Nat Hazards (2014) 70:549-565
DOI 10.1007/s11069-013-0829-1

ORIGINAL PAPER

Is area affected by flood or stagnant water independently
associated with poorer health outcomes in urban slums
of Dhaka and adjacent rural areas?

M. M. H. Khan * Oliver Gruebner * Alexander Kramer

Received: 2 February 2012/ Accepted: 7 August 2013 /Published online: 8 September 2013
© Springer Science+Business Media Dordrecht 2013

Abstract This study investigated the association of flood/stagnant water (FSW) with
various health outcomes among respondents living in urban slums of Dhaka and adjacent
rural areas. We also assessed the differences of individual-, household- and area-level
characteristics between the FSW-affected and non-affected areas. Bangladesh as a whole
and slums in the megacity of Dhaka in particular are severely affected by the FSW. Data
were collected from 3,207 subjects (aged 104 years) through baseline surveys conducted
in March 2008 and 2009. Twelve big slums in Dhaka and three adjacent villages were
selected as study areas. Face-to-face interviews using a multidimensional pre-tested
questionnaire were conducted by the trained university graduates. We performed various
types of analyses ranging from the simple frequency analysis to the multivariable-adjusted
logistic regression modelling. Our empirical findings suggest that slums were more
affected by the FSW as compared to the rural areas. People living in the FSW-affected
areas were more vulnerable in terms of individual-, household- and area-level character-
istics than non-affected people. Age was also significantly associated with various health
outcomes. According to multivariable analyses controlled for various factors, the FSW-
affected people reported significantly higher likelihoods of health symptoms (namely
fever, cold/cough, weakness), communicable diseases (namely diarrhoea and gastric dis-
ease) and poor mental well-being as compared to the non-affected people. Only the burden
of non-communicable diseases was lower in the FSW-affected areas than the non-affected
areas. Our findings lead us to conclude that the FSW-affected area is an independent risk
factor for various physical and mental health problems. Urban slums are more affected than
rural areas by the FSW. Therefore, we underscore the necessities of well-designed and
comprehensive public health interventions focusing on individual, community and higher
levels of interventions to reduce the FSW-related health and other consequences among the
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people living in the FSW-affected areas and urban slums in the rapidly growing city of
Dhaka, Bangladesh.

Keywords Flood or stagnant water - Public health consequences - Urban
slums - Neighbourhood satisfaction - Dhaka - Bangladesh

1 Introduction

Global climate change increases extreme weather and climate events (IPCC 2012) including
losses and consequences (IPCC 2012; ICSU 2008; Jonkman et al. 2008). The overall
consequences of global climate change are more in the low- and middle- income countries
of Asia and Africa, because of high population growth, widespread poverty, greater
dependence on climate-sensitive ecosystems, lack of institutional and economical capacities
and poor governance (Campbell-Lendrum and Corvalan 2007; Costello et al. 2009; Haines
et al. 2006; Keim 2008; Khan et al. 2011; Nath and Behera 2011; Shahid 2010). Flooding is
one of the most common hazards in the world (Ahern et al. 2005; Keim 2008), which counts
about 40 % of the total natural hazards (Keim 2008). Worldwide around 800 million people
live in flood-prone areas (IPCC 2012). Unfortunately, Bangladesh, one of the biggest delta
regions in the world (Chowdhury and Ward 2007), is the worst victim of increasing floods
(Ahmed and Ahmed 1999). It is a regular event there and inundates a substantial part of the
country every year (Mirza 2002; Shaw 2006). This country naturally receives high pre-
cipitation during the monsoon season leading to the regular flooding. Climate change-
related factors such as heightened snow melt in the Himalayas due to increasing temper-
ature, increasing rainfall and river bank erosion in the upstream areas, growing siltation in
the downstream and sea-level rise as well as anthropogenic factors such as excessive
development and growing population in the floodplain and coastal areas without adequate
drainage system, poor river management, construction of flood dykes and barrages in the
upstream areas outside the territory of Bangladesh, a lack of coordination among different
stakeholders as well as a lack of regional cooperation sharing the catchment areas of
common rivers are responsible for flooding in Bangladesh (Karim 1995; Khalequzzaman
1994; Khalil 1990; Mirza et al. 2001; Shaw 2006; Tingsanchali and Karim 2005).

Coastal areas, megacities and cities are prone to damaging and costly flooding (Alam
and Rabbani 2007; Braun and ABBheuer 2011; Khan et al. 2011; Rashid et al. 2007; Wenzel
et al. 2007). Dhaka, the capital and the largest megacity in Bangladesh, is a typical
example in this regard. This is one of the fasted growing megacities in the world, with an
estimated population of 15.4 million in 2011 (United Nations, 2012). The elevation of
greater Dhaka is about 2—-13 metres above the sea level, although most of the urbanised
areas are at the elevation of 6—8 metres (Huq and Alam 2003). The megacity is surrounded
by four rivers and one canal namely by the Buriganga River to the south, the Balu and
Shitalakshya rivers to the east, the Tongi canal to the north and the Turag River to the west
(Alam and Rabbani 2007). Dhaka city experiences floods during the monsoon season as a
regular basis (Dewan et al. 2007), which are mainly caused by the overflow of surrounding
rivers and internal water logging. Some of the major floods in Dhaka occurred in 1954,
1955, 1970, 1974, 1980, 1987, 1988, 1998 and 2004 (Alam and Rabbani 2007; Huq and
Alam 2003). Although overall livelihood of the city dwellers and functionality of the city
are disturbed by floods (Alam and Rabbani 2007; Braun and ABheuer 2011; Dewan et al.
2007), people living in slums and marginal settlements are more vulnerable than the well-
off people (Rashid et al. 2007; Wenzel et al. 2007).
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There are about 5,000 slums in the megacity of Dhaka that accommodate over one-third
of its total population (Khan et al. 2009). Slums in the Dhaka megacity and other cities of
developing countries are generally characterised by various risk factors such as low socio-
economic status, poor housing, lack of sanitation and drinking water supply, high popula-
tion density, lack of healthcare services, water logging and poor drainage and other envi-
ronmental services (Cifuentes and Rodriguez 2005; CUS et al. 2006; Isunju et al. 2011;
Khan et al. 2009; Kimani-Murage and Ngindu 2007). All these factors make slums highly
conducive for different communicable diseases (e.g. diarrhoea). Moreover, the majority of
the new migrants and their families from the rural parts of Bangladesh—one of the most
important driving forces for rapid urbanisation in Dhaka—initially settle down in urban
slums due to insufficient income and low house rent. Since slum dwellers have limited
economic capacity and face multiple healthcare barriers, often they receive inadequate
treatment and healthcare for their diseases (Khan et al. 2012). In contrast, families with a
higher socio-economic status and higher income may possess better education, higher-paid
jobs and improved awareness regarding hygiene and health care. Therefore, they may live in
better housing and use clean water sources and sanitary facilities, which in turn can con-
tribute positively to the family’s hygiene and overall health situation (Dasgupta 2008).

Floods can significantly affect the health and well-being of the population directly (e.g.
mortality, injuries) and indirectly. The indirect effects of floods are mainly caused by
various environmental problems. For instance, floods can increase the scarcity of safe
drinking water due to contamination of water and sanitation as well as can increase the
water logging due to poor drainage system (Ahmed and Ahmed 1999; Harris et al. 2008;
Mirza 2011; Rashid et al. 2007; Shahid 2010). These negative aspects of floods generally
create conducive environment for communicable diseases, which ultimately increase the
burden of water-, rodent- and vectorborne diseases (Costello et al. 2009) including acute
respiratory and eye infections, skin diseases, malnutrition and poor mental health. Par-
ticularly, diarrhoea is a waterborne communicable disease which is highly prevalent in
urban slums. This disease can be transmitted through direct contact and/or through con-
taminated food, water and environmental surfaces. More occurrences of diarrhoea during
and after floods can be attributed to various factors like contamination of water, poor
drainage, changing transport and dissemination of infectious agents, poor economic status,
lack of sanitation, food scarcity, overcrowding and subsequent faecal-oral spread of gas-
trointestinal pathogens (Ahern et al. 2005; Ahmed and Ahmed 1999; Ivers and Ryan 2006;
Khan et al. 2011; Kunii et al. 2002; Schwartz et al. 2006; Shahid 2010). For example, a
lack of sanitation may increase the risk of diarrhoea because infected faecal matters can be
transported to the digestive tract of uninfected persons through hands, water and foods
(Buttenheim 2008). Unhygienic behaviours (e.g. lack of hand washing with soap) among
people living in affected areas due to lack of education and knowledge may also influence
diarrhoeal diseases (Cairncross et al. 2010; Henry and Rahim 1990; Luby et al. 2006).

Although various studies concerning floods in Bangladesh are available, to our knowl-
edge, epidemiological studies that focused on the associations between various health out-
comes (physical and mental) and flood/stagnant water (FSW) (coded yes/no) are scarce.
Particularly, this is the case for the rapidly growing slum communities in Dhaka. Therefore,
the present study primarily aimed to report (1) how strongly individual-, household- and area-
level characteristics were associated with the FSW variable and (2) how the risks of various
health outcomes reflecting health symptoms, diseases, mental well-being, self-perceived
health status (SPHS) and malnutrition differed by the dichotomous categories of the FSW
variable. Moreover, (3) differences of respondent’s satisfaction regarding neighbourhood
facilities and other individual- /family-level characteristics between affected and non-
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affected areas, (4) differences of health outcomes among various age groups and (5) differ-
ences of area affectedness by the FSW between rural areas and urban slums were reported.

2 Methods

The data used in this study were collected through baseline surveys (designed for a one-
year cohort study) conducted in March 2008 and 2009. A total of 3,207 respondents (aged
10+ years) were selected from the equal number of systematically mapped households
located in 12 large slums in the Dhaka megacity and 3 adjacent rural villages (see Khan
et al. 2012 for detailed information). Only one respondent from each household was
interviewed. In this study, a large slum was defined as a slum with a minimum of 500
households and six acres of land. As our study mainly aimed to focus on urban slum
dwellers, we included more slums than rural villages in the sample. It should be noted that
same criteria for selecting villages and households were applied in rural areas.

The selected slums were well-distributed throughout the city (Fig. 1). After selecting the
slums, our research team (headed by a geographer) prepared an individual household map
(using Google Satellite Maps as a base) for each slum by extensive field visits and then marked
all the households (families) in the map with unique identification numbers. Next, the research
team again visited all the households in the selected slums and collected basic information
(e.g. number of household members, age and sex) from each household. Global positioning
system (GPS) was used to show the location of each interviewed household in the slum. The
map of each slum along with household unique identification number was considered as the
sampling frame for this study. Since the total population varies from slum to slum, we used
two-step formulae proposed by Bartlett et al. (2001). Based on their recommendations, at first,
we used the Cochran’s sample size formula which is shown in Eq. 1 (Cochran 1997).

) g
Where

t = the value of t-test when o = 0.5 which was 1.96;

p = 0.5 (assumed prevalence);

g=1—-p=05;

d = an acceptable margin of error which was 6 %, i.e. d = 0.06; and

no = an estimated sample size for categorical data based on Cochran’s formula.

Then, we applied the equation 2 to estimate different sample sizes depending on the
number of households in each slum.

no
(1 + (no/households))

ny = (2)

Because of the equation 2, we got the highest sample size for the slum with the highest
number of households. In contrast, the sample size was the lowest for the slum with the lowest
number of households. This particular feature increases the representativeness of the study.
Slum-specific household numbers (total) and sample sizes (estimated) allowed us to calculate
the sampling rate “r” by dividing the total number of households in a particular slum by its
estimated sample size. To explain more about the selection of households for interview, let us
consider the number of households is 1,000 (where each household was given an identification
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number from 1 to 1000) and the estimated sample size is 200 (based on above-mentioned
formulae) in a particular slum. It gives a sampling rate (r) of five. Now, we have 200 small blocks
with equal number of households. Only from the first block (with identification number 1-5) we
will randomly select a number. If the number is 3, then other selected households will be 8, 13,
18,23,28,...,993 and 998 based on sampling rate. After selecting households, our research team
purposively selected only one respondent from each household to make our sample represen-
tative for gender and age groups. Because non-purposive (i.e. random) selection of respondents
could produce biased results in terms of gender and non-response rate (Khan et al. 2009).
Normally, the prevalence of respondent working outside home is higher among men than
women, and among adults than elderly; therefore, it is more difficult to catch randomly selected
men and adults during interview than women and elderly. It should be mentioned that our sample
size was not adjusted for non-response rate as we achieved our target by replacing the non-
respondent household by the next available household at the baseline survey. A pre-tested
questionnaire was used to collect information by face-to-face interviews, which were conducted
by the trained university graduates. At the beginning of the interview, the aims of the survey
were explained and verbal consent from each of the respondents was obtained.

2.1 Dependent variables

In total, we used 10 dependent variables which are listed below. These variables can be
grouped as health symptoms (namely fever, cold/cough and weakness), diseases, namely
communicable (diarrhoea and gastric disease) and non-communicable (combined) dis-
eases, and other health problems reflecting SPHS, the WHO-5 Well-being, and malnutri-
tion (i.e. underweight). For collecting the information of health symptoms and diseases,
each respondent was asked to report “whether the respondent suffered from (symptoms or
diseases) during the last 3 months preceding the survey”. Although there were five answers
for the SPHS variable in the original question, we converted it as a dichotomous variable
for our analysis. The WHO-5 Well-being Index had five questions with Likert scale from O
to 5. First, we added them and got the total scores from O to 25. Then, we divided these
scores into two groups using cut-off point 13, where the score 13 and above was an
indicator of good well-being. It should be noted that the WHO-5 Well-being Index is a
quick, reliable and valid means for assessing psychological well-being. The index is quick
because it contains only five questions, which are fewer than other available tools. It is also
successfully applied in both developed and developing countries (Gruebner et al. 2011).
The body mass index (BMI) was first calculated using the self-reported height and weight
and then converted to underweight (BMI < 18.5) and else (BMI > 18.5).
Health symptoms

a. Suffered from fever (yes = 1, no = 0).
b. Suffered from cold/cough (yes = 1, no = 0).
c. Suffered from weakness (yes = 1, no = 0).

Diseases

d. Suffered from diarrhoea (yes = 1, no = 0).

e. Suffered from gastric disease (yes = 1, no = 0).

f. Suffered from any of the three non-communicable diseases (combined due to small
numbers) namely from diabetes, high blood pressure and heart disease (yes = 1,
no = 0).

Any symptoms/diseases
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g. Suffered from any symptoms/diseases (yes = 1, no = 0).
Other health outcomes

h. SPHS (fair/poor = 1, excellent/good/so so = 0).

i. The WHO-5 Well-Being Index (poor: total score below 13 = 1, good: total score
13-25 = 0).

j- BMI (Underweight = BMI < 18.5 = 1, else = 1).

2.2 Independent variables

From a large number of variables, only a subset which seemed to be relevant was used in
this study. The selected variables were further grouped as individual-, household- and area-
level characteristics (below). The main independent variable was “whether the study area
was affected by the FSW (yes/no)”.

The individual characteristics (with categories in parentheses) were age of the
respondent in years (continuous or categorical: 10-19, 20-29, ..., 60 +), sex (male,
female), education in years (no, 1-5 years called primary, 6+ called secondary+) and
marital status (unmarried, married, divorced/widow/separated). These variables were used
as control variables in the multivariable logistic regression analyses.

The household-level characteristics were sex of the household head (male, female),
ownership of TV (yes/ no) and availability of the electricity in the house (yes/ no),
structure of the house (permanent, provisional), whether the house got enough light from
outside (yes/ no), whether the house had window (yes/ no), whether the kitchen was
sufficient for the family (yes/ no), the number of families sharing the same water source
(1-5 families; 6+ families), the number of families sharing the same toilet (1-5 families;
6+ families), the type of toilets in the house (hygienic and non-hygienic) and whether the
family members got sufficient food (yes/ no).

The area-level characteristics were the area of residence (rural or urban), whether the
respondent could reach their house through lorry, car, baby taxi, rickshaw and on foot (on
foot, else), whether the area had proper drainage system (yes/ no), whether the garbage was
collected on a regular basis (yes/ no), whether the neighbourhood environment affected the
health of respondent negatively (yes/ no) and whether the area was good to see a medical
doctor for treatment (very bad/bad, moderate, very good/good).

In addition to the above-mentioned variables, a set of variables representing respon-
dent’s satisfaction of different neighbourhood facilities (e.g. water supply, health facilities
and working facilities) and other individual- /family-level characteristics (e.g. own income,
family income) (categorised as satisfied, moderately satisfied, dissatisfied) were analysed
(based on the total sample) to show the differences between two categories of the FSW
variable.

2.3 Statistical analysis

We performed various statistical analyses ranging from the descriptive analysis to the
multivariable logistic regression modelling. Most of the analyses were performed using
SPSS 20.0. First, bivariable analyses were performed to assess the associations of indi-
vidual-, household- and area-level characteristics with the FSW variable (objective i).
Then, we performed both bivariable and multivariable analyses to estimate the risks of
various health outcomes based on the dichotomous categories of the FSW variable
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Fig. 2 Percentage of the FSW-affected area in rural areas, urban slums and total sample

(objective ii). Specifically, multivariable logistic regression analyses (controlled for above-
mentioned factors) were performed to estimate the odds ratio (OR) and 95 % confidence
intervals (CI) for each outcome variable. p value based on either chi-square test (for
categorical variables) or 7-test (only for age—a continuous variable) was reported for most
of the analyses. All associations with p < 0.05 were considered as significant, whereas
p values of <0.001 were considered as highly significant. It should be noted that we used
the total sample for 1-4 objectives and used the stratified sample (rural areas versus urban
slums) for the last objective (5).

3 Results

Over 65 % of the total respondents reported that their areas were affected by the FSW. The
affectedness was significantly higher (73.5 %) in urban slums as compared to rural areas
(43.0 %) (Fig. 2). Table 1 is used to present the comparative results of individual-,
household- and area-level characteristics by FSW along with p values to indicate the
significance levels of the bivariable associations. Educational level was found to be higher
in the non-affected areas than the affected areas. In the FSW-affected areas, the ownership
of TV and availability of household electricity were significantly lower than the non-
affected areas. Over 80 % of the houses were provisional in the affected areas, which was
only 58 % in the non-affected areas. More than 70 % of the houses did not get enough light
from outside in the FSW-affected areas as compared to 61 % in the non-affected areas.
Similarly, prevalence of houses without any window and with insufficient kitchen was
higher in the FSW-affected areas than the non-flood-affected areas. Sharing same water
source and toilet facility by 6 or more families and use of non-hygienic toilet were more
prevalent in the affected areas than the non-flood-affected areas. Area-level characteristics
namely road accessibility to the household, drainage system, garbage management, envi-
ronment in the house and neighbourhood, and availability of medical doctor to consult also
revealed poorer conditions in the FSW-affected areas than non-affected areas.

The prevalence of health problems (Table 2) except cold/cough and diarrhoea varied
from one age group to another. Age was significantly positively associated with any
disease or symptom (ADS), weakness, gastric, non-communicable diseases, fair/poor
health status and poor well-being. For instance, the prevalence of any disease or symptom
(ADS) during the last 3 months preceding the survey was lowest (61.4 %) in the lowest
age group (10-19 years) and highest (87.5 %) in the highest age group (604 years).
Similarly, the prevalence of poor well-being was lowest (48.8 %) in the age group of
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Table 1 Housing, water, sanitation and other characteristics by areas affected by flood and stagnant water

Variables Categories Affected by stagnant water p
No (n = 1034)  Yes (n = 2166)
% %
Individual characteristics
Age Mean 34.8 353 0.170
Sex Female 54.6 473 <0.001
Male 454 52.7
Education No education 459 62.4 <0.001
Primary education 239 22.1
6+ years education 29.2 15.5
Marital status Unmarried 9.7 6.7 0.001
Married 88.0 89.2
Divorced/ 2.3 4.2
widowed/separated
Household characteristics
Sex of the household sex Male 92.4 90.2 0.048
Female 7.6 9.8
Family has TV No 58.5 71.3 <0.001
Yes 415 28.7
Family has electricity No 26.0 35.5 <0.001
Yes 74.0 64.5
Structure of the house Provisional 58.0 82.6 <0.001
Permanent 42.0 17.4
House gets enough light from No 61.3 71.1 <0.001
outside Yes 38.7 28.9
House has window No 50.5 64.5 <0.001
Yes 49.5 35.5
Kitchen is sufficient for house No 62.2 79.7 <0.001
Yes 37.8 20.3
Sharing same drinking water 6+ families 59.3 71.3 <0.001
source 1-5 families 40.7 27.7
Sharing same toilet facility 6+ families 48.5 63.6 <0.001
1-5 families 51.5 36.4
Family got sufficient food No 48.4 62.4 <0.001
Yes 51.6 37.6
Type of toilet Non-hygienic 13.9 33.1 <0.001
Hygienic 86.1 66.9
Area characteristics
Area of residence Rural village 33.5 12.0 <0.001
Urban slums 66.5 88.0
People can reach house through  On foot only 68.8 80.6 <0.001
car, taxi, rickshaw and on foot By car, taxi 31.4 19.6

and rickshaw
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Table 1 continued

Variables Categories Affected by stagnant water 4

No (n = 1034)  Yes (n = 2166)

% %
Area has proper drainage No 62.7 82.4 <0.001
system Yes 373 17.6
Garbage is collected regularly No 34.8 54.5 <0.001
Yes 65.2 45.5
Perception that environment of ~ No 55.1 339 <0.001
the household surrounding Yes 44.9 46.1
negatively affects health
Area is good to see a medical Very bad/bad 16.3 16.6 <0.001
doctor Moderate 40.5 52.8
Very good/good 432 30.6

p < 0.001 (highly significant)

10-19 years and highest (78.3 %) in the age group of 60+ years. Fever and underweight
provided mixed associations (no trend) with age. The prevalence of fever of was highest in
the age group of 20-29 years (40.9 %) and lowest in the age of 604 years (29.2 %). The
highest (37.1 %) and lowest (25.8 %) prevalence of underweight was found in the age of
group of 10-19 and 30-39 years, respectively.

Figure 3 shows the percentage differences of respondent’s satisfaction regarding dif-
ferent neighbourhood facilities (e.g. water supply, educational facilities, healthcare facil-
ities and working facilities) and individual- /family-level characteristics (e.g. own income,
family income) by two categories of the FSW variable. For all these facilities and char-
acteristics, respondent’s satisfaction was significantly lower (p < 0.001) in the FSW-
affected areas than the non-affected areas. For example, the percentages of respondent’s
satisfaction regarding water supply, water drainage, garbage management, recreation
facility, health services and area environment were 9.4, 8.2, 7.8, 5.4, 11.3 and 8.8 % in the
FSW-affected areas, respectively, whereas these percentages were 32.2, 28.8, 19.7, 15.3,
23.1 and 23.3 % in the non-affected areas, respectively.

Area affectedness by the FSW was also strongly associated with health problems
(Table 3) in both bivariable and multivariable analyses. Respondents living in the FSW-
affected areas reported more from health symptoms, communicable diseases (like diar-
rhoea and gastric disease) and poor mental well-being than the respondents living in the
non-affected areas. In contrast, the prevalence of non-communicable diseases was
remarkably lower in the affected (2.7 %) than the non-affected areas (4.8 %). All asso-
ciations between the FSW variable and health outcomes (except underweight and self-
perceived health status) remained significant in both bivariable and adjusted multivariable
analyses. For instance, the likelihood of suffering from diarrhoea in the FSW-affected
areas was 1.8 times higher (OR = 1.8, 95 % CI = 1.13-2.87, p = 0.014) as compared to
the non-affected areas in the multivariable adjusted analyses. Similarly, the likelihood of
reporting poor well-being in the FSW-affected areas was 2.0 times higher (OR = 2.0,
95 % CI 1.69-2.37, p < 0.001) as compared to the non-affected areas.
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Fig. 3 Percentage of respondent’s satisfaction concerning different neighbourhood facilities and individ-
ual- /family-level characteristics

Table 3 Some selected self-reported health problems by areas affected by FSW (reference = not affected)

Health problems Not affected  Affected Multivariable logistic regression®
by FSW by FSW
OR" 95 % CI p

Symptoms

Fever 28.0 41.0 0.000 148 1.25-1.75 <0.001

Cold/cough 14.2 20.8 0.000 1.42 1.15-1.75 0.001

Weakness 44 6.8 0.006 1.45 1.02-2.06 0.039
Communicable diseases

Diarrhoea 22 4.8 0.001 1.80 1.13-2.87 0.014

Gastric disease 7.3 11.5 0.000 1.72 1.30-2.29 <0.001
Non-communicable diseases” 4.8 2.7 0.002 0.54 0.36-0.81 0.003
Any diseases/symptoms 67.7 80.5 0.000 1.72 1.44-2.06 <0.001
Other health problems

SPHS was fair/poor 18.3 204 0.157 0.92 0.76-1.12 0.418

WHO Well-being was poor 54.7 75.7 0.000  2.00 1.69-2.37 <0.001

Underweight (based on BMI)  27.8 29.5 0.347  1.06 0.89-1.26 0.511

" Three diseases namely high blood pressure, diabetes and heart diseases are combined for small
frequencies

® Adjusted for age, sex, education, marital status and area of residence

p < 0.001 (highly significant)
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4 Discussion

Our study clearly demonstrated that respondents living in the FSW-affected areas are more
vulnerable than their non-affected counterparts from health and other (e.g. neighbourhood
facilities) perspectives. Because these people reported higher prevalence of health symp-
toms, communicable diseases and poor well-being as well as expressed significantly lower
levels of satisfactions concerning neighbourhood facilities and individual- /family-level
characteristics. Most of the epidemiological findings in our study are supported by other
studies. For instance, our findings concerning communicable diseases (e.g. diarrhoea) are
found to be consistent with the findings of other studies (Ahmed and Ahmed 1999; Harris
et al. 2008; Ivers and Ryan 2006; Kunii et al. 2002; Mirza 2011; Schwartz et al. 2006;
Shahid 2010). As some of the possible explanations concerning the higher burden of
communicable diseases in the FSW-affected areas are already given in the introduction, we
skip these explanations here. The higher burden of health symptoms may be attributed to
the existing differences of individual-, household- and area-level characteristics between
the FSW-affected and non-affected areas. The poorer condition of well-being in affected
areas could be attributed to various factors like crowding, poor housing and living envi-
ronment, higher competition on the limited services and facilities, lack of tenure of land,
lack of health facilities, violence and crime (Khan et al. 2009; Kramer et al. 2011).

Some of the possible implications based on our findings will be outlined below. It is
already mentioned that Dhaka megacity is rapidly growing mainly due to the rural to urban
migration and new settlements. This city is frequently affected by the flood and water
logging mainly due to poor drainage, poor garbage management and elevation of the
surrounding river beds and encroachments. Most of the new comers to the city generally
settle down in environmentally poor and low land areas (like in slums), which are fre-
quently affected by floods and post-flood problems. Since a large part of the city dwellers
live in the FSW-affected areas and they suffer more from health problems, they should get
proper attention and basic services from the city authorities, health sectors and other
stakeholders. When we address the issues of urban and environmental health in developing
countries, we should provide more attention on some vulnerable groups such as rural to
urban migrants, slum dwellers and flood-affected people because they are the most chal-
lenging groups in the cities who can influence the urban health remarkably. These people
suffer more from the higher level of poverty, environmental pollution, poor infrastructure,
discrimination, social exclusion and crowding (Khan 2012). Without improving their
settlements in terms of environment (e.g. garbage management, drainage) and basic
facilities (e.g. water, sanitation), it would be difficult to improve their physical and mental
health. Moreover, growing population in slums and flood-affected areas may hinder
achieving one of the Millennium Development Goals concerning the improvement of lives
among slum dwellers by 2020 (Khan 2012). In order to improve the health situations in the
FSW-affected areas, some possible strategies are outlined below under different sub-
sections.

4.1 Hygiene-related strategies

Bangladesh definitely needs timely and well-designed strategies and interventions to
reduce the general and health consequences of floods in cities. Particularly, multidimen-
sional attempts to minimise the health problems in the FSW-affected areas or in the urban
slums are necessary in Dhaka. What interventions could be offered by the public health
professionals and relevant authorities? Here, some of them are highlighted. Raising
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awareness concerning diseases and their transmissions during and after flood and benefits
of maintaining personal hygiene is important (Khalil 1990). Encouraging people to wash
their hands with soap might be an important and easy intervention to prevent waterborne
communicable diseases. Because various studies reported the effectiveness of hand-
washing practices—especially after defecation—to significantly reduce the transmission of
the pathogens and emergence of diarrhoea (Cairncross et al. 2010; Henry and Rahim 1990;
Luby et al. 2006). Apart from the interventions to promote hand-washing practices with
soap in low-income settings, a proper disposal of faecal material and the use of modern
toilets (instead of using open areas) are some strategies that could remarkably reduce the
waterborne diseases and further infections (Curtis and Cairncross 2003).

4.2 Community-based or higher-level strategies

Community-based actions and interventions are also reported to be effective (Hunter et al.
2010; Pahwa et al. 2010) to reduce the burden of flood-related health risks. Some of the
useful community-level actions may include the following: strengthening community-
based primary health care outreach activities for the flood victims (Keim 2008) and
strengthening the health education about flood consequences (Kunii et al. 2002). Moreover,
health communications should be intensified at the community level to increase health
prevention activities like preparedness at home, in schools, work places and at healthcare
facilities (Keim 2008). For this purpose, overall manpower including public health per-
sonnel, who are particularly involved with the flood-related management, should be ade-
quately trained. Public health strategies may include various options such as development
and implementation of flood-specific surveillance programmes (Keim 2008; Shahid 2010),
rapid actions from health authorities, strengthening hospital services and environmental
risk management, improving drainage and sanitation systems in flood-prone settlements,
and availability of medicines in flood-affected areas. Availability of essential equipment
such as power generators and water pumps during flood is necessary to maintain critical
health at hospitals, nursing homes, schools and outpatient clinics (Keim 2008). Vulnerable
groups such as children, women, elderly and sick people should get more attention to
reduce the health consequences. Affected people should be motivated to elevate their
dwellings above the normal flood level and to use house materials resistant to water, as
housing condition is one of the important determinants for health. In the FSW-affected
areas, construction of embankments with adequate drainage systems is also useful (Ali
1999; Douglas 2009; Dove and Khan 1995; Khalil 1990; Shahid 2010). Since Dhaka city is
surrounded by four rivers and low lands, restoration and excavation of water bodies (e.g.
large tanks, canals) to hold more water and dredging of rivers are necessary (Islam 2001;
Khalil 1990). Moreover, governments should implement policies to discourage new set-
tlements in flood-prone areas by allocating alternative places (Mirza et al. 2001). The last
but not least option might be the implementation of an integrated action combining
housing, sanitation and other facilities for improving the health of the socially vulnerable
people (Khan 2012).

4.3 Strengths and limitations
According to our knowledge, this study is an important contribution to the literature since
it deals one of the most vulnerable groups of people living in the urban slums in a rapidly

growing megacity. Another advantage of the study is the utilisation of a large sample,
which may provide reliable results. It is one of the leading studies which addressed various
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health outcomes and estimated risks with respect to the FSW variable. Such a study is also
important in the context of rapid urbanisation and slum growth in developing countries for
urban planners, epidemiologists and other health personnel. However, our findings are not
free from weaknesses. Generally, self-reporting is a problem because research participants
have tendencies to respond in socially desirable ways. They tend to under-report socially
undesirable and sensitive behaviours (e.g. weight, smoking) and tend to over-report
appropriate and desirable behaviours (e.g. height) (Donaldson and Grant-Vallone 2002;
Wang et al. 2002). Similarly, recall bias may lead to differential misclassifications of the
related variable (e.g. health problems occurred within the last three months preceding the
survey) (Hassan 2006). The cross-sectional nature of the data precludes us to comment on
causal associations between independent variables and health outcomes. Disease infor-
mation without subtypes (e.g. gastric disease) and combining three non-communicable
diseases together due to small frequencies also limit our findings. Lastly, our findings
should be used and generalised with cautions for other settings, since it was confined to
some slums in Dhaka and adjacent rural areas (Khan et al. 2009).

5 Conclusions

Our study revealed significant differences between the FSW-affected and non-affected
areas in terms of various health outcomes in both bivariable and multivariable analyses.
Particularly, poorer health outcomes were observed in the FSW-affected areas than non-
affected areas. These findings lead us to conclude that the FSW-affected area is an inde-
pendent risk factor for various physical and mental health problems. Furthermore, we
observed significant differences in almost all the potential determinants (except age)
reflecting individual-, household- and area-level characteristics between the FSW-affected
and non-affected areas. Significant differences were also found for neighbourhood facili-
ties and individual/family characteristics by two categories of the FSW variable. Slums
were more affected by the FSW as compared to rural areas, which implies higher health
risks in slums and underscores the necessities of more public health interventions there.
Some of the above-mentioned strategies could help reduce the health consequences and
increase the satisfaction of urban livelihoods among the vulnerable groups, particularly
who live in the FSW-affected areas in Dhaka, Bangladesh.
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