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Abstract
Objective  This study aimed to explore the relationship between different complementary feeding (CF) indicators and coex-
isting forms of malnutrition (CFM) in Pakistan.
Methodology  This study involves secondary data analysis of eight national and regional datasets of Pakistan, which were 
retrieved from the Demographic Health Survey (DHS) and UNICEF. From these datasets, data of children aged between 
6 to 23.9 months was analysed after excluding incomplete and/or invalid data related to their feeding practices and anthro-
pometry. Thus, data of 30,097 Pakistani children between the ages of 6 to 23.9 months was analysed in this study using 
Jamovi software.
Results  The prevalence of CFM in this sample of children was 28.1%. Cereals and dairy were chiefly used for CF. With the 
exception of continuation of breastfeeding and coadministration of breastmilk with solid/semi-solid/soft food, adherence to 
all other CF indicators (minimum dietary diversity, minimum meal frequency, iron & folate consumption, egg & flesh food 
consumption, zero vegetable & fruit consumption) were associated with reduced odds of various forms of CFM.
Conclusion  Nutritional adversities in children may be prevented by improving the dietary diversity, meal frequency, protein 
consumption, iron & folic acid (IFA) use, and food fortification.
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WHAT IS ALREADY KNOWN ON THIS TOPIC: 

The first thousand days of life, from conception to two 
years of age, are crucial for the growth and nourishment 
of a child. For optimizing the health & nutrition out-
come of children aged between 0 to 23.9 months, both 
the World Health Organization (WHO) and UNICEF 
proposed a joint guideline, entitled: ‘Infant & Young 
Child Feeding (IYCF)’. An adherence to IYCF indicator 
showed promising health & nutrition outcome and pro-
tect children from various types of nutritional disorders. 
However, the relationship of complementary feeding indi-
cators with the various types coexisting forms of malnu-
trition (CFM) has not been examined anywhere so far. 

WHAT THIS STUDY ADDS: 

The prevalence of CFM in children aged between 6 to 
23.9 months is 1.5 folds higher than the prevalence of 
standalone forms of malnutrition (CFM = 28.1% ~ SFM 
=18.2%). Adherence to minimum dietary diversity (MDD) 

and minimum meal frequency (MMF) reduce the odds of 
various forms of CFM. Similarly, an exposure to egg & 
flesh food and iron & folate supplementation also aids to 
reduce the odds of various forms of CFM in children aged 
between 6 to 23.9 months. The odds of CFM increased to 
around 1.5 folds after first birthday. However, an improve-
ment in maternal education and socioeconomic status serve 
to reduce the odds of various forms of CFM.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY:

The accelerated burden of CFM in children can be averted 
by promoting the use of various types of foods, such as egg, 
flesh foods, and iron & folate. Moreover, there is need to 
educate mother/caregiver about the basics of MDD and 
MMF.

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s10389-023-02054-5&domain=pdf
http://orcid.org/0000-0002-5284-7014


	 Journal of Public Health

1 3

Introduction

The first thousand days of life, from conception to two years 
of age, are crucial for the growth and nourishment of a child 
(Bhutta et al. 2013; Jones et al. 2003). During this period, a 
child undergoes intra-natal as well as postnatal development, 
for which adequate nutrition is essential (Martorell 2017). Defi-
ciency of any nutrients during this critical period puts children at 
risk of various communicable and non-communicable diseases, 
and nutrition-related disorders including coexisting forms of 
malnutrition (CFM) (Scott 2020). CFM represents the simulta-
neous presence of more than one type of nutritional disorder in 
an individual (Khaliq et al. 2021; Khaliq et al. 2022a, b). Cer-
tain nutritional interventions, such as food fortification, maternal 
supplementation with iron & folate and infant feeding practices 
such as exclusive breastfeeding (EBF) for the first six months of 
life and appropriate introduction to complementary feeding (CF) 
from six months to two years has the potential to avert certain 
types of nourishment disorders, including CFM (Bhutta et al. 
2013; Jones et al. 2003).

Child feeding practices are influenced by their postna-
tal age. Thus, the World Health Organization (WHO) has 
separated feeding practices into two major divisions: Exclu-
sive Breastfeeding (EBF) for children below 6 months, and 
Complementary feeding (CF) for children between 6 to 23.9 
months (World Health Organization 2021). Feeding prac-
tices, when not followed appropriately may result in various 
types of health adversities, such as malnutrition, including 
CFM (Korir 2013). Worldwide, half of the deaths in children 
are due to various forms of malnutrition, including CFM 
(Dhami et al. 2019).

CFM refers to presence of more than one nutritional dis-
order in an individual irrespective of age, sex, geographi-
cal location, and assessment methods (Khaliq et al. 2021; 
Khaliq et al. 2022a, b). The Global Nutrition Report from 
2018- 2019 (GNR) raised the concerns of CFM for the first 
time. The report presented the prevalence of two specific 
types of CFM: coexistence of wasting with stunting, and 
coexistence of stunting with overweight/obesity (Global 
nutrition report 2018, 2019, 2021; Khaliq et al. 2022a). In 
2020, a report by WHO also raised concerns about CFM in 
underweight children, and their vulnerability to developing 
various forms of CFM, such as coexistence of underweight 
with wasting, underweight with stunting, and underweight 
with both wasting and stunting (World Health Organiza-
tion 2020a). Children aged between 6 to 23.9 months are 
at higher risk of nutritional disorders (Khaliq et al. 2021; 
Sadhu and Hemangini 2020). Thus, it may be expected that 
children aged between six to 23.9 months will have high 
prevalence of CFM as well.

Pakistan is the second largest South Asian country, 
after India. The country has a history of high prevalence 

of various forms of malnutrition (United Nations Develop-
ment Programme 2020). Over the last four decades, Pakistan 
showed either stagnant or only slight improvement in the 
nutritional profile of children aged under five years (National 
Institute of Population Studies (NIPS) 2019; United Nations 
Children Funds 2019). The continuing high prevalence of 
various forms of malnutrition in children of Pakistan might 
be attributable to poor feeding practices. The findings of our 
previous study demonstrated that in Pakistan the practice of 
supplementary breastfeeding (SBF) and complete weaning 
were two major barriers for exclusive breastfeeding (EBF) 
adherence in children below six months of age (Khaliq 
et al. 2022b). The non-adherence to EBF was associated 
with a two-fold increase in the odds of coexisting forms of 
undernutrition in children aged 0 to 6 months. Similarly, 
the adherence to CF indicators among under two-years chil-
dren of Pakistan plunged down to 36% in National Nutrition 
Survey (NNS) of 2018 from 51% in NNS of 2011, which 
is around 1.5 folds lower than global CF practices (United 
Nations Children Funds 2019; World Health Organization 
2020b). In the past, attempts were made to establish a con-
nection between CF non-adherence and standalone forms of 
nutrition disorders, i.e., stunting, wasting, and underweight 
(Dagne et al. 2019; White et al. 2017; Zhou et al. 2012), but 
the relationship of CF indicators with various types of CFM 
is not yet known. This study primarily aims to examine the 
relationship of different CF indicators with various types of 
CFM in children aged between 6 to 23.9 months using data-
sets of Pakistan Demographic & Health Surveys (PDHS) and 
Multiple Indicator Cluster Surveys (MICS). This is the first 
study to examine the relationship between each individual 
CF indicator, including newly introduced CF indicators, such 
as Egg & Flesh food consumption (EFF) and Zero Vegeta-
bles & Fruits consumption (ZVF), and CFM. Findings can 
be used to guide policy makers, programme managers, clini-
cians, and caregivers about the role of each CF indicator and 
food group for the prevention and control of various forms 
of malnutrition, including CFM.

Methodology

Study setting and study design

This is a community-based study, which assessed the rela-
tionship between CFM and CF practices using eight cross-
sectional surveys of national and regional level. A total of 
eight datasets: two from Pakistan Demographic and Health 
Surveys (PDHS) and six from Multiple Indicator Clusters 
Surveys (MICS) were used. The PDHS is the national rep-
resentative dataset, and MICS is the regional representative 
dataset.
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Study population and their eligibility criteria

This study measured the relationship of CFM with the CF 
practices of infants and young children from the PDHS 
and MICS datasets. Datasets which contain data related 
to the CF indicators were included. The PDHS datasets of 
2012-2013 and 2017-2018, and MICS-5 (2014-2017) and 
MICS-6 (2017-2020) contain CF indicators aligned with 
the Infant and Young Child feeding (IYCF) guidelines for 
children aged between 6 months to 23.99 months (World 
Health Organization 2010). The PDHS and MICS datasets 
from before 2012 were excluded, because they were devoid 
of CF indicators matching the most recent IYCF guide-
lines (World Health Organization 1991, 2010). Data of all 
children aged between 6 to 23.9 months having valid and 
complete anthropometry was analysed. Moreover, data of 
children with incomplete feeding status was also excluded. 
The details regarding the eligibility criteria and targeted 
population of this study from each dataset is presented in 
Supplementary file 1.

Sampling methods and sample size

The data in each PDHS and MICS survey was collected from 
women aged between 15-49 years by adopting a multistage 
stratified cluster sampling technique (National Institute of 
Population Studies (NIPS) 2019). However, this study tar-
geted children aged between six to 23.9 months. The data of 
all the children having age either below six months or over 
24 months was excluded sequentially. Furthermore, data of 
all the children with incomplete and invalid anthropometry 
and incomplete feeding information was also excluded. After 
excluding the data of all the ineligible children’s data from 
30,097 children were analysed (Supplementary file 1).

Measurement of study outcome

The nutrition status in each PDHS was assessed by two 
trained data collectors, who received three to four weeks 
training related to the survey ethics, interview technique, 
mock and actual field practice before actual project imple-
mentation. The trained data collectors measured the weight 
and length/height for each child. Child weight was recorded 
in kilograms, while length was recorded in centimetres. 
These anthropometric measurements, along with child sex 
and age were entered into the WHO AnthroCal® software 
to determine the following z-scores: WHZ (Weight for 
Height z-score), WAZ (Weight for Age z-score) and HAZ 
(Height for Age z-score). In this study, BAZ (BMI for age 
z-score) was excluded because it overestimates paediatric 
overweight/obesity level (Zhang et  al. 2018). Based on 

WHZ, WAZ and HAZ scores, different types of standalone 
forms of malnutrition, such as wasting, overweight/obesity, 
underweight, and stunting were identified. Any child hav-
ing WHZ, WAZ, and HAZ z-score less than -2.00, were 
identified as wasted, underweight, and stunted, respectively. 
Children having WAZ and HAZ z-score either equivalent 
to or more than -1.99 were classified as normal children. A 
child is referred to as normal if his/her WHZ z-scores ranged 
between -1.99 to +1.99, but if the z-score value exceeds 
+2.00 or more then he/she will be classified as overweight/
obese. A coding system was designed for defining differ-
ent types of coexisting forms of malnutrition. Four different 
types of CFM were identified, of which three represent coex-
isting forms of undernutrition (coexistence of underweight 
with stunting, coexistence of underweight with wasting, and 
coexistence of underweight with stunting and wasting both), 
and one represents contrasting forms of malnutrition (coex-
istence of stunting with overweight/obesity).

Conceptual framework

For assessing the relationship of CFM with CF of children, we 
proposed a conceptual framework after a thorough review of 
the literature (De-Vries et al. 2014; Goday et al. 2019; Korir 
2013; Martorell 2017; Neu 2007). According to our proposed 
conceptual framework, complementary feeding practices of a 
child are influenced by child age, health and medical condition, 
exposure to different types of foods, interaction of a child with 
caregiver, and accessibility and affordability of food.

The IYCF guidelines advised CF for children aged 
between 6 to 23.9 months, because children below six-
months of age have an immature gastrointestinal tract (Neu 
2007; World Health Organization 2021). Early initiation of 
CF in neonates and infants before six-months of age may 
result in several types of gastrointestinal complaints, includ-
ing nausea & vomiting, indigestion, diarrhoea, or consti-
pation (Neu 2007). Certain medical conditions, such as 
presence of oesophageal atresia, laryngeal anomality, and 
oropharyngeal anomality, and cleft palate drastically influ-
ences child feeding behaviour, thereby leading to malnutri-
tion (De-Vries et al. 2014; Goday et al. 2019). Moreover, 
accessibility, affordability, taste/flavour, texture, temperature, 
quality, viscosity, and appearance of food/fluid and interac-
tion with the caregiver also affect the feeding practices and 
nutritional status of children (Goday et al. 2019) (Fig. 1)

Risk factors

Potential risk factors which may influence the relationship 
between CF and CFM in infants and young children that 
were accounted for in this research included:
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•	 Biological factors may include child biological age, 
child gestational age, birthweight, birth size, gender, 
immunisation status, health status, and presence/absence 
of congenital anomality. The datasets used in this study 
were devoid of many biological factors, thus we were 
only able to account for child current age (6-11.9 months, 
12 to 17.9 months, and 18-23.9 months), gender (male, 
and female), and history of illness in past 14 days (Yes 
and No) for further analysis. We excluded certain vari-
ables, such as Birthweight and birth size, because of 
inadequate information about birthweight in each dataset 
and the subjective assessment of birth size. Moreover, the 
reasons related to low birthweight (LBW), and of small 
birth size were not available in any datasets (Ramachan-
dran 2015).

•	 Caregiver influence was assessed as maternal education 
(no education, primary, secondary/higher)

•	 Food accessibility and affordability factors included 
socioeconomic status (poorest, poorer, middle, richer, 
and richest), and type of place of residence (urban, and 
rural) as food accessibility and affordability factors. Fac-
tors related to family size, food insecurity, food acces-
sibility, and food affordability were not available in the 
datasets.

Measurement of complementary feeding indicators

Research assistants collected data pertaining to CF indica-
tors from the mother of the child aged below two years using 
dietary recall over the past 24 hours. The datasets used in 

this study collected information about the use of different 
food items (Supplementary file 2). Using this data (outlined 
in Table 1), CF indicators were created based on the IYCF 
guidelines (World Health Organization 1991, 2010, 2021) 
(Fig. 2). Indicators were developed for the consumption of 
solid/semi-solid food with breast milk, Minimum Dietary 
Diversity (MDD), Minimum Meal Frequency (MMF), 
Minimum Acceptable Diet (MAD), Iron & folate rich food, 
Egg, and flesh food consumption (EFF) and Zero vegetable 
and fruits consumption (ZVF) as individual CF indicators 
(outlined below), while the cumulative effects of CF indica-
tors were also assessed. The details about the definition and 
measurement parameter of each feeding indicator can be 
accessed from Supplementary file 3.

Statistical analysis

We used Jamovi for the analysis of data. In this study, all the 
PDHS and MICS datasets were merged after excluding the 
data of all the ineligible participants. Following descriptive 
analysis, the crude odds of each predictor (i.e., CF indicators) 
and covariate (i.e., child age, child sex, child health, maternal 
education, wealth index, and type of place of residence) were 
calculated for assessing the association with CFM. Then, we 
calculated adjusted odds using multinomial logistic regres-
sion for assessing the association of each CF indicator with 
various forms of CFM. In this study, a total of nine regres-
sion models were used to separately assess the associations 
between each feeding indicator and various forms of CFM. 
During multinomial logistic regression, a normal healthy 

Dietary practices of infants and young children

Nutritional status of a child

Child health & medical 
condition
Cleft palate
Dysphagia
Vomiting
Gagging
Aspiration
Oesophageal atresia.
Laryngeal anomality.
Oropharyngeal anomality.
Tachypnoea/dyspnoea.
Presence of other illnesses

Exposure to different 
food
Food texture
Food taste/flavour
Food temperature 
Food/fluid 
quantity/intake 
Food viscosity

Mother & caregiver 
influence
Maternal work status
Maternal education
Maternal age
Number of children 
delivered

Food accessibility 
and wealth index
Food insecurity 
Food accessibility
Food affordability 
Family size
Birth order of child
Socioeconomic status 
Place of residence 

Child individual biology
Current age
Gestational age 
Preterm/full-term
Birthweight
Presence of congenital anomality

Fig. 1   Conceptual framework describing the relationship of dietary practices with infant and young children nutritional status
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child having z-score ranged between -1.99 to +1.99 S.D. was 
used as the referent category. In all the multivariate models, 
we removed all the non-significant covariates sequentially 
(i.e., p value >0.05), with the exception of study predictor 
variables, until the final model contained only significant 
covariates (i.e., p-value ≤0.05). Multicollinearity was also 
examined, and we excluded all the covariates with variance 
inflation factor (VIF) of 2.5 or more. Moreover, sub-group 
analysis was performed for assessing the difference between 
standalone forms of malnutrition and CFM. For sub-group 
analysis, we performed binomial regression, with stunting as 
the referent category for coexistence of stunting with over-
weight/obesity and underweight as the referent for remaining 
three types of CFM: underweight with wasting, underweight 
with stunting, and underweight with both wasting & stunting. 
Additionally, the interaction of different covariates, such as 
child age, gender, health status, maternal education, wealth 
index, and place of residence was also assessed for each form 
of malnutrition, including CFM. Rather than assessing the 
adjusted interaction of each model, the interaction of each 
study covariate with different CF indicators was assessed 
individually because the adjusted model showed evidence 
of model overfitting (Supplementary file 5).

Results

Description of study population

Data from 30,097 children aged between 6 months to 23.9 
month were analysed using MICS and PDHS datasets. 
Table 1 presents the demographic and dietary profile of the 
sample.

Among seven food groups, cereals and grains had the 
highest dietary consumption of over 80%, followed by dairy 
products consumption (i.e., around 70%). However, the 
dietary consumption from other food groups: eggs, meat & 
fish, vitamin A containing fruits & vegetables, other fruits & 
vegetables, and legumes & nuts was less than 30%.

Among different CF indicators, adherence to BF and 
coadministration of SSF with BF was 68.7% and 65.1%, 
respectively. Adherence to MDD and MMF was 21.8% and 
54.3%, while adherence to MAD was 18.9%. Other CF indi-
cators, such as iron & folate supplementation, ZVF, and EFF 
also had an adherence of less than 30%. Overall adherence 
to CF practices was evident in 8% of children. (Table 1).

Prevalence of malnutrition in children 
under two‑years of age

Malnutrition was evident in 42.3% children aged between 6 
to 23.9 months, of which 18.2% had standalone forms of mal-
nutrition, and the remaining 28.1% had CFM. Among various 

types of malnutrition, coexistence of underweight with stunt-
ing was one of the leading types of CFM, prevalent in more 
than 10% of children. The prevalence of stunting with over-
weight/obesity was lowest, i.e. (1.3%) (Table 1 and Fig. 3)

Determinants of Coexisting forms of Malnutrition 
(CFM)

Determinants of Coexistence of underweight with wast-
ing  We found a significantly lower odds of coexistence of 
underweight with wasting in children who consumed iron & 
folate rich food, and egg & flesh food in last 24 hours. Zero 
vegetables & fruits (ZVF) significantly increased the odds of 
coexistence of underweight with wasting by 15% (Table 2). 
Sub-group analysis showed a significantly higher odds of 
coexistence of underweight with wasting in MAD adherent 
children, compared with underweight children (Table 3).

Determinants of Coexistence of underweight with stunt-
ing  Compared to a normal child, adherence to breastfeed-
ing either alone or in conjunction with solid/semi-solid food, 
and ZVF significantly increased the odds of coexistence of 
underweight with stunting (Table 2). Adherence to MDD, 
MMF, Iron & Folate food consumption, EEF, and overall CF 
adherence significantly reduced the odds of coexistence of 
underweight with stunting. The coexistence of underweight 
with stunting when compared with underweight children 
was associated with the continuation of breastfeeding and 
with the coadministration of breastfeeding with solid/semi-
solid food administration. Compared with underweight chil-
dren, the odds of coexistence of underweight with stunting 
increased to 1.31 (1.09 to 1.57) in children who continued 
to take breastmilk at age between 6 to 23.9 months. Coad-
ministration of breastfeeding with solid/semi-solid food sig-
nificantly decreased the odds of coexistence of underweight 
with stunting by 16% (1 to 29%) compared to underweight 
children (Table 3).

Determinants of Coexistence of underweight with both 
wasting and stunting  On multivariate analysis, we found 
a significantly lower odds of coexistence of underweight 
with both wasting and stunting in children adherent to 
MDD, MFF, iron and folate rich diet, EFF, and with over-
all CF adherence, compared with a normal child (Table 2). 
However, no relationship of coexistence of underweight 
with both wasting and stunting with all CF indicators was 
reported, when compared with underweight child (Table 3).

Determinants of Coexistence of stunting with overweight/
obesity  Compared to a normal child, continuation of 
breastfeeding, and coadministration of breastfeeding with 
solid/semi-solid food significantly increased the odds of 
coexistence of stunting with overweight/obesity (Table 2). 
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Table 1   Characteristics of study 
population

Variable Category Frequency (%)
(N=30,097)

Demographic profile of study participants
Child age in months - 14.5±5.02
Child age in months 6 to 11.9 months

12 to 17.9 months
18 to 23.9 months

9,348 (31.2%)
11,184 (37.2%)
9,529 (31.7%)

Sex Male
Female

15,305 (50.9%)
14,792 (49.1%)

History of illness in past 14 days No
Yes

15,853 (52.7%)
14,244 (47.3%)

Maternal education No education
Primary
Secondary or Higher

15,095 (50.4%)
5,223 (17.4%)
9,657 (32.2%)

Wealth index Poorest
Poorer
Middle
Richer
Richest

6,802 (22.6%)
6,587 (21.9%)
6,427 (21.4%)
5,538 (18.4%)
4,743 (15.8%)

Type of place of residence Rural
Urban

20,436 (67.9%)
9,661 (32.1%)

Dietary practices of study population
Child ate cereals and grains Yes 25,220 (83.8%)
Child ate legumes and nuts Yes 2,256 (7.5%)
Child ate eggs Yes 6,608 (22%)
Child at dairies Yes 20,997 (69.8%)
Child ate vitamin A containing fruits and vegetables Yes 7,800 (25.9%)
Child ate fish and meats Yes 3,577 (11.9%)

Adherence to Complementary feeding indicators
Continuation of breastfeeding Yes 20,662 (68.7%)
Coadministration of solid/semi-solid food with breastfeeding Yes 19,590 (65.1%)
Minimum Dietary Diversity (MDD) MDD adherent 6,565 (21.8%)
Minimum Meal Frequency (MMF) MMF adherent 16,333 (54.3%)
Minimum Acceptable Diet (MAD) MAD adherent 5,689 (18.9%)
Iron and folate consumption from any source Yes 8,831 (29.3%)
Egg and flesh food consumption (EEF) EFF consumer 8,883 (29.5%)
Zero Vegetable and fruits consumption (ZVF) ZVF consumers 12,496 (41.5%)
Adherence to Complementary Feeding (CF) practices CF adherent 2,451 (8.1%)

Nutritional status
Malnourished 13,921 (42.3%)
Standalone forms of malnutrition 5,457 (18.2%)
Wasting 1,295 (4.3%)
Stunting 3,275 (10.9%)
Underweight 689 (2.3%)
Overweight/obesity 198 (0.7%)
Coexisting forms of malnutrition 8,464 (28.1%)
Coexistence of underweight with wasting 2,025 (6.7%)
Coexistence of underweight with stunting 3,971 (13.2%)
Coexistence of underweight with wasting and stunting both 2,081 (6.9%)
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Similarly, continuation of breastfeeding was significantly 
associated with coexistence of stunting with overweight/
obesity, compared with stunted children (Table 3).

Interaction of various covariates 
with complementary feeding indicators 
among malnourished children

Interaction of child age with complementary 
feeding indicators

Consumption of breastmilk with solid/semi-solid/soft food 
in children aged between 18-23.9 months increased the 
odds of coexistence of stunting with overweight/obesity 
(OR = 2.21 (1.22 to 4.00), compared to children aged 

between 6-11.9 months. However, with other forms of 
CFM, the consumption of breastmilk with solid/semi-solid/
soft foods did not show an association with child age.

An adherence to minimum dietary diversity (MDD) 
decreased the odds of coexistence of underweight with 
wasting and coexistence of underweight with stunting by 
0.38 (0.16 to 0.91) and 0.36 (0.16 to 0.83), respectively in 
children aged between 12-17.9 months, compared to chil-
dren aged between 6-11.9 months. Similarly, adherence to 
MDD lowered the odds of coexistence of underweight with 
stunting in older children aged between 18-23.9 months by 
0.34 (0.15 to 0.77)

Compared to young children aged between 6-11.9 
months, use of iron & folate supplementation in children 
aged over 12 months reduced the odds of coexistence of 
underweight with wasting to 0.47 (0.25 to 0.86), while the 

Child age in months 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Exclusive 
Breastfeeding (EBF) 
– from birth to 5.99 

Complementary 
Feeding (CF) – from six 
months to second birthday 

Recommended 
feeding practices.

Complementary feeding 

Continuation of breastfeeding at 12 to 23.9 months

Introduction to 
solid/semi-

solid and soft 

Minimum Dietary Diversity (MDD), Minimum Meal Frequency (MMF), Minimum Acceptable Diet (MAD), Unhealthy food 
consumption (UFC), Sweet beverage consumption (SwB), Egg and flesh food consumption (EEF), Zero Vegetable and fruits 

consumption (ZVF)

Fig. 2   Infant feeding recommendation and its core indicators during infancy

Fig. 3   Prevalence of malnutri-
tion among children under 
two-years of age. Where, CSO 
= Coexistence of stunting with 
overweight/obesity. CUS = 
Coexistence of underweight 
with stunting, CUW = Coexist-
ence of underweight with 
wasting, and CUWS = Coexist-
ence of underweight with both 
wasting and stunting

Stunting = 10.9%

Underweight
= 2.3%

Obesity
= 0.7%S

Wasting
= 4.3%

CUW = 6.7%

CUWS = 6.9 %

CUS =13.2%

CSO = 1.3%
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use of vegetables & fruits reduced the odds of coexistence 
of underweight with wasting to 0.57 (0.35 to 0.93) in chil-
dren aged between 12-17.9 months. Additionally, the use of 
vegetables & fruits in children aged between 12-17.9 months 
reduced the odds of coexistence of underweight with stunt-
ing by 0.60 (0.38 to 0.95), compared with children below 12 
months. However, in older children aged over 18 months, the 
practice of vegetables & fruits uses in children increased the 
odds of coexistence of stunting with overweight/obesity by 
two-folds (1.98, 95% CI: 1.09 to 3.59) (Supplementary file 
6, Table-S-6-A).

Interaction of child sex with complementary feeding 
indicators

Coadministration of breastmilk with solid/semi-solid/soft 
food in children lowered the odds of coexistence of under-
weight with wasting by 0.68 (0.47 to 0.97) in female chil-
dren, compared with male children. However, with other 
types of CFM, the coadministration of breastmilk with solid/
semi-solid/soft foods showed no association with child sex.

Similarly, the association of CFM with other CF indica-
tors, such as continuation of breastmilk, MDD, MMF, MAD, 
use of iron & folate supplementation, egg & flesh consump-
tion, and vegetable & fruit diet did not differ by child sex 
(Supplementary file 6, Table-S-6-B).

Interaction of child health status 
with complementary feeding indicators

Paediatric CFM was not associated with different CF indica-
tors irrespective of their health status (Supplementary file 6, 
Table-S-6-C).

Interaction of maternal education 
with complementary feeding indicators

The association between the coexistence of underweight 
with wasting and all CF indicators was not affected by 
maternal education. Similarly, maternal education showed 
no association between the coexistence of underweight 
with stunting and different CF indicators. Adherence to 
MAD was associated with reduced odds of coexistence of 
underweight with both wasting & stunting in children of 
mothers with secondary/higher education by 0.58 (0.35 
to 0.95), compared to the children of uneducated (none) 
mothers. Similarly, certain CF practices, such as con-
tinuation of breastmilk, coadministration of breastmilk 
with solid/semi-solid/soft foods, and adherence to MMF 
significantly reduced the odds of coexistence of stunt-
ing with overweight/obesity among children of educated 
mothers, compared to the children of uneducated mothers 
(Supplementary file 6, Table-S-6-D).

Interaction of socioeconomic status 
with complementary feeding indicators

In general, an adherence to the complementary feeding 
practices showed no association with any form of paediatric 
CFM and socioeconomic status.

Among different feeding indicators, coadministration of 
breastmilk with solid/semi-solid/soft foods was associated 
to reduce the odds of coexistence of underweight with stunt-
ing and coexistence of stunting with overweight/obesity by 
0.52 (0.31 to 0.90) and 0.39 (0.18 to 0.83) in poorer and 
richest children, respectively, compared with children of the 
poorest socioeconomic class. On the other hand, it was asso-
ciated to increase the odds of coexistence of underweight 
with wasting and underweight with both wasting & stunting 
by tw0-folds. Besides coadministration of breastmilk with 
solid/semi-solid/soft foods, adherence to MMF was asso-
ciated to increase the odds of coexistence of underweight 
with wasting and underweight with both wasting & stunt-
ing among poorer children compared to poorest children. 
However, relationship of other feeding indicators with any 
forms of CFM in children of different socioeconomic strata 
was not observed (Supplementary file 9.6, Table-S-9.6-E).

Interaction of type of place of residence 
with complementary feeding indicators

The place of residence had no significant effect on the asso-
ciation between CF indicators and various forms of CFM 
(Supplementary file 6, Table-S-6-F).

Discussion

To the best of our knowledge, this is the first study which has 
extensively explored the association of different CF indica-
tors and CFM in children aged between 6 to 23.9 months. 
We found a protective role of CF adherence for the pre-
vention and control of various forms of paediatric under-
nutrition, such as coexistence of underweight with wasting, 
coexistence of underweight with stunting, and coexistence 
of underweight with both wasting and stunting. In general, 
less than half of the children were adherent to most of the 
CF indicators, except continuation of BF, coadministration 
of solid, semi-solid, soft, & liquid foods with breastmilk, 
and MMF. Non-adherence to most of the CF indicators was 
associated with the higher odds of CFM in children aged 
between 6 to 23.9 months.

The introduction of solid, semi-solid, soft, & liquid foods 
with breastmilk is one of the core CF indicators prescribed 
by the WHO for all children aged between 6 to 23.9 months 
(United Nations Children Funds 2018) . However, our study 
did not show a protective effect of breastfeeding with various 
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forms of CFM. Rather, we found a high risk of stunting with 
the continuation of BF either with or without SSF. The high 
risk of stunting with continuation of BF with or without SSF 
was reported irrespective of body weight (normal weight, 
underweight, and overweight/obese). Other studies have also 

found two-to-three-fold higher odds of paediatric stunting in 
children receiving breastmilk during CF period, compared 
to non-breastfed children (Cetthakrikul et al. 2018; Marquis 
et al. 1997; Syeda et al. 2021). Continuation of breastfeed-
ing during the second year of life results in stunting despite 

Table 3   Multinomial adjusted model for assessing the determinants of coexisting forms of malnutrition (compared to standalone forms of mal-
nutrition)

* = Significant association of outcome variable either with outcome and/or covariates (p < 0.05),  ∞= The reference category was underweight.
¥=The reference category was stunting.
1=The odds of coexistence of underweight with wasting were adjusted with various CF indicators and with child sex.
2=The odds of coexistence of underweight with stunting were adjusted with various CF indicators and with child age, maternal education, and 
socioeconomic status.
3=The odds of coexistence of underweight with both wasting and stunting were adjusted with various CF indicators and with child age, child 
sex, and socioeconomic status.
4=The odds of coexistence of stunting with overweight/obesity were adjusted with various CF indicators and with child age and socioeconomic 
status.

Variable Categories Coexistence of underweight 
with wasting ∞

Coexistence of underweight 
with stunting∞

Coexistence of underweight 
with wasting and stunting ∞

Coexistence of stunting 
with overweight/obesity¥

(95% CI)1 (95% CIs)2 (95% CI)3 (95% CI)4

Continuation of breastfeeding No
Yes

Ref
1.02 (0.84 to 1.24)

Ref
1.31 (1.09 to 1.57) *

Ref
0.94 (0.78 to 1.14)

Ref
1.37 (1.06 to 1.78) *

Consumption of solid/semi-solid food 
with breastfeeding

No
Yes

Ref
0.97 (0.81 to 1.17)

Ref
0.84 (0.71 to 0.99) *

Ref
0.95 (0.79 to 1.14)

Ref
1.12 (0.88 to 1.42)

Minimum Dietary Diversity (MDD) MDD non-adherent.
MDD adherent

Ref
1.16 (0.92 to 1.47)

Ref
0.95 (0.76 to 1.19)

Ref
1.08 (0.84 to 1.38)

Ref
1.06 (0.81 to 1.41)

Minimum Meal Frequency (MMF) MMF non-adherent.
MMF adherent.

Ref
1.01 (0.85 to 1.21)

Ref
0.94 (0.80 to 1.11)

Ref
1.05 (0.88 to 1.25)

Ref
0.97 (0.78 to 1.21)

Minimum Acceptable Diet (MAD) MAD non-adherent.
MAD adherent.

Ref
1.33 (1.06 to 1.65) *

Ref
1.17 (0.95 to 1.44)

Ref
0.84 (0.67 to 1.05)

Ref
1.18 (0.92 to 1.52)

Iron and folate consumption from 
any source

No
Yes

Ref
1.17 (0.96 to 1.44)

Ref
1.12 (0.93 to 1.36)

Ref
0.94 (0.76 to 1.16)

Ref
0.85 (0.67 to 1.09)

Egg and flesh food consumption 
(EEF)

EFF consumer
Non-EEF consumer.

Ref
1.08 (0.88 to 1.32)

Ref
1.06 (0.87 to 1.28)

Ref
1.06 (0.86 to 1.31)

Ref
1.24 (0.98 to 1.56)

Zero Vegetable and fruits consump-
tion (ZVF)

Non-ZVF consumers
ZVF consumers

Ref
1.18 (0.98 to 1.42)

Ref
0.89 (0.75 to 1.05)

Ref
1.05 (0.87 to 1.27)

Ref
1.13 (0.91 to 1.42)

Adherence to Complementary Feed-
ing (CF) practices

CF non-adherent
CF adherent

Ref
1.14 (0.81 to 1.63)

Ref
1.21 (0.86 to 1.68)

Ref
0.99 (0.69 to 1.42)

Ref
1.06 (0.72 to 1.54)

Age 6 to 11.9 months
12 to 17.9 months
18 to 23.9 months

Ref
1.18 (0.95 to 1.47)
0.87 (0.70 to 1.08)

Ref
1.25 (1.01 to 1.53) *
1.27 (1.03 to 1.56) *

Ref
0.66 (0.53 to 0.83) *
0.75 (0.61 to 0.94) *

Ref
0.76 (0.58 to 0.98) *
0.59 (0.44 to 0.78) *

Sex Male
Female

Ref
0.83 (0.70 to 0.99) *

- Ref
1.25 (1.05 to 1.49) *

-

Health status No
Yes

- -

Maternal education No education
Primary
Secondary or Higher

Ref
0.74 (0.58 to 0.93) *
0.79 (0.63 to 1.00)

Socioeconomic status Poorest Ref Ref Ref

Poorer 0.76 (0.60 to 0.97) * 1.27 (0.98 to 1.63) 1.15 (0.84 to 1.58)

Middle 0.78 (0.60 to 1.01) 1.30 (0.99 to 1.69) 1.07 (0.77 to 1.50)

Richer 0.64 (0.48 to 0.85) * 1.62 (1.23 to 2.13) * 1.44 (1.03 to 2.02) *

Richest 0.55 (0.40 to 0.77) * 1.68 (1.25 to 2.25) * 2.06 (1.48 to 2.87) *

Type of place of residence Rural - - -

Urban
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age-appropriate CF initiation (Klag et al. 2015; Syeda et al. 
2021). The high risk of stunting in children aged over six-
months might be attributable to delayed initiation of solid 
& semi-solid food or due to the non-adherence of comple-
mentary feeding practices (Syeda et al. 2021). However, our 
previous study demonstrated that early initiation of solid, 
semi-solid, soft & liquid food before the prescribed age of 
6 to 8 months is associated with an increase in the odds of 
various forms of coexisting forms of undernutrition, such 
as coexistence of underweight with wasting, coexistence of 
underweight with stunting, and coexistence of underweight 
with both wasting & stunting (Khaliq et al. 2021). Previ-
ous studies have demonstrated a protective role of protein 
containing food against paediatric stunting (Khamis et al. 
2019; Reinbott and Jordan 2016). A study by Khamis et al. 
reported that stunting in children can be averted by increas-
ing the consumption of animal proteins, such as egg, meat, 
fish, and organ meats (Khamis et al. 2019). Similarly, a rand-
omized controlled trial conducted in Ethiopia also proposed 
use of animal proteins for the prevention of various forms 
of nutritional disorders (Reinbott and Jordan 2016).WHO in 
the recent IYCF guidelines of 2021 introduced a new indica-
tor EFF for assessing the consumption of protein obtained 
from animal sources (World Health Organization 2021). Our 
study showed 29.5% adherence of EFF, and its adherence is 
associated to reduce the odds of various forms of paediatrics 
undernutrition, including coexisting forms of undernutrition 
(underweight with wasting, underweight with stunting, and 
underweight with both wasting & stunting). Thus, incorpora-
tion of animal containing food can avert the onset of various 
forms of paediatric undernutrition.

Our findings suggest that cereals & grains and dairy 
products were chiefly used for CF, whereas the consump-
tion of food from other food groups (nuts & legumes, eggs, 
fish & meat, vitamin A containing fruits & vegetables, and 
other fruits & vegetables) was less than 30%. Similarly, a 
joint report of Government of Pakistan, UNICEF and UK-
aid reported that cereals and dairy products were used as a 
main source of CF in Pakistan, with deprivation of feeding 
from other food groups (National Institute of Population 
Sciences 2018). Our study explored the root cause of high 
prevalence of paediatric malnutrition through two differ-
ent but interconnected pathways. Firstly, the excessive use 
of cereals & grains, and dairy products, and restricted use 
of food from fruits, vegetables, meats, eggs, and legumes 
& nuts predispose a child towards various forms of nutri-
tional disorders. Secondly, the use of food chiefly from two 
food groups (cereals & grains, and dairy products) leads 
to sequential non-adherence of MDD and MAD, which in 
turn results in paediatric malnutrition, including CFM. Many 
previous studies have discussed the roles of different food 
groups and feeding practices for the alleviation of paediat-
ric malnutrition (Kinyoki et al. 2016; Rachmi et al. 2016). 

Food containing eggs, flesh, and nuts & legumes are rich in 
protein and different studies suggested the use of proteins for 
the alleviation of paediatric undernutrition, such as wasting, 
and stunting (Rachmi et al. 2016; Reinbott and Jordan 2016). 
Similarly, an adequate consumption of fruits and vegeta-
bles is effective in preventing various forms of malnutrition, 
including micronutrient deficiencies (Kinyoki et al. 2016). 
Therefore, the recent IYCF guidelines proposed a new CF 
indicator “ZVF” for assessing the population of children 
non-adherent to vegetable and fruits consumption (World 
Health Organization 2021). Our study reported that more 
than 40% of children did not consume either fruit or veg-
etables in the last 24 hours. The findings of our study were 
comparable to other studies, which reported the fruits and 
vegetable consumption for only a third of children (Cooke 
et al. 2004). The low consumption of fruits and vegetables is 
a global concern, and it occurs due to poor quality and high 
pricing of fruits and vegetables (Cooke et al. 2004; Saxe-
Custack et al. 2019). Compared to global inflation estimates, 
Pakistan has historically reported an average of 8.2% higher 
inflation rate for the last fifty to sixty years (World​Date.​info 
2022). The high inflation rate in Pakistan has tremendously 
diminished the purchasing power to food, and due to this 
reason, the inflation drastically affects food affordability 
(Qayyum et al. 2018). In this regard, there is a need to alle-
viate malnutrition at both a macro as well as a microlevel. 
At a macro level, malnutrition can be averted by providing 
food fortification, and food subsidiary to underprivileged 
households. However, at a microlevel, the nutritional disor-
ders in children can be averted by increasing adherence to 
CF practices, nutritional counseling of caregivers, and mul-
ticomponent interventions, such as experimental, behavioral, 
psychological, and educational (Buyuktuncer et al. 2014; 
Hodder et al. 2020).

Our study reported lower odds of various types of under-
nutrition, such as wasting, underweight, stunting, under-
weight with stunting and underweight with both wasting 
& stunting among MDD and MMF adherent children. 
Similarly, studies conducted in Cambodia, China, Ethiopia, 
Haiti, India, Malawi, Mali, Nepal, Peru, Rwanda, Tanza-
nia, Thailand and Zimbabwe also supported that an adher-
ence to MDD and MMF significantly improved nutritional 
outcomes, and protected infants and young children from 
various types of undernutrition, including coexisting forms 
of undernutrition (Aemro et al. 2013; Arimond et al. 2004; 
Benedict et al. 2021; Feng et al. 2022; Khamis et al. 2019; 
Reinbott and Jordan 2016; Solanki et al. 2022). Conversely, 
our study reported a higher odds of overweight/obesity 
in MMF adherent children. However, a study conducted 
in Thailand showed no association of MMF with over-
weight/obesity, and low probability of overweight/obesity 
among MDD adherent children (Benedict et  al. 2021). 
Hence, an improvement in dietary diversity can curtail both 

http://worlddate.info
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undernutrition and overnutrition in children. The dietary 
diversity and meal frequency in the paediatric diet can be 
augmented by improving maternal education and awareness 
regarding the timing and importance of infants and young 
child feeding indicators (Wuneh et al. 2019). This was evi-
denced by a RCT conducted by Reinbott & Jordan that nutri-
tion education is directly associated to improve infant feed-
ing practices (Reinbott and Jordan 2016).

IYCF guidelines suggested an acceptable diet is essen-
tial for the growth and nourishment of all children (United 
Nations Children Funds 2018). The acceptable diet of a 
child is a measure of MDD and MMF. Children who are 
adherent to both MDD and MMF are referred to as MAD 
adherent. Our study reported a lower odds of underweight 
among children adherent to MAD. An underweight child 
poses a serious threat for various forms of CFM (World 
Health Organization 2020a). Similarly, a study by Walters, 
et al., demonstrated that an adherence to MAD serves to 
protect children from being underweight (Walters et al. 
2019). We found 18.9% MAD adherence, while other 
studies conducted in various parts of Asia and Africa 
have reported MAD adherence of 33% in Democratic 
Republic of Congo (Kambale et al. 2021), 4.1% to 32% 
in Ethiopia (Molla et al. 2021; Mulat et al. 2019), 8.4% in 
India (Acharya et al. 2021), 4.4% to 8.4% in Philippines 
(Guirindola et  al. 2018), and 12% in Malawi (Walters 
et al. 2019). Different studies support that an increase in 
maternal education, maternal empowerment, and knowl-
edge regarding infant feeding indicators can augment 
MAD adherence (Mulat et al. 2019; Walters et al. 2019). 
In a study by Guirindola, et al., breastfed children showed 
comparatively higher MAD adherence than non-breastfed 
children (Guirindola et al. 2018). Thus, continuation of 
breastfeeding during the first two-years of life may also 
help to improve the adherence to MAD. Furthermore, the 
adherence to MAD can be improved by augmenting adher-
ence to MDD and MFF.

Our study reported a protective role of iron & folate (IFA) 
adherence against various types of undernutrition, includ-
ing coexisting forms of undernutrition. Use of diet enriched 
with IFA is essential for the growth and development of 
every child, even during prenatal period (Allali et al. 2017; 
Stephenson et al. 2018). Despite having myriads of health 
and nutritional benefits of IFA food, our study reported that 
the diet of less than 30% children contains IFA containing 
food. Deficiency of IFA in an individual results in anemia 
(Oh et al. 2020), and anemia during early infancy and child-
hood results in impaired growth and development, including 
developmental delay (Allali et al. 2017). Moreover, anemia 
in children also leads to decreased intellectual capability, 
altered cardiac function, and various diseases, such as stroke 
(Allali et al. 2017; Zavaleta and Astete-Robilliard 2017). 
Some of the problems relating to health and nutrition can 

be averted by use of those foods enriched with IFA, such 
as meat, fish, dark green vegetables, and legumes & nuts 
(IndiKit 2022). Unfortunately, around 22% of Pakistani peo-
ple live below the poverty line and are less able to buy food 
rich in IFA. In this regard, food fortification is very useful, 
cost-effective, and widely acceptable intervention for the 
prevention and control of various types of micronutrients 
disorders (Tong and Walker 2021).

Study strengths, weaknesses, and future direction

Our study examined the relationship of each CF indicator 
with CFM and is the first to measure the association of CFM 
with CF indicators including the newly introduced CF indi-
cators published in 2021 IYCF guidelines. Moreover, the 
use of eight nationally and regionally representative data-
sets, and large sample size further strengthen the internal 
validity of our study. Despite various strengths of this study, 
our study revealed some counterintuitive findings related to 
the association of coadministration of breastmilk with SSF 
and adherence to MMF among children of different socio-
economic strata. Similarly, our study also showed higher 
odds of stunting among breastfeed children and in children 
taking breastmilk with SSF. However, all the health regu-
latory bodies promoted the use of breastmilk for children 
aged between 0 to 23.9 months for their optimal growth and 
nutrition (World Health Organization 1991, 2010, 2021). In 
this regard, it is essential to explore the underlying reasons 
for the counterintuitive findings. The reason for counterintui-
tive findings can be investigated by strengthening the study 
design and data collection methods.

In our study, the information related to the feeding indica-
tors were collected qualitatively via a set of questionnaires, 
which asked about the intake of different food groups includ-
ing milk and dairy products from the mothers of children 
aged below two years. The information related to food intake 
collected was entirely based on maternal verbal response. 
However, the relationship of CFM with food portion size, 
and of calories intake was not assessed, because the datasets 
used in this study were devoid of these variables. Moreover, 
this study did not examine the influence of seasonal diet 
variation, food insecurity, and various other socioeconomic 
and climatic adversities, such as poverty, unemployment, 
inflation, food pricing, food subsidiary, food acceptability, 
food taste, famine, drought, and cultural practices of infant 
feeding. Longitudinal or interventional study may further 
explore the relationship of different food types, food quantity 
and calories intake with various types of CFM, to ultimately 
devise a national nutrition guideline for the prevention and 
control of various forms of CFM. This study examined CFM 
only via anthropometric measurement. There is a persistent 
need to investigate the relationship of each type of CFM with 
various forms of micronutrient deficiencies by observing 
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clinical signs and symptoms. A holistic approach for the 
diagnosis of various types of CFM can help to identify the 
underlying causes of malnutrition in children.

Recommendation and policy implications

The findings of our study supported that adherence to MDD, 
MMF, use of protein, and IFA can effectively protect a child 
from various forms of paediatric undernutrition, including 
CFM. On the other hand, use of breastmilk either alone or 
in conjunction with SSF was associated with increased odds 
of stunting in all children irrespective of their weight status, 
i.e., normal, underweight, and overweight/obese, thereby 
increasing the odds of both standalone forms of malnutrition 
and CFM. However, IYCF guidelines, American Association 
of Paediatrics (AAP), and various other local guidelines also 
suggested use of breastmilk for better growth and devel-
opment of children aged below two years (Eidelman et al. 
2012; World Health Organization 2021). Further research 
is needed to substantiate the associations between each CF 
indicator and CFM.

Based on the findings of this study, it is essential to pro-
mote the accessibility of national dietary & nutrition guide-
lines among the general population, to in turn improve the 
knowledge and practices about the utilization of different 
food groups according to caloric requirements. An improve-
ment in the knowledge and practices about different food 
groups, portion size, and caloric intake will ultimately aid 
in the prevention & control of various forms of CFM in 
children aged between 6 to 23.9 months.

Conclusions

Children aged between 6 to 23.9 months have the highest 
risk of various forms of nutritional disorders, including 
CFM. In Pakistan, cereals and dairy are two major group 
of food used in children for CF, while the consumption of 
meat, egg, vegetables, fruits, and legumes & nut was evident 
in less than 30 percent. Most of the CF indicators, when 
practiced according to the infant feeding guidelines have the 
potential to avert both standalone forms of undernutrition as 
well as coexisting forms of undernutrition. However, use of 
breastmilk either alone or in conjunction with SSF showed 
no association with CFM, and an increased odds of stunting 
irrespective of child weight, i.e., normal, underweight, and 
overweight/obese. For tackling paediatric undernutrition, it 
is essential to employ dual methods of parental education 
about CF adherence and its importance alongside environ-
mental change. An improvement in MDD, MMF, MAD, use 
of protein, and IFA can alleviate various forms of paediat-
ric undernutrition, including coexisting forms of paediatric 

undernutrition. However, at a population level, food forti-
fication can aid in reducing the burden of various forms of 
nutritional disorders, including micronutrient deficiencies.
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