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ABSTRACT

Objectives: This study aims to improve the
understanding of the relationship between exposure to
floods and malnutrition in children aged 6—59 months
in rural India. Research has focused exclusively on
Bangladeshi children, and few controlled
epidemiological studies are available.

Method: A community-based cross-sectional study of
child nutritional status was carried out in 14 flooded
and 18 non-flooded villages of Jagatsinghpur district
(Orissa) within one month of the September 2008
floods, and similarly affected by flooding in August
2006. Face-to-face interviews were conducted in 757
households in the flooded villages and 816 in the non-
flooded communities. Data used in this study were
from those households with children aged

6—59 months. In total, 191 and 161 children were
measured, respectively. The association between
various malnutrition indicators and the exposure to
floods was assessed by univariate and multivariate
logistic regression.

Results: Adjusted analyses revealed that children in
flooded households were more likely stunted
compared with those in non-flooded ones (adjusted
prevalence ratio 1.60; 95% Cl 1.05 to 2.44). The
prevalence of underweight was also higher in children
living in the flooded communities (adjusted prevalence
ratio 1.86; 95% Cl 1.04 to 3.30). Further analyses
found that the 26—36-month flooded cohort, thus
those children younger than 1 year during the
precedent flood in August 2006, attained the largest
difference in levels of stunting compared with the
unexposed group of the same age.

Conclusion: Exposure to floods is associated with
long-term malnutrition in these rural communities of
Orissa, India. Children exposed to floods during their
first year of life presented higher levels of chronic
malnutrition. Long-term malnutrition prevention
programmes after floods should be implemented in
flood-prone areas.

INTRODUCTION

Floods are the most common reported
natural disaster worldwide,' with an impor-
tant impact on the health of human popu-
lations.” ® Their effects are especially

ARTICLE SUMMARY

Article focus

m Study of the connection between flood exposure
and childhood malnutrition in rural communities
of North Eastern India.

Key messages

m This is the first study to address the health
impacts of floods on child malnutrition in India,
a country prone to multiple natural disasters.

m Climate-related extreme events are projected to
increase partly induced by climate change,
leading to a higher burden of disaster-related
diseases.

m Exposure to floods is associated with chronic
growth retardation in Indian children, especially
in those exposed at very early stages in life.

Strengths and limitations of this study

m The study had high and consistent survey
response rates across flooded and non-flooded
communities.

m A standard methodology was used, including
high-precision WHO standards to assess
malnutrition.

m The study does not establish a causal relation-
ship but an association between floods and
childhood malnutrition.

m The study is only representative of the
children aged 6—59 months living in 29 rural
communities.

dramatic in developing countries of South
and South-East Asia." Epidemiological
studies in low-income rural areas show
evidence for increased risk of disease associ-
ated with flooding, such as diarrhoea,5 6
cholera,” respiratory infection,” leptospi-
rosis® or post-traumatic stress disorder.”
However, little and geographically restricted
evidence is available on the nutritional
impacts of floods on children.'*"'?
Flooding has been shown to have serious
impacts on crop productivity in the past,'* '
and the projected higher global tempera-
tures may have non-linear and increasingly
negative impacts on existing agricultural
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activities,'® particularly on vulnerable countries of south
Asia and southern Africa where insufficient adaptation
measures are planned.17 Crop-yield variation induced by
climate change has been suggested as one of the
potential mechanisms leading to malnutrition.'®

This is particularly worrying, since children are espe-
cially vulnerable to environmental adversities because of
their greater exposure, greater sensitivity to certain
exposures and dependence on care givers.l9 ? For this
reason, increased weather variability predicted by
climatic models is expected to lead to a rise in the health
risks of this age group, associated with more frequent
extremes such as droughts and floods.'" ™!

The deleterious consequences of poor nutrition are
well recognised. Undernutrition is a primary cause of ill
health and premature mortality among children in
developing countries.”” Therefore, malnutrition affects
children during the critical phases of their early cogni-
tive, social, motor and emotional development, and has
been associated with poor school performance.23 2
Poverty and food security are also risk factors which have
been found to be associated with poor early develop-
ment in children.?® Thus, these disadvantaged children
are less likely to become productive adults,” perpetu-
ating the cycle of poor human development.25

India is one of the most disaster-prone countries in the
world.! The Indian state of Orissa, located by the Bay of
Bengal, is vulnerable to multiple disasters, such as trop-
ical cyclones, storm surges, floods and tsunamis. The
state of Orissa suffered a heavy loss of life and property
during the cyclone Paradip that hit the state in October
1999.%° As a consequence, an autonomous relief and
coordination body was created in the state, the Orissa
State Disaster Mitigation Authority (OSDMA). Since
then, this agency has been actively working in disaster
management, prevention, risk reduction and relief
activities. Complementary to long-term poverty-allevia-
tion programmes, there are also short-term food-aid
governmental programmes to help the victims of disas-
ters within the country (SRD, personal communication).

Despite a rising awareness on understanding the
health effects of extreme weather events,'? 27 28 yithout
a better understanding of the mechanisms which
produce and maintain high levels of malnutrition in
developing countries, policy makers lack crucial infor-
mation to design specific and effective intervention
plans to reduce its prevalence among children. This is
especially critical in the face of the foreseen long-lasting
intensification of the water cycle® and the rise of human
vulnerability to extreme weather events.”” In Orissa,
climate models predict an intensification of precipita-
tion events, including monsoons, and increased sea-level
pressure by the end of the 21st century.”’ Additionally,
vulnerability-resilience analysis shows Orissa as one of
the most vulnerable Indian states to climate change.*

The most recent floods occurring in Orissa in
September 2008 provided an opportunity to explore
the strengths of association between flooding and the

prevalence of undernutrition while taking other vari-
ables that directly affect nutrition into account.

MATERIALS AND METHODS

This study used a cross-sectional stratified (by village)
design with sampling at the household level to collect
data on a representative sample of the children aged
6—59 months living in 13 flooded communities and 16
nearby non-flooded villages within a month after the
September 2008 floods. We used anthropometric
measurements to assess child malnutrition and face-
to-face interviews to investigate the exposure to floods
as a risk factor for malnutrition and the potential
confounding effect of social, health and economic
variables.

Study area

The study site was Jagatsinghpur, a coastal district
located in the state of Orissa, eastern India. The district
is organised into eight blocks and has a population of
1057629, with 90% residing in rural areas.” The district
has been severely hit by five major floods in the last
decade, the one following the cyclone Paradip (05B) in
1999, followed by heavy floods in 2001, 2003 and 2006.
The last floods, starting in mid-September 2008,
produced great devastation.'

Sample selection

The villages in this study were selected from the five
worst-affected blocks in the district (Kujanga, Biridi,
Balikuda, Tirtol and Ersama) according to OSDMA. This
agency provided the list of the flooded and non-flooded
villages, defined as those with all households inundated
by the floods and those with none of the households
flooded, respectively. Logistic considerations limited our
study to 14 accessible flooded villages. Eighteen non-
flooded nearby villages of similar size and demographic
characteristics were selected as a comparison group
(table S1). These 14 and 18 villages were also inundated
and non-inundated, respectively, during previous floods
occurring in August 2006. We validated this information
using the survey household data. All respondents inter-
viewed in the 14 flooded villages (n=757) confirmed
that their households were exposed to only these two
floods and the cyclone Paradip in October 1999. Most
respondents considered the 2008 floods ‘very severe’
(84.6%) in contrast with the 2006 floods which most
households categorised as ‘mild’ (79.5%).

Stratified sampling at the village level was used. In each
village, 10% of households were surveyed (figure 1). This
allowed us to obtain a sample with a distribution of
households across villages comparable with that in the
population. The list of the children aged 6—59 months
was obtained at the Integrated Child Development
Scheme centre at each village and were used as a check
of the information given by the head of the households.
In total, 757 households were surveyed in the 14 flooded
communities and 816 in the 18 non-flooded villages. In
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surveyed households with more than one child 6—59
months, all eligible children were selected. In three
small villages, one flooded and two non-flooded, all
seven eligible children selected moved home, and
consequently these villages were excluded from further
analyses (figure 1). The study population was defined as
those children aged 6—59 months from the remaining
29 villages, which represented <5% of the total popula-
tion and were present overall in less than 25% of the
households surveyed (table SI).

A household was defined as a group of people who
usually live under the same roof and share a common
kitchen. If an adult member or any eligible children
6—59 months was not at home at the time of the survey,
the interviewers returned to the household later. The
maximum number of visits per household was fixed at
three. For selection of the households, we used a modi-
fied EPI ‘random walk’ method.*® ® At the centre of the
village, a team member spun a pen, following the
direction pointed by the pen up to the limit of the
village. The same procedure was repeated from the new
location to randomly choose a direction in which to
conduct the survey. A random direction was selected
each time a bifurcation was encountered. Random
numbers were generated to select the households. The
nested data used in this study were from those house-
holds with children aged 6—59 months. Thus, the final
sample comprised 179 households with 223 children in
the 13 flooded villages, and 152 households with 183
children in the 16 non-flooded communities. Overall,
85.2% of these eligible children were measured and
their parents interviewed. The response rate was consis-
tent across the flooded (84%) and non-flooded
communities (86.6%). Thirty-two children were not
measured in the flooded households. Five of them have
recently died, and 27 stayed with relatives in different
villages. In the non-flooded communities, 22 children
were unavailable. Nineteen of these children moved
with their parents elsewhere, and the other three died
(figure 1).

Instruments, training and pilot testing

Anthropometric measurements of children and adapted
questionnaires were used to obtain the information
on anthropometrics, household characteristics and other
children variables. Fourteen interviewers, three supervi-
sors and one data manager were specifically trained for
this study during a 3-day workshop organised by the
Voluntary Health Association of India (VHAI) under
the supervision of the MICRODIS (DISaster studies at the
MICRO level) project university partners, local govern-
ment officers and other local researchers. The ques-
tionnaires were pretested in 45 households. The
questionnaire was translated to the local language in
Orissa (Oriya) and then back-translated into English by
two different translators. Fieldwork was carried out
between 6 October and 19 November 2008.

The weight and height of every child were measured
twice to minimise measurement errors and increase
precision by using their average value. Weight measure-
ments were undertaken to the nearest 100 g using
a 10 kg beam balance (Raman Surgical Co., Delhi-33,
India) and a 50 kg standard electronic balance. For
children younger than 2years of age, length was
measured to the nearest millimetre in the recumbent
position using an infantometer (Narang Medical,
Delhi—110 028, India). Children older than 2 years were
measured in a standing position using a measuring
board. All instruments were calibrated daily.

Outcome measures, exposure and confounders

The outcomes of this study were three anthropometric
indices, stunting (heightfor-age), underweight (weight-
for-age) and wasting (weightfor-height). Stunting is an
indicator of chronic malnutrition, whereas wasting often
assesses acute nutritional stress within a population.
Underweight combines the previous two, widely used for
its operational value. The new WHO standard, was used
to calculate the z scores for these indicators. Malnutri-
tion was a binary variable indicating whether a children
is malnourished, z score <—2 (1) or not (0) at the time
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Table 1 Characteristics of 294 households and 352

children in 29 study villages in Orissa, India*

Flooded Non-flooded
Characteristics (n=13) (n=16)
Household variables
No of households with 158 136
any children 6—59 months
measured
Total no of persons residing 7.2 (2.8) 7.5 (2.9)
in household, mean (SD)
No of children younger than 5 years
1 116 (73.9) 97 (71.3)
=2 41 (26.1) 39 (28.7)
Occupation
Not working 14 (8.9) 16 (11.8)
Non-manual 29 (18.4) 16 (11.8)
Agricultural 50 (31.6) 55 (40.4)
Manual 65 (41.1) 49 (36.0)
Religion
Hindu 114 (72.2) 135 (99.3)
Muslim 44 (27.8) 1(0.7)
Caste
Scheduled caste 33(21.9) 17 (12.1)
Other backward class 38 (25.2) 81 (57.4)
General class 36 (23.8) 42 (29.8)
Other 44 (29.1) 1(0.7)
Annual income, 1000 Indian rupees
=3 18 (11.5) 16 (11.8)
>3—6 63 (40.1) 67 (49.3)
>6—9 24 (15.3) 30 (22.1)
>9 52 (33.1) 23 (16.9)
Source of drinking-water (at the time of the interview)
Tap in house 1 (0.6) 7 (5.1)
Tube well 103 (65.2) 111 (81.6)
Communal tap 2 (1.3) 8 (5.9)
Protected dug well 1 (0.6) 10 (7.4)
Surface water 51 (32.3) 0 (0)
Storage of cooked food
Open container 15 (9.5) 14 (10.4)
Closed container 140 (88.6) 119 (88.1)
Refrigerator 3(1.9) 2 (1.5)
Child variables
No of children 191 161
6—59 months measured
Height-for-age, no (%)
Stunting, Z score <—2 74 (38.7) 37 (23.0)
Severe stunting, 29 (15.2) 14 (8.7)
Z score <—3
Weight-for-aget, no (%)
Underweight, Z score <—2 40 (20.9) 21 (13.1)
Severe underweight, 11 (5.8) 7 (4.4)
Z-score <—3
Weight-for-height,+ no (%)
Wasting, Z score <—2 23 (12.2) 19 (11.9)
Severe wasting, 8 (4.3) 8 (5.0)
Z score <—3
Birth weight, kg
<2.7 87 (45.5) 86 (53.4)
Continued

Table 1 Continued
Flooded Non-flooded

Characteristics (n=13) (n=16)

=2.7 104 (54.5) 75 (46.6)
Sex

Female 81 (42.4) 76 (47.2)

Male 110 (57.6) 85 (52.8)
Age, months§ 30.0 (1.0) 32.1 (1.1)
Immunisation coverage€

Total 22 (11.5) 42 (26.1)

Partial 169 (88.5) 119 (73.9)

*Information for income, household size and number of children
younger than 5 years could not be determined in one household of
a flooded village. The caste of one household in a flooded village
and one household in a non-flooded village could not be
determined. The type of storage of cooked food in one household
of a non-flooded village could not be obtained. Description of
variables is the absolute number of household or children
associated with each characteristic (percentage of the total) except
where otherwise indicated.

tOne observation with missing data was excluded from the
analyses in the non-flooded cohort.

$Four observations with missing data were excluded from the
analyses in the flooded cohort and one in the non-flooded cohort.
§Child age is reported as mean (SE).

€ Total immunisation includes children vaccinated, confirmed with
vaccination card, against polio (OPV, three doses), tuberculosis
(BCG, 1 dose), measles (MCV, 1 dose), hepatitis B (HEPB, three
doses), diphtheria and tetanus toxoid and pertussis (DPT, three
doses).

of the interview. The fundamental variable of this study
was the level of children’s exposure to floods, measured
as whether the village was flooded (1) or not (0).
Therefore, 13 other variables included information at
the household and individual (children) level (table 1).
In the first group, we recorded the number of persons
residing in each household (household size) measured
as a continuous variable, number of children younger
than 5 years living in a household, dichotomised as one
(0) or otherwise (1). The main occupation of the
household was recorded in detailed categories and later
recoded as non-manual (reference), agricultural,
manual and unemployed. Two religions were present in
the study area: Hinduism, taken as the reference group,
and Muslim. The caste of the household was based on
the household head and was grouped as a scheduled
caste, other backward class or general class (reference
category). The general class represents the higher caste
status in India. The scheduled caste is the social group
historically subject to the higher deprivation levels in the
country. Monthly household income (in 1000 Indian
rupees (INR)) was collected from respondents as
a continuous variable and recoded into four categories:
=3, >3—6, >6—9 and >9, chosen as the reference
category. The household source of drinking-water at the
time of the interview was recorded in a detailed ques-
tionnaire (table 1) and recoded as whether they were
more secure sources, such as wells and taps (0) or
unsecure such as surface water (1), consumed in the
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flooded areas. The storage of cooked food was also listed
using a detailed questionnaire and dichotomised into
closed containers (0) and open containers (1).

Within the second group, a number of individual
variables were recorded. Birth weights were obtained
from birth certificates and/or vaccination cards avail-
able, and were coded as a binary variable above and
below the median. Sex was a binary variable. Age was
recorded from birth certificates and/or vaccination
cards in most cases (85% of respondents). If these were
not available, local calendars were used. Children were
classified by the reported age into the following groups
(in months): 6 to 18, 18 to 26, 26 to 36, 36 to 46 and 46
to 59. This classification was used to compare the prev-
alence of malnutrition in those children younger than
1 year exposed to the 2006 floods (aged 26—36 months
at the time of this study), with those of the non-flooded
cohort in the same age group. Children’s immunisation
coverage was obtained from vaccination cards available.
Children fully vaccinated, as proved by vaccination card,
against polio (three doses), tuberculosis (one dose),
measles (one dose), hepatitis E (three doses), diphtheria
and tetanus toxoid, and pertussis (three doses) were
classified as those with full immunisation coverage (0),
otherwise partially immunised (1).

Power analysis

Considering that 10% of 14948 households (7248
flooded and 7700 non-flooded) were planned to be
surveyed and that the expectation of getting a household
with at least one eligible child is 1/4, the expected
number of households containing children in our
sample was 181 and 192. Assuming a two-thirds preva-
lence of malnutrition in non-flooded compared with
flooded households, with o (error)=0.05, using the
average percentage of stunting in Orissa state (children
<5 years) as the prevalence for the flooded area (45)%°
and two-thirds (30) as a conservative approximate for the
non-flooded, a power of 84% would be achieved. The
minimum sample size, with a power of 80%, would be
164 in each group.

Data analysis
Malnutrition indices were calculated using ENA
for SMART software version November 2008.%” The new
WHO standard was used to calculate z scores. Statistical
analyses were conducted in R version 2.10.1 (R Devel-
opment Core Team 2008) 8 Missing data were rare. Data
were missing on underweight and wasting in one and
five respondents, respectively. In one respondent, data
were missing on income, number of children under five
and household size. Data were missing on caste in two
respondents, and on food storage in one respondent.
In cross-sectional epidemiological research studying
rare outcomes, the OR is very close to the RR. If the
outcome is common as is the case in this study (ie,
prevalence >10%), ORs tend to differ from RRs. Preva-
lence ratios (PR), as named in this study, were then used
instead of prevalence OR (POR), to avoid confusion in

the interpretation of the results.” ** Quasi-binomial

models were used to avoid overdispersion. Additionally,
starting values and increasing the number of iterations
were necessary to fit these models.*! GLM quasi-bino-
mial models were used to explore bivariate associations
between malnutrition and independent variables,
reported as crude (unadjusted) PRs with their associated
95% Cls. Multivariate (adjusted) models were used to
identify variables predictive of malnutrition, controlling
for all other variables in the model. ANOVA models were
used to test the difference between Z-scores (a contin-
uous variable) of the flooded and non-flooded cohorts
in each of the age groups previously defined. Two-way
interactions were examined for significant parameters in
the adjusted models (p<0.05). The a level was set at 5%,
and all statistical tests were two-sided.

RESULTS

Demographic characteristics

Table 1 lists the characteristics of the sample by exposure
group. More non-manual (18.4%) and less agricultural
work (31.6%) were reported by the respondents in the
flooded communities compared with the non-flooded
communities (11.8% and 40.4%, respectively). The
higher proportion of Muslims in the flooded group
(27.8%) was due to a large Muslim population living in
a single village. More individuals from the scheduled
caste were living in the flooded communities (21.9%)
compared with the non-flooded (12.1%). Access to safe
drinking-water was limited right after the floods, and
32.3% of the respondents confirmed they had drunk
surface water.

Child malnutrition

The overall prevalences of stunting, underweight and
wasting were 31.5%, 17.4% and 12.1%, respectively
(table 1). However, the prevalence of stunting was 38.7%
in the flooded cohort compared with 23.0% in the non-
flooded cohort. Similarly, the prevalence of underweight
was more important in the children living in flooded
communities (20.9%) compared with those inhabiting
non-flooded villages (13.1%). Wasting was very similar in
children experiencing flooding and those populating
non-flooded areas, with 12.2% and 11.9%, respectively
(table 1).

Factors associated with stunting

Table S2 shows the crude and adjusted associations
between stunting and exposure to floods, household
size, number of children younger than 5 years, occupa-
tion, religion, caste, monthly family income, source of
drinking-water, storage of cooked food, childbirth
weight, sex, age and immunisation coverage. In the
bivariate model, exposure to floods, religion and family
income were associated with stunting. Muslim children
were at higher risk of being stunted, but this difference
did not remain statistically significant in the multivariate
model. Table 2 shows the significant determinants of
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Table 2 Factors associated with malnutrition in children aged 6—59 months in 29 study villages in Orissa, India

Stunting* Underweightt Wasting+

Factor APR (95% CI) p Value APR (95% CI) p Value APR (95% CI) p Value
Flood exposure level

Household in 1 (reference) 1 (reference) 1 (reference)

non-flooded village

Household in 1.60 (1.05 to 2.44) 0.031 1.86 (1.04 to 3.30) 0.036 1.21 (0.61 to 2.42) 0.58

flooded village
No of children younger than 5 years

1 1 (reference) 1 (reference) 1 (reference)

=2 0.91 (0.64 to 1.28)  0.58 1.69 (1.05t0 2.72)  0.031 1.29 (0.68 to 2.45)  0.43
Annual income, 1000 Indian rupees

>9 1 (reference) 1 (reference) 1 (reference)

>6—9 1.02 (0.58 to 1.81) 0.94 2.01 (0.89 to 4.54) 0.095 1.27 (0.42 t0 3.86) 0.67

>3-6 1.20 (0.77 to 1.88)  0.42 1.22 (0.57 to 2.59)  0.60 1.41 (0.56 to 3.54)  0.47

=3 1.85(1.11 t0 3.09) 0.019 1.76 (0.78 t0 3.99) 0.18 2.13 (0.76 t0 6.02) 0.15
Birth weight, kg

=27 1 (reference) 1 (reference) 1 (reference)

<27 1.17 (0.85t0 1.62) 0.34 1.80 (1.11t0 2.92) 0.017 1.28 (0.69t0 2.38) 0.46

*Four observations with missing data were deleted from the analysis.

tOne observation with missing data on underweight was deleted from the analyses. Four additional observations with missing data were
deleted from the analysis.

$Five observations with missing data on wasting were deleted from all the analyses. Four additional observations with missing data were
deleted from the analysis. APRs were adjusted for the effect of all the other variables shown in the table and household size, occupation,

religion, caste, source of drinking-water and storage of cooked food, sex, age and immunisation coverage.

APR, adjusted prevalence ratio.

stunting in the adjusted analyses. Children living in
flooded households were more likely stunted compared
with those living in non-flooded communities (adjusted
PR (APR), 1.60; 95% CI 1.05 to 2.44). The children of
the poorest families (those reporting to earn equal to or
less than 3000 rupees a year) were also more likely
stunted compared with those in the higher income class
(APR 1.85; 95% CI 1.11 to 3.09). The interaction
between monthly household income and exposure to
floods was not significant.

Factors associated with underweight and wasting
Underweight was associated with the number of children
younger than 5 years living in a household, monthly
family income and childbirth weight in the univariate
analyses (Table S3). Family monthly income was not
significant in the multivariate model (APR 1.76; 95% CI
0.78 to 3.99). Contrarily, exposure to floods was not
statistically significant in the bivariate model (PR 1.60;
95% CI 0.98 to 2.59), but it became significant in the
multivariate model (APR 1.86; 95% CI 1.04 to 3.30; see
tables 2, S3). Therefore, children living in a household
with one or more children under 5 presented a higher
risk of underweight than those living without other
under-5 counterparts (APR 1.69; 95% CI 1.05 to 2.72).
Low-birth-weight children (<2.7 kg) were at higher risk
of being underweight compared with those born with
higher weights (APR 1.80; 95% CI 1.11 to 2.92). The
interaction between exposure to floods and low-birth
weight and number of under5 children were not
significant. Wasting was not associated with any of the
factors considered in this study either in bivariate or in
multivariate models (tables 2, S4).

Malnutrition and recurrent flooding

ANOVA analyses were used to test the differences in
Z-scores for stunting and underweight by age category
between the flooded and non-flooded cohorts. The
children of the flooded cohort aged 26—36 months
presented the largest difference in stunting with those of
the non-flooded compared with other age groups,
except for the 6—18-month cohort (table 3). The
difference was only significant for the group 26—36
(p<0.001). These differences were less evident for
underweight (see table 3).

DISCUSSION

Our study represents a first attempt to understand the
role of exposure to natural disasters as a risk factor for
child malnutrition in India. Within 1 month after the
floods, wasting did not differ among children inhabiting
the flooded villages and those living in the non-flooded

Table 3 Differences in stunting and underweight Z scores
between flooded and non-flooded children by age groups in
Orissa, India

Stunting Underweight

Difference p Difference p
Factor  in mean Value in mean Value
Age, months
>6—-18 —1.1 0.17 -0.3 0.39
>18—26 —0.02 0.95 0.1 0.74
>26—-36 —1.1 0.0006 —0.4 0.07
>36—46 —0.5 0.29 —-0.3 0.19
>46—60 —0.2 0.62 —0.3 0.38
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areas. In contrast, a higher risk of stunting was detected
in children living in the flooded areas in bivariate and
multivariate models. The risk of underweight was
significantly higher only in the adjusted analyses. All
villages under study in the flooded group were also
inundated in previous floods occurring in August 2006
(25 months earlier). In the absence of other disasters in
the area, our results suggest an association of chronic
malnutrition and previous flooding in these children.
The study also showed that the exposed cohort of chil-
dren aged <1 year during the 2006 floods presented the
largest difference in levels of stunting with the non-
flooded group of the same age. This finding underlines
the importance of early exposure to floods as a risk
factor for anthropometric failure in children.

One evident limitation of this study is a direct conse-
quence of its cross-sectional design, which did not allow
us to establish causal relationships. Second, this study
was conducted soon after waters started to recede in
a heavily flooded area where roadblocks were common-
place. As a consequence, there exists selection bias in the
choice of the affected villages. Nevertheless, if the situ-
ation was even worst in more isolated villages not
represented in the sample, it is remarkable that we
already found an increased risk for malnutrition among
these exposed children. In contrast, wasting could have
been more important than reflected in our results in the
most isolated communities. Thus, this community-based
study limits our findings to two subpopulations of chil-
dren living in 29 rural communities of Orissa. A popu-
lation survey would be necessary to assess health impacts
and disease risk in a population better representing the
one affected, and thus making it easier to design wider
interventions. Third, this study did not include other
relevant conditions related to malnutrition, such as
maternal education, variables on losses, food insecurity
and coping mechanisms which may impact this associa-
tion and further explain the mechanisms which lead to
malnutrition after floods. Fourth, a different instrument
was used to weigh children heavier than 10 kg, instead of
a single balance.*? Fifth, our power calculations did not
take into consideration subgroup analyses. Probably
further determinants of malnutrition would have been
revealed using a larger sample size. Sixth, self-reported
economic status, especially after disasters, can be subject
to reporting bias. To minimise false reporting, field
researchers informed the respondents about the
purpose of the survey and cross-checked the economic
information collected with the house type and assets.

The striking similarity in wasting among both groups
suggests that the flooded cohort was not subject to addi-
tional short-term nutritional stress compared with chil-
dren living in the non-flooded area, at least immediately
after the flood. This is probably associated with the fact
that government and NGOs were mobilised rapidly and
provided supplies right after the onset of flooding
(unpublished data), and this might be the case after the
2006 event. In floods occurring in Bangladesh in 1998,

other authors found critical levels of malnutrition (ie,
>15%) during the flood period.'? The exceptionally long
duration and magnitude of that flooding probably played
an important role in causing a more dramatic situation
than that observed in these communities of Orissa.
Further research on the same flood event in Bangladesh
using a comparison group failed to detect any effect of
floods on wasting 2 months after the floods.'® In another
study on the same floods, the levels of wasting had
decreased considerably 4 months later.'” These results
suggest that the recovery after floods seems to occur
promptly in these populations. On the other hand, the
absence of significant wasting in the flooded communi-
ties of Orissa together with simultaneous higher levels of
underweight and stunting suggest that both reflect the
long-term health and nutritional experience of the
population.*® These results from India are similar to
those found in Bangladesh in which the long-term
consequences of floods on nutrition are depicted."”

Low-income proxies (such as landlessness) have been
observed as a risk factor for acute malnutrition among
flood-affected children in Bangladesh.'” More recently,
another study has shown that the children of flood-
affected families taking loans at very high rates did not
improve their nutritional status compared with those
having access to credits at very low or no interest.'”
However, the latter studies only establish the short-term
effects of the disaster. None have established economic
status as a risk factor for chronic malnutrition—a long
term consequence, among flood-affected children.

Finally, the lack of significant interaction between
significant variables, such as exposure to floods and
income, supports the hypothesis that higher economic
status is not protective against the impacts of floods on
child malnutrition, at least in these communities. More
research is necessary to understand the complex
dynamics of child malnutrition after severe flooding and
its socio-economic and health determinants. Represen-
tative larger surveys are recommended, which should
help to confirm these results and help policy makers
implement appropriate measures.
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SUPPLEMENTARY TABLES

Table S1 Population and Sample Characteristics of 32 Study Villages in Orissa, India

Characteristics

No. of villages surveyed

Population*

No. of children aged 0-6 y (% of total population)*
Scheduled caste (% of total population)*

Literacy*

Workers class*

No. of households per village, mean (range)*

Total no. of households (no. of households surveyed)
Percentage of households surveyed per village, mean (SD)

Percentage of households surveyed
with at least one child 6-59 mo, mean (SD)
Percentage of population surveyed aged 6-59 mo

No. of children 6-59 mo living in the households surveyed (% measured)

*Census of India 2001

Flooded

14

30372

3862 (12.7)
6542 (21.5)
21660 (71.3)
7832 (25.8)
518 (225-1977)
7248 (758)
10.4 (0.1)

23.6 (10.0)

4.9
227 (84.1)

Non-flooded
18

35225

4354 (12.4)
7989 (22.7)
24333 (69.1)
10556 (30.0)
428 (147-1083)
7700 (816)
10.6 (0.1)

18.1 (7.4)

4.0
186 (86.6)



Table S2 Factors Associated with Stunting in Children Aged 6 to 59 Months in 29 Study
Villages in Orissa, India (N=352)°

Factor Stunting

Flood exposure level

Household in non-
flooded village
Household in flooded
village

Household size

No. of children younger than 5y
1
22
Occupation
Non-manual
Agricultural
Manual
Not working
Religion
Hindu
Muslim
Caste
General class
Scheduled caste
Other backward class
Monthly income, thousand INR
>9
>6-9
>3-6
<3

Crude PR
(95% Cl)

1 [Reference]
1.69 (1.21-2.36)

0.99 (0.94-1.04)

1 [Reference]

1.14 (0.74-1.39)

1 [Reference]
0.89 (0.55-1.45)
1.03 (0.64-1.66)
1.12 (0.62-2.15)

1 [Reference]

1.46 (1.03-2.07)

1 [Reference]
1.29 (0.80-2.07)
1.16 (0.79-1.70)

1 [Reference]
0.84 (0.49-1.44)
1.11 (0.74-1.65)
1.65 (1.04-2.36)

Source of drinking water (at the time of the interview)

Well and tap
Surface water
Storage of cooked food
Closed container
Open container
Refrigerator
Birth weight, kg
22.7
<2.7
Sex
Male
Female
Age, mo
>6-18
>18-26

1 [Reference]

1.41 (0.99-2.00)

1 [Reference]
1.03 (0.61-1.72)
1.27 (0.43-3.79)

1 [Reference]

1.17 (0.86-1.60)

1 [Reference]

1.26 (0.93-1.72)

1 [Reference]

1.07 (0.65-1.77)

[}
Value

0.002

0.74

0.93

0.65
0.89
0.70

0.036

0.30
0.46

0.52
0.61
0.032

0.052

0.91
0.66

0.31

0.14

0.80

Adjusted PR
(95% Cl)

1 [Reference]
1.60 (1.05-2.44)

1.00 (0.94-1.06)

1 [Reference]

0.91 (0.64-1.28)

1 [Reference]
1.10 (0.63-1.94)
1.18 (0.69-2.01)
1.33 (0.72-2.45)

1 [Reference]

1.30(0.76-2.22)

1 [Reference]
1.16 (0.70-1.91)
1.08 (0.69-1.68)

1 [Reference]
1.02 (0.58-1.81)
1.20(0.77-1.88)
1.85 (1.11-3.09)

1 [Reference]

1.02 (0.72-1.45)

1 [Reference]
0.99 (0.59-1.66)
1.23 (0.46-3.25)

1 [Reference]

1.17 (0.85-1.62)

1 [Reference]

1.34(0.97-1.84)

1 [Reference]

1.06 (0.63-1.78)

Value

0.031

0.96

0.58

0.73
0.55
0.37

0.34

0.56
0.74

0.94
0.42
0.019

0.92

0.96
0.68

0.34

0.075



>26-36 1.15(0.73-1.83) 0.54 1.18 (0.72-1.92) 0.51
>36-46 1.03 (0.63-1.68) 0.91 1.05 (0.64-1.69) 0.85
> 46-60 1.07 (0.66-1.75) 0.78 1.05 (0.65-1.72) 0.83
Immunization coverage
Total 1 [Reference] 1 [Reference]
Partial 1.23 (0.79-1.91) 0.36 0.92 (0.58-1.46) 0.73
Abbreviations: Cl, confidence interval; PR, prevalence ratio.

’One observation with missing data on household size, number of children younger than 5 y, income, storage of cooked
food, birth weight and sex, and two observations with missing data on caste were deleted in the univariate analyses. Four
observations with missing data were deleted from the adjusted analysis. APRs were adjusted for the effect of household size,
number of children younger than 5 years, occupation, religion, caste, monthly income, source of drinking water and storage
of cooked food, and child birth weight, sex, age and immunization coverage.



Table S3 Factors Associated with Underweight in Children Aged 6 to 59 Months in 29 Study
Villages in Orissa, India (N=351)°

Age, mo

Factor Underweight
Crude PR P Adjusted PR P
(95% Cl) Value (95% ClI) Value

Flood exposure level

Household in non-flooded 1 [Reference] 1 [Reference]

village

Household in flooded 1.60(0.98-2.59)  0.060 1.86 (1.04-3.30) 0.036

village
Household size 0.96 (0.88-1.04) 0.35 0.93 (0.85-1.03) 0.16
No. of children younger than 5y

1 1 [Reference] 1 [Reference]

22 1.71(1.08-2.71)  0.021 1.69 (1.05-2.72) 0.031
Occupation

Non-manual 1 [Reference] 1 [Reference]

Agricultural 1.52 (0.66-3.50) 0.33 1.52 (0.60-3.83) 0.38

Manual 1.67 (0.73-3.82) 0.23 1.86 (0.77-4.47) 0.17

Not working 1.07 (0.34-3.26) 0.91 1.10 (0.33-3.65) 0.87
Religion

Hindu 1 [Reference] 1 [Reference]

Muslim 1.03 (0.56-2.59) 0.92 1.10 (0.49-2.48) 0.82
Caste

General class 1 [Reference] 1 [Reference]

Scheduled caste 1.11 (0.59-2.08) 0.75 0.97 (0.53-1.77) 0.91

Other backward class 0.73 (0.43-1.23) 0.24 0.68 (0.37-1.24) 0.21
Monthly income, thousand INR

>9 1 [Reference] 1 [Reference]

>6-9 1.74 (0.84-3.59) 0.14 2.01 (0.89-4.54) 0.095

>3-6 1.35(0.69-2.61) 0.38 1.22 (0.57-2.59) 0.60

<3 2.14 (1.01-4.56)  0.049 1.76 (0.78-3.99) 0.18
Source of drinking water (at the time of the interview)

Well and tap 1 [Reference] 1 [Reference]

Surface water 1.31(0.76-2.28) 0.33 0.99 (0.58-1.71) 0.98
Storage of cooked food

Closed container 1 [Reference] 1 [Reference]

Open container 1.03 (0.61-1.72) 0.91 1.22 (0.59-2.52) 0.60

Refrigerator NA NA NA NA
Birth weight, kg

>2.7 1 [Reference] 1 [Reference]

<2.7 1.82(1.13-2.95)  0.015 1.80(1.11-2.92) 0.017
Sex

Male 1 [Reference] 1 [Reference]

Female 0.99 (0.63-1.57) 0.97 0.90 (0.57-1.42) 0.65



>6-18

>18-26

>26-36

>36-46

>46-60
Immunization coverage

Total

Partial

1 [Reference]
0.67 (0.24-1.89)
1.60 (0.76-3.36)
1.76 (0.84-3.68)
1.99 (0.97-4.12)

1 [Reference]

1.26 (0.66-2.43)

Abbreviations: Cl, confidence interval; PR, prevalence ratio.

0.45
0.22
0.13
0.063

0.48

1 [Reference]
0.75 (0.27-2.12)
2.05 (0.98-4.28)
1.94 (0.94-4.02)
1.99 (0.98-4.04)

1 [Reference]

1.08 (0.58-1.99)

0.59
0.056
0.076
0.057

0.81

“One observation with missing data on underweight was deleted from all the analyses. One observation with missing
data on household size, number of children younger than 5y, income, storage of cooked food, birth weight and sex and
two observations with missing data on caste were deleted in the univariate analyses. Four observations with missing
data were deleted from the adjusted analysis. APRs were adjusted for the effect of household size, number of children
younger than 5 years, occupation, religion, caste, monthly income, source of drinking water and storage of cooked food,
and child birth weight, sex, age and immunization coverage.



Table S4 Factors Associated with Wasting in Children Aged 6 to 59 Months in 29 Study
Villages in Orissa, India (N=347)?

Factor Wasting
Crude PR P Adjusted PR P
(95% ClI) Value (95% Cl) Value

Flood exposure level

Household in non-flooded 1 [Reference] 1 [Reference]

village

Household in flooded 1.08 (0.61-1.91) 0.79 1.21(0.61-2.42) 0.58

village
Household size 0.96 (0.88-1.04) 0.35 0.98 (0.87-1.09) 0.69
No. of children younger than 5y

1 1 [Reference] 1 [Reference]

22 1.47 (0.84-2.58) 0.17 1.29 (0.68-2.45) 0.43
Occupation

Non-manual 1 [Reference] 1 [Reference]

Agricultural 1.52 (0.66-3.50) 0.31 1.66 (0.50-5.54) 0.41

Manual 1.67 (0.73-3.82) 0.29 1.93 (0.59-6.26) 0.27

Not working 1.07 (0.34-3.26) 0.98 0.94 (0.19-4.65) 0.94
Religion

Hindu 1 [Reference] 1 [Reference]

Muslim 0.90 (0.40-2.03) 0.80 1.04 (0.33-3.32) 0.95
Caste

General class 1 [Reference] 1 [Reference]

Scheduled caste 0.64 (0.26-1.56) 0.33 0.54 (0.21-1.39) 0.20

Other backward class 0.70 (0.38-1.29) 0.26 0.72 (0.35-1.47) 0.37
Monthly income, thousand INR

>9 1 [Reference] 1 [Reference]

>6-9 1.15 (0.44-3.08) 0.77 1.27 (0.42-3.86) 0.67

>3-6 1.44 (0.66-3.14) 0.36 1.41 (0.56-3.54) 0.47

<3 2.07 (0.83-5.16) 0.12 2.13 (0.76-6.02) 0.15
Source of drinking water (at the time of the interview)

Well and tap 1 [Reference] 1 [Reference]

Surface water 0.81(0.36-1.83) 0.61 0.83 (0.32-2.15) 0.70
Storage of cooked food

Closed container 1 [Reference] 1 [Reference]

Open container 1.22 (0.51-2.91) 0.65 1.11(0.43-2.91) 0.83

Refrigerator 1.66 (0.28-9.91) 0.58 2.61(0.31-21.73) 0.38
Birth weight, kg

>2.7 1 [Reference] 1 [Reference]

<2.7 1.41 (0.80-2.50) 0.23 1.28 (0.69-2.38) 0.46
Sex

Male 1 [Reference] 1 [Reference]

Female 1.44 (0.82-2.53) 0.20 1.40 (0.76-2.57) 0.28
Age, mo

>6-18 1 [Reference] 1 [Reference]

>18-26 0.67 (0.24-1.87) 0.44 0.68 (0.22-2.06) 0.49



>26-36
>36-46
>46-60

Immunization coverage
Total

Partial

0.83 (0.34-2.01)
0.81 (0.33-2.03)
1.58 (0.74-3.38)

1 [Reference]

1.69 (0.69-4.12)

Abbreviations: Cl, confidence interval; PR, prevalence ratio.

0.68
0.66
0.24

0.25

0.93 (0.35-2.46)
0.84 (0.32-2.19)
1.58 (0.73-3.45)

1 [Reference]

1.36 (0.50-3.68)

0.89
0.72
0.25

0.55

“Five observations with missing data on wasting were deleted from all the analyses. One observation with missing data on
household size, number of children younger than 5y, income, storage of cooked food, and two observations with missing
data on caste were deleted in the univariate analyses. Four additional observations with missing data were deleted from

the adjusted analysis. APRs were adjusted for the effect of household size, number of children younger than 5 years,

occupation, religion, caste, monthly income, source of drinking water and storage of cooked food, and child birth weight,

sex, age and immunization coverage.



