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ABSTRACT— Seasonality of weather and climate can affect many of the complex pathways of nutrition. Methods:
Using Rwanda demographic and health survey (RDHS) and precipitation measurements collected in 2009-2010; we
assessed the association between rainfall and childhood malnutrition: stunting, underweight and wasting. Childhood
under-nutritional status was assessed by Z-scores for weight-for-age (WAZ), weight-for-height (WHZ) and height-for-
age (HAZ), as primary outcomes for this analysis.

A total of 4176 children under five years were included in the analysis. The prevalence of underweight was 11.4%,
stunting was 44% and wasting was 3%. After adjusting potential confounders (mother’s BMI, mother’s education,
residence and wealth indices), children residing in the area with high rainfall were more likely to be stunted
(OR=1.58; 95%CI1=1.28,1.96; p<0.001) while children in the area with moderate and high quantity of rain were less
likely to be wasted (OR=0.50; 95%C1=0.31,0.82; p=0.006 and OR=0.34; 95%CI1=0.20,0.58; p<0.001 respectively).

Rainfall patterns may affect the nutritional status (under-nutrition) of children under five years of age. Estimating
the effect of rainfall on malnutrition may help to better predict regions of vulnerability to under-nutrition. We suggest
further study for more information about the mechanism of this association.
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1. INTRODUCTION

Malnutrition of children under five years of age remains a serious public health problem. An estimated 30% to 70%
of deaths in children under five years in developing countries are directly or indirectly linked to under-nutrition (1-6).
Nutritional outcomes remain an important development indicator and reflect a household’s vulnerability to improved
quality of life. In Rwanda, a country with a high burden of malnutrition (7), half of pediatric deaths can be attributed to
malnutrition that expose children to infection due to the depressed immune function (8) .

The childhood under-nutritional status may be the result, primarily or secondarily, of an inadequate supply, relative
to the body’s needs, of energy and/or essential nutrients (9). Epidemiological evidence suggests that the first response to
a nutritional deficiency is weight loss (wasting), followed by retardation in linear growth (stunting) (10). Wasting reflects
a deficit in weight relative to height due to a deficit in tissue and fat mass (10). If malnutrition persists, children will
cease to grow in height and will lose weight, thus augmenting the process and prevalence of wasting (10,11).
Underweight is measured index of weight-for-age; It is a composite of stunting and wasting and takes into account both
chronic and acute malnutrition. Children with Z-scores of weight-for-age (WAZ), weight-for-height (WHZ) and height-
for-age (HAZ), below minus two standard deviations are classified as underweight, stunted and wasted respectively (7).

In an era of increased attention to weather variation and climate change (12), it is more important to understand the
relationship between malnutrition and rainfall. This evidence can be used to plan more effective interventions for
improving child nutritional status . Several studies have looked at associations between child pneumonia and climate
change (13); rainfall and hand washing hygiene (14) and association between rainfall and food production(15) (16).
These studies found that low rainfall is associated with an increase in childhood pneumonia and reduction of worldwide
food supplies (13). However the association between rainfall and child nutritional status is not fully characterized. This
study looked at the association between rainfall and childhood malnutrition in Rwanda after controlling for known
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factors associated with malnutrition.
2. METHODS
2.1 Study participants and study design

This study uses the data from the 2010 Rwanda Demographic Health Survey (RDHS). The RDHS is a cross-sectional
study conducted by the National Institute of Statistics in collaboration with the Ministry of Health. The RDHS collected
demographic, socioeconomic, health and nutritional information from a nationally representative sample of 13,671
women aged 15-49 from 12,540 households. The sample used a two-stage cluster design and had an overall response rate
of 99%. In the first stage, 492 villages were selected with probability proportional to the number of households from a
national listing of villages. Surveyors mapped all households in the selected villages, and in the second stage, households
were systematically sampled. All women aged 15-49 present in selected households on the night before the survey were
eligible. The survey questionnaires were carefully translated into Kinyarwanda, and back translated to English to ensure
that the questions measured what they intended to measure. Trained enumerators using tested questionnaires collected
data. The RDHS design has been described elsewhere (7).

Daily rainfall data was collected between January 2009 and December 2011 by Rwanda Meteorology Agency in the
Ministry of Natural Resources and were used to estimate total rainfall and rainfall variability. We compared recent
rainfall to global estimates of the 30 year (1971-2000) long-term average calculated by Famine Early Warning Systems
(FEWS) Network (17). Monthly runoff and soil moisture were estimated by the US National Oceanic and Atmospheric
Administration (18), in a one-layer global hydrological model using observed meteorological data.

2.2 Study variables

Data come from the 2010 RDHS, restricted to children under five years that had complete anthropometric data.
Childhood malnutrition was measured by Z-scores for weight-for-age (WAZ), weight-for-height (WHZ) and height-for-
age (HAZ), which are the primary outcome for this analysis. For each child under five years of age, anthropometric
measurements (height and weight) were taken to evaluate nutritional status. We classified children nutritional status
using a cutoff Z-score of below negative two (—2) standard deviations from the median of the reference population (Z-
score<—2) according to the 2006 WHO Growth Reference Chart. WAZ Scores below —2 led to underweight children,
WHZ led to stunted children and HAZ led to wasted children (7).

According to the context and our conceptual framework, we considered different aspects of rainfall that could impact
the child nutritional status as our main predictors. We hypothesized that rainfall may be associated to the infectious
diseases (through quantity and quality of water) and shortage of crops production (figurel). First, we hypothesized that
during dry periods, people may have less water available (14,19,20) and that the quality of that water might be reduced
(21-23). Secondly, we hypothesized that unusually high or low rainfall compared to long-term norms may affect
hygiene practices behavior by forcing community members to alter their behavior during these periods. Underweight and
wasting may be the results of insufficiency intake or infection diseases for a short period. Based on this, we considered
short and long period-related rainfall variables to be associated with underweight and wasting: we considered the
numbers of days with rain of 2mm, the quantity of runoff water in one month to the survey, and the quantity of annual
rainfall in the year to be associated with underweight and the total rainfall in last three month to the survey, the annual
rainfall, a day with heavy rainfall (with 5mm or more per day) and the quantity of rain in last six months compared to the
annual mean rainfall to be associated with wasting. For stunting, we considered long-period rainfall variables including:
total rainfall in the last six months, the annual rainfall and the quantity of rain in the last six months compared to the
annual mean rainfall and variables included child characteristics (sex and age), mother characteristics (age and education)
and household characteristics (region and number of children in the household) were considered.

A Geographic Coordinate (GPS coordinate) was collected in each village and randomly geo-displaced up to 2
kilometers in urban neighborhoods and up to 5 kilometers in rural villages. We used daily rainfall data from the closest
weather station to each surveyed village. Data were spatially joined to the DHS dataset based on village location. From
these data sources, we calculated four rainfall variables corresponding to the village location and date for each survey
collected for the 2010 RDHS survey.

Our proposed conceptual model to describe the relationship between childhood malnutrition and rainfall is displayed
in Figure 1.
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Figure 1. Conceptual framework for the proposed association between rainfall and child nutritional status

2.3 Data Analysis

Descriptive statistics were used to describe the distributions of key variables within the sample. We assessed the
effect of rainfall factors on childhood malnutrition through multivariable logistic regression. We tested for confounders
and only variables that changed the coefficient of the rainfall-nutrition by 10% or more were retained and controlled for
in the final models. All socio-demographic variables that changed the rainfall-nutrition coefficient by 10% or more were
included in the multivariable model as potential confounders of the relationship between underweight, stunting, and
wasting and rainfall factors. The unadjusted model included nutrition outcomes and only all rainfall factors, then the
adjusted model controlled for the potential confounders (mother’s education level, BMI, residence and wealth index).
Odds ratio, 95% Confidence interval and p-value were reported.

Sampling weights were applied with “svyset” commands to all observations to compensate for over-sampling of
urban respondents in the study design, and we accounted for clustering of children within villages. All analyses were
conducted in STATA version 12.0 (StataCorp, College Station, USA).

3. RESULTS

3.1 Sample description and prevalence of child nutritional status (stunting, underweight and wasting) by
socio demographic characteristics

A total of 4177 children under 5 years of age were included in the analysis. Almost one child out of two children
(44.0%) was stunted, one child out of ten was found to be underweight (11.4%) and three out of ten (2.9%) were wasting.
The mean age of children was 29.96 months (Standard Deviation [SD] = 17.02). The sample included 2,101 (50.3%)
males under five years and 2,075 (49.7%) females under five years. Fifteen percent were born with a birth weight < 2.5
kg. A high number of mothers (54.0%) were aged 25 - 34 and the majority of the children have mothers with a primary
and less level of education (91.4 %). Five percent of mothers in this sample were underweight, with BMI<18.5; almost
half of the families 1,848 (44.25%) are in the class of household with poor wealth index (table note displayed).

In bivariate analysis, child nutritional status (stunting, underweight and wasting) was significantly associated with
socio-demographic and household factors. Stunting and underweight status were significantly associated with child age,
sex, size at birth, mother age, education, BMI, number of children under five years per household, residence and wealth
index; but wasting was associated only with child age and mother’s BMI (p<005) (Table 3). Stunting cases were high
among children aged 24 - 35 months (464(52.3%)). Underweight among children aged 48-59 (116(13.9%)) and wasting
among children aged 6 - 11 months (32(7.7%)). Stunting and underweight cases increased as the mother’s age and BMI
increased, and as wealth index improved (Table 1).

Asian Online Journals (www.ajouronline.com) 37




Asian Journal of Agriculture and Food Sciences (ISSN: 2321 — 1571)
Volume 04 — Issue 01, February 2016

Table 1. Distribution of child nutritional status, by demographic and household characteristics of 4176 children under-5
years, DHS 2010 survey.

Characteristics N (%0) p. value N (%) p. value N (%) p. value
Stunting Underweight Wasting
Child characteristics
Child age
<6 59(16.8) 0.000 23(6.5) 0.005 18(5.1) 0.000
6-11 93(22.2) 46(11.1) 32(7.7)
12-23 383(48.8) 100(12.7) 27(3.5)
24-35 464(52.3) 104(11.7) 14(1.6)
36-47 430(51.3) 80(9.5) 10(1.2)
48-59 382(45.7) 116(13.9) 18(2.2)
Child sex
Boys 987(47.7) 0.000 263(12.7) 0.010 69(3.3) 0.111
Girls 825(40.3) 206(10) 50(2.4)
Child size at birth
Not small (>2,500) 1477(42.5) 0.000 344(9.9) 0.000 94(2.7) 0.068
Small at birth (<2500hg) 327(52.2) 123(19.6) 25(4.0)
Mother's age
15-24 years 293(39.7) 0.000 51(6.9) 0.000 24(3.3) 0.208
25-34 years 946(42.5) 233(10.5) 55 (2.5)
35-49 years 573(49.6) 186(16.1) 41(3.5)
Mother’s education level
Primary and less 1729(45.9) 0.000 459(12.2) 0.000 106(2.8) 0.250
secondary and high 82(23.3) 10(2.8) 13(3.8)
BMI
<18,5 underweight 1338(45.2) 0.000 338(11.4) 0.000 85(2.9) 0.039
18,5-24,00 Normal 90(48.7) 45(24.5) 12(6.6)
25,0-29,00 Overweight 171(32.9) 32(6.2) 14(2.7)
>=30 Obesity 23(25) 7(7.8) 1(1.2)
Number of under five children
1-3 children 1037(41.4) 0.000 239(9.6) 0.000 72(2.9) 0.905
4+ child 774(48) 230(14.3) 47(2.9)
Residence area
Urban 131(27.5) 0.000 31(6.4) 0.000 18(3.8) 0.234
Rural 1680(46.2) 438(12) 101(2.8)
Wealth index
Richest 172(25.9) 0.000 34(5.1) 0.000 20(3.0) 0.209
Richer 308(38.7) 74(9.3) 18(2.3)
Middle 378(45.1) 94(11.3) 17(2.0)
Poorer 469(51.2) 130(14.2) 31(3.4)
Poorest 484(53.7) 137(15.1) 32(3.6)

3.3 Prevalence of child nutritional status (stunting, underweight and wasting) and rain variation in the last
decade to the survey

As shown in table 2 below, there are more stunting and underweight cases during the high total rain in the last year,
thus 1309.95mm to 1641.42 mm (51.85%; 11.95% respectively); contrary, more cases of wasting were high among
children whose households were interviewed during the low rain 4.31%. Concerning the abnormality of rain, more cases
of wasting were observed among children interviewed during the period with moderate abnormal rain compared to the
long-term rain -319.41mm to -195.19mm 710 (49.5%) in the last six months compared to the long-term period.
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Table 2. Distribution of nutritional status among under-5 years, by rainfall factors variation.

Variables Frequency Percent P.Value
Stunting Stunted
Annual total mm rain 0.000
785.54 mm to 1031.38 mm 401 35.70
1031.38mm to 1309.95mm 667 42.78
1309.95mm to 1641.42 mm 744 51.85
Difference in measured rainfall for 6 months
compared to the long term rainfall 0.000
-489.58mm to -319,42mm 633 44.12
-319,41mm to -195,19mm 710 49.05
-195,1 mm to 44.28 mm 468 37.96
Underweight Underweight
Annual total mm rain 0.516
785.54 mm to 1031.38 mm 117 10.39
1031.38mm to 1309.95mm 181 11.6
1309.95mm to 1641.42 mm 171 11.95
Difference in measured rainfall for 6 months
compared to the long term rainfall 0.051
-489.58mm to -319,42mm 119 12.48
-319,41mm to -195,19mm 175 12.05
-195,1 mm to 44.28 mm 115 9.35
Wasting Wasted
Annual total mm rain 0.002
785.54 mm to 1031.38 mm 48 431
1031.38mm to 1309.95mm 45 2.89
1309.95mm to 1641.42 mm 26 1.79
Difference in measured rainfall for 6 months
compared to the long term rainfall 0.025
-489.58mm to -319,42mm 43 3.01
-319,41mm to -195,19mm 29 1.97
-195,1 mm to 44.28 mm a7 3.84

3.4 Association between rainfall variation and nutritional status: underweight, wasting and stunting among
children under 5 years

The stunting, underweight and wasting results of the logistic regression models are presented in Tables 5, 6 and 7.
Two models (unadjusted and adjusted) are presented for the outcome to assess the effect of rainfall on childhood
nutritional status. We tested for confounders; only socio-demographic variables that changed the nutrition—rainfall
coefficient by 10% or more were included in the final multivariable model as potential confounders of the relationship
between underweight, stunting, and wasting and rainfall factors. The unadjusted model included nutritional outcomes and
only all rainfall factors, then the adjusted model controlled for the potential confounders (mother’s education level, BMI,
residence and wealth index).

Associations with stunting

After adjusting mother’s education, residence area and wealth indices, rainfall factors were found to favor stunting
among children under five years: Annual total rainfall and abnormal rain compared to the long-term rainfall (difference
in measured rainfall for 6 months compared to the long-term rainfall—30 years—for the same month). The high rainfall
in the last year to the survey negatively favors stunting in the same way as moderate abnormal rain. Children residing in
the area with high quantity of rain were more likely to be stunted (OR=1.58; 95%CI=1.28,1.96; p<0.001) compared to
children in the area with low rainfall. This is the same for the children residing in the area with abnormal rainfall for the
last six months compared to the long-term rain; in moderated abnormally rainy period, the odds of stunting are 1.37
(95%CI1=1.13, 1.66; p=0.001) compared to the children in the area with dry period compared to the expected rain (Table
3).
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Table 3. The models of multivariable logistic regression investigating the effect of rainfall factors on stunting children
under-5 years of age in Rwanda 2010

Unadjusted model Adjusted model

Rainfall and Potential confounders

OR (95%Cl) vaIFLe OR (95%Cl) p value
Annual total mm rain
785.54 mm to 1031.38 mm 1 1
1031.38mm to 1309.95mm 1.36[1.12, 1.66] 0.002 1.15[0.95, 1.40] 0.162
1309.95mm to 1641.42 mm 1.95[1.57, 2.41] 0.000 1.58[1.28, 1.96] 0.000
Difference in measured rainfall for six
months compared to the long term rainfall
-489.58mm to -319,42mm 1 1
-319,41mm to -195,19mm 1.36 [1.13, 1.64] 0.001 1.37[1.13, 1.66] 0.001
-195,1 mm to 44.28 mm 1.040.83, 1.31] 0.741 1.16 [0.92, 1.46] 0.218
Mother's education level
Primary and less 1
Secondary and high 0.59[0.44, 0.81] 0.001
Residence area
Urban 1
Rural 1.28[0.92, 1.78] 0.142
Wealth index
Richest
Poorest 2.33[1.78, 3.05] 0.000
Poorer 2.10[1.61, 2.74] 0.000
Middle 1.66 [1.25, 2.21] 0.000
Richer 1.33[1.02,1.73] 0.035

Associations with underweight

Of the variables tested and after controlling for factors of potential confounders, there were no significant
associations between rainfall and underweight (Table 4). Even though the relationship is not statistically significant,
children in rain period are less likely to be underweight.

Table 4. The models of multivariable logistic regression investigating the effect of rainfall factors on underweight
children under-5 years of age in Rwanda 2010

Unadjusted model Adjusted model

Rainfall and Potential confounders

OR (95%CI) vaﬁJe OR (95%Cl) p value
Annual total mm rain
785.54 mm to 1031.38 mm 1 1
1031.38mm to 1309.95mm 0.99[0.73, 1.35] 0.973 0.86 [0.64,1.15] 0.302
1309.95mm to 1641.42 mm 1.00[0.72, 1.37] 0.978 0.82[0.60,1.12] 0.208
Difference in measured rainfall for six
months compared to the long term rainfall
-489.58mm to -319,42mm 1 1
-319,41mm to -195,19mm 0.96 [0.75, 1.24] 0.748 0.96 [0.75,1.24] 0.761
-195,1 mm to 44.28 mm 0.72 [0.51, 1.01] 0.058 0.80[0.58,1.11] 0.185
Mother's education level
Primary and less 1
Secondary and high 0.31[0.17,0.58] 0.000
Residence area
Urban 1
Rural 1.17[0.74,1.83] 0.505
Wealth index
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Richest

Poorest 2.39[1.53,3.75] 0.000
Poorer 2.18[1.38,3.44] 0.001
Middle 1.71[1.07,2.73] 0.026
Richer 1.42 [0.88,2.28] 0.147

Associations with wasting

After controlling for potential confounders (household wealth and mother’s BMI), rainfall factors were found to be
associated with wasting among the children under five (Table 5). Wasting was positively associated with total rainfall in
the last year to the survey, and abnormal rain compared to the long-term rainfall (difference in measured rainfall for 6
months compared to the long-term rainfall—30 years—for the same month). The cases of wasting decease, as the
quantity of annual rain increases. Children residing in wetter areas with high total rainfall in the last year to the survey
were less likely to be wasted compared to children in areas with low rain in last year: children in the areas with high
quantity of rain (1031.38mm to 1309.95mm) and (1309.95mm to 1641.42 mm) in the last year to the survey are less
likely to be wasted (OR=0.50; 95%CI=0.31,0.82; p=0.006, OR=0.34; 95%CI=0.20,0.58; p<0.001 respectively) compared
to the area with row rain (785.54 mm to 1031.38 mm). Children in the area with moderately abnormal rainfall for the last
six months compared to the long-term rain for the same months are less likely to be wasted compared to those in highly
dry abnormal time (OR=0.52; 95%C1=0.30,0.91; p=0.023).

Table 5. The models of multivariable logistic regression investigating the effect of rainfall factors on wasting children
under-5 years of age in Rwanda 2010

Unadjusted model Adjusted model
Rainfall and Potential confounders
OR (95%Cl) Vaﬁl ] OR (95%Cl) p value
Annual total mm rain
785.54 mm to 1031.38 mm 1 1
1031.38mm to 1309.95mm 0.60 [0.37,0.99] 0.045 0.50[0.31,0.82] 0.006
1309.95mm to 1641.42 mm 0.370.22, 0.62] 0.000 0.34[0.20, 0.58] 0.000
Difference in measured rainfall for six
months compared to the long term rainfall
-489.58mm to -319,42mm 1 1
-319,41mm to -195,19mm 0.53[0.31, 0.89] 0.017 0.52[0.30,0.91] 0.023
-195,1 mm to 44.28 mm 0.80[0.49, 1.32] 0.385 0.84 [0.51,1.40] 0.507
Wealth index
Richest 1
Poorest 1.65[0.89, 3.05] 0.110
Poorer 1.54[0.84,2.81] 0.159
Middle 0.77[0.39,1.52] 0.448
Richer 0.95[0.44, 2.03] 0.107
BMI
<18,5 underweight 2.00[0.97,4.14] 0.061
18,5-24,00 Normal 1
25,0-29,00 Overweight 0.96 [0.55,1.69] 0.895
>=30 Obesity 0.37 [0.05,3.00] 0.354

4. DISCUSSION

This study investigated the association of rainfall factors with the three forms of malnutrition (underweight, stunting
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and wasting) among children under 5 years in Rwanda. Heavy rainfall and flooding can interrupt fieldwork activities or
make farmers have to work longer hours. The hypothesis was that more rainfall is affecting the food production and
relates to water availability that increase hygiene practices for water-borne diseases prevention, and that the increase of
rain pushes people, mostly farmers to a busy time, which leads to less time for childcare or make people inactive due to
heavy rainfall which prevents people to go out to get stove for cooking. Also, we hypothesized that the abnormal rain
may affect the population hygiene practices, but also the infection development depending on the bacterial, virus
development cycle and mechanism: neither a very dry period nor a very heavy rainfall may not facilitate the survival and
development of those pathogens, which causes more infection mostly water-borne diseases.

Our study found that a number of rainfall factors are associated with stunting and wasting, but not associated with
underweight among children under five years in Rwanda. High rainfall in the last year and moderately abnormal rainfall
(difference in measured rainfall for 6 months compared to the long-term rainfall—30 year—for the same month)
negatively favors stunting but positively favors wasting. Children residing in areas with high rain were more likely to be
stunted and were less likely to be wasting. Children in areas with moderately abnormal rainfall for the last six months
compared to the long-term rain for the same month were less likely to be wasted compared to those in highly dry
abnormal time, but were more likely to be stunted. These associations may be related to the availability, accessibility of
water and favorable climate for pathogens development and propagation, hygiene practices, which may lead to water-
borne diseases and infection due to the availability of parents to care for their children.

The majority of the population in Rwanda are famers (90%) (7), the annual quantity of rainfall may indicate the level
of food production during the last year to the survey; being busy with farming activities during moderately rainy season
may lead to poor childcare, thereafter child get malnutrition problems. Also, in periods of high crop yield due to
increased rainfall, less food is available to be retained for the household. Additionally, the availability of water may
increase hygiene practices for diseases prevention. Stunting is the chronic malnutrition issue among children. A child
may be stunted due to lack of enough food intakes, long episode of infectious diseases, which leads to under-nutrition, or
low birth weight, which may be due to family wealth status.

In our study, we found that more rainfall in the last year to the survey and moderately abnormal rain during the last
six months compared to the long-term rain were associated with the increased cases of stunting. This may be due to the
parents’ availability for caring for their children and water-borne diseases infections, which leads to stunting among
children under five years. The important association of rainfall data with stunting has been revealed in other studies and
corroborates our findings (14,19,24-31).

Children who don’t get enough food, with low nutrients intake, may lose weight and be underweight in a short period
of time, and this may be resolved if the child is well fed (11,32). The hypothesis was that more rainfall in the year would
lead to greater availability of food and increased hygiene practices for diseases prevention. Also we hypothesize that the
abnormal rain may lead to change in hygiene practices, which may be associated with water-borne diseases or infection.
After controlling for potential confounders characteristics, we found that there is no significant association between the
quantity of annual rainfall and abnormal rain in the last six months compared to the long-term rain.

Children in areas with more rainfall in the period of the survey were less likely to be wasted than children in the areas
with low quantity of rainfall. This is the same with children interviewed in the period with moderately abnormal rainfall.
Rainfall produces abundant water in the ground, improves the quantity of water available from safe sources, and even the
quality of this water. Also, variation of rainfall influences the sanitation practice that may lead to different infections like
diarrhea that may cause the malnutrition. We suggest this may be due to the infection from poor hygiene, which parents
may face during the dry period due to low availability of water. During rainy periods, water may be available and
improves the hygiene. People who are using the surface water that may be contaminated during rainy periods use
rainwater which may prevent water-borne diseases if it is well collected and kept. This may be the same as what was
found in a study published by Carleton et al., showing that heavy rainfall events were associated with increased diarrhea
incidence among villagers in Ecuador (20).

Greater availability of water may enable households to adopt more hygienic practices such as hand washing.
Suggesting that general conditions of household put children at risk of acute under-nutrition, improved sanitary
conditions are protective against wasting by preventing vectors of infectious diseases, thereby reducing episodes of
illness such as diarrhea which compromises the body’s ability to convert food into energy (10). These results were
consistent with other studies which found that providing children with better overall sanitary conditions prevents diarrhea
and other risk factors for under-nutrition (3,33-35).

The strengths of this study include our nationally representative sample of children with extensive data about social,
economic, and demographic characteristics as well as standardized measures of height and weight. Despite the breadth of
this dataset, there were some important factors that were not measured, such as household food insecurity and political
conditions that might affect food availability in the community. Although household wealth may serve as a proxy for
food security, we recognize it as an imperfect measure.
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Limitations

Despite the breadth of this dataset, there were some important factors that were not measured, such as household food
insecurity and political conditions that might affect food availability in the community. Although household wealth may
serve as a proxy for food security, we recognize it as an imperfect measure. Our data being all cross-sectional, we can
only perform correlation analysis allowing us to generate additional hypothesis; we are therefore unable to draw any
conclusive causal relationship between rainfall and childhood under-nutrition.

5. CONCLUSION

Rainfall patterns found to be associated with under five children nutritional status (under-nutrition).
Estimating the effect of rainfall on malnutrition may help to better predict regions of vulnerability to under-
nutrition. Child malnutrition remains a serious problem in Rwanda and further studies are needed to explore in
depth the effect of rainfall on childhood malnutrition. We recommend an in-depth causal effect evaluation of the
effect of rainfall on nutritional outcomes for more information about the mechanism of this association.
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