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Abstract 

Background  Inequalities in child feeding practices are evident in urban slums in developing nations. Our study 
identified the determinants of complementary feeding (CF) practices in the informal settings of Pune, India, a district 
close to the business capital of India.

Methods  Employing a cross-sectional study design, 1066 mother–children dyads were surveyed. Five indicators 
defined by the WHO were used to study complementary feeding practices. Determinants of complementary feeding 
practices were identified using multivariate analyses.

Results  Timely initiation of CF was reported by 42%. Minimum acceptable diet (MAD), minimum meal frequency 
(MMF), and Diet Diversity Score > 4 were achieved by 14.9%, 76.5%, and 16.4%, respectively. Continued breastfeed-
ing (CBF) at 2 years, and feeding processed foods were practiced by 94% and 50%, respectively. Among the maternal 
characteristics, a mother’s age > 30 years at pregnancy was less likely to achieve DD [AOR: 0.195 (CI 0.047–0.809)] 
and MAD [AOR: 0.231 (CI 0.056–0.960)]. Mothers with lower education were less likely to meet MMF [AOR: 0.302 
(0.113–0.807)], MAD [AOR: 0.505 (CI 0.295–0.867)] and to introduce formula feeds (FF) [AOR: 0.417 (0.193- 0.899)]. 
Among obstetric characteristics, birth spacing < 33 months was less likely to achieve DD [AOR: 0.594 (CI 0.365–0.965)] 
and CBF [AOR: 0.562 (CI: 0.322–0.982)]. Receiving IYCF counseling only during postnatal care hindered the timely 
initiation of CF [AOR: 0.638 (0.415–0.981)]. Very Low Birth Weight increased the odds of achieving DD [AOR: 2.384 
(1.007–5.644)] and MAD [AOR: 2.588(CI: 1.054–6.352)], while low birth weight increased the odds of children being 
introduced to processed foods [AOR: 1.370 (CI: 1.056–1.776)]. Concerning socio-economic status, being above the 
poverty line increased the odds of achieving MMF, [AOR: 1.851 (1.005–3.407)]. Other backward castes showed higher 
odds of achieving MAD [AOR: 2.191 (1.208–3.973)] and undisclosed caste in our study setting decreased the odds 
of FF [AOR: 0.339 (0.170–0.677)]. Bottle feeding interfered with MMF [AOR: 0.440 (0.317–0.611)] and CBF [AOR: 0.153 
(0.105–0.224)].
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Conclusion  Investing in maternal education and IYCF counseling during both ANC and PNC to provide nutritious 
complementary foods alongside addressing poverty should be a national priority to prevent the double burden of 
undernutrition at an early age in informal settings.

Keywords  Complementary feeding, Urban slums, Critical age, Diet diversity, Minimum meal frequency, Minimum 
acceptable diet, Continued breastfeeding

Background
Remarkable global gains in child survival are daunted by 
uneven progress particularly among the underprivileged 
in the developing world. Undernutrition remains a major 
determinant of child mortality across the globe. World-
wide, in 2019 an estimated 5.2 million children died 
before the age of five; of which 50% were due to under-
nutrition[1]. Global estimates suggest that over 50% 
of the global under-five population resides in Asia and 
Africa, and the worst impact of childhood undernutrition 
and its consequences are witnessed in these regions [2]. 
Among the 10 key ‘nutrition specific’ strategies to enable 
child growth and survival, infant and young child feed-
ing (IYCF) practices have been promoted extensively [3]. 
It has been well established that optimal nutrition during 
the first two years in addition to lowering morbidity and 
mortality, reduces the risk of chronic disease and ena-
bles cognitive development [4, 5]. Despite global efforts 
to optimize IYCF, its progress has been relatively slow 
and suboptimal [1]. The introduction of complementary 
foods at 6 months of age, while continuing to breastfeed, 
is a global recommendation to enable age-appropriate 
growth and development. It is also one of the established 
interventions that can significantly reduce stunting dur-
ing the first 2  years of life [6]. Evidence from develop-
ing countries suggests that poor complementary feeding 
practices could potentially risk a reduction in total energy 
and nutrient intake. Further, unhygienically prepared 
complementary food increases the risk of diarrheal infec-
tion and undernutrition among children 6–23 months of 
age [7, 8]. The diets of infants and children are often defi-
cient in micronutrients such as iron, vitamin, zinc, and B 
vitamins in low-income countries. Thus, achieving ade-
quacy in quantity and quality of complementary foods 
remains a challenge in the developing world.

In India, according to National Family Health Survey 
round 4 (NFHS-4) [9], less than 50% of children below 
two years of age received solid or semi-solid food and 
breastmilk, and less than 10% of children received an ade-
quate diet. Consequently, India reports 50% child mortal-
ity, > 35% of stunting and underweight, and close to 30% 
wasting among children under five years [9], which calls 
for immediate attention. While a plethora of research 
on IYCF practices exists, community-based studies on 
complementary feeding practices employing WHO 

indicators, in vulnerable settings are limited. National 
surveys and existing regional studies with broad age cat-
egorization of children (0–5  years) identify the need to 
study children below two years, who are in the critical 
period of growth and development. Therefore, this work 
aimed to study complementary feeding practices and 
their determinants among children aged 6–24 months in 
Pune city.

Methodology
Study design and setting
A community-based cross-sectional survey was con-
ducted between December 2018 and April 2019, in ten 
urban slums of Pune city, in Maharashtra, India. Pune 
is the second-largest city in the state after Mumbai [10]. 
The administrative division of Pune city comprises 15 
wards. It is estimated that more than 40% of city dwellers 
live in the slums. These settings are characterized by poor 
living conditions, inadequate living space, poor access to 
safe drinking water and household and environmental 
sanitation and hygiene, and poor residential stability that 
reflects poor health indicators [11].

Sample size and sampling technique
Multistage stratified systematic random sampling was 
used to recruit the participants. Out of the fifteen admin-
istrative wards of Pune Municipal Corporation (PMC), 
ten were selected using simple random sampling using 
an online random number generator. The population 
of each ward was further considered to select a popula-
tion proportionate sample. Considering a prevalence 
of 48.8%, i.e., 0.48 of children age 6–8  months receiv-
ing complementary food (solid or semi-solid food and 
breastmilk) in urban Maharashtra, the sample size of 
the study was determined [9, 12]. Allowing 5% error and 
95% confidence interval, 1.5 design effect, and 10% non-
response, the sample size estimated was n = 633. For the 
major survey that included all IYCF indicators, to ensure 
representation of children aged 0–6  months for exclu-
sive breastfeeding practices, the sample was doubled to 
n = 1443 after pre-test. From this work, a subsample of 
children aged 6–24  months (n = 1066) was considered. 
Children without congenital anomalies or chronic illness 
and their mothers who consented were considered for 
this study.
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Independent variables
The independent variables included maternal char-
acteristics such as age at marriage and pregnancy, 
education, birth spacing, and type of delivery. Socio-
demographic information such as family size, caste, and 
the color of ration cards as a proxy for economic sta-
tus, and healthcare-related factors like IYCF counseling 
were also elicited. Child characteristics such as age, 
gender, term, and birth weight were recorded.

Outcome variables
Complementary feeding (CF) indicators include its 
initiation in 6–8  months, Diet Diversity Score (DDS), 
minimum meal frequency (MMF), minimum accept-
able diet (MAD), and optional indicators like Contin-
ued Breastfeeding at 2 years were dependent variables. 
Formula feeds and processed foods were additional 
variables in this study. A 24-h recall method was used 
to elicit information on dietary diversity and meal fre-
quency from mothers and/or caregivers.

Dietary diversity score was assessed based on IYCF 
recommendation among seven food categories. The 
time of introduction of complementary foods and their 
adequacy were assessed as per the information pro-
vided by the mothers. Data were collected by research-
ers trained in public health nutrition.

Statistical analysis
For data analysis, SPSS 20 was used. Descriptive statis-
tics were computed for socio-demographic, maternal, 
and child variables. Multivariate analyses were per-
formed to identify the determinants of complementary 
feeding practices. P-values < 0.05 were considered sta-
tistically significant.

Ethical considerations
The study was approved by the institutional ethics 
committee of Savitribai Phule Pune University (SPPU/
IEC/2019/06). Permission was taken from Pune and 
Pimpri Chinchwad Municipal Corporation. Procedures 
for the survey were designed to protect participants’ 
privacy by allowing for anonymous and voluntary par-
ticipation. After explaining the objective, benefits, and 
risks of the study, written informed consent was signed 
by willing participants. The questionnaire was trans-
lated into the local language (Marathi).

Results
A sample of 1066 mother–children dyads was included 
in this study after excluding the sample 0–6  months. 
Table  1 shows the frequency distribution of maternal 
and socio-demographic characteristics. Almost 10% of 

Table 1  Distribution of socio-demographic and obstetric 
characteristics of respondents (N = 1066)

Maternal characteristics n %

Maternal age (years)

< 20 102 9.6

21–25 536 50.3

26–30 347 32.6

> 30 81 7.6

Maternal education

No formal education 47 4.4

Primary education 27 2.5

Secondary education 656 61.5

Higher secondary education 201 18.9

Graduation and above 135 12.7

Religion

Hindu 718 67.4

Muslim 273 25.6

Others 75 7

Caste

Open 289 27.1

Scheduled caste (SC) 306 28.7

Scheduled tribe (ST) 26 2.4

Other backward caste (OBC) 110 10.3

Not mentioned 335 31.4

Maternal employment status

Not working 1010 94.7

Working 56 5.3

Maternal employment during pregnancy

No 1024 96.1

Yes 42 3.9

Number of family members

Up to 4 379 35.6

More than 4 687 64.4

Number of children

Up to 2 879 82.5

More than 2 187 17.5

Type of delivery

C-section 346 32.5

Normal 720 67.5

Place of delivery

Public facility 680 63.8

Private facility 386 36.2

Information received from health care providers

Yes 622 58.3

No 444 41.7

Time of information

Antenatal care 80 7.5

Postnatal care 427 40.1

Both 115 10.8
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mothers were below 20  years of age and greater than 
60% received secondary education. Family size > 4 was 
reported by 64.4%. Among the obstetric characteristics, 
parity up to two was reported by 82.5%. Normal deliv-
ery was reported by almost 68% and 64% were deliv-
ered in a public facility. Nearly 60% received advice for 
IYCF practices from healthcare workers. Of these, 40% 
received counseling during postnatal care.

Child characteristics identified mean age as 
14.50 ± 4.86 months. Children born full term were 93%, 
while over 40% were either low or very low birth weight 
as per immunization schedule records. Both sexes were 
almost equally represented (Table 2).

Table  3 shows the frequency distribution of the com-
plementary feeding practices. A diet diversity score of 4 
was not achieved by 84%. Nutrient quality of complemen-
tary feeds as assessed by MMF and MAD was reportedly 
achieved by 76.5 and 14.9%, respectively. Age-appropri-
ate complementary feeding was initiated (AAICF) by less 
than one-half of the respondents, whereas breastfeeding 
was continued along with complementary foods by 94%. 
One-half of the participants reported having been given 
processed foods on the previous day of data collection.

Results of multivariate analysis
We examined the associations between complementary 
feeding practices and socio-demographic characteristics.

Introduction of solid, semi‑solid and soft foods 
(6–8 months) (ISSSF)
Factors associated with the introduction of solid, 
semi-solid and soft foods are presented in Table 4. Not 

receiving IYCF counselling showed less probability to 
impact AAICF according to both models [COR: 0.645 
(CI 0.427–0.974); AOR 0.638 (CI 0.415–0.980)]. A simi-
lar inverse association was observed when counseling 
was received only during postnatal care (compared 
to during both antenatal and postnatal care) when 
adjusted with covariates [AOR: 0.638 (CI 0.415–0.981)]. 
VLBW was less likely to increase the odds of AAICF as 

Table 2  Distribution of child characteristics

Child characteristics n %

Child’s age

Mean age (in months) 14.50 ± 4.86

Median age (in months) 14

6–8 months 140 13.1

9–24 months 926 86.9

Gender

Male 523 49.1

Female 543 50.9

Gestational age

Preterm (< 37 weeks) 75 7

Full-term (> 38 weeks) 991 93.0

Birth weight

Very low birth weight (< 1500 gm) 34 3.2

Low birth weight (1500 gm–2500 gm) 418 39.2

Normal birth weight (< 2500 gm) 601 56.4

Not available 13 1.2

Table 3  Distribution of prevalent complementary feeding 
practices

Complementary feeding practices n %

Diet Diversity Score (DDS) 2.61 ± 1.04

< 4 891 83.6

6–8 months 133 95

9–11 months 184 89.3

12–24 months 574 79.7

> 4 175 16.4

6–8 months 7 5

9–11 months 22 10.7

12–24 months 146 20.3

Minimum meal frequency (MMF) 815 76.5

6–8 months 95 67.9

9–11 months 159 77.2

12–24 months 561 77.9

Minimum acceptable diet (MAD) 159 14.9

6–8 months 7 5

9–11 months 22 10.7

12–24 months 130 18.1

Complementary feeding initiation age (months) 6.52 ± 2.05

6–8 months (timely) 450 42.2

< 6 months (early) 532 49.9

> 8 months (delayed) 59 5.5

Not yet initiated 25 2.3

Formula feed was given the previous day 89 8.3

6–8 months 24 17.1

9–11 months 24 11.7

12–24 months 41 5.7

Processed food was given the previous day 539 50.6

6–8 months 38 27.1

9–11 months 99 48.1

12–24 months 402 55.8

Bottle feeding 272 25.5

6–8 months 24 17.1

9–11 months 65 31.6

12–24 months 183 25.4

Continued breastfeeding (CBF) at two years (20–
24 months)

Yes 178 93.68

No 12 6.31
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per the crude model [COR: 0.440 (CI 0.198–0.980)] but 
was not significant in the adjusted model.

Minimum diet diversity
Mother’s age at pregnancy > 30  years [AOR: 0.195 
(CI 0.047–0.809)] was less likely to achieve DD in the 
adjusted model. Although family size > 4 [COR: 1.490 
(CI 1.026–2.164), AOR: 1.440 (0.963–2.153)] increased 
the odds of achieving DD by 1.4 times, the difference 
was not significant after adjustment. One-third of the 
respondents (31%) did not disclose their caste. Caste had 
a significant impact on DD. Being OBC [COR: 2.060 (CI 
1.178–3.605); AOR: 2.074 (CI 1.168–3.681)] increased 
the odds of achieving DD in both models by 2 times, 
compared to those in the socioeconomically better open 
category. Birth spacing less than 33 months [COR: 0.604 
(0.385–0.949); AOR: 0.594 (CI 0.365–0.965)] was 40% less 
likely to achieve DD compared to spacing > 33 months in 
both models. In child characteristics, VLBW increased 
the odds of achieving diet diversity twice as compared to 
children with normal birth weight in the adjusted model 
[AOR: 2.384 (1.007–5.644)] (Table 5).

Table 4  Crude and adjusted odds ratio of socio-demographic, 
maternal, child characteristics with complementary feeding 
initiation in 6–8 months

Characteristics Complementary feeding initiation in 
6–8 months

Crude OR (95% CI) Adjusted OR (95% CI)

Mother’s age at marriage

< 20®

 21–25 1.069 (0.780–1.463) 1.106 (0.789–1.550)

 26–30 0.791 (0.364–1.718) 0.961 (0.415–2.226)

 > 30 3.202 (0.259–39.60) 5.098 (0.392–66.34)

Mother’s age at last 
pregnancy

< 20®

 21–25 1.186 (0.848–1.657) 1.131 (0.780–1.639)

 26–30 1.030 (0.686–1.547) 0.932 (0.567–1.531)

 > 30 0.842 (0.411–1.729) 0.622 (0.265–1.459)

Mother’s education

No formal education 1.467 (0.725–2.969) 1.613 (0.761–3.422)

Primary education 0.747 (0.300–1.861) 0.910 (0.356–2.323)

Secondary education 1.456 (0.973–2.177) 1.492 (0.977–2.278)

Higher secondary educa-
tion

1.345 (0.850–2.130) 1.357 (0.847–2.175)

Graduation and above®

Caste

Open®

SC 1.165 (0.818–1.659) 1.167 (0.810–1.679)

ST 0.954 (0.414–2.197) 0.959 (0.410–2.240)

OBC 0.672 (0.422–1.068) 0.703 (0.436–1.134)

Not disclosed 0.787 (0.565–1.095) 0.771 (0.550–1.080)

Religion

Hindu®

Muslim 0.956 (0.700–1.304) 0.971 (0.703–1.342)

Others 1.133 (0.689–1.863) 1.122 (0.671–1.875)

No of family members

< 4®

> 4 0.864 (0.662–1.127) 0.875 (0.656–1.168)

Color of ration card (proxy 
annual income in rupees)

Yellow (< 15,000) 1.400 (0.781–2.510) 1.299 (0.713–2.366)

Saffron (15,000–100,000) 1.713 (0.972–3.021) 1.644 (0.917–2.947)

White (> 100,000)®

Type of delivery

Normal®

C-Section 0.979 (0.748–1.282) 1.041 (0.784–1.382)

Place of delivery

Private facility®

Public facility 1.138 (0.875–1.481) 1.155 (0.876–1.522)

Birth spacing

Single child 0.826 (0.621–1.100) 0.754 (0.519–1.095)

< 33 months 0.954 (0.690–1.319) 0.890 (0.623–1.272)

> 33 months®

®  is the reference category, level of significance *p-value of < 0.05, **p-value of 
< 0.01, ***p-value of < 0.001

Table 4  (continued)

Characteristics Complementary feeding initiation in 
6–8 months

Crude OR (95% CI) Adjusted OR (95% CI)

IYCF counselling received

Yes®

No 0.645* (0.427–0.974) 0.638* (0.415–0.980)

Time of IYCF counselling

Antenatal care 1.086 (0.614–1.923) 1.076 (0.592–1.954)

Postnatal care 0.676 (0.447–1.022) 0.638* (0.415–0.981)

Both®

Gender of child

Male®

Female 0.890 (0.695–1.139) 0.894 (0.692–1.155)

Gestational age

Preterm 1.384 (0.848–2.258) 1.456 (0.882–2.405)

Full term®

Birth weight of child

Very low (< 1500 gm) 0.440* (0.198–0.980) 0.477 (0.210–1.085)

Low (1500-2500gm) 0.937 (0.726–1.209) 0.947 (0.728–1.232)

Normal® (> 2500 gm)

Birth order

< 2®

> 2 0.849 (0.613–1.176) 0.800 (0.533–1.200)

Bottle feeding

Yes 1.059 (0.801–1.400) 1.025 (0.762–1.379)

No®
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Table 5  Crude and adjusted odds ratio of socio-demographic, maternal, child characteristics with complementary feeding practices

Characteristics Diet diversity Minimum meal frequency Minimum acceptable diet

Crude OR (95% CI) Adjusted OR (95% 
CI)

Crude OR (95% 
CI)

Adjusted OR (95% 
CI)

Crude OR (95% CI) Adjusted OR (95% 
CI)

Mother’s age at 
marriage

< 20®

21–25 0.919 (0.604–1.397) 1.012 (0.644–1.592) 0.929 (0.641–1.346) 0.924 (0.618–1.382) 0.797 (0.513–1.241) 0.915 (0.568–1.475)

26–30 1.828 (0.746–4.483) 2.553 (0.940–6.932) 0.784 (0.330–1.860) 0.794 (0.305–2.064) 1.292 (0.495–3.376) 1.836 (0.632–5.336)

> 30 0–0 0–0 0–0 0–0 0–0 0–0

Mothers age at last 
pregnancy

< 20®

21–25 1.036 (0.655–1.639) 0.892 (0.536–1.482) 0.907 (0.613–1.341) 0.962 (0.621–1.490) 0.999 (0.624–1.601) 0.822 (0.486–1.390)

26–30 1.369 (0.802–2.338) 1.012 (0.522–1.964) 1.081 (0.670–1.745) 1.105 (0.613–1.990) 1.381 (0.798–2.390) 0.960 (0.486–1.896)

> 30 0.450 (0.141–1.441) 0.195* (0.047–
0.809)

0.966 (0.427–2.184) 0.902 (0.344–2.361) 0.551 (0.173–1.755) 0.231* (0.056–0.960)

Mother’s education

No formal educa-
tion

0.882 (0.356–2.187) 0.892 (0.346–2.296) 0.675 (0.292–1.562) 0.687 (0.275–1.717) 0.885 (0.355–2.205) 0.806 (0.310–2.092)

Primary education 0.650 (0.204–2.075) 0.542 (0.164–1.797) 0.305** (0.120–
0.777)

0.302* (0.113–
0.807)

0.648 (0.202–2.079) 0.498 (0.148–1.671)

Secondary educa-
tion

0.662 (0.402–1.090) 0.593 (0.351–1.005) 0.603 (0.359–1.014) 0.584 (0.340–1.003) 0.604 (0.364–1.005) 0.505** (0.295–0.867)

Higher secondary 
education

1.005 (0.575–1.756) 0.991 (0.560–1.756) 0.628 (0.349–1.129) 0.636 (0.348–1.163) 0.769 (0.429–1.377) 0.725 (0.399–1.317)

Graduation and 
above®

Caste

Open®

SC 1.185 (0.732–1.918) 1.156 (0.704–1.896) 1.477 (0.955–2.285) 1.436 (0.912–2.261) 1.231 (0.745–2.035) 1.183 (0.705–1.986)

ST 0.827 (0.231–2.962) 0.812 (0.223–2.960) 0.770 (0.310–1.912) 0.657 (0.260–1.663) 0.617 (0.137–2.782) 0.586 (0.128–2.690)

OBC 2.060** (1.178–
3.605)

2.074** (1.168–
3.681)

1.448 (0.822–2.549) 1.398 (0.782–2.499) 2.150** (1.206–
3.833)

2.191** (1.208–3.973)

Not disclosed 1.046 (0.662–1.654) 0.984 (0.618–1.565) 0.843 (0.583–1.219) 0.786 (0.538–1.147) 1.124 (0.699–1.809) 1.054 (0.651–1.707)

Religion

Hindu®

Muslim 1.096 (0.724–1.659) 1.099 (0.716–1.687) 0.761 (0.539–1.074) 0.799 (0.556–1.146) 1.078 (0.701–1.657) 1.084 (0.695–1.691)

Others 1.019 (0.519–2.002) 1.097 (0.550–2.190) 0.947 (0.523–1.717) 1.207 (0.627–2.321) 0.997 (0.496–2.001) 1.080 (0.529–2.205)

No of family mem-
bers

< 4®

> 4 1.490* (1.026–
2.164)

1.440 (0.963–2.153) 1.237 (0.910–1.681) 1.225 (0.875–1.715) 1.479* (1.003–
2.180)

1.395 (0.916–2.123)

Color of ration 
card (proxy annual 
income in rupees)

Yellow (< 15,000) 0.748 (0.368–1.519) 0.705 (0.341–1.460) 1.767 (0.983–3.175) 1.524 (0.817–2.843) 0.892 (0.408–1.952) 0.852 (0.381–1.907)

Saffron (15,000–
100,000)

0.744 (0.376–1.472) 0.692 (0.343–1.395) 2.203** (1.244–
3.900)

1.851* (1.005–
3.407)

0.987 (0.464–2.099) 0.935 (0.430–2.031)

White (> 100,000)®

Type of delivery

Normal®

C-Section 1.130 (0.793–1.610) 1.139 (0.783–1.655) 1.073 (0.783–1.469) 1.116 (0.797–1.562) 1.112 (0.769–1.610) 1.127 (0.762–1.666)

Place of delivery
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Minimum meal frequency (MMF)
Mother’s education up to primary level [COR: 0.305 (CI 
0.120–0.777); AOR: 0.302 (CI 0.113–0.807)] was less 
likely to achieve MMF as per the crude and adjusted 
model. Economic status above the poverty line increased 
the odds of achieving MMF, [COR: 2.203 (CI 1.244–
3.900), AOR: 1.851 (1.005–3.407)]. Bottle feeding [COR: 
2.195 (CI 1.619–2.977); AOR: 0.440 (CI 0.317–0.611)] 
increased the odds of meeting MMF by two times 
compared to not bottle feeding in the crude model. 

However, the relationship was inverse and significant in 
the adjusted model (Table 5).

Minimum acceptable diet (MAD)
As per the adjusted model, the mother’s age at pregnancy 
above 30 years was less likely to meet the requirements of 
MAD [AOR: 0.231 (CI 0.056–0.960)]. The odds of provid-
ing MAD were 50% lesser among mothers who received 
education up to secondary level than up to graduation 
and above [AOR: 0.505 (CI 0.295–0.867)]. Belonging to 

®  is the reference category, level of significance *p-value of < 0.05, **p-value of < 0.01, ***p-value of < 0.001

Table 5  (continued)

Characteristics Diet diversity Minimum meal frequency Minimum acceptable diet

Crude OR (95% CI) Adjusted OR (95% 
CI)

Crude OR (95% 
CI)

Adjusted OR (95% 
CI)

Crude OR (95% CI) Adjusted OR (95% 
CI)

Private facility®

Public facility 1.013 (0.715–1.435) 1.076 (0.744–1.557) 1.083 (0.799–1.469) 1.173 (0.848–1.623) 1.099 (0.762–1.585) 1.166 (0.792–1.717)

Birth spacing

Single child 0.822 (0.569–1.187) 0.708 (0.434–1.157) 0.968 (0.691–1.355) 0.992 (0.634–1.553) 0.743 (0.506–1.090) 0.676 (0.405–1.129)

< 33 months 0.604* (0.385–
0.949)

0.594* (0.365–
0.965)

0.843 (0.579–1.227) 0.864 (0.566–1.319) 0.626* (0.395–
0.991)

0.630 (0.384–1.035)

> 33 months®

IYCF counselling 
received

Yes®

No 1.198 (0.667–2.150) 1.276 (0.691–2.354) 0.782 (0.475–1.287) 0.826 (0.485–1.405) 1.227 (0.673–2.236) 1.268 (0.677–2.375)

Time of IYCF coun-
selling

Antenatal care 1.796 (0.853–3.782) 1.902 (0.869–4.164) 1.359 (0.645–2.863) 1.463 (0.656–3.263) 1.935 (0.910–4.118) 2.068 (0.935–4.572)

Postnatal care 1.193 (0.663–2.146) 1.243 (0.675–2.289) 0.840 (0.509–1.388) 0.796 (0.467–1.357) 1.027 (0.558–1.890) 1.035 (0.550–1.950)

Both®

Gender of child

Male®

Female 0.934 (0.673–1.298) 0.953 (0.677–1.340) 1.049 (0.786–1.399) 1.076 (0.794–1.458) 0.833 (0.591–1.173) 0.831 (0.582–1.185)

Gestational age

Preterm 0.962 (0.506–1.830) 0.965 (0.497–1.875) 1.065 (0.599–1.892) 1.074 (0.587–1.967) 0.883 (0.445–1.755) 0.898 (0.441–1.827)

Full term®

Birth weight of 
child

Very low (< 1500 
gm)

2.081 (0.915–4.731) 2.384* (1.007–
5.644)

0.878 (0.380–2.025) 1.283 (0.529–3.114) 2.085 (0.886–4.904) 2.588*(1.054–6.352)

Low (1500-2500gm) 1.183 (0.843–1.660) 1.268 (0.892–1.804) 0.815 (0.607–1.096) 0.917 (0.673–1.250) 1.145 (0.804–1.630) 1.254 (0.868–1.811)

Normal® (> 2500 
gm)

Birth order

< 2®

> 2 1.190 (0.786–1.802) 1.142 (0.673–1.938) 0.995 (0.683–1.450) 0.909 (0.564–1.467) 1.306 (0.856–1.993) 1.133 (0.659–1.946)

Bottle feeding

Yes 1.024 (0.705–1.487) 0.922 (0.621–1.369) 2.195*** (1.619–
2.977)

0.440*** (0.317–
0.611)

1.202 (0.806–1.793) 0.802 (0.526–1.224)

No®
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the backward caste (OBC) increased the odds of achiev-
ing MAD two times in both models [COR: 2.150 (CI: 
1.206–3.833), AOR: 2.191 (1.208–3.973)] as compared 
to those who belonged to the socioeconomically better 
open category as per the caste categorization. Family size 
> 4 increased the odds of receiving MAD as per the crude 
model by 1.4 times [COR: 1.479 (CI: 1.003–2.180)], which 
was not significant after adjustment, whereas VLBW 
increased the odds of receiving MAD by 2.5 times in the 
adjusted model [AOR: 2.588(CI: 1.054–6.352)] (Table 5).

Formula feeding (FF)
Mothers with education up to higher-secondary level 
were 59% less likely to practice FF [COR: 0.387 (CI: 
0.183–0.821); AOR: 0.417 (0.193–0.899)], compared to 
education up to graduation or higher. Undisclosed caste 
decreased the odds of FF in both models [COR: 0.374 
(CI 0.191–0.731); AOR: 0.339 (0.170–0.677)]. Birth order 
> 2 [COR: 0.441 (0.209–0.931)] and bottle feeding [COR: 
0.580 (CI 0.367- 0.916)] was less likely to impact intro-
ducing formula feeds as per the crude model, however, 
the association was not significant in the adjusted model 
(Table 6).

Processed foods
Children in Muslim families were more likely to receive 
processed foods; however, this association was not sig-
nificant after adjustment. [COR: 1.394 (CI 1.027–1.891), 
AOR: 1.329 (0.969–1.822)]. According to both mod-
els, low birth weight increased the odds of children 
being introduced to processed foods by 1.3 times [COR: 
1.351 (CI: 1.049–1.741) AOR: 1.370 (CI: 1.056–1.776)] 
(Table 7).

Continued breastfeeding (CBF) at 2 years
Mothers who were more than 30  years old at marriage 
were less likely to continue breastfeeding their children 
at 2  years [COR: 0.066 (CI: 0.005–0.883), AOR: 0.129 
(0.007–2.241)], in the crude but not in the adjusted 
model. Similarly, mothers’ age at pregnancy between 
26 and30  years and belonging to the scheduled caste 
increased the likelihood of CBF by 1.9 and 2.4 times, 
respectively, in the crude but not in the adjusted model. 
Muslims were less likely to CBF, according to the adjusted 
model [AOR: 0.790 (CI: 0.509–1.228)]. Single children 
were less likely to be given CBF as per COR, which was 
not significant in the adjusted model. Birth spacing 
of < 33 months was less likely to be given CBF as per AOR 
[AOR: 0.562 (CI: 0.322–0.982)]. Bottle-fed children were 
less likely to be continued BF as per both models [COR: 
0.154 (CI: 0.109–0.219)] (Table 8).

Table 6  Crude and adjusted odds ratio of socio-demographic, 
maternal, child characteristics with formula feeding

Characteristics Formula feed

Crude OR (95% CI) Adjusted OR (95% CI)

Mother’s age at marriage

< 20®

21–25 1.262 (0.729–2.187) 1.070 (0.589–1.943)

26–30 1.448 (0.421–4.978) 0.936 (0.247- 3.541)

> 30 0–0 0–0

Mother’s age at last 
pregnancy

< 20®

21–25 0.815 (0.444–1.496) 0.947 (0.488–1.837)

26–30 0.861 (0.418–1.772) 1.307 (0.539–3.172)

> 30 0.596 (0.149–2.376) 0.898 (0.187–4.323)

Mother’s education

No formal education 0.157 (0.020–1.240) 0.247 (0.031–2.002)

Primary education 0.226 (0.029–1.790) 0.247 (0.030–2.042)

Secondary education 0.578 (0.324–1.031) 0.663 (0.359–1.225)

Higher secondary educa-
tion

0.387** (0.183–0.821) 0.417* (0.193- 0.899)

Graduation and above®

Caste

Open®

SC 0.985 (0.550–1.762) 1.037 (0.566–1.900)

ST 0.636 (0.138–2.924) 0.679 (0.146–3.162)

OBC 0.593 (0.259–1.357) 0.544 (0.234–1.268)

Not disclosed 0.374** (0.191–0.731) 0.339** (0.170–0.677)

Religion

Hindu®

Muslim 0.847 (0.464–1.548) 0.918 (0.492–1.713)

Others 1.170 (0.493–2.777) 0.936 (0.366–2.391)

No of family members

< 4®

> 4 1.053 (0.648–1.708) 1.131 (0.676–1.891)

Color of ration card (proxy 
annual income in rupees)

Yellow (< 15,000) 0.920 (0.331–2.556) 0.902 (0.318–2.563)

Saffron (15,000–100,000) 0.919 (0.344–2.459) 0.902 (0.330–2.469)

White (> 100,000)®

Type of delivery

Normal®

C-Section 0.978 (0.609–1.572) 0.935 (0.567–1.542)

Place of delivery

Private facility®

Public facility 0.754 (0.478–1.189) 0.773 (0.476–1.256)

Birth spacing

Single child 1.573 (0.944–2.622) 1.317 (0.676–2.567)

< 33 months 0.791 (0.405–1.542) 0.815 (0.391–1.701)

> 33 months®

IYCF counselling received

Yes®
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Discussion
Improving complementary feeding practices provides 
remarkable improvements in the nutritional status of 
children. Despite its established benefits, developing 
nations, especially populations living in informal settings 
rarely meet the requirements. The disparities evident in 
the national and regional statistics in the CF practices 
resulted in the search for setting specific determinants 
in the urban slums of Maharashtra. Urban slums consti-
tute 10% of the population in Maharashtra that accounts 
for 1.18 crores and significantly add to the health statis-
tics of the state [13]. Our work contributes to the scarce 
evidence that could provide valuable lessons for similar 
settings. We covered a representative sample from differ-
ent slums with comprehensive detailing of CF practices 
employing the seven WHO indicators. Furthermore, 
we studied the introduction of infant formulas and pro-
cessed foods, relevant for the ensuing double burden of 
malnutrition in underprivileged settings.

Age-appropriate initiation of CF has long-term health 
benefits throughout the life cycle [14]. Growth falter-
ing that marks the onset of undernutrition, is a result of 
non-initiation of timely CF. Our study identified the low 
prevalence of timely initiation (< 50%) which is consistent 
with the national and Maharashtra state statistics [9, 15]. 

®  is the reference category, level of significance *p-value of < 0.05, **p-value of 
< 0.01, ***p-value of < 0.001

Table 6  (continued)

Characteristics Formula feed

Crude OR (95% CI) Adjusted OR (95% CI)

No 1.279 (0.552–2.966) 1.867 (0.735- 4.746)

Time of IYCF counselling

Antenatal care 1.956 (0.697–5.490) 2.581 (0.833–7.998)

Postnatal care 1.551 (0.675–3.565) 1.941 (0.773–4.874)

Both®

Gender of child

Male®

Female 1.036 (0.666–1.611) 1.065 (0.672–1.690)

Gestational age

Preterm 0.736 (0.282–1.919) 0.657 (0.244–1.770)

Full term®

Birth weight of child

Very low (< 1500 gm) 1.412 (0.463–4.302) 1.464 (0.452–4.740)

Low (1500-2500gm) 0.825 (0.517–1.314) 0.857 (0.528–1.390)

Normal® (> 2500 gm)

Birth order

< 2®

> 2 0.441* (0.209–0.931) 0.559 (0.232–1.349)

Bottle feeding

Yes 0.580* (0.367- 0.916) 1.574 (0.970–2.554)

No®

Table 7  Crude and adjusted odds ratio of socio-demographic, 
maternal, child characteristics with processed food feeding

Characteristics Processed food feeding

Crude OR (95% CI) Adjusted OR (95% CI)

Mother’s age at marriage

< 20®

21–25 1.091 (0.799–1.489) 1.085 (0.778–1.515)

26–30 0.924 (0.441–1.935) 0.885 (0.395–1.983)

> 30 1.893 (0.157–22.86) 2.350 (0.184–30.00)

Mother’s age at last 
pregnancy

< 20®

21–25 0.995 (0.716–1.384) 0.943 (0.655–1.357)

26–30 1.088 (0.729–1.622) 1.028 (0.632–1.673)

 > 30 1.090 (0.544–2.185) 1.056 (0.466–2.397)

Mother’s education

No formal education 1.056 (0.527–2.114) 0.850 (0.406–1.778)

Primary education 1.111 (0.479–2.574) 1.070 (0.450–2.545)

Secondary education 1.326 (0.897–1.960) 1.214 (0.807–1.827)

Higher secondary educa-
tion

1.177 (0.752–1.843) 1.106 (0.699–1.748)

Graduation and above®

Caste

Open®

SC 1.062 (0.748–1.508) 1.075 (0.750–1.542)

ST 2.183 (0.904–5.274) 2.280 (0.937–5.550)

OBC 0.641 (0.407–1.008) 0.642 (0.402–1.023)

Not disclosed 0.862 (0.623–1.194) 0.850 (0.611–1.183)

Religion

Hindu®

Muslim 1.394* (1.027–1.891) 1.329 (0.969–1.822)

Others 0.846 (0.516–1.385) 0.850 (0.511–1.415)

No of family members

< 4®

> 4 1.200 (0.923–1.561) 1.163 (0.876–1.545)

Color of ration card (proxy 
annual income in rupees)

Yellow (< 15,000) 0.995 (0.571–1.733) 1.026 (0.579–1.818)

Saffron (15,000–100,000) 0.990 (0.577–1.699) 1.044 (0.598–1.823)

White (> 100,000)®

Type of delivery

Normal®

C-Section 0.903 (0.692–1.177) 0.924 (0.699–1.220)

Place of delivery

Private facility®

Public facility 0.961 (0.742–1.246) 0.919 (0.701–1.206)

Birth spacing

Single child 0.903 (0.681–1.197) 0.971 (0.671–1.405)

< 33 months 1.229 (0.890–1.697) 1.217 (0.854–1.734)

> 33 months®

IYCF counselling received

Yes®
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North-East region in India as an exception showed high 
prevalence. Poor knowledge among mothers is a proven 
determinant for poor IYCF practices. Response to inter-
ventions might vary between settings substantially. Our 
study identified that receiving counseling better impacted 
CF practices. Likewise, antenatal and immediate postna-
tal counseling showed a significant positive association in 
previous research [16, 17].

A minimum acceptable diet (MAD) is a direct indica-
tor that correlates with nutritional status. In our study, 
85% did not meet MAD requirements. Age of the chil-
dren is known to impact MAD in other developing coun-
tries, where older children achieved MAD, compared to 
younger children [18, 19]. Similar were the observations 
in NFHS 3 and 4 [9, 20, 21]. Likewise the younger age 
group of our sample showed a high prevalence of non-
adherence to MAD requirements. Among the maternal 
characteristics, mother’s age < 30 years, education [COR: 
0.066 (CI: 0.005–0.883), AOR: 0.129 (0.007–2.241)] 
up to graduation or above, and higher societal position 
reflected by caste, were factors that enabled to meet 
MAD requirements. While the association of wealth sta-
tus of mothers with MAD aligned with few studies, the 
higher age of mothers favored MAD in others [8, 22, 23]. 

®  is the reference category, level of significance *p-value of < 0.05, **p-value 
of < 0.01, ***p-value of < 0.001

Table 7  (continued)

Characteristics Processed food feeding

Crude OR (95% CI) Adjusted OR (95% CI)

No 1.028 (0.682–1.549) 1.002 (0.652–1.538)

Time of IYCF counselling

Antenatal care 1.201 (0.678–2.129) 1.146 (0.630–2.084)

Postnatal care 0.951 (0.630–1.436) 0.928 (0.605–1.425)

Both®

Gender of child

Male®

Female 1.160 (0.908–1.481) 1.176 (0.914–1.513)

Gestational age

Preterm 1.404 (0.858–2.298) 1.434 (0.866–2.375)

Full term®

Birth weight of child

Very low (< 1500 gm) 0.773 (0.377–1.585) 0.785 (0.374–1.649)

Low (1500-2500gm) 1.351* (1.049–1.741) 1.370* (1.056–1.776)

Normal® (> 2500 gm)

Birth order

< 2®

> 2 1.377 (0.998–1.900) 1.147 (0.769–1.711)

Bottle feeding

Yes 1.072 (0.814–1.412) 0.943 (0.705–1.261)

No®

Table 8  Crude and adjusted odds ratio of socio-demographic, 
maternal, and child characteristics with continued breastfeeding

Characteristics Crude OR (95% CI) Adjusted OR (95% CI)

Mother’s age at marriage

< 20®

21–25 0.863 (0.558–1.335) 0.970 (0.592–1.591)

26–30 0.506 (0.201–1.277) 0.793 (0.267–2.356)

> 30 0.066* (0.005–0.883) 0.129 (0.007–2.241)

Mother’s age at last 
pregnancy

< 20®

21–25 1.412 (0.913–2.184) 1.325 (0.787–2.231)

26–30 1.917* (1.105–3.326) 1.521 (0.740–3.128)

> 30 1.483 (0.591–3.724) 1.063 (0.332–3.406)

Mother’s education

No formal education 0.876 (0.354–2.168) 0.706 (0.248–2.013)

Primary education 0.403 (0.151–1.073) 0.383 (0.123–1.195)

Secondary education 1.068 (0.627–1.820) 0.914 (0.509–1.642)

Higher secondary 
education

1.089 (0.587–2.021) 1.045 (0.534–2.046)

Graduation and above®

Caste

Open®

SC 2.439** (1.468–4.054) 2.362 (1.352–4.126)

ST 3.271 (0.734–14.58) 2.334 (0.492–11.07)

OBC 1.368 (0.749–2.498) 1.353 (0.697–2.626)

Not disclosed 1.359 (0.897–2.060) 1.342 (0.850–2.120)

Religion

Hindu®

Muslim 0.761 (0.515–1.125) 0.790** (0.509–1.228)

Others 0.643 (0.335–1.234) 0.618 (0.300–1.274)

No of family members

< 4®

> 4 0.944 (0.660–1.352) 1.133 (0.749–1.714)

Color of ration card 
(proxy annual income in 
rupees)

Yellow (< 15,000) 1.564 (0.768–3.185) 1.216 (0.542–2.732)

Saffron (15,000–
100,000)

1.559 (0.781–3.112) 1.109 (0.503–2.442)

White (> 100,000)®

Type of delivery

Normal®

C-Section 1.118 (0.778–1.608) 1.217 (0.808–1.832)

Place of delivery

Private facility®

Public facility 1.383 (0.978–1.956) 1.377 (0.931–2.037)

Birth spacing

Single child 0.556** (0.371–0.833) 0.593 (0.335–1.050)

< 33 months 0.728 (0.455–1.165) 0.562* (0.322–0.982)

> 33 months®

IYCF counselling received

Yes®
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In our study family size > 4 favored meeting MAD. Simi-
lar findings are observed in studies where a joint family 
system and higher birth order enabled MAD achieve-
ment [21, 24].

Minimum meal frequency (MMF) has been empha-
sized to provide small frequent meals to meet the 
nutritional requirements of children. Three-fourth of 
our participants could meet the MMF requirements 
which compares much higher than the Global Nutrition 
Report (41.9%) [25]. Among the South East Asian coun-
tries MMF was high in Maldives and Nepal compara-
ble to our results [26, 27]. These observations reflect 
variations in socio-cultural practices and the economic 
status of the participants. Although in this study, the 
number of meals was recorded, the constituents of each 
meal were not elicited to derive the quality of the meal. 
Preparing and feeding frequent meals in resource-
poor settings are determined by multiple factors. Our 
work identified low maternal education and economic 
status below the poverty line impede attaining MMF 

standards similar to other studies [28, 29]. Existing 
literature suggests that factors such as younger  age 
[23]  bottle feeding diarrhea and respiratory tract infec-
tions  prevented MMF [8]. In our work too  children 
who were bottle-fed were less likely to meet MMF. 
In contrast to this,  a study in Ethiopia reported high   
MMF, despite extensive bottle feeding [30]. This could 
be explained by the variation in the intensity of bottle 
feeding and the encouragement to empty bottles prac-
ticed by the mothers in different settings [31].

Diet diversity (DD) greater than four was not achieved 
by mothers above 30  years of age in our study. Similar 
results were observed in Pakistan [32]. Heterogenous 
associations emerge between maternal age and child care 
in different settings. Khan’s [21] and Dhami’s [8] work 
reported that mothers’ younger in age did not meet DD 
requirements. These were analyses of national surveys, 
compared to our work in a specific informal setting. 
Teenage mothers and mothers above 30  years showed 
evidence of poor complementary feeding practices. 
While young age is associated with poor knowledge and 
awareness, older age could probably reflect rigid dietary 
practices [32, 33]. Our study also showed VLBW infants 
had significantly higher diet diversity. In the absence of 
guidelines for complementary feeding practices for pre-
term/VLBW children, [34, 35] achieving diet diversity 
could be a challenge for mothers in informal settings. In 
our population, initial facility-based care owing to the 
VLBW, maternal awareness, and early weaning could 
perhaps have contributed to better diet diversity.

Formula feeds were less likely to be introduced by 
mothers who were less educated in our study sample. 
Evidence from 18 Low and Middle-Income Countries 
(LMIC) using 319 nationally representative surveys 
showed improved IYCF practices among women with 
higher education. However, the use of formula feeds 
was also higher among women with higher education 
in all regions [36]. The IYCF 2008 guidelines [37] did 
not include milk-based formulas. However, according to 
the 2021 guidelines [38] a criterion of ‘mixed milk feed-
ing’ is added, which includes infant formulas or animal 
milk. But these are specific for children under 6 months. 
Although India adopted the Infant Milk Substitute Act 
in 1992, the market for infant formulas is predicted to 
increase in India, as observed in other countries indicat-
ing increased use of formulas [39].

Processed foods intake among children under two 
years is relevant for the rising double burden in India. 
In our work, LBW infants showed higher odds of taking 
processed foods. LBW is typically associated with poor 
maternal nutrition, in lower wealth quartiles. In infor-
mal settings poor access to healthy foods and increased 

®  is the reference category, level of significance *p-value of < 0.05, **p-value of 
< 0.01, ***p-value of < 0.001

Table 8  (continued)

Characteristics Crude OR (95% CI) Adjusted OR (95% CI)

No 0.650 (0.353–1.197) 1.433 (0.726–2.829)

Time of IYCF counselling

Antenatal care 0.785 (0.342–1.802) 0.889 (0.350–2.262)

Postnatal care 0.745 (0.402–1.380) 0.859 (0.433–1.705)

Both®

Gender of child

Male®

Female 0.935 (0.670–1.303) 0.963 (0.664–1.396)

Gestational age

Preterm 1.368 (0.676–2.767) 1.379 (0.630–3.020)

Full term®

Birth weight of child

Very low (< 1500 gm) 0.636 (0.262–1.544) 1.162 (0.411–3.289)

Low (1500-2500gm) 0.816 (0.580–1.147) 0.840 (0.574–1.229)

Normal® (> 2500 gm)

Birth order

< 2®

> 2 1.198 (0.762–1.884) 0.753 (0.409–1.387)

Bottle feeding

Yes 0.154*** (0.109–0.219) 0.153*** (0.105–0.224)

No®

Formula feed

Yes 0.880 (0.492–1.572) 0.809 (0.437–1.499)

No®

Processed food

Yes 1.339 (0.941–1.905) 1.449 (0.999–2.103)

No®
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access to unhealthy processed foods have been well 
documented [40, 41].

Continued breastfeeding (CBF) Traditional families 
reportedly continued breastfeeding in national surveys, 
which agrees with our findings where the Hindu reli-
gion observed CBF [42]. Parity influenced CBF in our 
study, where single children were continually breast-
fed, similar to findings from Sharma’s work [43]. Bot-
tle feeding interfered with CBF in our study. Similar 
associations were observed with formula feeding and 
duration of BF in hospital-based studies [44, 45]. CBF 
widely practiced in India saw a decline from the 1990s 
to early 2000 [42]. These observations point to the child 
care transition alongside changing lifestyles in a devel-
oping nation.

Our study had certain important limitations. The 
cross-sectional study design limits deriving causality. 
The complementary feeding practices were reported 
by the mothers and not measured. Diet diversity did 
not derive information about the quality of the diet 
that limits interpretations. The urban slums in this 
region are likely to differ from other settings that limit 
generalizability. Despite these limitations, the seven 
indicators of complementary feeding identified clear 
patterns of association between specific maternal, eco-
nomic, and cultural factors. Maternal age, education, 
and awareness, economic status, tradition, and reli-
gion determined CF. Children in these settings would 
perhaps begin their early years with nutritional deficits 
adding to the national burden and contributing to the 
DALY. Identifying setting specific determinants reveal 
opportunities to improve CF in urban slums.

Conclusion
Our study highlights the need for interventions to 
address the prevalent poor complementary feeding prac-
tices. Investing in strategies to improve maternal aware-
ness, on the importance of hygiene maintenance, harmful 
effect of processed food, and bottle feeding, through ante 
and postnatal services could positively impact the dietary 
intake of the family that would benefit young children. 
Immediate action involving multiple stakeholders to pre-
vent access to processed foods would particularly ensure 
healthier complementary feeding in informal settings.
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