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Abstract

Background: Inappropriate feeding practices among infants and young children

are adversely associated with their growth and development. This study aimed to

investigate the causal association between appropriate complementary feeding

and child growth among children aged 6 to 23 months in Malawi using propensity

score matching.

Methods: Data on 4722 children aged 6 to 23 months from the 2015-16 Malawi

Demographic and Health Survey (MDHS) were analysed. Distribution of

confounder variables on children who were not on appropriate complementary

feeding were made similar to those who were on appropriate complementary

feeding using a 1:1 nearest neighbour matching within a calliper region of 0.1.

Matching was evaluated based on the average standardised absolute mean

differences and covariate specific p-values after matching. The effect of

appropriate complementary feeding was estimated based on the matched sample.

A sensitivity analysis was done to assess the effect of unmeasured confounders on

the estimates.

Results: The prevalence of stunting was at 28% (95% CI:27%,29%), wasting was

at 3.3%(95% CI:2.5%,4.1%) and underweight was at 13.6%(95% CI:12.1%,15%).

Of the 4772 children, 16.7% (95% CI:15.6, 17.8) were given appropriate

complementary feeding. A majority (81.8%) of the children were initiated to

complementary feeding after 6 months of age. Appropriate complementary

feeding was associated with reduced stunting (OR=0.5, 95% CI:0.3,0.9) among

the children but did not have an effect on wasting and underweight.

Conclusion: The study has found that appropriate complementary feeding led to

less stunting among children aged 6-23 months in Malawi. The use of statistical

techniques such as propensity score matching to balance confounder variables

could be useful to reduce bias in the estimation of exposure comparative

effectiveness from observational studies. We recommend optimal feeding for

young children, especially in resource-limited settings.

Keywords: Propensity score; Complementary feeding; Survey; Children

Background

Child under-nutrition is one of the leading causes of under-five mortality in the

world. According to the World Health Organisation (WHO) [1], 2.7 million child
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deaths worldwide, which makes up 45% of all infant mortality are associated with

under-nutrition. The burden of child under-nutrition is high in developing countries,

particularly among those in Sub-Saharan Africa (SSA) [2]. In 2016, more than

one-third of stunted children (38%) and more than one-quarter of wasted (27%)

children lived in sub-Saharan Africa [3]. Anthropometric measurements such as

weight, height (or length), sex, head-circumference, mid upper arm circumference

(MUAC) and age are recorded from a child to determine and evaluate their growth

and nutritional status. These measurements grouped together form anthropometric

indices [4] such as head-circumference-for-age and body mass index-for-age. In this

study we focus on the three most commonly used indices namely; height-for-age,

weight-for-age and weight-for-height [5].

The WHO recommends exclusive breastfeeding and appropriate complementary

feeding as the optimal infant feeding practice for children under two years of age

to ensure good child growth and development [6–8]. Complementary feeding entails

giving a child other semi-solid, soft-foods and solid foods, liquids, water along with

breast milk from the age of 6 to 23 months [9]. Appropriate complementary feed-

ing involves initiating complementary feeding at the appropriate time, providing

the appropriate food groups and feeding a child sufficiently [9]. The Malawi gov-

ernment (MG) implemented guiding principles on infant and young child feeding

since the early 2000s [10]. The overall objective of the policy and guidelines is to

improve infant and young child nutrition for survival, growth and development [10].

Adherence to the guidelines by mothers or care takers tends to be a challenge due to

factors such as poverty, poor water, sanitation and hygiene (WASH) practices and

cultural norms [11, 12]. Coupled to lack of resources to practice appropriate child

feeding, prior evidence has shown that some cultures leave child feeding decisions

to mothers while in other cultures, the immediate relatives influence this decision

[12].

Malawi is one of the countries in SSA that has a high burden of HIV/AIDS which

has contributed to adverse effects on child health and growth [13]. In Malawi, the

Prevention of Mother to Child HIV transmission (PMTCT) was integrated in the

guidelines on infant and young child feeding [10] to ensure optimal growth among

children born to HIV-infected mothers. There is disparity on the evidence of com-
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plementary feeding on child growth in low-and middle-income countries (LMICs).

Some studies have found no association between dietary diversity and any anthro-

pometric failure [14]. Other studies found that complementary feeding led to an

increase in underweight and and a decrease in stunting, while others have shown

that adequate dietary diverse foods were negatively associated with stunting [15, 16].

Furthermore, previous studies have found an association between infant and young

child feeding and child growth in the context of HIV-infection in resource limited

countries using observational data [17–19].

Population and household-based surveys provide most of the child health indica-

tors in low and middle income countries [20]. However, observational data render

an assessment of causal inference limited as there could be other purported factors

such as maternal education, duration of breastfeeding, source of drinking water,

household wealth, child’s age maternal body mass index, employment and media

exposure [21–24], besides feeding practices and maternal HIV, associated with child

growth. The presence of these factors misrepresent the impact of appropriate com-

plementary feeding on infant and young child growth as the distribution of these

factors may be different between the exposure groups. To assess causal association,

a randomised control trial (RCT) would ideally need to be conducted. However,

since most data on child health outcomes are observational, one could still achieve

the same task of balancing confounder variables between the exposure variable

apprpriate complementary feeding by using methods developed by Rosenbaum et

al.,[25]. Propensity Score (PS) methods were developed with the aim of emulating

the randomisation procedure of RCTs, as the distribution of measured confounders

between exposure groups is made similar by using the PS [25–35].

Despite the efforts to implement the policies and guiding principles on infant and

young child feeding, the prevalence of under-nutrition remains high in Malawi as

compared to other Sub-Saharan African (SSA) countries [2, 36]. Although previous

studies have assessed child complementary feeding and child growth in Malawi,

including in an HIV context [11, 12, 37], these studies used observational data

which are prone to confounder bias and balancing methods such as the propensity

score methods were rarely used. Therefore, the study aimed to assess the causal

association between appropriate complementary feeding and child growth using
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statistical tools that control for confounding. This study provides an understanding

of how purported infant and young child feeding impacts child growth, which in

turn provides reliable evidence to policy-makers.

Methods

Study Data and Design

The data was obtained from the 2015-16 Malawian Demographic Health Survey

(MDHS), which was implemented by the National Statistical Office of Malawi in

conjunction with the Ministry of Health and the Community Health Services Unit

of Malawi. As with other demographic health surveys (DHS), the 2015-16 MDHS

used a multi-stage stratified sampling design where first stage sampling involved

a random selection of enumeration areas (clusters) as primary sampling units and

households in the second stage sampling. Women aged 15-49 years and men aged

15-54 years were eligible to participate in the survey. At the first stage, the cluster

sampling frame was stratified by geographic type (rural/urban) and districts. A

total of 850 clusters (173 and 677 from urban and rural areas, respectively) were

selected at the first stage with selection probability proportional to the cluster size

and independent at each sampling stratum. In all, 26,361 households were selected

using random systematic sampling. More details on the sampling procedure and

design can be obtained from the 2015-16 MDHS report [36].

The study analysed data on 4722 children aged 6 to 23 months. A child’s weight

(in kilograms) and height (in centimetres) were measured in one-third of sampled

households. Weight was measured with an electronic scale and very young children

were weighed by weighing the mother first and then the mother was weighed again

while holding the child. Using an automatic two-in-one adjustment button allowed

the mother’s stored weight to be deducted and the infant’s weight was recorded.

Height was measured with a Shorr Board R©measuring board [36]. Recumbent length

was measured for children less than 24 months of age and for older children standing

height was measured. Children’s height or length, weight, and age data were used

to calculate three anthropometric indices: height-for-age, weight for-height, and

weight-for-age.
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Data collection for maternal HIV

Collection of HIV data from the survey was obtained from the participants by col-

lecting finger-prick blood specimens from women aged 15-49 years and men aged

15-54 years who consented to laboratory HIV testing by the interviewers. The test-

ing procedure, confidentiality of the data, and the fact that the test results would

not be made available to respondents was explained by the interviewer to the partic-

ipants. Further details on data collection for HIV data can be found in the 2015-16

MDHS report [36]. Mothers HIV status in this study was recoded as (0= HIV

negative, 1= HIV positive).

Outcome and Confounder Variables

The three common anthropometric indices of measuring a child’s nutritional status

height-for-age z-score (HAZ), weight-for-height z-score (WHZ) and weight-for-age

z-score (WAZ) were used as outcome variables in this study. These indices were

derived as a z-score by comparing a child’s height/length or weight and age with

the median value in the reference population. The difference is then divided by the

standard deviation of the reference population [38]. The 2015-16 MDHS used the

2006 WHO median values for height and weight at different age groups as reference

values [38]. Normal nutritional status is defined as having a measurement of -2.0

or greater. If the calculated z-score of a child falls below the −2 cut-off point,

then the child is 2 standard deviations below the average and is considered to be

undernourished [38].

We defined stunting=1 if HAZ was below minus two standard deviation (-2SD)

from the median of the reference population and 0 otherwise (1=HAZ <-2 SD and

0=HAZ ≥ -2SD). Wasting =1 if WHZ was below minus two standard deviation

(-2SD) from the median of the reference population and 0 otherwise (1=WHZ <-2

SD and 0= ≥ -2SD), and underweight = 1 if WAZ was below minus two stan-

dard deviation (-2SD) from the median of the reference population and 0 otherwise

(1=WAZ <-2 SD and 0=WAZ ≥ -2SD).

Several variables were identified from the MDHS as potential confounders on

complementary feeding and child growth. These include maternal age, wealth in-

dex, place of residence, history of diarrhoea, birth weight, breastfeeding status of

a child, maternal education, sex of a child and age of a child. In addition, mothers
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Figure 1 Causal pathway for Appropriate Feeding and Child Nutrition

employment, initiation of complementary, types of foods, counselling of comple-

mentary feeding, birth weight, duration of breastfeeding, antenatal care and having

diarrhoea were also identified as potential confounders. However, we replaced moth-

ers’ employment status with mothers’ education and wealth as only a few mothers

were full-time employed, hence the matched sample would have been small within

the full time category.

Figure 1 shows the causal pathway of appropriate complementary feeding effect

on child growth. Maternal HIV-infection has been shown to affect a child’s growth

[18, 39], hence we postulate a path from HIV to wasting, stunting and underweight.

Since child growth may differ in children due to maternal HIV but the decision to

practice appropriate complementary feeding was not influenced by maternal HIV

since mothers in the 2015-16 MDHS did not know their HIV test result. Therefore,

we balanced the differences between children who were appropriately complemen-

tary fed and those who were not appropriately complementary fed by maternal

HIV-infection. The causal pathway in Figure 1 therefore shows the paths of the

causal association and the confounder effect on appropriate complementary feed-

ing.

Measurement of complementary feeding indicators

The World Health Organisation (WHO) through the Global Strategy for Infant and

Young Child Feeding [7] defines complementary feeding as giving a child semi-solid

and solid foods, liquids, water along with breast milk from the age of 6 to 24 months.

Complementary feeding was defined using the core key indicators recommended by

the WHO/UNICEF in 2008 [8] which involves introduction of complementary feed-

ing, minimum dietary diversity, minimum meal frequency and minimum acceptable
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diet based on a dietary intake 24 hours before the survey and calculated for the age

ranges 6-11, 12-17 and 18-23 months of age. These are defined as:

i) Timely introduction of complementary feeding = 1, if a child aged 6-23 months

started complementary foods (solid, semi-solid or soft) at 6-8 month of age

and 0 otherwise [8, 21].

ii) Minimum dietary diversity (MDD) = 1 if a child received foods from four or

more food groups during the previous day and 0 otherwise. This refers to the

child receiving the following food groups; grains, roots and tubers; legumes

and nuts; dairy products (milk, yoghurt and cheese); flesh foods (meat, fish,

poultry and liver/organ meats); eggs; vitamin A-rich fruits and vegetables;

and other fruits and vegetables [8, 21].

iii) Minimum meal frequency (MMF)=1 if a breastfeeding and non-breastfeeding

child aged 6-23 months received complementary foods the minimum number

of times or more (minimum is defined as: two times for breastfed infants 6-8

months; three times for breastfed children 9-23 months; and four times for

non-breastfed children 6-23 months) in the previous day [8, 21], 0 otherwise.

iv) Minimum acceptable diet (MAD) = 1 if a child was fed a minimum dietary

diversity and minimum meal frequency during the day or night preceding the

survey [8, 36] and 0 otherwise.

We adopted Kassa et al’s., [21] quantification of appropriate complementary feed-

ing practise by considering core WHO infant and young child feeding indicators

from the MDHS data. These are timely introduction of complementary feeding,

minimum dietary diversity and minimum meal frequency. If a child had timely

introduction of complementary feeding and minimum dietary diversity and mini-

mum meal frequency, the child was classified as having appropriate complementary

feeding, (appropriate feeding = 1) otherwise (Not appropriate feeding = 0).

Handling missing data

A descriptive analysis on the data indicated that the MDHS data had more than

10% of missing data. Therefore, we conducted a multiple imputation on the data,

using the mice package in R. All statistical analyses were done on the imputed data

[40].
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Statistical Analysis

We used the propensity score matching (PSM) to compare children on appropriate

complementary feeding and those not on appropriate complementary feeding (CF)

groups, in effect, mimicking a randomised control trial (RCT). Children who were

appropriately CF were matched to those who were not appropriately CF with similar

characteristics using a propensity score (PS). The propensity score given observable

characters X is denoted as [25];

πi(xi) = Pr(Ai = 1|Xi) (1)

Where Ai = 1 if a child is appropriately CF. The PS, estimated using a logit

or a probit model, estimates the likelihood of a child being in the appropriate

complementary feeding group. Matching the children using a PS is equivalent to

matching on each observable characteristics [29].

Rosenbaum et al. [25] proved that the propensity score is a balancing score and

conditioning on the PS, the potential outcomes are independent of exposure. Vari-

ables that were identified as potential confounders were fit in the logistic regression

model to estimate the propensity scores. A forward model selection was applied to

select potential interactions. The Hosmer and Lemeshow goodness-of-fit test was

performed to check if the model fits the data well. We used a nearest neighbour

algorithm with a 0.1 calliper to restrict the difference in PS between matched chil-

dren.

Some studies [41], have shown that matching and inverse probability weighting

eliminated systematic differences between exposure groups to a greater degree than

stratification or covariate adjustment and that their estimates were close to those of

randomised control trials (RCTs). Hence, this study used the PS matching to control

for confounding. The association between appropriate complementary feeding and

each of the three child growth indicators was measured by an odds ratio (OR).

The strongest assumption of the PS matching is that there remains no unobserved

confounding. It is impossible to prove that no unobserved confounding exists but

through a sensitivity analysis [42] we measure if the results are sensitive to hidden

bias.
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Covariate Balance

The standardised prevalence difference was used to assess balance for the distribu-

tion of measured potentially confounded covariates between appropriately and in-

appropriately complementary fed children. We compared the prevalence [43] of the

categorical covariates in appropriately CF and inappropriately CF children across

the measured covariates. A standardised difference of 0.1 (10 per cent) was used

as a decision criterion and denoted meaningful balance in the measured covari-

ates [40, 44]. We further check for balance by ensuring that each confounder does

not significantly differ in proportion between children who were appropriately com-

plementary fed and those who were not appropriately complementary fed using a

chi-square test for categorical variables.

Sensitivity Analysis

It is impossible to prove that no unobserved confounding exists, [42] hence we

perform a sensitivity analysis to assess the robustness of the results. The Mantel-

Haenszel (MH) non-parametric test statistics was used to assess the sensitivity of the

estimates to unmeasured confounders. The MH non-parametric test compares the

successful number of children in the appropriate CF group with the same expected

number, given that the appropriate CF effect is zero [45]. The maximum value of Γ,

a range of possible values attributable to unobserved heterogeneity, was set from 1

to 3 with an increment of 0.2. A value of gamma close to 1 and significant indicates

sensitivity to unobserved heterogeneity [46]. Sensitivity analyses were conducted for

all outcome variables. We used the mhbounds package to obtain the values of the

upper and lower bounds on the estimates.
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Results

Summary information about feeding practices of the 4277 studied children aged

6-23 months is presented in Table 1. Of the 4722 children, 4184 (88.5%) were still

breastfeeding while 543 (11.5%) were not breastfeeding at the time of the survey.

A majority of the children 3867(81.8) were on complementary feeding and 2559

(66.2%) of the children started complementary feeding at the age of 12-23 months.

A majority (57.5 %) of the children were fed more than two times a day, the day

preceding the survey. The common dietary food given to the children was grains

(24.1%) followed by legumes and nuts (21.5%). Out of the 4722 children, 3942

(83.6) children had mothers who were counselled on breastfeeding. Combining the

three feeding indicators presented in Table 2, the overall prevalence of appropriate

complementary feeding practice was 16.7 % (95% CI:(15.6, 17.8)). For the 2015-16

MDHS data, the overall prevalence of wasting in children under 5 years was 3.3%

(95% CI: 2.5%, 4.1%), stunting was 28% (27%, 29%) and underweight was 13.6%

(95% CI: 12.1%, 15%).

Indicators of complementary feeding were also assessed as presented in Table 2.

Of the 4722 children, 1349 (28.5%) children aged 6 to 23 months received solid,

semi-solid or soft foods the minimum number of times meeting a minimum meal

frequency, 1046 (22.1%) children were offered four or more food groups criteria on

the day preceding the survey meeting the minimum dietary diet and 340 (18.2%)

children were given the minimum adequate diet. The HIV prevalence among women

aged 15-49 years was estimated as 9.2%(95% CI: 8.4,10.1) in 2015-16.

Distribution of confounders and balance assessment

Table 3 presents distribution of confounders before and after matching. Out of the

4722 (82.8%) children, 788 (16.7%) were appropriately complementary fed and 3934

(83.3%) were not appropriately complementary fed. A fifth (21.3%) of the children

born to HIV-infected mothers were appropriately complementary fed, while 18.9%

were not appropriately complementary fed. Of the 4722 children, 368 (45.6 %) of

the male children were appropriately complementary fed while 2047 (52.0%) were

not appropriately complementary fed. Six-hundred and seventy two (83.2%) and

3487 (88.6%) children living in the rural area were appropriately complementary

fed and inapprorpiately complementary fed, respectively.
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Table 1 Feeding practices of children from the 2015-16 MDHS

MDHS 2015-16

Characteristic Freq. Percent (95% CI)

Ever breastfed

Yes 4679 98.98 (98.7, 99.3)

No 48 1.02 (0.7,1.3)

Still Breastfeeding

Yes 4184 88.5 (87.6, 89.4)

No 543 11.5 (10.6,12.4)

Current age of child still breastfeeding (in 2015-16)

6-11 months 1514 36.2 (34.7,37.7)

12-17 months 1485 35.5 (34.0, 36.9)

18-23 months 1185 28.3 (26.9, 29.7)

Current age of child not being breastfed (in 2015-16)

6-11 months 103 19.0 (15.7, 22.3)

12-17 months 152 27.9 (24.1,31.7)

18-23 months 288 53.1 (48.9,57.3)

Counselled on BF

Yes 3942 83.6 (82.5,84.6)

No 762 16.2 (15.1,17.2)

Don’t know 14 0.3 (0.1,0.5)

Missing 10 (0.2) (0.09,0.4)

Ever started complementary

Yes 3867 81.8 (80.7,82.9)

No 860 18.2 (17.1, 19.3)

Current age of child on complementary feeding (in 2015-16)

6-11 months 1301 33.8 (32.3, 35.3)

12-17 months 1412 36.7 (35.2, 38.2)

18-23 months 1134 29.5 (28.0,30.9)

No. of times a child aged 6-23 months fed

Once only 1440 30.5 (29.2, 31.8)

2-3 times 2715 57.5 (56.1, 58.9)

4 + times 567 12 (11.1, 12.9)

Type of dietary food

Diary 820 17.1 (15.9, 18.1)

Grain 1141 24.1 (22.8, 25.3)

Legumes and nuts 1021 21.5 (20.4, 22.7)

Meat 585 12.3 (11.4, 13.3)

Eggs 255 5.4 (4.7, 6.0)

VA rich fruits and vegs 89 1.9 (1.5, 2.3)

Other rich fruits and veg 21 0.4 (0.3, 0.6)

BF - Breastfeeding

VA - Vitamin A

Table 3 shows the distribution of the available purported confounder variables

of child growth before and after matching. Maternal HIV infection, sex of a child,

household wealth index, mothers’ educational status and mothers’ age were dis-
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Table 2 Proportion of infants and young children meeting four WHO/UNICEF feeding indicators in

2015-16

2015-16 MDHS

Indicator Freq. Percent(95% CI)

Minimum adequate diet

Yes 340 7.2 (6.5,7.9)

No 4382 92.8 (92.1,93.5)

Minimum meal frequency

Yes 1349 28.5 (27.2,29.8)

No 3378 71.5 (70.2,72.8)

Minimum dietary diversity

Yes 1045 22.1 (16.0,17.9)

No 3682 77.9 (76.7,79.1)

Time introduction of complementary foods

Yes 821 21.6 (20.2,22.8)

No 3618 78.5 (77.2,79.8)

tributed differently between appropriately and inappropriately complementary fed

children (P < 0.05). After PS matching on the confounders, 788 matched pairs

(appropriate and inappropriate CF pair of children) were analysed for difference

in baseline characteristics. We observe no significant difference in the distribution

of the covariates between appropriately and inappropriately complementary fed

children (P > 0.05). Furthermore, Table 5 in the appendix presents the absolute

standardised differences before and after matching. Before matching, the absolute

value of standardised difference were greater than 0.1 for some of the covariates. Af-

ter matching the covariates, the absolute standardised difference for covariates were

less than 0.1, indicating a balance in differences between the appropriate feeding

groups.

Appropriate complementary feeding estimation

Table 4 presents the estimated odds ratios (ORs) with associated 95% confidence

interval (CI) for the association of appropriate complementary feeding and wast-

ing, underweight or stunting, using the unmatched and matched sample. For the

unmatched sample, children who were appropriately complementary fed were less

likely to be stunted (OR=0.6, (95% CI:0.4,0.9)) and underweight (OR=0.5, (95%

CI:0.3,0.96)). Using the matched sample, children who were on appropriate comple-

mentary feeding were less likely (OR=0.5, (95% CI:0.3,0.9)) to be stunted compared

to those who were not on appropriate complementary feeding. However, appropriate



Twabi et al. Page 14 of 22

Table 3 Distribution of characteristics between appropriately and inappropriately fed children before

and after matching

Before Matching After Matching

Appropriate (n=788) Not Appropriate (n=3934) Appropriate (n=788) Not appropriate (n=788)

Characteristic n(%) n(%) p n(%) n(%) p

Maternal HIV

HIV-uninfected 620(78.7) 3191(81.1) 620(78.7) 610(77.4)

HIV-infected 168(21.3) 743(18.9) 0.037 168(21.3) 178(22.6) 0.543

Age of child

6-11 months 229(29.1) 1224(31.1) 229(29.1) 237(30.1)

12-17 months 253(32.1) 1283(32.6) 253(32.1) 268(34.0)

18-23 months 306(38.8) 1427(36.3) 0.346 306(38.8) 283(35.9) 0.480

Sex of child

Male 368(45.6) 2047(52.0) 376(50.3) 379(48.1)

Female 439(54.4) 1887(48.0) 0.006 392(49.7) 409(51.9) 0.392

Residence

Urban 135(16.8) 447(11.4) 139(17.6) 146(18.5)

Rural 672(83.2) 3487(88.6) <0.001 649(82.1) 642(81.5) 0.679

Mothers’ Education

None 105(13.3) 619(15.7) 105(13.3) 109(13.8)

Primary 494(62.7) 2581(65.6) 494(62.7) 508(64.5)

Secondary & Post-Secondary 189(23.9) 734(18.7) 0.002 189(23.9) 171(21.7) 0.557

History of diarrhoea

Yes 298(36.9) 1350(34.0) 519(65.9) 531(67.4)

No 508(62.9) 2579(65.6) 268(34.0) 256(32.5)

Don’t know 1(0.1) 5.0(0.1) 0.951 1(0.1) 1(0.1) 0.814

Birth weight

Normal weight 710(90.1) 3548(90.2) 710(90.1) 701(88.9)

Low birth weight 78(9.9) 386(9.8) 0.05 78(9.9) 87(11.1) 0.459

Wealth

Poor 329(40.8) 1832(46.6) 305(39.6) 266(40.5)

Medium 117(14.5) 705(17.9) 116(17.4) 160(16.8)

Rich 360(44.6) 1397(35.5) <0.001 367(42.9) 362(42.7) 0.932

Maternal Age

15-24 years 323(40.0) 1618(41.1) 323(39.6) 366(44.0)

25-34 years 336(41.6) 1390(35.3) 336(41.6) 289(34.7)

35-49 years 148(18.4) 926(23.5) 0.005 148(18.4) 177(21.3) 0.116

complementary feeding had no significant effect on wasting and underweight for the

matched sample.

Table 4 Effect of complementary feeding on child growth indicators for children aged 6-23 months

2015-16 MDHS

Wasting Stunting Underweight

OR(95% CI) OR(95% CI) OR(95% CI)

Not appropriate 1.00 1.00 1.00

Unmatched Appropriate 1.1(0.7,2.4) 0.6(0.4,0.9) 0.5(0.3,0.96)

Matched Appropriate 1.5(0.6,3.9) 0.5(0.3,0.9) 0.7(0.4,1.1)

1.00 - reference category
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Sensitivity analysis

Table 6 in the appendix presents the results of the Mantel-Haenszel test for stunt-

ing, wasting and underweight. For stunting, we observe that the critical value of

underestimating stunting among the appropriately complementary fed and inappro-

priately complementary fed children was significant at an odds ratio of 1 (p = 0.025)

and then at an odds ratio of 2.6 (p = 0.09). We note that the exposure effect on

stunting is slightly unstable. This may suggest that the results on stunting are prone

to underestimation by unobserved confounders. However, for the outcome wasting,

the critical value of overestimating the exposure effect was significant at an odds

ratio of 3.0 (p = 0.08). As for underweight, the effect of appropriate complementary

feeding would be significant and sensitive to unobserved confounders at an odds

ratio of 2.0. This implies that the results on wasting and underweight were robust

against unobserved confounders as compared to the results for stunting.

Discussion

Appropriate complementary feeding is essential for a child’s growth and develop-

ment. This study set out to assess the causal association between appropriate com-

plementary feeding and child growth in Malawi. Three indicators of growth namely:

stunting, wasting and underweight were analysed. To our knowledge, this is the

first study that assessed the effect of appropriate complementary feeding using a

nationally representative survey and applying robust statistical methods such as

the propensity score matching to balance confounders.

The propensity score matching method was able to balance confounders between

children who were appropriately complementary fed and those who were not ap-

propriately complementary fed. Appropriate complementary feeding had a positive

effect on stunting and had no benefit on wasting and underweight. Our findings

are similar to what has been found from previous studies that provision of comple-

mentary feeding significantly improved stunting and underweight among children

less than 2 years [15, 47]. In contrast, a study done in Bangladesh on infant and

young child feeding practice among children aged 0–23 months found that children

fed with adequate dietary diverse foods were negatively associated with stunting

[16]. One of the possible reasons of having improved stunting may be because as

observed from the study, a majority of the children were still breastfeeding and
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most of them were fed grains followed by legumes and nuts and they were fed more

than two to three times. Since these foods are known to be a good source of fi-

bre, carbohydrates and proteins [48, 49], combined with adequate feeding this may

have helped in improving stunting in children aged 6 to 23 months. Previous studies

have found that the incidence of stunting is high in children aged 6-24 months, since

this is when a child has high demand for nutrients, at the same time limitations

in the quantity and quality of available food exists especially among children from

LMICs [47, 50]. However, our study provides evidence that ascertains the benefits

of practising appropriate complementary feeding to reduce stunting in Malawi.

Our study found no association between appropriate complementary feeding and

wasting and underweight. This is consistent with findings from a study done in

Nepal where no association was found between complementary feeding practices and

child nutritional status [51]. However, recent findings from a study done using the

2015-16 MDHS data found that children aged 0-23 months who met minimum meal

frequency and minimum acceptable diet were less likely to be underweight [19]. We

observe that the prevalence of children who received a minimum acceptable diet was

low for our study and most of the children were from the rural areas where poverty

is high and poor sanitation is rampant. Adherence to appropriate complementary

feeding in resource limited settings like Malawi combined with high HIV burden is

known to be a challenge [19, 37]. Previous studies have found that poverty, food

insecurity due to lack of enough resources, unsafe water, poor sanitation and hygiene

are associated with a high percentage of under-nutrition [11, 21, 52]. Guidelines

implemented by the Ministry of Health (MoH) of Malawi on Infant and young child

feeding (IYCF) emphasise the need to follow proper hygiene when preparing food

for a child [10, 53], however, a follow-up on whether mothers use proper hygiene and

sanitation is not done in the country. Therefore, improper handling and preparation

of the food may have resulted in diarrhoea and illnesses in the child which may have

contributed to appropriate complementary feeding having no benefit on wasting and

underweight.

Access and utilisation of postnatal and PMTCT services in Malawi has been found

to be low [12, 19], even though MoH guidelines emphasize the need to increase access

to nutrition services for mothers, especially among those who are HIV-infected [10].
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Constant counselling and information sharing is important for mothers, especially

among those who are HIV-infected. Using counselling cards community nutrition

workers educate mothers on the concepts and approach of appropriate infant and

young child feeding for effective practice [6]. However, mothers may not understand

the information given to them during the clinic sessions [12]. In addition, a mothers’

decision on when to initiate complementary feeding is influenced by the immediate

families especially if a mother is HIV-infected [12], hence making it difficult for a

mothers to follow recommended guidelines.

The major strength of this study is that we used the propensity score (PS) match-

ing to account for confounding and control for selection bias. Comparability of ex-

posure groups in terms of their measured covariates in this study was achieved. In

addition, data originating from a large survey was used and hence, using a rich data

with a vast number of socio-demographic characteristics of participants. Nonethe-

less, the study had limitations. Analysis was done on cross-sectional data and despite

controlling for confounding, it was difficult to assess the causal relationship. The

assumption of no unobserved confounding cannot be formally tested [42] thus, selec-

tion bias might still be present. In addition, knowledge on date of HIV acquisition

and HIV test results was not known hence it may be possible that a mother was

infected with HIV after a child was born. In this case, a mothers’ HIV status would

not be directly linked to a child’s nutritional status indicator.

Conclusion

The study has shown that appropriate complementary feeding improves child

growth, particularly stunting, among children aged 6-23 months. Statistical meth-

ods such as propensity score matching that balance confounder variables could be

a useful tool to reduce bias in the estimation of exposure effects on health out-

comes in observational studies. Our findings render more evidence on the policies

and guidelines suggested by the WHO and MoH, on the importance of following

an appropriate complementary feeding practice for optimal child growth and devel-

opment. We recommend promoting child nutrition education among mothers and

care-takers to facilitate optimal feeding for infants and young children especially in

a high HIV and resource limited settings.
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Tables

Table 5 Absolute Standard Differences and p-values Before and After Application of Propensity

Matching

Before After

Confounder Abs. Std Diff p-value Abs. Std Diff p-value

Sex of a child 0.03 0.77 0.08 0.957

Mothers’ education 0.16 0.629 0.05 0.513

childs’ age 1.22 0.003 0.003 0.426

source of drinking water 0.03 0.002 0.04 0.256

Food type 1.04 0.002 0 0.02

Feeding counselling 0.07 0.424 0.04 0.37

residence 0.06 0.11 0.04 0.825

Had diarrhoea 0.27 0.034 0.04 0.179

Had Vitamin A 0.18 0.508 0.02 0.642

Region 0.01 0.784 0.05 0.303

Mothers’ employment 0.04 0.409 0.06 0.197

Wealth 0.05 0.186 0.01 0.592

Mothers’ age 0.18 0.002 0.01 0.417

Birth weight 0.003 0.155 0.04 0.064

Size at birth 0.02 0.504 0.08 0.369

Antenatal visit 0.05 0.75 0 0.486
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Table 6 Sensitivity Analyses for Unobserved Confounding

Gamma
Q-MH

−

Underweight

Wasting

Q-MH
+

Stunting

Q-MH
−

1 0.53 0.38 1.95**

1.2 -0.10 0.02 1.26

1.4 0.33 -0.20 0.68

1.6 0.78 0.10 0.19

1.8 1.18 0.33 -0.02

2 1.54* 0.55 0.37

2.2 1.87** 0.76 0.71

2.4 2.18** 0.95 1.03

2.6 2.46*** 1.12 1.33*

2.8 2.7*** 1.28* 1.61*

3 2.9*** 1.48* 1.86**

Data imputed using multiple imputation

Q-MH+ or Q-MH− Mantel-Haenszel Statistic for overestimation and underestimation of the

ATE.

∗p < 0.10; ∗ ∗ p < 0.05; ∗ ∗ ∗p < 0.01



Figures

Figure 1

Causal pathway for Appropriate Feeding and Child Nutrition


