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Abstract
Background: Child under nutrition is an underlying factor in millions of under-five child deaths and poor cognitive
development worldwide. Whilst many studies have examined the levels and factors associated with child under
nutrition in different settings, very little has been written on the variation of child under nutrition across seasons.
This study explored seasonal food availability and child morbidity as influences of child nutritional status in Malawi.
Methods: The study used the 2004 Malawi Integrated Household Survey data. Graphical analysis of the variation of
child under nutrition, child morbidity and food availability across the 12 months of the year was undertaken to
display seasonal patterns over the year. Multivariate analysis was used to explore the importance of season after
controlling for well-established factors that are known to influence a child’s nutritional status.
Results: A surprising finding is that children were less likely to be stunted and less likely to be underweight in the
lean cropping season (September to February) compared to the post-harvest season (March to August). The odds
ratio for stunting were 0.80 (0.72, 0.90) and the odds ratio for underweight were 0.77 (0.66, 0.90). The season when
child under nutrition levels were high coincided with the period of high child morbidity in line with previous
studies. Children that were ill in the two weeks prior to survey were more likely to be underweight compared to
children that were not ill 1.18 (1.01, 1.38).
Conclusion: In Malawi child nutritional status varies across seasons and follows a seasonal pattern of childhood
illness but not that of household food availability.
Keywords: Malawi, Stunting, Underweight, Seasonal variation, Child under nutrition, Child morbidity, Food availability

Background
Child under nutrition is one of the big challenges in
global health. Estimates indicate that under nutrition is
implicated in 50% of child deaths in developing countries
every year and in the long-term contributes to poor
cognitive development [1-3]. Whilst many studies have
studied the levels and factors associated with child
under nutrition in different settings in an attempt to
identify better strategies to tackle the problem of child
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under nutrition, very little has been written on the
variation of child under nutrition across seasons. In
countries where the main source of food is own production like in Malawi, the dependence on rain fed
agriculture creates variation in food availability across
seasons. Periods after harvest are abundant with food
whilst cropping periods have less food. It is no surprise
that studies have established an association between
the seasonal food variation and nutritional status
amongst adults whereby seasonal food shortages have
been associated with body weight losses of 2 to 6% of
total body weight [4-7].
The few studies that have investigated the association
between food availability and child nutritional status
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report inconsistent findings. In a study conducted in
Ethiopia, children registered better weight for height
z-scores in a period before harvest compared to a
period after harvest whilst the pattern observed for
adults was as expected, a higher average Body Mass
Index was reported in the season of plenty and a lower
average Body Mass Index in the lean season [8]. On
the other hand, a Kenyan study did not find significant
seasonal differences in children’s mean weight changes
but the percentage of children stunted was higher during
the lean season (51%) compared to the post-harvest
months (28%) [9]. Other studies have compared children’s nutritional status between the wet season and the
dry season and have found than children are more likely
to have poorer nutritional status in the dry season
compared to the wet season [10,11]. Similarly, a study
conducted in rural Malawi reports of significantly
lower levels of wasting (3%) from August to December
(a mixture of dry and wet months) compared to March
a dry month (6%). The same study however found that
there was a rapid decline in children’s weight for age z
scores and height for age z scores for children aged 1
to 6 months and those aged 13 to 36 months in the
rainy season compared to the dry season [12].
Some studies have reported an association between
seasonal morbidity and child nutritional status suggesting
that seasonal morbidity may be a bigger contributor to
seasonal variation in child nutritional status than the
seasonal variation in food availability [13-15]. A study of
the nomadic Turkana children reports that infection
may be an important contributor to the high levels of
nutritional and immunological stress than food availability alone [16]. On the other hand seasonal variation
in agricultural activities may also impact on the amount
of time mothers allocate for child care. A theoretical
framework of the link between the nutritional status of
households and food security stipulates a cause and
effect relationship between the two and specifies that
the ways that agricultural changes may affect food consumption and nutrition include time allocation especially
of women which in turn influences child care, food preparation and energy nutrient expenditures [17]. Mothers
may reduce their time for childcare during and after
harvest time [18-20] and this may contribute to poor
nutritional status of children [19,21]. The importance of
childcare in child nutritional status is echoed by the
findings in India that the relative risk of stunting and
underweight for a child of a working mother was higher
than that of a non-working mother after controlling for
child’s age and the income of the household [22]. Furthermore, in the Bolivian Andes, heavy agricultural
workloads and lack of support for child feeding from
spouses and mother-in-laws were cited as barriers to
improving infant and young child feeding practices [23].
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Anecdotal evidence from Kasungu district in Malawi
(where tobacco is the main cash crop) suggests that
mothers may decide not to take their undernourished
children to nutrition rehabilitation centres during the
busy tobacco processing periods [24]. On the other
hand, household income gains associated with cash crop
production may not have an immediate or large improvement on pre-schooler nutritional status [25]. Previous studies in Malawi report that age of the child,
child illness, the region of residence, rural or urban
residence, and household socio-economic status are
some of the important factors associated with a child’s
nutritional status [26-29].
Whilst it is clear that households in Malawi experience
variation in food availability across seasons, it is not
known if at the national level, the variation of child
under nutrition follows a pattern similar to that of food
availability or that of child morbidity. Such information
would be important in identifying the types of interventions that are required to tackle child stunting and
underweight in Malawi, currently estimated at 47% and
13% respectively [30]. In this study, we analyse the
variation of child under nutrition, child morbidity and
household food availability across seasons in Malawi.
We hypothesize that child under nutrition will vary between the seasons following the pattern of seasonal food
availability, such that the lean period should have higher
levels of undernourished children whilst the post-harvest
period should have lower levels of undernourished children. Since the lean period is also the wet season when
children are at increased risk of diarrhoea and malaria, we
also hypothesize higher child morbidity and hence higher
under nutrition in the lean, wet periods compared to the
post-harvest, dry periods.

Methods
We used the 2004 Malawi Integrated Household Survey
(IHS 2) data which were collected from March 2004 to
March 2005 by the National Statistical Office of Malawi.
The (IHS 2) data were made available for use to the authors
by the National Statistical Office of Malawi and are
available for use by the general public through sending a
request to the National Statistical Office of Malawi. The
IHS 2 is similar to the World Bank sponsored Living
Standards and Measurement Surveys and was a nationally representative cross-sectional study. The sample for
IHS 2 was drawn using a two-stage stratified sampling
procedure. The sample frame included all three regions
of Malawi; north, centre and south. The country was
stratified into urban and rural strata. The first stage involved selection of enumeration areas for each stratum
on the basis of probability proportional to size based on
the enumeration area listing from the 1998 Population
and Housing Census. In the second stage, 20 households
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were randomly selected from each enumeration area,
which resulted in a total of 11,280 households eligible
for interviews. The households eligible for interviews
were grouped into 12 groups in each district such that
each group was interviewed once across the twelve
months of the year. Interviews were conducted in
10,777 households through a single visit representing a
96% response rate. Interviews were conducted with
household heads to collect household data, whilst mothers
and guardians provided children’s information. In
households with children aged 6 to 59 months, child
anthropometric measurements were taken. In some
cases households had to be visited twice if children
were not available during the first visit. Anthropometric
data was available for 6,687 children and this is the sample
that was used in this study. More information relating to
the survey design and how the data were collected can be
accessed via the National Statistical Office of Malawi website: http://www.nsomalawi.mw/.
Among others, the IHS 2 data have information on
household’s food and non-food expenditure in the past
week, household poverty statusa, illnesses in the past
two weeks, participation in nutrition programmes and
participation in under-five clinics which provide for rich
analyses in relation to factors associated with child
under nutrition. To ensure comparability of data on food
expenditure across the year, z scores were obtained on
expenditure on food separately for those interviewed in
the period September to February (the lean months) and
those interviewed from March to August (the post-harvest
period) and then the data were merged together for
analysis. Since the data were collected throughout the
year across all districts, it is possible to estimate stunting,
underweight, morbidity and household characteristics for
Malawian children across different time periods of the
year. There is missing information on the following variables: participation in nutrition interventions (0.13%), participation in under-five clinics (0.10%), quality of housing
(24.5%) toilet facility (25.6%) and qualification of household head (25.6%). We maintained the missing cases on
the variables on quality of housing, toilet facility and qualification of household head by including a category for the
cases with missing data in each of the variables.
The height-for-age z-scores and the weight-for-age
z-scores were computed using the WHO Anthro software
version 3.2.2 based on the 2006 WHO growth standards
[31]. Before importing the height data into Anthro software, heights greater than 150 cm or lower than 38 cm,
which constituted less than 0.5% of the total sample, were
set at missing due to implausibility [32]. The height for
age z- scores were all within the range of -6 and 6 in line
with the WHO recommendations on plausible range for
height-for-age z scores. An investigation of the distribution of the height for age z scores (haz) and weight for age
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z scores (waz) indicated that both the haz and waz were
not normally distributed and as such we computed binary
response variables instead of treating the response variables as continuous. Based on the WHO recommendations, a child with a height-for-age z score of less
than -2 is defined to be stunted and a child with a
weight-for- age z score of less than -2 is defined to be
underweight. We assigned a value of 1 if the child is
stunted or underweight and 0 otherwise. Stunting is an
indicator of chronic under nutrition while underweight
is a composite measure of chronic (stunting) and acute
under nutrition (wasting) [33].
In general, seasons in Malawi can be broken into four
distinct periods: the warm and wet season from December
to February with heavy rains during which cropping takes
place; the warm and dry season from March to May; the
cool and dry season from June to August and the hot
and dry season from September to November. November
however is variable since heavy rains can start in this
month, particularly in the southern parts of the country.
To simplify the weather terminologies the months from
September to February are defined as the wet season
whilst the months from March to August are defined as
the dry season. To analyse food availability across the year,
an exploration of annual household food expenditureb
across the year is done. In terms of seasonal food availability, the months from September to February are grouped
together as they depict the lean months whilst the months
of March to August are characterised by better food security following the harvests. On average all the months
in the harvest period are in the dry season and all the
months in the lean period belong to the wet season. It is
therefore possible to analyse the levels of child morbidity
across the weather seasons linked to the food availability
seasons.
We undertook preliminary analyses using graphs to
assess similarities/differences in the patterns of food availability, child under nutrition and child morbidity across
the survey year. Chi- square tests were used to test the association between stunting or underweight and a range of
child-level and household socio-economic characteristics.
The choice of socio-economic variables used in this study
was informed by published literature on the determinants
of child nutritional status and child survival and findings
from previous studies in Malawi. These variables are described in Table 1 [26-29,34-38]. A P Value cut off point
of 0.05 was used to establish if the association was statistically significant. We checked for multicollinearity between
the predictor variables by assessing the correlation of their
coefficients after running the regression and were satisfied
that the correlation was low; r < -0.5 for all the coefficients. The highest correlation was between the coefficient
of the missing category of the variable on improved floor
and permanent roof and the coefficient of the missing
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β1 to β11 are coefficients for the explanatory variables x1
to x11.

Table 1 Characteristics of the under-five children
(6-59 months) studied, IHS-2 data
Variable

Percentage

N

60.0

6,687

Stunted

50.1

6,687

Underweight

12.7

6,687

Participates in a nutrition intervention

3.5

6,678

Participates in an under-five clinic

60.6

6,680

Female

51.1

6,687

Children ill in the past two weeks

39.6

6,687

84.0

6,687

Period of interview is March to August
Child characteristics

Household characteristics
Household has a toilet facility
Household had piped or protected water source

66.9

6,687

House has no permanent roof

17.9

6,687

House does not have an improved floor

81.5

6,687

Household head has no education qualification

75.8

6,687

Household head has primary education

10.6

6,687

Household head has junior secondary school
education or higher

14.4

6,687

Poor

55.2

6,687

9.6

6,687

North

11.9

6,687

Central

42.5

6,687

South

45.6

6,687

Location characteristics
Urban

category of the variable on qualification of the household
head which was estimated at -0.47 in the stunting model
and -0.49 in the underweight model.
Previous studies undertaken in Malawi have reported
clustering of underweight in households and communities [27,39]. Our initial exploration of the data indicated
that about 23% of the households had two children under
the age of five and that the average number of children
per community was 123 which entailed the need to undertake a multilevel model [40]. However, the stunting and
underweight variances at both the household and community levels were no longer significant after including predictor variables and therefore we undertook a single level
model. The fitness of the final model was tested by obtaining a classification table to identify the percentage of cases
that the models correctly specified.
We used the logit link, a function that models the probability that a child is stunted or underweight as follows:
 π 
¼ β0 þ β1 x1 þ þ β2 x2 þ ⋯ þ β11 x11
log e
1−π

Where x1 to x11 represent explanatory variables that
are described in Table 1, β0 is the overall intercept and

Results
Table 1 presents a summary of socio-demographic and
economic characteristics of the children studied. The
estimate for underweight among children aged 6-59
months is 12.7% and the estimate for stunting is 50.1%.
The table also shows that just over half (51.1%) of children were female, 39.6% were ill in the two weeks before
the interview, only 3.5% attended a nutrition intervention,
55.2% of the households were poor, 81.5% did not have an
improved floor and 75.8% of the household heads had no
education qualification. The mean age of the studied children was 32 months.
Factors associated with stunting and underweight

Table 2 presents the results of the Chi square test of the
association between stunting and underweight and various
characteristics analysed in this study.
The results show that stunting and underweight levels
are significantly higher amongst children from households
that were interviewed between March and August, those
participating in a nutrition intervention, male children,
children from households without piped or protected
water source, children from households without a permanent or an improved floor and children from households where the head had no qualification compared to
their counterparts. Stunting is also significantly higher
amongst children from households without a toilet facility,
households identified as poor, those from the central region compared to their counterparts whilst underweight is
higher amongst children that were participating in an
under-five clinic and those that were ill compared to their
counterparts.
Variation of food availability by month of interview

The results for the analysis of household annual food
expenditure show that household annual food expenditure is significantly higher for the households that
were interviewed in the months of March to August
compared to households that were interviewed in the
months of September to February as shown in Figure 1.
A similar pattern was obtained for the analysis based
on standardised annual household food expenditure.
Variation in child under nutrition by month of interview

It is expected that child under nutrition should vary
across the year since availability of food varies across the
year and because the rate of child illnesses may differ
across different seasons. In Malawi, periods soon after
harvest which is around March/April have abundant
food whilst from November to February there is severe
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Table 2 Association between stunting, underweight and various characteristics, IHS-2 data
Variable
Interviewed March to August

% stunted

Chi square P Value

% underweight

Chi square P Value

N

52.0

<0.001

13.8

<0.01

4,012

<0.01

25.1

Interviewed September to February

47.2

Participates in a Nutrition Intervention

59.9

Does not

49.6

Participates in under-five clinic

49.8

Does not

50.5

11.0

2,675
<0.001

12.2
0.59

13.9

226
6,452

<0.001

10.8

4,137
2,543

Child characteristics
Male

52.5

Female

47.6

Child was ill

50.5

Child was not ill

49.8

<0.001

14.5

<0.001

11.0
0.56

14.0

3,279
3,408

0.02

11.9

2,661
4,026

Household characteristics
Has a toilet facility

50.6

<0.001

12.1

0.09

4,216

No toilet

55.1

12.5

760

Missing

46.4

14.3

1,711

Has piped or protected water source

49.4

Neither piped nor protected water source

55.2

Missing

46.5

Has permanent roof and improved floor

41.8

<0.001

10.9

<0.001

14.6

1,610

14.2
<0.001

7.0

3,333

1,711
<0.001

812

Has either a permanent roof or an improved floor

49.9

9.1

485

No permanent roof and no improved floor

53.5

13.6

3,686

Missing

46.3

Household is poor

51.1

Household is not poor

48.3

14.3
0.04

13.4

1,704
0.08

11.8

3,710
2,977

Household head qualification
No qualification

53.2

Primary school certificate

48.2

<0.001

13.3

<0.001

9.9

3,693
570

Junior secondary school or higher

43.2

7.7

715

Missing

46.4

14.2

1,709

Location characteristics
Northern region

47.9

<0.001

11.7

0.09

1,093

Central region

53.2

13.7

2,645

Southern region

47.7

12.0

2,949

Urban

46.6

Rural

50.4

shortage of food. This is supported by analysis shown in
Figure 1. An analysis of the proportion of children stunted,
underweight and wasted by month of interview is given in
Figure 2. The Figure shows that the proportion of children
stunted is much lower in January and February compared
to all other months. On average, the proportion of children stunted is lower in the months of September to
February compared to the months of March to August.
A similar pattern is observed for the proportion of children

0.07

11.3
12.8

0.28

713
5,974

underweight and the proportion of children wasted. The
proportions of children stunted, underweight and wasted
for households that were interviewed in the period of
March to August were 0.52, 0.14 and 0.03 respectively
whilst for the months of September to February these were
0.47, 0.11 and 0.02 respectively. The difference in the proportion of children stunted and those underweight was
statistically significant (P value <0.01), but not significant
for wasting (P value 0.07).
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Figure 1 Annual household food expenditure by month of interview (IHS 2 data).

Variation of child morbidity by month of interview and
season

0

.2

.4

.6

Considering the important association between child
morbidity and child under nutrition and the fact that
child morbidity might vary across seasons as shown in
previous studies, this section analyses how child illnesses
in general vary across the interview months and the different seasons in Malawi. Figure 3 shows the proportion
of children that were ill in the last two weeks for each
month. Child illnesses included diarrhoea, lower respiratory infections, fever, stomachache and upper respiratory
infections. The proportion of children who were ill is

significantly higher in April compared to the rest of the
months, although not significantly different from the
proportion of children ill in the month of May. On
average the estimate for the percentage of children ill
in the months of March to August (the dry season) was
42.8%, and was higher than in the months of September to
February (predominantly wet season), 34.8% P value <0.01.
Based on the above analysis, the period of high child
illness is similar to the period with high stunting and
underweight rates shown in Figure 2. However, contrary
to our hypothesis, the period of high child illness is the
dry season and not the wet season.

Jan

Feb March April

May

June

July

Aug

Sept

Oct

Nov

Month of interview
stunted
wasted

underweight

Figure 2 Proportion of children stunted, underweight and wasted by month of interview (IHS 2 data).
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Jan

Feb

Mar

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Monthofinterview
95% confidence interval

Figure 3 Proportion of children ill by month of interview (IHS 2 data).

Multivariate analysis results

The bivariate analysis indicate that the levels of stunting
and the levels of underweight are higher in the months
of March to August compared to the months of September
to February. To further confirm if the difference in stunting
and underweight rates between the two periods is statistically significant, multivariate analysis were undertaken
controlling for factors presented in Table 1. The classification table obtained after running the stunting and
underweight regression models to check for model fitness
indicated that 59.5% of cases were correctly specified in
the stunting model whilst 87.5% cases were correctly specified in the underweight model. The multivariate analysis
results are given in Table 3. The results show that the
period of interview is significantly associated with a child’s
stunting status and child’s underweight status. Children
from households that were interviewed between September to February were less likely to be stunted and were less
likely to be underweight compared to children from
households that were interviewed in the months of March
to August; odds ratio 0.80(0.72, 0.90) and 0.77 (0.66, 0.90)
respectively. The odds of stunting were lower for female
children compared to male children 0.80(0.72,0.89)
and the odds of underweight were also lower for female
children compared to male children 0.72(0.62,0.84).
Children that were ill in the two weeks prior to the
interview were more likely to be underweight compared
to children that were not ill 1.18(1.01,1.38). The results
appear to support our hypothesis that child under nutrition follows a seasonal pattern of child morbidity but
not our hypothesis that child under nutrition follows a
seasonal pattern similar to that of food availability.
There was no significant association between a child’s
chronic under nutrition, measured by stunting status,
and child illness.

The quality of housing (whether a household has a
permanent roof or an improved floor or both) had a significant association with both stunting and underweight
status. This factor appeared to be particularly important
to a child’s underweight status compared to a child’s
stunting status. Compared to children from households
that had neither an improved floor nor a permanent
roof, the odds of underweight were 0.53(0.37,0.75) and the
odds of stunting were 0.70(0.58,0.86) amongst children
from households that had both a permanent roof and an
improved floor. The annual household food expenditure
was only significantly associated with a child’s stunting
status. A one unit increase in the household’s mean z
score of food expenditure was associated with a reduction
in the odds of stunting by 8%. Children from households
with access to piped water or a protected water source
had lower odds of underweight compared to children
from households without access to piped or protected
water source; 0.80 (0.66,0.97). The odds of stunting were
significantly higher for children from the Central region
compared to children from Northern region; 1.19
(1.03,1.39). No association was established between a
child’s nutritional status and factors such as toilet facility
and residing in urban or rural areas.

Discussion
This study has found that child under nutrition varies
across seasons in Malawi. The months of March to August
which comprise the harvest season and also the dry weather season have significantly higher levels of stunting and
underweight compared to the months of September to
February which comprise the lean cropping months and
the wet season. Children are more likely to be ill during
the months of March to August compared to the months
of September to February and children that were ill in the

Chikhungu and Madise BMC Public Health 2014, 14:1146
http://www.biomedcentral.com/1471-2458/14/1146

Page 8 of 11

Table 3 Multivariate analysis results for children’s stunting and underweight, IHS-2
Variable

Stunting 95% confidence Underweight 95% confidence
odds ratio
interval
odds ratio
interval

Period of interview is September to February

0.80

(0.72,0.90)

0.77

(0.66,0.90)

0.80

(0.72,0.89)

0.72

(0.62,0.84)

Age squared

0.69

(0.65,0.73)

0.92

(0.84,1.01)

Age

1.42

(1.34,1.51)

1.13

(1.03,1.23)

Child was ill

1.10

(0.99,1.23)

1.18

(1.01,1.38)

Annual household expenditure on food

0.92

(0.87,0.98)

0.97

(0.89,1.06)

Medium housing quality ( Household has a permanent roof or an improved floor)

0.91

(0.74,1.12)

0.65

(0.46,0.93)

High housing quality (Household has both a permanent roof and improved floor)

0.70

(0.58,0.86)

0.53

(0.37,0.75)

Missing

0.78

(0.32,1.86)

1.71

(0.66,4.41)

Household has a toilet facility

0.94

(0.80,1.11)

1.14

(0.89,1.46)

Missing

1.01

(0.46,2.18)

1.40

(0.55,3.55)

Household has protected water source

0.88

(0.77,1.00)

0.80

(0.66,0.97)

Missing

1.21

(0.69,2.11)

0.89

(0.35,2.24)

Primary school certificate

0.89

(0.73,1.06)

0.78

(0.57,1.06)

Secondary school certificate or higher

0.84

(0.70,1.03)

0.71

(0.50,1.00)

Missing

1.00

(0.43,2.36)

0.51

(0.19,1.35)

Central region

1.19

(1.03,1.39)

1.13

(0.90,1.42)

Southern region

0.96

(0.82,1.12)

1.03

(0.81,1.30)

0.93

(0.77,1.13)

0.81

(0.60,1.07)

Reference : March to August
Child characteristics
Female
Reference is Male

Reference: Child was not ill
Household characteristics

Reference: Poor Housing quality (household has neither a permanent roof nor an
improved floor)

Reference: No toilet facility

Reference: No protected water source
Household head’s qualification:

Reference: No education)
Location characteristics

Reference: Northern Region
Rural
Reference: Urban

two weeks prior to the survey were more likely to be
underweight. There is a significant association between
annual household expenditure on food and a child’s stunting status. Although the months of March to August
which have better access to food have higher levels of
child under nutrition, the multivariate results indicate that
household annual expenditure on food overall is positively
associated with better children’s nutritional status, in line
with previous studies that indicate the importance of
household socio-economic status in children’s nutritional
status [28,34,35,41]. This suggests that the explanations

for the finding from this study of higher stunting and
underweight levels amongst children from households
that were interviewed in the harvest season (March to
August) compared to those from households that were
interviewed in the hunger season (September to February)
may not be wholly to do with food availability.
Based on anecdotal evidence [42], the pattern of
undernourished children requiring admissions in Malawi
does follow the trend of food scarcity shown in Figure 1
with more admissions occurring during the months of
January to February. This pattern appeared to be supported
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by statistics from the Nutrition Unit of the Malawi
Government’s Ministry of Health on admissions for
severely undernourished children which also showed
that the highest number of children on the Supplementary
Feeding Programme (SFP) and the Outpatient Therapeutic Programme (OTP) in 2011 was in the months of
January and February [43]. The fact that in the hunger
months more undernourished children are treated, as
shown by the higher levels of OTP admissions and that
more children are on the SFP compared to the harvest
time could also explain the lower stunting and underweight rates experienced during this period, since those
severely undernourished may have been in hospitals when
the household interviews were conducted, whilst on the
other hand the SFP could be contributing to the relatively
better nutritional status of children during the lean months.
Although the criterion for the OTP is acute malnutrition,
particularly wasting, it is possible that some of the children
that are wasted may also be stunted or underweight. Not
only does evidence suggest that wasting is closely associated
with stunting [44,45] but stunted children may have physical indicators of malnutrition which reveal poor short-term
health growth such as a lower mid arm circumference, skin
discoloration and thin limbs [46].
Whilst the unexpected relationship between food availability and child nutritional status could be explained by
there being a lag between a child suffering from hunger
and being affected by under nutrition, which would be
particularly true for stunting which measures chronic
under nutrition, the findings of this study that the other
two common measures of child under nutrition, wasting
(which measures short term under nutrition) and underweight (a composite of short term and long term under
nutrition) followed a pattern similar to that of stunting do
not support such explanation.
Although these findings are not what one would expect,
they are in line with studies that have reported poorer
children’s nutritional status in the dry months compared
to the wet months since in Malawi the harvest season is
dry and the lean season is wet [10,11]. It is possible that
although households have less maize (Malawi staple food)
and other foods that are produced through farming during
the months of September to February, households may
have abundant food that naturally grow with the rains i.e.
mangoes, pumpkins and other vegetables which are rich
in vitamins i.e. vitamin A, and C that are also vital for
child health and nutritional status [47-49]. But still, there
could be other factors that also vary across seasons that
influence children’s nutritional status. Seasonal food availability could not explain seasonal variation in growth
velocity amongst Shanghai infants and seasonal changes
in child nutritional status in Ethiopia [8,50].
Another likely explanation of the unexpected relationship between food availability and child stunting status
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established in this study could be that although food
availability varies across the year, food consumed by children does not really vary across the year to an extent of
influencing a child’s nutritional status, and that perhaps
other factors such as child illness that also vary across
the year are more influential than food availability. This
explanation appears to be supported by the pattern shown
in Figure 3 which shows that on average child illnesses are
higher in the months of March to August. Although child
diarrhoea could not explain the seasonal variation in
growth velocity amongst Shanghai infants, the role of
infection and illness across seasons and its association
with child nutritional status has been reported in several
settings [8,14,15,50]. Conceptual frameworks on child nutritional status cite child morbidity as one of the factors
that is very closely associated with child nutritional status,
whilst household food availability may influence a child’s
nutritional status through a child’s nutrient intake [36,37].
Child morbidity may have a greater impact on a child’s
nutritional status compared to nutrient intake per say by
reducing a child’s uptake of nutrients through loss of
appetite, increased metabolism and reduced absorption of
nutrients. Prolonged morbidity may result in children getting caught up in a vicious circle of poor health and poor
nutrition, thus jeopardising their chances of recovering
from any illness quickly [51-53]. The role of childhood illnesses in influencing a child’s nutritional status in general
has been widely reported [27,39,53,54].
It is also possible that parents and guardians whose
main livelihood is farming reduce the amount of time
allocated for child care during the busy harvesting times
[18,19]. One way that agricultural changes may affect
food consumption and nutrition is time allocation [17].
The reduced time allocated for child care could be a
contributing factor to the lower numbers of children participating in nutrition interventions during the harvest
time in Malawi especially amongst communities whose
main livelihood is tobacco farming such as in Kasungu
[24]. Whilst household wealth plays an important role in
influencing better nutritional status for children [35,41]
the benefits of income obtained through cash crop production to children’s nutritional status may not be immediate or large [25] and may be outweighed by the less time
that women have to spend for child care [19,21-23].
The estimate for underweight of 12.7% in this study is
much lower than that from the 2004 Malawi Demographic
and Health Survey report at 18.5% [55]. This is probably
because different types of weigh scales were used in taking
weight measurements for children. The IHS 2 used salter
scales whilst the 2004 MDHS used electronic scales. It is
possible that the underweight estimate from the IHS 2 is
underestimated due to a higher likelihood of approximation in salter scales. The estimate for stunting among children 6-59 months of age from IHS 2 is also lower
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estimated at 50.1% compared to 52.7% from the 2004
MDHS, but the difference is not huge. The likely effect of
the difference in the estimates is that, the power to detect
significant factors may be reduced. However, this may not
have a large impact on our study findings whose main
focus was to explore seasonal variation of child under
nutrition and the role of food availability and child
morbidity. Since our study is based on cross-sectional
data, we are not able to establish any causation between
factors at different time points but are only able to describe differences in child nutritional status in different
seasons and the potential explanatory factors.

Conclusions
Child under nutrition in Malawi varies across seasons
and the pattern is similar to that of the seasonal variation
in child illnesses. On average, periods with a higher proportion of children that are affected by illnesses have a
higher proportion of children that are undernourished
and child illness is a significant predictor of underweight.
Since the harvesting periods are dry whilst the lean period
is wet, the lower levels of child under nutrition during the
lean, wet periods could be explained by better access to
nutrient rich foods that grow with the rains. On the other
hand reduced child care during the busy harvesting period
could also contribute to the poor child nutritional status
experienced during this period. The Malawi Government
should therefore intensify its community outreach component of the Community-based Therapeutic Care for
the management of acute malnutrition but also consider
implementing child health promotion programmes during
the months of March to August, the period when child
morbidity is high.
Endnotes
a
Poor households are those below the national poverty
line. The poverty line is the minimum expenditure required
to meet the minimum daily calorific requirements plus
some minimum non-food expenditure.
b
Annual household food expenditure is the monetary
value of what the household consumed in the past 7 days
before the day of interview in Malawi Kwacha multiplied
by 52 (weeks) and is adjusted for spatial and temporal
price deflators. It includes consumption from own production, purchases, as well as gifts and other sources.
Competing interests
There are no competing interests in this submission.
Authors’ contributions
LC: Conception, data analysis, interpretation of the findings and drafting the
manuscript. NM: Conception, and interpretation of the findings. Both authors
read and approved the manuscript.
Authors’ information
LC (PhD) is a Teaching fellow at the University of Southampton.

Page 10 of 11

NM (PhD) is Professor of Demography and Social Statistics at the University
of Southampton.
Acknowledgements
The authors would like to acknowledge the financial support provided by
the ESRC (grant number ES/G019630/1) which enabled this study to be
conducted. A previous version of this paper was presented at the British
Society for Population Studies Conference held from 9th to 11th September
2013 at the University of Swansea in United Kingdom.
Received: 5 May 2014 Accepted: 20 October 2014
Published: 5 November 2014
References
1. Hoddinott J, Maluccio JA, Behrman JR, Flores R, Martorell R: Effect of a
nutrition intervention during early childhood on economic productivity
in Guatemalan adults. Lancet 2008, 371(9610):411–416.
2. Victora C, Adair L, Fall C, Hallal P, Martorell R, Richter L, Sachdev H, Maternal
and Child Undernutrition Study Group: Maternal and child undernutrition:
consequences for adult health and human capital. Lancet 2008,
371:340–357.
3. Rice A, Sacco L, Hyder A, Black R: Malnutrition as an underlying cause of
childhood deaths associated with infectious diseases in developing
countries. Bull World Health Organ 2000, 78(10):1207–1221.
4. Dugdale AE, Payne PR: A model of seasonal changes in energy balance.
Ecol Food Nutr 1987, 19(3):231–245.
5. Ferro-Luzzi A, Scaccini C, Taffese S, Aberra B, Demeke T: Seasonal energy
deficiency in Ethiopian rural women. Eur J Clin Nutr 1990,
44(Suppl 1):7–18.
6. Rosetta L: Sex differences in seasonal variations of the nutritional status
of Serere adults in Senegal. Ecol Food Nutr 1986, 18(3):231–244.
7. Schultink WJ, Klaver W, Van Wijk H, Van Raaij JM, Hautvast JG: Body weight
changes and basal metabolic rates of rural Beninese women during
seasons with different energy intakes. Eur J Clin Nutr 1990,
44(Suppl 1):31–40.
8. Ferro-luzzi A, Morris SS, Taffesse S, Demissie T, D’amato M: Seasonal
Undernutrition in Rural Ethiopia, Magnitude, Correlates and Functional
Significance. Washignton DC: International Food Policy Research Institute;
2001.
9. Kigutha HN, van Staveren WA, Veerman W, Hautvast JG: Child malnutrition
in poor smallholder households in rural Kenya: an in-depth situation
analysis. Eur J Clin Nutr 1995, 49(9):691–702.
10. Egata G, Berhane Y, Worku A: Seasonal variation in the prevalence of
acute undernutrtion among children under five years of age in east rural
Ethiopia: a longitudinal study. BMC Public Health 2013, 13:864.
11. Bechir M, Schelling E, Bonfoh B, Seydi M, Wade S, Moto D, Tanner M,
Zinsstag J: Seasonal variations in the nutritionals status of nomad and
sedentary children less than 5 years of age living in the Sahel in Chad.
Med Trop (Mars) 2010, 70(4):353–358.
12. Maleta K, Virtanen SM, Espo M, Kulmala T, Ashorn P: Seasonality of growth
and the relationship between weight and height gain in children under
three years of age in rural Malawi. Acta Paediatr 2003, 92(4):491–497.
13. Simondon KB, Simondon F, Costes R, Delaunay V, Diallo A: Breast-feeding is
associated with improved growth in length, but not weight, in rural
Senegalese toddlers. Am J Clin Nutr 2001, 73(5):959–967.
14. Rowland MGM, Cole TJ, Whitehead RG: A quantitative study into the role
of infection in determining nutritional status in Gambian village
children. Br J Nutr 1977, 37:441–450.
15. Panter-Brick C: Seasonal growth patterns in rural Nepali children. Ann
Hum Biol 1997, 24(1):1–18.
16. Shell-Duncan B: Impact of seasonal variation in food availability and
disease stress on the health status of nomadic Turkana children: a
longitudinal analysis of morbidity, immunity, and nutritional status.
Am J Hum Biol 1995, 7:339–355.
17. Mebrahtu S, Pelletier D, Pinstrup-Andersen P: Agriculture and Nutrition. In
Child Growth and Nutrition in Developing Countries: Priorities for Action, Ithaca
and London. edn. New York: Cornell University Press; 1995.
18. Huffman SL, Chowdhury A, Chakraborty J, Simpson NK: Breast-feeding
patterns in rural Bangladesh. Am J Clin Nutr 1980, 33(1):144–154.
19. Wandel M, Holmboe-Ottesen G: Women’s work in agriculture and child
nutrition in Tanzania. J Trop Pediatr 1992, 38(5):252–255.

Chikhungu and Madise BMC Public Health 2014, 14:1146
http://www.biomedcentral.com/1471-2458/14/1146

20. Paolisso M, Baksh M, Thomas JC: Womens agricultural work child care and
infant diarrhea in Rural Kenya. In Women, work, and child welfare in the
Third World. edn. Colorado: Westview Press; 1989.
21. Rabiee F, Geissler C: The impact of maternal work load on child nutrition
in rural Iran. Food Nutr Bull 1992, 14(1):43–48.
22. Abbi R, Christian P, Gujral S, Gopaldas T: The impact of maternal work
status on the nutrition and health status of children. Food Nutr Bull 1991,
13(1):20–25.
23. Jones AD, Cruz Agudo Y, Galway L, Bentley J, Pinstrup-Andersen P: Heavy
agricultural workloads and low crop diversity are strong barriers to
improving child feeding practices in the Bolivian Andes. Soc Sci Med
2012, 75(9):1673–1684.
24. Mapemba M: Meeting to discuss implementation of nutrition
interventions. In Concern Worldwide. Lilongwe, Malawi: Personal
Communication; 2012.
25. Kennedy E, Bouis H, Von Braun J: Health and Nutrition effects of cash crop
production in developing countries: a comparative analysis. Soc Sci Med
1992, 35(5):689–697.
26. Madise NJ, Mpoma M: Child malnutrition and feeding practices in Malawi.
Food Nutr Bull 1997, 18(2):190–201.
27. Madise N, Matthews Z, Margetts B: Heterogeneity of child nutritional
status between households: a comparison of six sub-Saharan African
countries. Popul Stud 1999, 53(3):331–343.
28. Chirwa EW, Ngalawa HP: Determinants of child nutrition in Malawi. S Afr J
Econ 2008, 76(4):628–640.
29. Kazembe NK, Katundu MC: Mapping and Prediction of Childhood
Undernutrition to Assist Geographical Targeting of Interventions in Malawi:
Secondary Analysis of 2006 Malawi MICS data. Lilongwe, Malawi: UNICEF;
2010.
30. Malawi National Statistical Office, ICF-Macro: Malawi Demographic and
Health Survey (2010 MDHS). ; 2011.
31. de Onis M, Garza C, Victora CG, Onyango AW, Frongillo EA, Martines J: The
WHO multicentre growth reference study: planning, study design, and
methodology. Food Nutr Bull 2004, 25(1 Suppl):S15–S26.
32. WHO: Training Course on Child Growth Assessment: WHO Child Growth
Standards. Edited by WHO. Geneva: WHO; 2008.
33. Nandy S, Irving M, Gordon D, Subramanian SV, Smith GD: Poverty, child
undernutrition and morbidity: new evidence from India. Bull World Health
Organ 2005, 83(3):210–216.
34. Hong R, Mishra V: Effect of wealth inequality on chronic under-nutrition
in Cambodian children. J Health Popul Nutr 2006, 24(1):89–99.
35. Hong R, Banta J, Betancourt J: Relationship between household wealth
inequality and chronic childhood under-nutrition in Bangladesh. Int J
Equity Health 2006, 5(1):1–10.
36. Millard AV: A causal model of high rates of child mortality. Soc Sci Med
1994, 38(2):253–268.
37. UNICEF: The State of the World’s Children. ; 1998. Online; [http://www.unicef.
org/sowc98/]. Accessed 23rd October 2041.
38. Mosley WH, Chen LC: An analytical framework for the study of child
survival in developing countries. Popul Dev Rev 1984, 10(Supplement:
Child Survival: Strategies for Research):25–45.
39. Griffiths P, Madise N, Whitworth A, Matthews Z: A tale of two continents: a
multilevel comparison of the determinants of child nutritional status from
selected African and Indian regions. Health Place 2004, 10(2):183–199.
40. Snijders TAB, Bosker RJ: Multilvel Analysis. London: SAGE; 2012.
41. Janevic T, Petrovic O, Bjelic I, Kubera A: Risk factors for childhood malnutrition
in Roma settlements in Serbia. BMC Public Health 2010, 10(1):509.
42. Kalimbira AA: Patterns of Severe Child Under-Nutrition Requiring Admissions in
Malawi. Lilongwe, Malawi: Personal Communication; 2012.
43. Malawi Government MoHNU: Report to the 20th Workshop of the Food
Security and Nutrition Policies Monitoring and Evaluation Working Group.
Nutrition Unit, Ministry of Health, Lilongwe, Malawi; 2012.
44. Richard SA, Black RE, Gilman RH, Guerrant RL, Kang G, Lanata CF, Molbak K,
Rasmussen ZA, Sack RB, Valentiner-Branth P, Checkley W: Wasting is associated
with stunting in early childhood. J Nutr 2012, 142(7):1291–1296.
45. Walker SP, Grantham-McGregor SM, Himes JH, Powell CA: Relationships
between wasting and linear growth in stunted children. Acta Paediatr
1996, 85(6):666–669.
46. Gray VB, Cossman JS, Powers EL: Stunted growth is associated with
physical indicators of malnutrition but not food insecurity among rural
school children in Honduras. Nutr Res 2006, 26(11):549–555.

Page 11 of 11

47. Sedgh G, Herrera MG, Nestel P, el Amin A, Fawzi WW: Dietary vitamin a
intake and nondietary factors are associated with reversal of stunting in
children. J Nutr 2000, 130(10):2520–2526.
48. Berger SG, de Pee S, Bloem MW, Halati S, Semba RD: Malnutrition and
morbidity are higher in children who are missed by periodic vitamin A
capsule distribution for child survival in rural Indonesia. J Nutr 2007,
137(5):1328–1333.
49. Lima AA, Soares AM, Lima NL, Mota RM, Maciel BL, Kvalsund MP, Barrett LJ,
Fitzgerald RP, Blaner WS, Guerrant RL: Effects of vitamin a
supplementation on intestinal barrier function, growth, total parasitic,
and specific giardia spp infections in Brazilian children: a prospective
randomized, double-blind, placebo-controlled trial. J Pediatr Gastroenterol
Nutr 2010, 50(3):309–315. 310.1097/MPG.1090b1013e3181a96489.
50. Xu X, Wang WP, Guo ZP, Cheung YB, Karlberg J: Seasonality of growth in
Shanghai infants (n = 4128) born in 11 consecutive years. Eur J Clin Nutr
2001, 55:714–725.
51. Tomkins A: Nutritional status and severity of diarrhoea among pres-school
children in rural Nigeria. Lancet 1981, 317(8225):860–862.
52. Guerrant RL, Oriá RB, Moore SR, Oriá MOB, Lima AAM: Malnutrition as an
enteric infectious disease with long-term effects on child development.
Nutr Rev 2008, 66(9):487–505.
53. Weisz A, Meuli G, Thakwalakwa C, Trehan I, Maleta K, Manary M: The
duration of diarrhea and fever is associated with growth faltering in
rural Malawian children aged 6-18 months. Nutr J 2011, 10(1):25.
54. Checkley W, Buckley G, Gilman RH, Assis AM, Guerrant RL, Morris SS, Mølbak
K, Valentiner-Branth P, Lanata CF, Black RE, Childhood Malnutrition and
Infection Network: Multi-country analysis of the effects of diarrhoea on
childhood stunting. Int J Epidemiol 2008, 37(4):816–830.
55. NSO-Malawi, Macro-International: Malawi Demographic and Health Survey
2004. Zomba: NSO Malawi; 2005.
doi:10.1186/1471-2458-14-1146
Cite this article as: Chikhungu and Madise: Seasonal variation of child
under nutrition in Malawi: is seasonal food availability an important
factor? Findings from a national level cross-sectional study. BMC Public
Health 2014 14:1146.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

