and FG).
Data analysis
The finally included papers were evaluated by a member of the review team (RH, YS, FG)
using a data abstraction sheet developed by the research team. This data sheet included the study
variables: name of the authors; title; study type; model/framework used for the study; study
population; the study approach/aims; mark results/findings; limitations of the study; country of
study and the publication year. In the extraction of the study approach and aim, our first priority
was the authors’ statement. If the study approach were mentioned in the article, the data were
included in our data abstraction sheet. If not, the review team used a consensus approach to decide
whether the data should be included.

Ethics and dissemination
We obtained the approval of the Human Research Ethics Committee (HREC) for the
present study as follows: HREC number: IR.MAZUMS.REC.1398.5926 date: 8.8.2019.

Results
The search strategy resulted in 8 final relevant articles. Initially 48980 potentially relevant
articles were identified. After a duplicate articles removal and with the title and abstract review,
24 articles were selected for full text review. After reviewing the full text, 16 articles were rejected,
8 articles selected for analysis. (Figure 1)

Fig 1- The articles selecting process

The first study was performed in 1980 and the last one in 2016 with the most gap
between 1980 to 2001.The most common data study type was cross-sectional/cohort (n=6; 75%).
All eight studies were conducted in different countries.
A total of 34 researchers have collaborated to write these 8 articles, with an average of 4
people per article. In considerable articles (4 studies, 50%) the gender of the sample was not
specified, in three articles (37.5%) the samples were male and female and one article (12.5%) all
samples were women. (Table 1)

Table 1- Summary of the basic features of included studies
Authors

Year

Location

Study design

USA

Retrospective
Cohort- Quantitative

UK

Report:
retrospective

Study sample

Correlation

Gender
(Female/Male)

Age (Mean ±
SD)

T= 3.01
Logue Et al.(10)

1980

29

Df=24

Female

57.24 case
56.38 control

NR

NR

F 65%
M 35%

73

P=0.01
Baxter, Et al.(11)

Tomio Et al. (12)

2001

2010

Japan

Cross-sectionalQuantitative

NR

228
HTN

NR
Adjusted OR
= 0.2; 95% CI
= 0.1-0.8)
P=0.02

Bich Et al(13)

2011

Vietnam

Joob Et al.(14)

2012

Thailand

Phalkey Et al.(15)

2012

India

Cross-sectionalQuantitative l
Letter to editorBefore-After studyQuantitative
Cross-SectionalQuantitative

107 non
flooded area

M=53.15%
P<0.05

104
flooded area

NR
F=46.85%

452

P<0.05

NR

N/A

29

NR

NR

NR

1687 old cases
HTN
Murakami Et al(7)

2013

Japan

Cross-SectionalQuantitative

2624 no
history of
HTN

70.0 (10.41)
P<0.05

M=33.8%
F= 66.2%
54.0 (16.62)

0.7<2momths
Salazar Et al.(5)

2016

Philippines

RetrospectiveQuantitative

0.2>2months
Per 10000

P<0.05

NR

NR

NR: Not Reported

There were generally Positive correlation between anxiety level and the high blood
pressure. The other effective factors were of property loss, financial loss, subsequent financial
difficulties, physical work, and use of alcoholic beverages as well as interruption of medication
and medical cares. (Table 2)

Table 2- Summary of the findings and limitations of included articles
Authors

Logue Et
al.

Baxter,
Et al.

Findings
A consistent association between property
loss, financial loss, subsequent financial
difficulties, physical work, use of alcoholic
beverages, and perceived distress associated
with the recovery period and the development
of hypertension over the five-year period
following a major American flood.
High blood pressure due to increased levels of
anxiety about a repeat flood event

The prevalence of interruption of medication
was lower among the patients with
hypertension than for those being treated for
other diseases.
Tomio
Et al.

Bich Et
al

Joob Et
al.

Phalkey
Et al.

Muraka
mi Et al

The interruption of medication among the
outpatients with chronic conditions occurred
more commonly in the participants who were
evacuated. Among the evacuated, the elderly
and those receiving long-term care services
were at high risk for interruption of medication
No new cases. The percentage of hypertensive
people reporting that it got worse after the
flood was significantly higher in the severely
affected commune than that of the less
affected commune in the urban district (20.3%
in Thanh Tri and 42.9% in Thinh Liet).
Of 452 hypertensive patients under following
up, only 124 patients (27.4%) visited to the
physicians at appointed date. This means the
rate of loss following up is equal to 72.6%,
which is significantly higher than that rate
during non-flooding period (about 5%).
Treatment of chronic conditions like
hypertension, were rated as poor by 13
(44.8%) of the respondents
SBP* and DBP** among non-medicated
subjects remained significantly higher in
flooded than in non-flooded areas by 4.1 mm
Hg (95% confidence interval (CI) = 1.3 to 6.8;
P < 0.01) and 2.0 mm Hg (95% CI = 0.2 to
3.8; P = 0.03), respectively.

Correlation

T= 3.01
Df=24

After 2 months, hypertension rates dropped

* SBP: Systolic Blood Pressure
** DBP: Diastolic Blood Pressure

Small sample size, Retrospective cohort study, reliability of selfreporting of hypertension,

P=0.01

NR

Adjusted OR
= 0.2; 95%
CI = 0.1-0.8)
P=0.02

P<0.05

P<0.05

NR

P<0.05

There was no significant association of
flooded/ no flooded dichotomy with SBP/DBP
among individuals on medication.

Salazar
Et al.

limitations

P<0.05

Analysis presented a complex picture in which we find
significant limitations in the current state of hazard and risk
analysis of coastal floods and recommends that these need to be
addressed before the impact of climate change on human
health can be satisfactorily estimated.
1-The selection bias caused by convenient sampling design Exclusion of the subjects who did not respond to the key
questions
2-recall bias –the relatively longer recall period of the survey.
This also could have caused underestimation of the prevalence of
interruption.
3-the clinical relevance of interruption of medication defined in
this study was not verified, and the information on the types of
medications and the duration of interruption was not obtained.
4-data collection based upon self-reporting might not capture
some key information.
5- The relatively small sample size might cause the typ-2 error to
failing to find statistical significance for some associations.
1-self-reported method data collection
2-with the nature of a cross-sectional study, causal relationship
cannot be proven

NR

NR****

1- BP*** measurement was performed only once per subject and
varied with respect to time of the day, making the measurements
prone to intraday fluctuation.
2- Elderly females were overrepresented in the study sample
compared with the population of all residents in surveyed areas.
3- The tendency to screen more severely affected areas earlier
might have biased the results away from the null hypothesis, even
though the time elapsed between the tsunami and BP
measurement was matched to within 2 weeks in the matched
case–control analysis.
1-the quality of the data is difficult to assess
2-The data is also limited by the fact that the severity of the
different conditions has not been entered.
3-the applied population denominators may only roughly estimate
the actual number of individuals within the respective catchment
areas, since out-migration of affected people was not taken into
account.
*** BP: Blood Pressure
**** NR: Not Reported

Different studies have reported different long-term effects of flooding on blood pressure.
Some found it effective for up to 5 years, and some reported that the incidence of high blood
pressure decreased shortly after the flood.

Discussion
According to the records and as far as we know, the present study is the only systematic
review research that has been done exclusively on the effects of flood on blood pressure with the
wide range of searched databases. All countries around the world spend significant financial
resources on diagnosing, treating and rehabbing the effects of high blood pressure as one of the
most common NCDs(16). Due to the conditions of the disaster-stricken community, trauma and
infectious diseases are usually given priority, and non-communicable diseases such as
hypertension are usually ignored in the early stages (17).
Our study emphasized the importance of HTN cases management in survivors of flood as
new patients or existing patients whose treatment was interrupted. The interruption of treatment of
known cases of hypertension arise from many factors such as inaccessibility to medication and
health care services due to closing paths, lack of medicine stockpile for disaster situation by
patients, and providing inappropriate medical services (12, 13).
However, according to available statistics, not all cases of post-flood hypertension can be
attributed to flood because a significant percentage of people are unaware of having high blood
pressure before flood (6). This important point should be considered in the interpretation of
epidemiological findings related to prevalence of HTN caused by disasters. Another important
point is samples composition that women greater than men in significant number of studies and
should be considered in generalizing the results of these studies to the community.
The availability of complete information on patients in the affected area and their electronic
health records in the event of a disaster is very helpful in continuing their medical care(18). Access
to medical information of individuals when moving from the scene of the disaster is very high
because the interruption of medication occurred more commonly in the people who were evacuated
especially in elderly (12).
The meaningful correlation between the mental and physical state of flood survivors and
HTN indicated the importance of proper planning to address in this issue. Many factors such as
change in physical activity, use of alcoholic beverages, disaster induced stress, Change in diet, and

displacement facilitate the development of hypertension over the period following a flood(19).
Beside that, due to destroying access routes to medical cares and drugs, the controlled cases of
HTN may develop more advanced stages of the disease (20). Additionally, according to adverse
effects of flood related stress on individuals’ blood pressure, psychological supports should be
taken into account(21). Due to the special nature of the psychological effects of floods and the
persistence of its effects for a long time after its occurrence, continuous supportive measures are
necessary(4).
In using the information of studies on the effects of floods on blood pressure, their
limitations including Small sample size, reliability of self-reporting of hypertension, recall bias,
types of medications and the duration of interruption, measurement bias, quality of registered data,
Preference of women in sampling, and the accuracy of applied population denominators should be
considered.

CONCLUSION
This study found that the flood has actual effect on blood pressure in affected population
in comparison to the general population. However, according to the patients with unknown
hypertension in the affected population before flood, epidemiological information should be
interpreted with more caution. Access to medical history and medical health records of affected
population in the time of disaster happening is very helpful to better planning and to avoiding
disruption in medication. Due to the serious burden of hypertension, screening studies are
recommended in the affected community.
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