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forms in the same household is a public health concern in developing countries. Very little
research has been done on exploring the burden and risk factors associated with double (DBM)
and triple burden of malnutrition (TBM).

Methods: Secondary analysis was done using data from India’s National Family Health Survey-5
(NFHS-5), 2019-21. Mothers and under-five children were paired at the household level as a
unit of analysis. DBM and TBM were interpreted from children’s height-for-age, weight-for-
height, weight-for-age and anaemia status and mothers’ body-mass-index. Stratification and
clustering in the sample design were accounted for during the analysis in STATA v14.2. DBM and
TBM were summarized as weighted proportions with 95 % confidence interval (CI) and the risk
factors associated were reported as adjusted odds ratio (aOR) with 95%CI using mixed effects
logistic regression.

Results: We included 167,380 mother-child pairs for analysis. In India, the prevalence of DBM was
7.7 % (95 % CI: 7.5-7.9 %) and TBM was 5.1 % (5.0-5.3 %) at the household level among mother-
child dyads. Mothers’ age, age at first birth, educational levels, current breastfeeding habits,
mode of delivery, child’s age, gender, twin birth, birth weight, geographical region, residence,
caste and religion, and wealth index were associated with both DBM and TBM.

Conclusion: Both DBM and TBM are public health concerns in India. Thus, scaling-up of health
intervention, effective implementation of nutritional programmes and life-course approach are
needed to control malnutrition.

1. Introduction

Access to a variety of food groups in both quantity and quality is important for ensuring a calorie- and micronutrient-sufficient diet
[1]. Improper calorie, protein or other essential-nutrient consumption leads to malnutrition, encompassing undernutrition,
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micronutrient deficiency or overnutrition. Undernutrition, the most common form of malnutrition, includes stunting, underweight,
and wasting. World Health Organization has reported that nearly 148 million under-five children suffer from stunting and 49 million
children suffer from wasting [2]. The major contributor to undernutrition is low- and middle-income countries (LMIC), especially India
[3]. Undernutrition leads to poor development or child mortality [4,5]. Similarly, overweight/obesity amongst mothers is associated
with serious maternal and foetal consequences [6,7].

Despite various forms of malnutrition, it is being addressed separately. Less concern is provided in developing countries regarding
occurrence of undernutrition and overnutrition simultaneously [8]. Hence, for the policy directives and public health programs so-
lutions to work, action should be taken to address more than one dimension of malnutrition. Understanding the concepts of “dou-
ble-burden of malnutrition” (DBM) and “triple-burden of malnutrition” (TBM) might be crucial to initiate actions and achieving
complete eradication of malnutrition amongst under-five children.

The term DBM refers to presence of coexisting undernutrition & overnutrition in the same nation, community, or family [9,10].
Co-existence of undernourished children with an overweight/obese mother in the same household is an important issue [11,12]. This
seems paradoxical. However, possible explanations are available. With limited access to food resources, household members tend to
consume low-cost, unhealthy, energy-dense food items. Such food choices might lead to overweight/obesity and undernutrition in the
same household [1].

Few studies started exploring the presence of micronutrient deficiency along with DBM [3,8]. This coexistence of DBM with
micronutrient deficiency is referred to as TBM [3,8]. Micronutrient deficiency is referred to as inadequate consumption of vitamins and
minerals. Micronutrient deficiency extensively studied in India is anaemia among children [13]. About 58 % under-five children in
India have anaemia and it is a significant public health concern [13]. TBM is considered a relatively newer issue on the scope of a
healthy debate and has been less explored amongst researchers around the world.

Previous studies based on nationally representative surveys have shown that India does have the problem of DBM and TBM in the
same household [3,8,14]. Though India has made great strides in tackling individual forms of malnutrition, public health interventions
addressing only one form of malnutrition may not be sufficient to tackle DBM or TBM. Though this problem has been studied using the
previous nationally representative survey from India, understanding the trend in burden and determinants is important to find out
whether the public health efforts over the past five years have helped to reverse the trend of this coexistence of problems [3,8,14]. If
not, it will inform the policymakers, program managers and various levels of implementers to take the necessary course of action and
design public health interventions addressing multiple forms of malnutrition. National Family Health Survey-5 (NFHS-5) conducted
between 2019-21 provides an opportunity to assess recent estimates to study the pattern of DBM and TBM [15]. Hence, the current
study was done to determine the prevalence and socio-demographic factors associated with DBM and TBM amongst mother-child pairs
in India based on NFHS-5 (2019-21).

2. Methods
2.1. Study design and data source

We conducted a secondary data analysis of the nationally representative survey (NFHS-5 data) in India. South-Asian country, India
is the second most populous country in the world (nearly 1.3 billion). The country has 28 states and eight union territories with 773
districts. The NFHS-5 data provides information for 707 districts across all 28 states and eight union territories.

The NFHS-5 dataset was retrieved through the data distribution system of the Demographic Health Survey (DHS). The study
proposal was submitted to the DHS Program to obtain a de-identified dataset with authorization to use. Informed consent was obtained
during the primary survey for all the participants. Mother-child (under-five years) pairs were taken as study participants for the study
analysis.

2.1.1. Sampling design

NFHS surveys followed a uniform sampling design, a representative at national, state/union territory and district levels. NFHS-5
survey followed a stratified two-stage sampling process. Census 2011 was utilized as sampling frame for primary sampling unit (PSU)
selection. Each district was first stratified into rural and urban areas. Each rural stratum was sub-stratified into six smaller substrata by
crossing three substrata, each created by considering the population of the village and with two substrates, each created by considering
the percentage of population belonging to scheduled castes (SC) and tribes (ST). Within each of the explicit rural sampling strata,
villages were selected as the PSUs with the probability proportional to size (PPS) technique. PSUs having lesser than 40 households
were linked to the nearest PSU. Before PSU selection, they were sorted based on the literacy rate of women aged more than 6 years.
Within each of the explicit urban sampling stratum, a sample of census enumeration blocks (CEBs) were selected as the PSUs with the
PPS technique. Before PSU selection, they were sorted based on the percentage of SC/ST population. In second stage of selection
process, a fixed number of households (22 per cluster) was selected with equal probability by a systematic selection process from a
newly created household list in selected PSUs. In every selected, rural and urban PSU, complete household mapping & listing operation
was conducted before household selection. Of 30,456 PSUs selected from 707 districts, fieldwork was completed in 30,198 PSUs. In
total, NFHS-5 has gathered information from 636,699 households (response rate 98 %), 724,115 women aged 15-49 years (response
rate 97 %), and 101,839 men aged 15-54 years (response rate 92 %) [15]. Amongst the 724,115 women, 232,920 had an under-five
child and amongst them, 167,380 had all the information necessary for the study and included for analysis (Fig. 1).
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Fig. 1. Flowchart showing the selection of participants in the study analysis.

2.2. Data variables and data sources

Independent variables in the model consisted of socio-demographic characteristics of mother, child, and household. Characteristics
of the mother were age, age at first childbirth, educational qualification, breastfeeding status and mode of delivery (normal vaginal
delivery/Caesarean section). Child characteristics were age, gender, single or twin/multi gestation, size at birth and recent illness
(diarrhoea/fever/cough) in the past two weeks preceding the survey. Household characteristics were geographical region (North/
Central/West/East/South/North-East), place of residence (urban/rural), caste (SC/ST/other backward class (OBC)/others), religion
(Hindu/Christian/Muslim/Others) and wealth index (in quintiles). Two separate models were run with these characteristics. The
dependent variable in each of these models was DBM and TBM.

DBM: Defined as the presence of both undernourishment in the child (underweight [<2SD weight-for-age], stunted [<2SD height-for-
age] or wasted [<2SD weight-for-height), and maternal overnutrition (overweight/obese [body mass index >25 kg/m?) [14].

TBM: Defined as the presence of undernourishment in the child, maternal overnutrition and child micronutrient deficiency (anaemia with
haemoglobin value < 11 g/dl) [3].

2.3. Statistical analysis

Analysis was performed using the software STATA v14.2 (StataCorp, College Station, TX, USA). First step in the analysis was to
declare the dataset as survey data by adjusting for the sampling weights and clustering in the sample design using “svyset” command.
Descriptives were summarized as mean with standard deviation (SD) for continuous variables and proportions for categorical vari-
ables. Prevalence of DBM and TBM was reported with 95 % confidence interval (CI). Mixed effects logistic regression was utilized to
account for clustering at the primary sampling unit (PSU) and household levels, providing more precise estimates by considering the
hierarchical structure of the data. This approach was chosen over standard logistic regression to address potential intra-cluster cor-
relation that could bias the results. Odds ratios (ORs) were calculated to assess the factors associated with DBM and TBM outcomes,
with variables showing a p-value less than 0.2 in the univariable analysis being included in the multivariable model. The final as-
sociations were expressed as both unadjusted and adjusted ORs with 95 % confidence intervals, with statistical significance set at a p-
value less than 0.05.
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Table 1
Sociodemographic characteristics of mother-child pair and household characteristics covered in NFHS-5 in India, N = 167,380.

Variable Frequency, n (Unweighted proportion, %) Weighted proportion (95 % CI)

Characteristics of the mothers

Age of women (in years)

<19 3009 (1.8) 2.1 (1.9-2.2)

20-34 149,246 (89.2) 90.3 (90.1-90.5)

>35 15,125 (9.0 7.6 (7.4-7.8)
Age at first birth (in years)

< =19 54,338 (32.5) 34.2 (33.8-34.7)

20-34 112,135 (67.0) 65.3 (64.8-65.8)

>35 907 (0.5) 0.5 (0.4-0.5)
Educational level

No education 35,235 (21.0) 20.5 (20.1-21.0)

Primary 21,555 (12.9) 12.3 (12.0-12.6)

Secondary 87,746 (52.9) 51.8 (51.3-52.3)

Higher 22,844 (13.7) 15.4 (15.0-15.8)
Currently breastfeeding

No 62,568 (37.9) 38.1 (37.7-38.6)

Yes 104,812 (62.6) 61.9 (61.4-62.3)
Caesarean section delivery

No 135,123 (80.7) 78.4 (78.1-78.9)

Yes 32,257 (19.3) 21.5 (21.1-21.9)

Characteristics of the child

Age of children (in years)

< =12 17,276 (10.3) 10.6 (10.4-10.8)

13-23 36,215 (21.6) 21.7 (21.4-22.0)

24-35 37,389 (22.3) 22.3 (22.1-22.6)

36-47 37,736 (22.6) 22.5 (22.2-22.7)

48-59 38,764 (23.2) 23.0 (22.7-23.2)
Sex of the child

Male 86,247 (51.5) 51.7 (51.4-52.0)

Female 81,133 (48.5) 48.3 (48.0-48.6)
Twin or multiple gestation

Single birth 165,153 (98.7) 98.6 (98.5-98.7)

Twin or multi 2227 (1.3) 1.4 (1.3-1.5)
Size at birth*

Very large 15,388 (6.7) 7.1 (6.9-7.4)

Larger than average 26,566 (11.6) 11.9 (11.6-12.2)

Average 163,929 (71.5) 70.6 (70.2-71.1)

Smaller than average 18,090 (7.9) 8.0 (7.8-8.3)

Very small 5402 2.4) 2.3 (2.2-2.5)
Recent illness diarrhoea/fever/cough in 2 weeks*

Absent 130,218 (77.9) 76.8 (76.5-77.2)

Present 36,888 (22.1) 23.2 (22.8-23.6)

Characteristics of the household

Geographical region

North 28,767 (17.2) 12.8 (12.3-13.3)
South 21,224 12.7) 16.7 (16.1-17.4)
East 32,676 (19.5) 26.6 (25.7-27.4)
West 15,224 9.1) 12.7 (12.0-13.5)
Central 44,566 (26.6) 27.4 (26.6-28.1)
Northeast 24,923 (14.9) 3.8 (3.6-4.0)
Place of residence
Urban 34,179 (20.49) 26.5 (25.7-27.4)
Rural 133,201 (79.6) 73.5 (72.6-74.3)
Caste*
Schedule case 34,301 (21.5) 24.6 (24.1-25.1)
Schedule tribe 33,460 (21.0) 10.4 (10.0-10.7)
Other backward class 63,854 (40.1) 45.5 (44.9-46.1)
Others 27,749 (17.49) 19.6 (19.0-20.1)
Religion
Hinduism 123,794 (74.0) 80.1 (79.4-80.7)
Islam 23,402 (14.0) 15.6 (15.0-16.2)
Christianity 13,420 (8.0) 2.1 (2.0-2.3)
Others 6764 (4.0) 2.3 (2.1-2.4)
Wealth index
Poorest 44,158 (26.4) 23.8 (23.3-24.4)
Poor 39,230 (23.9) 21.8 (21.5-22.2)
Middle 32,988 (19.7) 19.9 (19.5-20.3)

(continued on next page)
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Table 1 (continued)

Variable Frequency, n (Unweighted proportion, %) Weighted proportion (95 % CI)

Characteristics of the mothers

Rich 28,613 (17.1) 18.8 (18.4-19.2)
Richest 22,391 (13.4) 15.7 (15.2-16.2)
Table 2
Status of various forms of malnutrition among the mother-child pair covered in NFHS-5 in India, N = 167,380.
Variable Frequency, n (Unweighted proportion, %) Weighted proportion (95 % CI)
Children with stunting 62,193 (37.2) 37.3 (36.9-37.7)
Children with underweight 50,375 (30.1) 31.4 (31.0-31.8)
Children with wasting 30,246 (18.1) 18.7 (18.3-19.0)
Children with anemia 112,234 (67.1) 67.8 (67.4-68.2)
Maternal Overweight/Obesity 30,527 (18.2) 19.5 (19.1-19.9)
Overweight/Obesity mother + Stunted child 8599 (5.1) 5.6 (5.4-5.7)
Overweight/Obesity mother + Underweight child 5779 (3.5) 3.9 (3.8-4.1)
Overweight/Obesity mother + Wasted child 3768 (2.3) 2.4 (2.3-2.5)
Overweight/Obesity mother + Anemic child 18,875 (11.3) 12.1 (11.8-12.3)
Double burden of malnutrition 12,018 (7.2) 7.7 (7.5-7.9)
Triple burden of malnutrition 8019 (4.8) 5.1 (5.0-5.3)
3. Results

3.1. Characteristics of study participants

Our study included 167,380 mother-child (under-five) dyads across India. The weighted mean age of the children was 32.8 (95 %
CI: 32.7-32.9) months and the mother was 27.0 (26.9-27.0) years.

Majority (90.3 %) of the mothers were in 20-34 years age group. Nearly 32.5 % mothers had their first pregnancy <19 years of age.
About 20.5 % mothers did not have any formal education. Currently, 61.9 % mothers were breastfeeding. And 21.5 % mothers had
caesarean section delivery (Table 1).

The children less than one year were 10.6 % and between second to fifth year, children were equally distributed (21.7-22.9 %).
Gender distribution was equal. About 1.4 % were twin- or multiple-born children. About 8.0 % were smaller than the average size at
birth and 2.3 % were very small. And 23.2 % of children had a recent illness (diarrhoea/fever/cough) in the past 2 weeks of the survey.

Maximum participants were from the central (27.4 %) and eastern (26.6 %) regions of India. Majority (73.5 %) were from rural
parts of India. Highest representation was from OBC (45.5 %) followed by SC (24.6 %). Majority (80.1 %) were following Hinduism.
Participants were almost equally distributed across all five wealth index quantiles.

3.2. Malnutrition status among study participants

The weighted prevalence of children and their mothers’ malnutrition indicators were summarized in Table 2. The burden of
anaemia was maximum, prevalent among 67.8 % children. About 37.3 %, 31.4 % and 18.7 % children were stunted, underweight and
wasted, respectively. Maternal overweight/obesity was among 19.5 % mothers.

It was found that 12.1 %, 5.6 %, 3.9 % and 2.4 % mother-child dyads were combination of overweight/obese mothers with anaemic
children, stunted children, underweight children and wasted children, respectively. Additionally, 7.7 % mother-child dyads were
suffering from DBM and 5.1 % were suffering from TBM. The state-wise burden of DBM and TBM is provided in Figs. 2 and 3.

3.3. Determinants of DBM

The mixed-effects logistic regression model identified several significant predictors of DBM (Table 3). Mothers aged 20 to 34 (aOR
=1.92, 95%CI: 1.47-2.50, p < 0.001), and those aged 35 or older (aOR = 3.03, 95%CI: 2.30-4.00, p < 0.001) had significantly higher
odds of DBM compared to mothers of 19 years and less. Similarly, mothers of age 20-34 years at first birth (aOR = 1.09, 95%CI:
1.03-1.15, p = 0.01) had higher odds of DBM compared to those aged 19 years and less at first birth. Education level was not sig-
nificant predictor, with mothers having secondary education showing higher odds (aOR = 1.06, 95%CI: 0.97-1.16, p = 0.07)
compared to those with no education. Mothers currently breastfeeding (aOR = 0.89, 95%CI: 0.84-0.93, p < 0.001) had 11 % lesser
odds of DBM than those who are not breastfeeding their child. Household with mothers who underwent C-section delivery (aOR =
1.57, 95%CI: 1.48-1.65, p < 0.001) had a higher odd of DBM than those who underwent normal delivery.

Households with children aged 13-23 months (aOR = 1.31, 95%CI: 1.20-1.43, p < 0.001), 24-35 months (aOR = 1.52, 95%CI:
1.39-1.66, p < 0.001), 36-47 months (aOR = 1.50, 95%CI: 1.37-1.64, p < 0.001) and 48-59 months (aOR = 1.43, 95%CI: 1.30-1.56,
p < 0.001) had a higher odds of DBM than those aged less than one year. Female child (aOR = 0.93, 95%CI: 0.89-0.97, p < 0.001) had
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Fig. 2. State wise prevalence of double burden of malnutrition amongst mother-under five child pairs in India (NFHS-5, 2019-2021).

significantly lesser odds of DBM compared to the male child. Twin- or multiple-born (aOR = 1.21, 95%CI: 0.99-1.47, p < 0.001)) had
higher odds of DBM than single-born. Children with smaller than average (aOR = 1.11, 95%CI: 1.02-1.21, p = 0.01) and very small
birth sizes (aOR = 1.45, 95%CI: 1.26-1.67, p < 0.001) had a higher odds of DBM than children with average birth sizes. Recent illness
had no significant relation to the prevalence of DBM.

Households present in South (aOR = 1.52, 95%CI: 1.39-1.66, p < 0.001), West (aOR = 1.19, 95%CI: 1.08-1.31, p < 0.001) and
Northeast (aOR = 1.13, 95%CI: 1.02-1.27, p < 0.001) had a higher odds of DBM and East (aOR = 0.88, 95%CI: 0.80-0.97, p < 0.001)
had less odds of DBM than households in the North region of India. Residences in rural parts of India (aOR = 0.79, 95%CI: 0.74-0.84, p
< 0.001) had 21 % lesser odds of DBM than urban residence. Households of SC (aOR = 0.79, 95%CI: 0.72-0.86, p < 0.001) and OBC
(aOR = 0.91, 95%CI: 0.85-0.97, p < 0.001) had 21 % and 9 % lesser odds of DBM than those of SC. Households of religion Islam (aOR
= 1.65, 95%CIL: 1.54-1.78, p < 0.001) and Christianity (aOR = 1.33, 95%CI: 1.19-1.49, p < 0.001) had higher odds of DBM than
Hinduism. Richest quantile household (aOR = 1.97, 95%CL: 1.76-2.20, p < 0.001), rich quantile household (aOR = 1.93, 95%CI:
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Fig. 3. State wise prevalence of triple burden of malnutrition amongst mother-under five child pairs in India (NFHS-5, 2019-2021).

1.75-2.13, p < 0.001), middle quantile household (aOR = 1.73, 95%CI: 1.58-1.90, p < 0.001) and poor quantile household (aOR =
1.41, 95%CI: 1.29-1.54, p < 0.001) had significantly higher odds of DBM compared to those in poorest quantile.

Regarding random effects, the variance of the random intercept at the PSU level was 0.20 (95 % CI = 0.03-1.25), indicating
substantial variability in DBM across different clusters. Additionally, further variability was observed within the nested structure, with
a variance of 0.58 (95 % CI = 0.31-1.11).

3.4. Determinants of TBM
Households with mothers aged 20-34 years (aOR = 1.74, 95%CI: 1.29-2.34, p < 0.001) and, 35 and more years (aOR = 2.68, 95%

CI: 1.96-3.67, p < 0.001) had higher odds of TBM compared to mothers aged 19 and lesser years. Similarly, mothers with age at first
birth as 20-34 years (aOR = 1.11, 95%CI: 1.04-1.19, p = 0.01) had higher odds of TBM compared to those with 19 and lesser years of



P. Ramasubramani et al. Heliyon 10 (2024) e37794

Table 3
Determinants of double burden of malnutrition among mother-child pair covered in NFHS-5 in India, N = 167,380.

Variable Double burden of malnutrition, n (%) Crude odds ratio, OR (95 % CI) Adjusted odds ratio, aOR (95 % CI) P value

Characteristics of the mothers

Age of women (in years)

<19 84 (2.8) Ref Ref

20-34 10,298 (6.9) 2.45 (1.92-3.12) 1.92 (1.47-2.50) <0.001

>35 1636 (10.8) 4.16 (3.24-5.33) 3.03 (2.30-4.00) <0.001
Age at first birth (in years)

< =19 3150 (5.8) Ref Ref

20-34 8755 (7.8) 1.34 (1.27-1.41) 1.09 (1.03-1.15) 0.01

>35 113 (12.5) 2.26 (1.78-2.88) 1.03 (0.79-1.34) 0.84
Educational level

No education 1959 (5.6) Ref Ref

Primary 1326 6.2) 1.14 (1.04-1.24) 1.06 (0.97-1.16) 0.22

Secondary 6683 (7.6) 1.38 (1.29-1.47) 1.07 (0.99-1.16) 0.07

Higher 2050 (9.0) 1.60 (1.48-1.73) 0.94 (0.85-1.03) 0.18
Currently breastfeeding

No 5525 (8.8) Ref Ref

Yes 6493 (6.2) 0.69 (0.66-0.72) 0.89 (0.84-0.93) <0.001
Caesarean section delivery

No 8330 6.3) Ref Ref

Yes 3688 11.49) 1.96 (1.87-2.07) 1.57 (1.48-1.65) <0.001

Characteristics of the child

Age of children (in months)

< =12 872 (5.1) Ref Ref

13-23 2377 (6.6) 1.34 (1.22-1.46) 1.31 (1.20-1.43) <0.001

24-35 2870 (7.7) 1.60 (1.47-1.74) 1.52 (1.39-1.66) <0.001

36-47 2939 (7.8) 1.61 (1.48-1.75) 1.50 (1.37-1.64) <0.001

48-59 2960 (7.6) 1.57 (1.45-1.71) 1.43 (1.30-1.56) <0.001
Sex of the child

Male 6402 (7.4) Ref Ref

Female 5616 (6.9) 0.92 (0.88-0.96) 0.93 (0.89-0.97) <0.001
Twin or multiple gestation

Single birth 11,788 (7.1) Ref Ref

Twin or multi 230 (10.3) 1.58 (1.30-1.91) 1.21 (0.99-1.47) 0.07
Size at birth

Very large 806 (7.3) 1.03 (0.95-1.13) 0.97 (0.89-1.06) 0.53

Larger than average 1394 (7.3) 1.02 (0.95-1.09) 0.96 (0.89-1.03) 0.22

Average 8446 (7.1) Ref Ref

Smaller than average 955 (7.5) 1.08 (1.00-1.16) 1.11 (1.02-1.21) 0.01

Very small 304 (8.9) 1.31 (1.15-1.51) 1.45 (1.26-1.67) <0.001
Recent illness diarrhoea/fever/cough in 2 weeks

Absent 9364 (7.2) Ref Ref

Present 2620 (7.1) 0.99 (0.94-1.04) 1.00 (0.95-1.06) 0.96

Characteristics of the household

Geographical region

North 2280 (7.9) Ref Ref

South 2454 (11.6) 1.53 (1.41-1.65) 1.52 (1.39-1.66) <0.001

East 1594 (4.9) 0.56 (0.51-0.61) 0.88 (0.80-1.03) <0.001

West 1300 (8.5) 1.06 (0.67-1.17) 1.19 (1.08-1.21) <0.001

Central 2852 6.4 0.75 (0.69-0.81) 1.06 (0.98-1.67) 0.12

Northeast 1538 (6.2) 0.71 (0.65-0.78) 1.13 (1.02-1.29) 0.03
Place of residence

Urban 3672 (10.7) Ref Ref

Rural 8346 6.3) 0.52 (0.49-0.55) 0.79 (0.74-0.84) <0.001
Caste*

Schedule case 2424 (7.1) Ref Ref

Schedule tribe 1785 (5.3) 0.70 (0.65-0.76) 0.79 (0.72-0.86) <0.001

Other backward class 4790 (7.5) 1.08 (1.01-1.15) 0.91 (0.85-0.97) <0.001

Others 2402 (8.7) 1.24 (1.15-1.33) 0.93 (0.86-1.01) 0.08
Religion

Hinduism 8136 (6.6) Ref Ref

Islam 2385 (10.2) 1.65 (1.54-1.76) 1.65 (1.54-1.78) <0.001

Christianity 889 (6.6) 0.96 (0.87-1.06) 1.08 (0.96-1.23) 0.19

Others 608 (9.0) 1.41 (1.27-1.57) 1.33 (1.19-1.49) <0.001
Wealth index

Poorest 1698 (3.9 Ref Ref

Poor 2393 (6.1) 1.61 (1.49-1.75) 1.41 (1.29-1.54) <0.001

Middle 2699 8.2) 2.24 (2.07-2.43) 1.73 (1.58-1.90) <0.001

(continued on next page)
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Table 3 (continued)

Variable Double burden of malnutrition, n (%) Crude odds ratio, OR (95 % CI) Adjusted odds ratio, aOR (95 % CI) P value

Characteristics of the mothers

Rich 2830 9.9) 2.79 (2.58-3.02) 1.93 (1.75-2.13) <0.001
Richest 2398 (10.7) 3.07 (2.83-3.33) 1.97 (1.76-2.20) <0.001

age at first birth. Mothers with higher education levels (aOR = 0.83, 95%CI: 0.74-0.92, p < 0.001) had 17 % lesser odds of TBM than
mothers with no formal education. Mothers currently breastfeeding (aOR = 0.90, 95%CI: 0.84-0.96, p < 0.001) had 10 % lesser odds
of DBM than those who did not breastfeed. Household with mothers who underwent C-section delivery (aOR = 1.56, 95%CI:
1.46-1.66, p < 0.001) has a higher odds of TBM than those who underwent normal delivery (Table 4).

Households with children aged 13-23 months (aOR = 1.35, 95%CI: 1.22-1.49, p < 0.001), 24-35 months (aOR = 1.43, 95%CI:
1.29-1.58, p < 0.001) and 36-47 months (aOR = 1.24, 95%CI: 1.12-1.37, p < 0.001) had a higher odds of TBM than those aged less
than one year. Households with female children (aOR = 0.90, 95%CI: 0.85-0.94, p < 0.001) had 10 % less odds of TBM than male
children. Twin- or multiple-born (aOR = 1.35, 95%CI: 1.08-1.68, p = 0.01) had higher odds of TBM than single-born. Children with
very small birth size (aOR = 1.42, 95%CI: 1.20-1.68, p < 0.001) had a higher odds of TBM than children with average birth size.
Recent illness had no significant relation with TBM.

Households present in South (aOR = 1.30, 95%CI: 1.18-1.44, p < 0.001) and West (aOR = 1.25, 95%CI: 1.12-1.39, p < 0.001) had
higher odds and, East (aOR = 0.78, 95%CI: 0.70-0.88, p < 0.001) had a lesser odds of TBM than households in the North region of
India. Residences at rural parts of India (aOR = 0.81, 95%CI: 0.75-0.86, p < 0.001) had 19 % lesser odds of TBM than urban resi-
dences. Households of SC (aOR = 0.80, 95%CI: 0.72-0.89, p < 0.001) and OBC (aOR = 0.86, 95%CI: 0.80-0.93, p < 0.001) had 16 %
and 20 % lesser odds of TBM than those of SC. Households of religion Islam (aOR = 1.67, 95%CI: 1.53-1.81, p < 0.001) had higher
odds and Christianity (aOR = 0.80, 95%CI: 0.69-0.94, p < 0.001) had lesser odds of TBM than Hinduism. Richest quantile household
(aOR = 1.99, 95%CI: 1.75-2.26, p < 0.001), rich quantile household (aOR = 1.93, 95%CI: 1.72-2.16, p < 0.001), middle quantile
household (aOR = 1.79, 95%CL: 1.61-1.99, p < 0.001) and poor quantile household (aOR = 1.47, 95%CI: 1.33-1.63, p < 0.001) had
more chance of TBM compared to those in poorest quantile.

Regarding random effects, the variance of the random intercept at the PSU level was 0.06, indicating substantial variability in TBM
across different clusters. Additionally, further variability was observed within the nested structure, with a variance of 0.76.

4. Discussion

We estimated the burden of DBM and TBM among mother-child pairs in India to be 7.7 % and 5.1 % respectively. Malnutrition was
significantly associated with increasing mothers’ age and age at first birth, higher educational levels, current breastfeeding habits,
caesarean mode of delivery, increasing child’s age, gender, twin birth, smaller birth weight, geographical region, urban residence,
caste and religion, and increasing wealth index.

DBM and TBM were predominantly higher in LMICs. Compared with LMICs like sub-Saharan African countries, the burden of DBM
and TBM was lesser in India [16]. In South and Southeast Asian region, the DBM was 12 %, much higher than our study findings [17].
But within the Southeast Asian region, malnutrition was higher in India than our neighbouring countries, Bangladesh, Myanmar, Nepal
and Pakistan [18-20]. Compared to the previous national-level survey results, there was an increase in DBM from 6 % to 7.7 % and a
decrease in TBM from 5.7 % to 5.1 % [3,14].

Coexistence of undernutrition and overnutrition was persistent in the vulnerable lower-socioeconomic groups in India [21]. Among
the mother-child dyad, the combinations of malnutrition, overweight mother & stunted child (4.2 %-5.5 %), overweight mother &
underweight child (3.3 %-3.9 %), overweight mother & wasted child (2 %-2.4 %) and overweight mother & anaemic child (7.8 %-
12.1 %) has shown an increasing trend comparing to previous NFHS survey [3]. Individual malnutrition indicators showed a reduction
in the burden of childhood stunting (38.4 %-30.1 %), underweight (35.8 %-27.3 %) and wasting (21 %-18.5 %). In contrast, anaemia
caused by the micronutrient deficiency of iron has increased (58.6 %-64.2 %). Maternal overweight/obesity has also increased from
20.6 % to 33.2 % [15]. These results clearly show that mother’s nutritional status was associated with their children’s nutritional status
[16].

Women with increasing age become sedentary with physiological decrease in metabolic rate and eventually become overweight
[22]. Maternal age can be correlated with increasing parity leading to undernourished children [23,24]. Both of these led to DBM and
TBM at household level leading to higher risk among mothers aged >35years [3,14,19,25,26]. With increasing mothers’ age at first
birth, prevalence of malnutrition reduces as their nutritional knowledge increases [27,28]. Households with mothers who were not
currently breastfeeding had higher risk of malnutrition similar to previous studies [3,14]. This showed that the lack of adequate
knowledge, attitude and practices on breastfeeding led to the risk of malnutrition. Caesarean section delivered child suffered from
malnutrition can be attributed to difficulty in breastfeeding with reduction in secretion and poor attachment leading to insufficient
breastfeeding and early cessation of breastfeeding habit [29-32].

Place of residence was an important determinant of DBM and TBM because of the unplanned urbanization and influence of
westernization [33,34]. Sedentary lifestyle and unhealthy dietary habits led to obesity in urban settlements [23,35]. Therefore urban
residence has a higher prevalence of the DBM and TBM similar to other studies [36,37]. Economic inequalities played a major role in
childhood malnutrition, thus poorest wealth-quantile households have higher odds of DBM [18,38]. In affluent families, sedentary
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Table 4
Determinants of triple burden of malnutrition among mother-child pair covered in NFHS-5 in India, N = 167,380.

Variable Triple burden of malnutrition, n (%) Crude odds ratio, OR (95 % CI) Adjusted odds ratio, aOR (95 % CI) P value

Characteristics of the mothers

Age of women (in years)

<19 64 2.1 Ref Ref

20-34 6897 (4.6) 2.14 (1.63-2.81) 1.74 (1.29-2.34) <0.001

>35 1058 (7.0) 3.41 (2.57-4.53) 2.68 (1.96-3.67) <0.001
Age at first birth (in years)

< =19 2092 3.9) Ref Ref

20-34 5848 (5.22) 1.35 (1.27-1.44) 1.11 (1.04-1.19) 0.01

>35 79 8.7) 2.41 (1.83-3.16) 1.12 (0.83-1.51) 0.47
Educational level

No education 1399 (4.0) Ref Ref

Primary 900 (4.2) 1.07 (0.97-1.19) 1.01 (0.91-1.13) 0.85

Secondary 4410 (5.0) 1.28 (1.18-1.38) 0.98 (0.90-1.07) 0.65

Higher 1310 (5.7) 1.44 (1.31-1.58) 0.83 (0.74-0.92) <0.001
Currently breastfeeding

No 3503 (5.6) Ref Ref

Yes 4516 (4.3) 0.78 (0.74-0.82) 0.90 (0.84-0.96) <0.001
Caesarean section delivery

No 5539 “4.1) Ref Ref

Yes 2480 7.7) 1.96 (1.85-2.08) 1.56 (1.46-1.66) <0.001

Characteristics of the child

Age of children (in years)

< =12 645 3.7) Ref Ref

13-23 1819 (5.0) 1.37 (1.24-1.51) 1.35 (1.22-1.49) <0.001

24-35 2036 (5.5) 1.49 (1.36-1.65) 1.43 (1.29-1.58) <0.001

36-47 1847 (4.9) 1.32 (1.20-1.46) 1.24 (1.12-1.37) <0.001

48-59 1672 4.3) 1.14 (1.04-1.26) 1.04 (0.94-1.16) 0.47
Sex of the child

Male 4311 (5.0 Ref Ref

Female 3708 (4.6) 0.89 (0.85-0.94) 0.90 (0.85-0.94) <0.001
Twin or multiple gestation

Single birth 7846 (4.8) Ref Ref

Twin or multi 173 (7.8) 1.75 (1.42-2.16) 1.35 (1.08-1.68) 0.01
Size at birth

Very large 553 (5.0) 1.04 (0.94-1.16) 0.98 (0.88-1.09) 0.73

Larger than average 948 (4.9) 1.04 (0.96-1.13) 1.00 (0.92-1.09) 0.94

Average 5617 “4.7) Ref Ref

Smaller than average 618 (4.8) 1.06 (0.96-1.16) 1.08 (0.98-1.20) 0.11

Very small 205 (6.0) 1.33 (1.13-1.57) 1.42 (1.20-1.68) <0.001
Recent illness diarrhoea/fever/cough in 2 weeks

Absent 6218 (4.8) Ref Ref

Present 1775 (4.8) 1.01 (0.95-1.08) 1.01 (0.95-1.08) 0.71

Characteristics of the household

Geographical region

North 1657 (5.8) Ref Ref

South 1537 (7.2) 1.25 (1.14-1.37) 1.30 (1.18-1.44) <0.001

East 1051 3.2) 0.51 (0.46-0.56) 0.78 (0.70-0.88) <0.001

West 967 (6.4) 1.10 (0.99-1.22) 1.25 (1.12-1.39) <0.001

Central 1938 4.4 0.70 (0.64-0.76) 0.98 (0.90-1.08) 0.72

Northeast 869 (3.5) 0.55 (0.50-0.61) 0.95 (0.84-1.09) 0.47
Place of residence

Urban 2412 (7.1) Ref Ref

Rural 5607 (4.2) 0.55 (0.52-0.58) 0.81 (0.75-0.86) <0.001
Caste

Schedule case 1704 (5.0) Ref Ref

Schedule tribe 1116 3.3) 0.64 (0.58-0.70) 0.80 (0.72-0.89) <0.001

Other backward class 3181 (5.0) 1.01 (0.94-1.09) 0.86 (0.80-0.93) <0.001

Others 1600 (5.8) 1.17 (1.08-1.28) 0.88 (0.80-0.96) 0.01
Religion

Hinduism 5526 (4.5) Ref Ref

Islam 1623 (6.9) 1.63 (1.51-1.76) 1.67 (1.53-1.81) <0.001

Christianity 433 3.2) 0.67 (0.59-0.76) 0.80 (0.69-0.94) 0.01

Others 437 (6.5) 1.47 (1.31-1.66) 1.33 (1.17-1.51) <0.001
Wealth index

Poorest 1127 (2.6) Ref Ref

Poor 1618 4.1) 1.65 (1.50-1.81) 1.47 (1.33-1.63) <0.001

Middle 1802 (5.5) 2.25 (2.05-2.47) 1.79 (1.61-1.99) <0.001

(continued on next page)
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Table 4 (continued)

Variable Triple burden of malnutrition, n (%) Crude odds ratio, OR (95 % CI) Adjusted odds ratio, aOR (95 % CI) P value

Characteristics of the mothers

Rich 1879 (6.6) 2.75 (2.51-3.02) 1.93 (1.72-2.16) <0.001
Richest 1593 7.1) 3.02 (2.75-3.32) 1.99 (1.75-2.26) <0.001

lifestyle and less labour-intensive work led to maternal obesity [39-41]. Further, children from wealthier families were used to
consumption of processed junk food leading to malnutrition [42-44]. On the contrary, lower socioeconomic status families would have
a limit on food with labour intense work led to malnutrition [45].

4.1. Strengths and limitations

The study has potential strengths. The source data was from a national-level representative survey with large number of partici-
pants recruited using a complex sampling technique. Further, the response rate is high enough to generalize the study findings and
increase the power of the study. The anthropometric measures were measured using standardized tools by trained field investigators.
Also, we have excluded the mother-child pairs with even a missing parameter used for assessment of the study objective. And to
account for mother-child pairs in the same household we excluded children living elsewhere also.

Looking at the limitations, the results show only the association because of the cross-sectional nature of the survey and therefore
causal relationship cannot be established. DBM and TBM have multidimensional aetiology, but study findings were limited to only the
sociodemographic determinants, other drivers like biological, environmental or behavioural determinants were beyond the scope of
this study. The nutritional status of the mother was assessed using BMI only. Methods like waist-hip ratio or skinfold thickness are more
accurate for assessment of overweight/obesity.

4.2. Implications

The burden of DBM and TBM was high in India compared to other Southeast-Asian countries. Our study found that mothers’ age,
age at first birth, educational levels, current breastfeeding habits, mode of delivery, child’s age, gender, twin birth, birth weight,
geographical region, residence, caste and religion, and wealth index were associated with the malnutrition status at the household
level. Nutritional intervention should be scaled-up across the country. Effective implementation of health promotion activity on
nutritious natural food, supplementary nutrition programme with Anganwadi monitoring of health status. Awareness is to be created
on specific protection against unhealthy food habits. Rather than an isolated focus on undernourishment, programmes should also
emphasis on overnutrition because obesity, prevalent in affluent families, is also a public health problem in our country. Life-course
approach should be used for the management of malnutrition, translated through concrete policy action. Further research is needed to
explore sustained solutions addressing various forms of malnutrition in India.
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