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Abstract 1 

Background: Child undernutrition remains a major public health challenge in India despite sustained 2 

economic growth. The northeastern region, characterized by diverse socio-cultural settings, difficult 3 

terrain, and unequal access to health services, continues to experience substantial nutritional 4 

disparities. Evidence on long-term trends and socioeconomic inequalities in child undernutrition across 5 

the eight northeastern states remains limited. This study assessed the trends, determinants, and 6 

socioeconomic inequalities in undernutrition among children aged under five years in northeastern 7 

India. 8 

Methods: Data from successive rounds of the National Family Health Survey (NFHS-1 to NFHS-5; 9 

1992�93 to 2019�21) were analysed. Stunting, wasting, and underweight were defined according to 10 

the WHO Child Growth Standards. Descriptive analyses and chi-square tests examined temporal and 11 

state-level variations. Multivariable logistic regression identified maternal, child, household, and 12 

healthcare-related determinants of undernutrition. Socioeconomic inequalities were assessed using 13 

concentration curves and concentration indices based on household wealth and maternal education. 14 

Results: Although modest improvements were observed over time, child undernutrition remained 15 

substantial across northeastern India with pronounced inter-state variation. During 2019�21, stunting 16 

ranged from 22% in Sikkim to 46% in Meghalaya, wasting from 10% to 21%, and underweight from 17 

13% to 35%. Maternal underweight was the strongest predictor of undernutrition, increasing the odds 18 

of stunting (OR = 1.377; 95%CI: [1.261,1.503], p<0.001) and underweight (OR = 1.626; 95%CI: 19 

[1.489,1.775], p<0.001), whereas maternal overweight/obesity was associated with significantly lower 20 

odds of all three nutritional outcomes. Higher birth order, lower maternal education, and household 21 

poverty independently increased the likelihood of undernutrition; children from the richest households 22 

had substantially lower odds of stunting than those from the poorest (OR = 0.467; 95%CI: [0.373 ,0.584], 23 

p<0.001). Concentration indices demonstrated marked pro-poor inequalities for stunting and 24 

underweight, while wealth-related disparities in wasting were comparatively weaker and less consistent 25 

across states. 26 

Conclusion: Child undernutrition in northeastern India remains unequally distributed, driven by 27 

maternal nutritional status, socioeconomic disadvantage, and considerable inter-state heterogeneity. 28 

Integrated, equity-oriented, and state-specific nutrition strategies that prioritize maternal nutrition, 29 

education, and poverty reduction are essential to accelerate progress toward achieving the Sustainable 30 

Development Goals and reducing regional health inequalities. 31 

Keywords: Undernutrition, Northeastern states, NFHS, India, Inequality 32 
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Introduction 35 

Child undernutrition remains one of the most pressing public health challenges 36 

worldwide despite substantial improvements in economic development and 37 

healthcare.  According to the Joint Child Malnutrition Estimates by UNICEF, WHO, 38 

and the World Bank, approximately 150 million children under five are stunted and 43 39 

million experience wasting, underscoring chronic and acute forms of undernutrition 40 

that threaten child survival and development (1). While global underweight rates have 41 

declined, undernutrition remains widespread, with the highest burdens concentrated 42 

in South Asia and Sub-Saharan Africa(2). Asia bears a disproportionate share of this 43 

burden, accounting for nearly 70% of children affected by wasting globally (3). 44 

Malnutrition contributes to approximately five million deaths among children under five 45 

each year, with India accounting for a substantial proportion of these preventable 46 

deaths (4). More recent estimates indicate that, in 2020, 22% of children under five 47 

years globally were stunted and 6.7% were wasted, with Asia remaining the epicentre 48 

of childhood undernutrition(5). In India, undernutrition continues to represent a major 49 

public health concern, contributing to nearly 45% of deaths among children under five 50 

years (6). Findings from the National Family Health Survey (NFHS-5) further 51 

demonstrate that 36% of children under five are stunted, 19% are wasted, and 32% 52 

are underweight (7). Low birth weight further increases the risk of undernutrition and 53 

child mortality(8), while persistent malnutrition adversely affects cognitive 54 

development, educational attainment, and long-term human capital formation (9). 55 

 56 

Recognizing the profound health and socioeconomic consequences of undernutrition, 57 

the United Nations incorporated improved nutrition and reduced inequalities into the 58 

Sustainable Development Goals (SDGs), including SDG 10.2(8). Similarly, the World 59 

Health Organization established the Global Nutrition Targets, aiming to reduce 60 

childhood stunting by 40% and lower wasting to below 5% by 2025 (10). In response, 61 

the Government of India launched POSHAN Abhiyaan in 2018, intending to achieve a 62 

"Malnutrition-Free India" through annual reductions in childhood stunting and 63 

underweight (11). Although measurable progress has been achieved, improvements 64 

remain modest, with reductions of only about three percentage points in stunting and 65 

four percentage points in underweight between NFHS-4 and NFHS-5, indicating that 66 

substantial challenges persist (11,12). 67 
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 68 

A considerable body of research has documented a strong socioeconomic gradient in 69 

child undernutrition in India, consistently demonstrating that children from 70 

socioeconomically disadvantaged households experience disproportionately higher 71 

risks of stunting, wasting, and underweight(13). These anthropometric indicators 72 

remain the internationally accepted measures for assessing childhood nutritional 73 

status(14). However, socioeconomic inequalities cannot be adequately understood 74 

through household wealth alone. Educational attainment, maternal characteristics, 75 

healthcare utilization, and regional context interact with economic conditions to shape 76 

nutritional outcomes, and national-level analyses frequently mask important 77 

subnational heterogeneity(13). 78 

 79 

Despite sustained economic growth, India continues to experience persistently high 80 

levels of childhood undernutrition, reflecting deep-rooted structural inequalities that 81 

extend beyond income deprivation(15). These inequalities are particularly evident in 82 

the northeastern region, comprising Assam, Arunachal Pradesh, Manipur, Meghalaya, 83 

Mizoram, Nagaland, Sikkim, and Tripura. The region is characterized by difficult 84 

terrain, dispersed populations, ethnic diversity, limited transport connectivity, and 85 

uneven access to healthcare services, all of which influence maternal and child health 86 

outcomes(16). These distinctive demographic, geographic, and socio-cultural 87 

characteristics make the Northeast fundamentally different from most other regions of 88 

India and warrant separate investigation. 89 

 90 

Previous studies have documented substantial nutritional deprivation within individual 91 

northeastern states. In Assam, the prevalence of stunting, wasting, and underweight 92 

has been reported at 36.4%, 15.5%, and 30.2%, respectively(17). Similarly, children 93 

in Manipur experience high levels of undernutrition, with corresponding prevalence 94 

estimates of 32.4%, 12.9%, and 32.7%(18). Recent NFHS-5 findings further reveal 95 

considerable variation across northeastern states, with Meghalaya and Assam 96 

reporting among the highest levels of childhood undernutrition nationally, whereas 97 

Sikkim demonstrates comparatively favourable nutritional outcomes(12). Such 98 

disparities underscore substantial intra-regional heterogeneity that is often obscured 99 

in national analyses (19). 100 

 101 
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Although previous research has identified several determinants of child undernutrition, 102 

relatively few studies have comprehensively examined long-term trends, 103 

socioeconomic inequalities, and maternal determinants simultaneously across all 104 

eight northeastern states. Most existing studies either focus on individual states or 105 

present national estimates that overlook the region's considerable diversity. 106 

Consequently, the extent to which socioeconomic disadvantage, maternal 107 

characteristics, and healthcare factors contribute to interstate disparities in child 108 

nutrition remains insufficiently understood. 109 

 110 

Generating region-specific evidence is particularly important because effective policy 111 

interventions require an understanding of how nutritional inequalities differ across local 112 

contexts. The northeastern states face unique developmental constraints, including 113 

geographical isolation, limited health infrastructure, and varying cultural practices, 114 

which may modify the effects of socioeconomic and maternal determinants on child 115 

nutrition(20). Identifying these context-specific patterns is essential for designing 116 

equitable and targeted interventions, improving resource allocation, and reducing 117 

persistent nutritional inequalities across the region. 118 

 119 

Against this background, the present study investigates the trends, socioeconomic 120 

inequalities, and determinants of child undernutrition among children under five years 121 

of age across the eight northeastern states of India using nationally representative 122 

NFHS data. By integrating temporal trend analysis, multivariable modelling, and 123 

inequality assessment, this study provides a comprehensive regional evidence base 124 

to inform equity-oriented nutrition policies and support progress towards achieving 125 

India's nutrition goals and the WHO Global Nutrition Targets(10). 126 

 127 

Methods and Materials 128 

Data Source 129 

The study used data from NFHS surveys. To determine the trends in nutritional status, 130 

we used data from the NFHS1 (conducted in 1992-93) to NFHS5 (conducted in 2019-131 

21) rounds. To assess the determinants associated with nutritional status, we 132 

concentrated only on five rounds of NFHS data, which included information for all 133 

states and union territories of India. The NFHS is a large-scale, cross-sectional, multi-134 

round survey. The NFHS5 provides state-, district-, and national-level estimates of 135 

demographic and health variables as well as data on various socioeconomic 136 
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dimensions, which are critical for implementing appropriate changes in demographic 137 

and health parameters. Both rural and urban populations were covered through a 138 

stratified two-stage sampling framework. In rural areas, villages formed the first-stage 139 

units and were selected with probability proportional to their population size, after 140 

which 22 households were drawn at random within each chosen village at the second 141 

stage. Urban sampling mirrored this design, with Census Enumeration Blocks (CEBs) 142 

serving as the first-stage units and 22 households then selected at random from every 143 

selected block. The details about the sampling and data collection methodology can 144 

be found in a previous report (12). 145 

 146 

Methodology 147 

Anthropometric indices 148 

Child malnutrition, measured by stunting, wasting, and underweight status, was 149 

considered the dependent variable for this study. There are various means of 150 

measuring the nutritional status of children and anthropometric indices, but weight-for-151 

height, height-for-age, and weight-for-age are the most effective measures of 152 

undernutrition in children in terms of growth status. All these indices provide different 153 

information about the nutritional status of children. The World Health Organization�s 154 

(1995) interpretation of those indices is as follows: Height-for-age captures stunting, a 155 

deficit in linear growth that emerges under prolonged or suboptimal nutritional 156 

conditions and is therefore read as a marker of chronic undernutrition. Weight-for-157 

height, in contrast, identifies wasting or thinness, which in most cases signals a rapid 158 

and recent process of weight loss associated with acute food shortage or severe 159 

illness.  This index is a relative measure of body mass and body weight, primarily 160 

reflecting chronic undernutrition. Wasting can be defined as the percentage of children 161 

whose weight-for-height is less than -2 SD below the median. A healthy child gains 2 162 

to 3 kilograms each year, which runs the risk of wasting. This may be because of less 163 

nutritional food intake (21). In northeast India, more than 8% of children under age five 164 

experience moderate wasting, and more than 6% are severely wasting (less than -3 165 

SD). This is more than the acceptable range of less than 5% (22) as defined by the 166 

World Health Organization. Weight-for-age (underweight) expresses a child's body 167 

mass in relation to their age. Because it is shaped by both height and weight, it is 168 

commonly treated as a composite indicator that draws on the two preceding measures 169 

and captures elements of both chronic and acute malnutrition.  170 

 171 
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Covariates 172 

Several sociodemographic factors contribute to differences in child malnutrition. This 173 

study is based on the review of the determinants of child malnutrition highlighted in the 174 

introduction section and considers the relevance in the context of NE India. The study 175 

divided the predictors into four groups. 1) Maternal factors 2) Socioeconomic factors 176 

3) Child-related factors 4) Health-seeking factors. Maternal factors included age (15�177 

20, 21–24, 25–29 and 30–49 years), age at first birth (< 18, 18–30, and > 30 years), 178 

birth order (1, 2, 3, 4+) and maternal BMI status (normal, underweight and obese). 179 

Socioeconomic factors include religion (Hindu, Muslim, Christian, and Others), caste 180 

(SC, ST, and Others), wealth status (Poorest, Poorer, Middle, Richer, and Richest), 181 

mother�s education (No education, Primary, Secondary, Higher), type of place of 182 

residence (Urban and Rural), and no media access (Yes, and No). Child factors 183 

include age (0–23, 24–47 months, and 47–59 months) and the sex of the child (male 184 

or female). Health-seeking factors included the place of delivery (home or institution), 185 

distance to a health facility (no problem, some problem, or a large problem), and 186 

transportation problems related to seeking medical help (no problem, some problem, 187 

or a large problem). The categorisation of covariates follows groupings that are 188 

standard in NFHS-based child nutrition studies in India. The child age brackets (0�23, 189 

24�47, and 47�59 months) capture the distinct growth phases in which undernutrition 190 

risk is highest during the first two years of life and then plateaus, and are consistent 191 

with the age groupings used in the NFHS and prior Indian nutrition analyses (8,13). 192 

Similarly, the categories for maternal age, birth order, maternal BMI, wealth quintiles, 193 

and maternal education correspond to the standard classifications adopted in NFHS 194 

reports and comparable studies of child undernutrition in India (6,12,16). 195 

 196 

Statistical analysis 197 

 198 

The WHO Child Growth Standards provide the universally accepted anthropometric 199 

benchmarks (Z-scores) for diagnosing undernutrition and are used throughout this 200 

study (23). However, no single anthropometric indicator fully captures the diverse 201 

dimensions and functional consequences of malnutrition. Different measures: 202 

stunting, wasting, and underweight reflect distinct aspects and durations of nutritional 203 

deprivation, and some relate more closely to body composition and clinical outcomes 204 

than others.  We therefore assess all three indicators to provide a comprehensive 205 

picture of child undernutrition in the region. 206 
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 207 

For the calculation of stunting, wasting, and underweight in children under five years, 208 

we categorized children whose Z scores were less than -2 SDs as "1-yes" and "0-no" 209 

otherwise. A chi-square test was carried out to test the associations among the 210 

variables, and further logistic regression analysis was performed by adjusting for 211 

different socioeconomic and demographic characteristics. The logistic regression 212 

estimates are presented with odds ratios (ORs) and their significance levels and 213 

corresponding 95% confidence intervals (CIs). Additionally, to address the inequality 214 

aspect, the concentration curve and concentration index were used to assess and 215 

measure the degree of socioeconomic imbalance in the geographical regions of 216 

Northeast India. 217 

 218 

Logistic regression model 219 

 220 

Logistic regression is a statistical model used to estimate the effect of factors when 221 

we have a categorical response. In this study, Y1i, Y2i, and Y3i were binary responses 222 

of stunting, underweight, and wasting of the ith under-five children, respectively. For 223 

binary response Yji and a vector of explanatory variables X, the logistic regression 224 

model is given by 225 πj(X)) =
eβj0 + βj1χ1 + βj2χ2 + ⋯ + βjpχp1 + eβj0 + βj1χ1 + βj2χ2 + ⋯ + βjpχp = eXβj1 + eXβj    j = 1,2,3                (1) 226 

where πj(X) = P (Yji = 1|X), the probability of the ith child being stunted (Y1i), underweight 227 

(Y2i) and/or wasting (Y3i) given other covariates X. 228 

 229 

Equivalently, the logit (log odds) that manifests a linear relationship with explanatory 230 

variables can be expressed as: 231 

logit[πj(X)] = logit[P(Yji = 1|X)] = βj0 + βj1x1 + βj1x1 + ⋯ + βj1x1 = Xβj                 (2)  232 

 233 

In the logistic regression model, the null hypothesis (H0: β = 0) states that the 234 

probabilities of success are independent of covariate X. The significance of each 235 

covariate is detected using the Wald test statistic given by β/seˆ (βˆ), which has a 236 

standard normal distribution for large samples. According to the logistic regression 237 

model, the most common type of association between categorical variables was the 238 

odds ratio. It is the ratio of odds defined as 239 

 240 
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ORj = Oddsj1Oddsj2 = πj(X1)/(1 − πj(X1))πj(X2)/(1 − πj(X2))                                  (3) 241 

An odds ratio that departs or varies from 1 indicates less dependency between the two 242 

categorical variables. 243 

To perform separate analyses of stunting, underweight, and wasting of under-five 244 

children, applying ordinary logistic regression is sufficient. However, doing so would 245 

ignore the dependency between the three anthropometric indicators. To address this 246 

and account for the correlation between the anthropometric indicators and the effects 247 

of other covariates, multivariable logistic regression is a more plausible alternative. 248 

Multivariable logistic regression was chosen because our primary aim was to model 249 

the correlation between the three anthropometric outcomes while adjusting for shared 250 

covariates, making it well suited to capturing their interdependence. This statistical 251 

model serves to model two or more categorical outcomes of interest at a time and 252 

assess their association given that of other covariates. It enables the modelling of the 253 

marginal probabilities as a function of a set of child and household characteristics and, 254 

at the same time, accounts for the correlation among the three anthropometric 255 

indicators. The data were analysed using STATA software version 17. 256 

 257 

Concentration index (CI) 258 

The concentration curve is obtained by plotting the cumulative proportion of outcome 259 

variables (either stunting, underweight, or wasting) on the y-axis against the increasing 260 

percentage of the population ranked by the socioeconomic indicator (wealth index) on 261 

the x-axis. The curves show whether the socioeconomic status-related inequality in 262 

the outcome variable (on the x-axis) prevails. If the curve is above the line of equality 263 

(45-degree line), the index value is negative; hence, the outcome variable is 264 

disproportionately concentrated among the poor and vice versa. Income-related 265 

inequality in stunting, underweight, and wasting was measured by the concentration 266 

index (CI) and the concentration curve (CC), using the wealth score as the 267 

socioeconomic indicator and binary outcomes as stunting, underweight, and wasting, 268 

respectively. Numerically, the index corresponds to twice the area lying between the 269 

concentration curve and the diagonal line of equality, and it summarises how a given 270 

outcome is distributed across children ranked by household wealth. Its values fall 271 

between −1 and +1, with zero denoting the absence of wealth-related inequality; 272 

positive values point to an outcome concentrated among richer households (pro-rich), 273 

while negative values indicate concentration among poorer households. Additionally, 274 

on either scale, the greater the value, the greater the extent of socioeconomic 275 
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inequality. This study used the Wagstaff criteria to normalize concentration indices for 276 

bounded variables, as well as distributionally sensitive extended and symmetric 277 

concentration indices. 278 

 279 

Equivalently, the index can be written as twice the covariance between an individual 280 

child's health outcome (for instance, stunting) and that child's rank in the 281 

socioeconomic distribution, scaled by the mean of the health outcome (μ): 𝑪ࡵ =282 

 
૛
µ

 (𝑪࢏࢟) ࢜࢕,  283 ((࢏࢘

 284 

This is a widely used measure because it ranks individuals across SESs, is sensitive 285 

to changes in population distribution across SESs, and can assess relative and 286 

absolute socioeconomic inequality. 287 

 288 

Results 289 

Change in the prevalence of undernutrition from 1992-93 to 2019-21 290 

 291 

Figures 1-3 show the change in the prevalence of nutritional status according to three 292 

anthropometric measures of children aged 5 years in northeastern India. Over the last 293 

three decades, the prevalence of stunting has decreased in all eight states. In 2019-294 

2021, its prevalence ranged from a minimum of 22.3% to a maximum of 46.5%. With 295 

a significant increase since the previous round, Meghalaya has the highest prevalence 296 

of stunting among children under the age of five. Moreover, with a prevalence of 35%, 297 

Assam has a comparatively higher prevalence. Sikkim exhibits the lowest prevalence 298 

of stunting among the northeastern states, at a relatively low 22%.  299 

 300 

In addition to stunting, wasting also plays a significant role in determining the level of 301 

undernutrition in a region. Its prevalence in 2019-21 ranged from a minimum of 9.8% 302 

to a maximum of 21%. The level of wasting for Mizoram, Manipur, Tripura, Nagaland, 303 

and Assam increased over time. In 2015-16, Mizoram had a prevalence of wasting at 304 

6.1%, and Arunachal Pradesh had the highest prevalence of wasting, at 17.3%. 305 

 306 

The prevalence of underweight among children under the age of five is highest in 307 

Assam, and it has increased significantly since the previous round. Meghalaya and 308 

Nagaland each have a comparatively higher prevalence of approximately 27%. Among 309 
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the northeastern states, Mizoram has the lowest prevalence of underweight, at a mere 310 

12.7% per NFHS 5. 311 

 312 

Fig. 1 Prevalence of stunting by north-eastern states, NFHS 1 to NFHS 5 313 

 314 

Fig. 2 Prevalence of wasting by north-eastern states, NFHS 1 to NFHS 5 315 

 316 

Fig. 3 Prevalence of underweight by north-eastern states, NFHS 1 to NFHS 5 317 

 318 

Distribution of three anthropometric undernutrition indicators by the selected 319 

background characteristics of the Northeastern states of India 320 

 321 

Table 1 presents the prevalence of stunting in children under five years of age across 322 

eight northeastern states in India by different background characteristics obtained from 323 

the NFHS-5 data. The prevalence of stunting concerning maternal age, age at first 324 

birth, birth order, body mass index (BMI), mother's education, and type of place of 325 

residence was examined. In general, the prevalence of stunting is higher among 326 

children born to younger mothers, particularly those who have their first child at a 327 

younger age, have higher birth orders, lower BMI, lower levels of education, and reside 328 

in rural areas. The study explored the prevalence of stunting in terms of religion, caste, 329 

wealth index, and type of place of residence. The prevalence of stunting varies 330 

significantly across different religious and caste groups, with higher rates among 331 

certain groups, such as SC and ST. It also varies based on economic status, with a 332 

greater prevalence among poorer and poorest sections. The prevalence of stunting 333 

concerning the child's age in months and sex is also shown. The prevalence of stunting 334 

was relatively greater among younger children (0-23 months) than among older 335 

children (47-59 months). There was a slight difference in the prevalence between male 336 

and female children, with slightly higher rates among males. The analysis revealed 337 

that the prevalence of stunting concerned the place of delivery, the distance to the 338 

health facility, and transportation problems related to medical help. Compared with 339 

those born through institutional delivery, children born through home delivery have a 340 

greater prevalence of stunting. Accessibility issues to health facilities and 341 

transportation problems also impact stunting prevalence, with higher rates observed 342 

where these issues are more significant. Overall, the table provides detailed insight 343 

into the various factors associated with stunting prevalence among children under five 344 
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years in the northeastern states of India, highlighting the complex interplay of 345 

socioeconomic, maternal, child-related, and health-seeking factors. 346 

 347 

[Table 1 is about here] 348 

 349 

Table 2 presents the prevalence of wasting among children under five in the 350 

northeastern states, derived from the NFHS-5 dataset, showing how wasting rates 351 

vary across background characteristics. Key findings include higher wasting rates 352 

among children of older mothers, those with early first births, and firstborns. 353 

Additionally, children of underweight or normal-weight mothers tend to exhibit greater 354 

wasting rates than those of obese mothers. Socioeconomic disparities manifest in 355 

varied wasting rates across religious, caste, wealth, and educational categories, with 356 

Muslim children and those from wealthier, more educated households demonstrating 357 

lower rates. Rural areas consistently reported a greater waste prevalence than did 358 

their urban counterparts. Moreover, children with regular media access and those born 359 

in institutional settings tend to have lower wasting rates, while proximity to health 360 

facilities is associated with reduced wasting prevalence.  361 

 362 

[Table 2 is about here] 363 

 364 

Table 3 shows the prevalence of underweight among children under five years across 365 

various background characteristics in the northeastern states of India. Maternal 366 

factors, including age, age at first birth, birth order, and BMI, revealed significant 367 

variations in underweight prevalence. Younger mothers and those with higher birth 368 

orders tend to have higher rates of underweight children. Socioeconomic factors such 369 

as religious affiliation, caste, wealth index, mother's education, and type of residence 370 

also influence the prevalence of underweight. Children from economically 371 

disadvantaged backgrounds and mothers lacking formal education are more likely to 372 

be underweight. Child-related factors such as age and sex, along with health-seeking 373 

factors such as place of delivery and accessibility to health facilities, play crucial roles 374 

in the prevalence of underweight. Children who delivered at home or who resided 375 

farther from health facilities were more likely to be underweight. 376 

 377 

[Table 3 is about here] 378 
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Determinants associated with stunting, wasting, and underweight among under-379 

five children in northeast India 380 

Table 4 provides the results of a multivariable logistic regression analysis examining 381 

the association between various factors and three anthropometric measures of 382 

undernutrition among children in northeastern India from 2019 to 2021: stunting, 383 

wasting, and underweight. The table includes odds ratios (ORs) and 95% confidence 384 

intervals (CIs) for each factor, along with p values indicating the significance of the 385 

associations.  386 

 387 

Maternal Factors 388 

The maternal factors provide critical insights into their influence on childhood 389 

malnutrition in northeastern India. The mother's age did not show any statistically 390 

significant differences in the likelihood of stunting, wasting, or underweight across 391 

different age groups when compared to the reference group of mothers aged 30-49 392 

years. However, the mother's age at first birth is significantly associated with the risk 393 

of stunting and wasting in children. Mothers who had their first child at ages 30-49 had 394 

lower odds of stunting in their children (OR = 0.853, 95% CI [0.744, 0.979], p < .01) 395 

compared to those who gave birth before the age of 20. Conversely, mothers who had 396 

their first child between the ages of 21-24 were more likely to have wasted children 397 

(OR = 1.099, 95% CI [1.005, 1.201], p < .01).  398 

 399 

Birth order also played a significant role, with children of higher birth orders facing 400 

greater risks of stunting and underweight. Specifically, third-order children had 401 

increased odds of stunting (OR = 1.115, 95% CI [1.017, 1.222], p < .01) and 402 

underweight (OR = 1.2, 95% CI [1.089, 1.322], p < .001), while children of even higher 403 

birth orders had similarly elevated odds of both stunting (OR = 1.216, 95% CI [1.101, 404 

1.343], p < .001) and underweight (OR = 1.21, 95% CI [1.089, 1.345], p < .001), 405 

compared to firstborns.  406 

 407 

Maternal BMI was a strong predictor of child malnutrition. Underweight mothers had 408 

significantly higher odds of having children who were stunted (OR = 1.377, 95% CI 409 

[1.261, 1.503], p < .001), wasted (OR = 1.241, 95% CI [1.11, 1.387], p < .001), and 410 

underweight (OR = 1.626, 95% CI [1.489, 1.775], p < .001) compared to mothers with 411 

normal BMI. In contrast, obese mothers exhibited protective effects, with lower odds 412 

of stunting (OR = 0.918, 95% CI [0.846, 0.996], p < .01), wasting (OR = 0.729, 95% 413 
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CI [0.65, 0.818], p < .001), and underweight (OR = 0.775, 95% CI [0.708, 0.847], p < 414 

.001) among their children compared to mothers with normal BMI.  415 

 416 

Socioeconomic Factors 417 

The analysis of socioeconomic factors reveals significant associations between 418 

household wealth, maternal education, and childhood malnutrition in northeastern 419 

India. Children from wealthier households exhibited considerably lower odds of 420 

stunting, wasting, and being underweight compared to those from the poorest 421 

households. Specifically, children from the richest households had the lowest odds of 422 

stunting (OR = 0.467, 95% CI [0.373, 0.584], p < .001) and underweight (OR = 0.501, 423 

95% CI [0.392, 0.641], p < .001), suggesting that economic status plays a protective 424 

role against malnutrition. However, the association between household wealth and 425 

wasting was not statistically significant for the richest households (OR = 1.023, 95% 426 

CI [0.782, 1.338]). 427 

  428 

Maternal education also emerged as a strong predictor of improved child nutritional 429 

outcomes. Mothers with higher levels of education were significantly less likely to have 430 

stunted or underweight children compared to mothers with no education. Secondary 431 

education reduced the odds of stunting (OR = 0.86, 95% CI [0.791, 0.936], p < .001) 432 

and underweight (OR = 0.872, 95% CI [0.799, 0.953], p < .001), while mothers with 433 

higher education experienced even greater reductions in the odds of stunting (OR = 434 

0.736, 95% CI [0.633, 0.857], p < .001) and underweight (OR = 0.67, 95% CI [0.569, 435 

0.79], p < .001).  436 

 437 

Child-Related Factors 438 

The analysis reveals notable age and gender differences in the odds of stunting, 439 

wasting, and being underweight among children in northeastern India. Older children 440 

(aged 24-47 months and 47-59 months) exhibited significantly higher odds of stunting 441 

and being underweight compared to children aged 0-23 months. Specifically, children 442 

aged 24-47 months had higher odds of stunting (OR = 1.188, 95% CI [1.114, 1.267], 443 

p < .001) and underweight (OR = 1.566, 95% CI [1.463, 1.675], p < .001), while those 444 

aged 47-59 months showed even greater odds of stunting (OR = 1.477, 95% CI [1.371, 445 

1.591], p < .001) and underweight (OR = 1.405, 95% CI [1.297, 1.523], p < .001). 446 

However, older children (aged 47-59 months) had significantly lower odds of wasting 447 

(OR = 0.733, 95% CI [0.661, 0.814], p < .001) compared to younger children (0-23 448 
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months). In terms of gender, female children were found to have lower odds of stunting 449 

(OR = 0.916, 95% CI [0.867, 0.968], p < .001) and wasting (OR = 0.903, 95% CI 450 

[0.838, 0.972], p < .001) compared to male children, indicating that boys are more 451 

likely to experience these forms of malnutrition. However, there was no significant 452 

difference between female and male children in terms of underweight status. These 453 

findings suggest that both age and gender play important roles in influencing nutritional 454 

outcomes, with older children and male children being more vulnerable to certain 455 

forms of malnutrition.  456 

 457 

Health-Seeking Factors 458 

The analysis of health-seeking factors indicates that institutional deliveries are linked 459 

to lower odds of stunting compared to home deliveries (OR = 0.923, 95% CI [0.861, 460 

0.99], p < .01), suggesting the importance of professional healthcare during childbirth 461 

in reducing malnutrition. Additionally, transportation difficulties in accessing medical 462 

care significantly increased the odds of wasting (OR = 1.188, 95% CI [1.011, 1.396], 463 

p < .01) and being underweight (OR = 1.111, 95% CI [1.003, 1.232], p < .01), 464 

highlighting the critical role that access to healthcare services plays in preventing child 465 

malnutrition.  466 

 467 

Regional Differences 468 

The regional analysis reveals significant disparities in child malnutrition across 469 

northeastern states. Children from Meghalaya had the highest odds of stunting (OR = 470 

1.936, 95% CI [1.496, 2.505], p < .001) and being underweight (OR = 2.443, 95% CI 471 

[1.802, 3.313], p < .001) compared to those from Arunachal Pradesh. Similarly, Tripura 472 

and Assam displayed higher odds of stunting, wasting, and underweight, while 473 

Nagaland also showed elevated odds for underweight. These findings emphasize the 474 

need for region-specific interventions to address malnutrition in the most affected 475 

states.   476 

 477 

[Table 4 is about here] 478 

 479 

Inequality in undernutrition among the northeastern region by wealth and 480 

maternal education 481 

 482 
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The concentration index (CI) is also widely used and pervasive to reflect the 483 

concentration of inequality. The convention is that the index value takes a negative 484 

sign when the curve lies above the line of equality, indicating the disproportionate 485 

concentration of the health variable among the poor. Here, for all the indicators, the 486 

generated sign is negative for stunting, wasting, and underweight, reflecting the 487 

concentration of high undernutrition among poor children whose mothers are less 488 

educated. 489 

 490 

Table 5 presents the concentration index values for three anthropometric indicators of 491 

undernutrition (stunting, wasting, and underweight) across the northeastern states of 492 

India, categorized by wealth and mother's education. The results show that in the case 493 

of Stunting, negative CI values indicate a concentration of stunting among children 494 

from households with lower wealth or mothers with lower education levels. Sikkim, 495 

Arunachal Pradesh, Nagaland, Manipur, Mizoram, Tripura, Meghalaya, and Assam all 496 

show negative CI values for stunting, indicating varying degrees of inequality favouring 497 

children from wealthier households or mothers with higher education. 498 

 499 

Similar to stunting, negative CI values for wasting suggest a concentration of wasting 500 

among children from households with lower wealth or mothers with lower education 501 

levels. However, the magnitude of inequality varies across states, with Manipur, 502 

Tripura, Mizoram, Nagaland, and Assam exhibiting more pronounced inequalities in 503 

waste than other states. 504 

 505 

The negative CI values for underweight also signify a concentration of underweight 506 

children among those from households with lower wealth or mothers with lower 507 

education levels. Again, Manipur, Tripura, Mizoram, Nagaland, and Assam display 508 

significant inequalities in underweight, indicating a greater prevalence of underweight 509 

children from disadvantaged socioeconomic backgrounds. 510 

 511 

Overall, the table indicates a consistent pattern of socioeconomic inequality in 512 

childhood malnutrition across the northeastern states of India. Children from 513 

households with lower wealth or mothers with lower education levels are 514 

disproportionately affected by stunting, wasting, and underweight, highlighting the 515 

need for targeted interventions to address underlying disparities and improve 516 

nutritional outcomes in the region. 517 
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 518 

The concentration curves displayed in Figure 4(a-b) illustrate the relationships 519 

between stunting among children under five years old and two socioeconomic 520 

indicators - mother�s education and household wealth - in northeastern India from 2019 521 

to 2021. The first panel shows the cumulative share of stunted children plotted against 522 

the cumulative share of mothers� education. The concentration curve (L(p)) lies above 523 

the line of equality (the 45-degree line), indicating that stunting is more concentrated 524 

among children whose mothers have lower levels of education. The gray area 525 

represents the 95% confidence interval. The second panel displays the cumulative 526 

share of stunted children against the cumulative share of wealth. Similar to the 527 

education curve, the wealth concentration curve lies above the line of equality, 528 

suggesting that stunting is more prevalent among poorer households. Both panels 529 

indicate that stunting is disproportionately concentrated among children from lower 530 

socioeconomic backgrounds, as evidenced by the curves lying above the line of 531 

equality. This implies that policies aimed at reducing stunting should particularly focus 532 

on improving educational and economic conditions in these disadvantaged groups. 533 

 534 

Figure 5 (a-b) presents concentration curves that depict the cumulative share of 535 

children under-five years experiencing wasting, in relation to the cumulative share of 536 

mothers' education and wealth in northeastern India from 2019 to 2021. Both curves 537 

(L(p)) closely follow the 45-degree line of perfect equality, indicating a relatively equal 538 

distribution of wasting across varying levels of maternal education and household 539 

wealth. For wasting, the concentration curves lie close to the line of equality, revealing 540 

a more varied socioeconomic pattern than for stunting and underweight. Several 541 

states show a distinct pro-poor concentration- most clearly Assam (wealth-based CI 542 

−0.08, SE 0.01) while the gradient is more modest elsewhere. This state-level variation 543 

highlights that acute undernutrition responds to a wider range of determinants, 544 

underscoring the value of tailored, region-specific strategies. Thus, the data imply that 545 

wasting among children under five years is equally distributed regardless of maternal 546 

education level and household wealth in this region during the studied period. 547 

 548 

Figure 6 (a-b) presents concentration curves illustrating the cumulative distribution of 549 

underweight children under five years in relation to mothers' education and household 550 

wealth. In both panels, the curves lie above the 45-degree line, indicating a greater 551 

concentration of underweight children among those with less educated mothers and 552 
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from poorer households. The 95% confidence intervals, shaded in gray, suggest 553 

statistical certainty around these estimates. These findings highlight significant 554 

socioeconomic disparities in underweight prevalence, emphasizing the need for 555 

targeted nutritional interventions and policies to address these inequities in 556 

northeastern India. 557 

[Table 5 is about here] 558 

 559 

Fig. 4 Concentration curves for stunting among children under five years in 560 

north-eastern India (2019-2021) 561 

 562 

Fig. 5 Concentration curves for wasting among children under five years in 563 

north-eastern India (2019-2021) 564 

 565 

Fig. 6 Concentration curves for underweight among children under five years 566 

in north-eastern India (2019-2021) 567 

 568 

Discussion: 569 

 570 

This study examined long-term trends, determinants, and socioeconomic inequalities 571 

in undernutrition among children aged under five years across the eight northeastern 572 

states of India using nationally representative NFHS data. Despite gradual 573 

improvements over time, undernutrition remains a major public health challenge, with 574 

substantial interstate and socioeconomic disparities. The findings demonstrate that 575 

child undernutrition in the region is strongly associated with maternal nutritional status, 576 

household socioeconomic disadvantage, maternal education, and demographic 577 

characteristics. Furthermore, inequality analyses revealed that stunting and 578 

underweight remain disproportionately concentrated among socioeconomically 579 

disadvantaged households, highlighting persistent inequities in child nutrition. These 580 

findings underscore the need for equity-oriented, state-specific interventions rather 581 

than uniform regional strategies. 582 

 583 

The observed burden of stunting, wasting, and underweight reflects the complex 584 

interaction of poverty, maternal disadvantage, limited healthcare access, and the 585 

distinctive geographical and sociocultural characteristics of northeastern India. At the 586 

same time, the region is increasingly experiencing the coexistence of undernutrition 587 
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and childhood overweight, representing a growing triple burden of malnutrition that 588 

requires integrated nutrition policies (24). State-level analyses further demonstrate 589 

that treating the Northeast as a homogeneous region obscures substantial variation in 590 

both the magnitude and determinants of undernutrition. Such heterogeneity reinforces 591 

the importance of locally tailored interventions based on state-specific epidemiological 592 

profiles. 593 

Maternal nutritional status emerged as one of the strongest predictors of child 594 

undernutrition. Children born to underweight mothers were significantly more likely to 595 

experience stunting and underweight, whereas maternal overweight or obesity was 596 

associated with lower risks. These findings are consistent with previous evidence 597 

demonstrating the close intergenerational relationship between maternal and child 598 

nutrition(25,26). Maternal undernutrition contributes to adverse pregnancy outcomes, 599 

low birth weight, and impaired breastfeeding, thereby increasing children's 600 

vulnerability to growth failure(27). Strengthening maternal nutrition through improved 601 

antenatal and postnatal care, nutritional supplementation, and early identification of 602 

nutritionally at-risk women should therefore remain a public health priority. 603 

 604 

Maternal education also demonstrated a consistent protective association with child 605 

nutritional status. Children whose mothers had secondary or higher education were 606 

substantially less likely to experience undernutrition than those born to mothers with 607 

no formal education. Similar findings have been reported elsewhere(28�31). Educated 608 

mothers are more likely to access health services, adopt appropriate infant and young 609 

child feeding practices, maintain better hygiene, and make informed healthcare 610 

decisions. These findings reinforce the importance of investing in girls' education and 611 

women's empowerment as long-term strategies for improving child nutrition. 612 

 613 

Household socioeconomic status remained an important determinant of nutritional 614 

inequality. Children from poorer households experienced substantially higher risks of 615 

stunting and underweight, while concentration indices confirmed that these outcomes 616 

remain concentrated among disadvantaged populations. These findings agree with 617 

previous studies demonstrating that poverty restricts access to nutritious food, 618 

healthcare, sanitation, and other essential resources required for healthy child growth 619 

(32�35). The persistence of pro-poor inequalities indicates that economic growth alone 620 

is unlikely to eliminate nutritional disparities without targeted social protection and 621 

nutrition-sensitive interventions. 622 
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 623 

Marked interstate variation was evident throughout the northeastern region. 624 

Meghalaya and Assam continued to report among the highest levels of child 625 

undernutrition, whereas Sikkim consistently demonstrated more favourable nutritional 626 

outcomes. These differences likely reflect variation in socioeconomic development, 627 

health infrastructure, maternal characteristics, and access to basic services rather 628 

than geographic location alone. Consequently, policy responses should be adapted to 629 

local conditions instead of relying on uniform regional approaches. 630 

 631 

The northeastern states also differ considerably in their social organisation, cultural 632 

norms, and gender relations, which may influence child nutrition through pathways 633 

that extend beyond conventional socioeconomic indicators. Evidence from India 634 

suggests that patriarchal norms influence fertility behaviour, household resource 635 

allocation, and child wellbeing(36). Conversely, studies from matrilineal Meghalaya 636 

indicate that women's ownership of household assets is associated with improved 637 

maternal nutrition and healthcare utilisation(37). Ethnographic research further 638 

demonstrates important differences in caregiving practices and gender roles between 639 

matrilineal and patrilineal communities(38). Although these mechanisms were not 640 

directly examined in the present study, they provide important contextual explanations 641 

for the observed interstate heterogeneity and should be considered when designing 642 

culturally appropriate nutrition interventions. 643 

 644 

The findings have several important policy implications. First, interventions should 645 

prioritise maternal nutrition throughout the life course by strengthening antenatal care, 646 

nutritional supplementation, and counselling. Second, improving girls' education and 647 

women's empowerment is likely to generate sustained improvements in child nutrition. 648 

Third, programmes should prioritise socioeconomically disadvantaged households 649 

through nutrition-sensitive social protection, food security initiatives, and strengthened 650 

primary healthcare services. Existing national initiatives, including POSHAN Abhiyaan 651 

and ICDS, should be adapted to address the unique geographical and cultural 652 

contexts of the northeastern states. Community-based approaches, including nutrition 653 

gardens and locally led nutrition programmes implemented in Assam and Mizoram, 654 

represent promising models that could be expanded across the region(39�42). Finally, 655 

state-specific targets that explicitly address socioeconomic inequalities would facilitate 656 

more equitable allocation of limited public health resources. 657 
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 658 

The study has some strengths and limitations. This study used nationally 659 

representative NFHS data spanning nearly three decades, allowing comprehensive 660 

assessment of temporal trends, determinants, and socioeconomic inequalities in child 661 

undernutrition across all eight northeastern states. The large sample size and 662 

standardized anthropometric measurements enhance the reliability and 663 

generalisability of the findings. However, the cross-sectional design precludes causal 664 

inference, and residual confounding from unmeasured factors such as dietary 665 

diversity, household food security, sanitation, and local health system characteristics 666 

cannot be excluded. Despite these limitations, the study provides robust evidence to 667 

inform region-specific nutrition policies. 668 

 669 

Future studies should employ longitudinal and multilevel approaches to establish 670 

causal pathways and examine district-level variation in child undernutrition. Evaluating 671 

the effectiveness of existing nutrition programmes and incorporating information on 672 

dietary practices, food security, and health system performance would further 673 

strengthen evidence for context-specific interventions and progress towards the 674 

Sustainable Development Goals. 675 

 676 

Conclusion 677 

 678 

Child undernutrition remains a significant public health challenge in northeastern India 679 

despite gradual improvements over time. Maternal nutritional status, maternal 680 

education, household socioeconomic disadvantage, and marked interstate disparities 681 

are key determinants of poor child nutritional outcomes. The persistence of pro-poor 682 

inequalities highlights the need for equity-oriented, state-specific interventions that 683 

strengthen maternal health, improve educational opportunities, and reduce 684 

socioeconomic disadvantage. Tailoring existing nutrition programmes to local contexts 685 

and prioritising vulnerable populations will be essential for accelerating progress 686 

towards national nutrition targets and the Sustainable Development Goals. 687 

 688 

 689 

List of Abbreviations 690 

BMI: Body Mass Index 691 

CC: Concentration Curve 692 



21 

 

CEB: Census Enumeration Block 693 

CI: Concentration Index 694 

CDR: Crude Death Rate 695 

CBR: Crude Birth Rate 696 

IMR: Infant Mortality Rate 697 

NFHS: National Family Health Survey 698 

OR: Odds Ratio 699 

PDS: Public Distribution System 700 

POSHAN: Prime Minister�s Overarching Scheme for Holistic Nutrition (Abhiyaan) 701 

PSU: Primary Sampling Unit 702 

SC: Scheduled Caste 703 

SD: Standard Deviation 704 

SDG: Sustainable Development Goal 705 

SES: Socioeconomic Status 706 

ST: Scheduled Tribe 707 

UN: United Nations 708 

UNICEF: United Nations Children�s Fund 709 

WHO: World Health Organization 710 

 711 

 712 

Declaration of Generative AI and AI-assisted technologies in the writing process 713 

During the preparation of this work, the author(s) used ChatGPT to improve the writing 714 

of the paper. After using this tool/service, the author(s) reviewed and edited the content 715 

as needed and take(s) full responsibility for the content of the publication. 716 

 717 

 718 

Declarations 

Ethics approval and consent to participate 

Not applicable: The study is based on data available in the public domain; therefore, 719 

no ethical issues are involved. 720 

 721 

Clinical trial number: not applicable. 722 

 

Consent for publication 

Not applicable 



22 

 

 

Availability of data and materials 

All data are available publicly on the website hƩps://dhsprogram.com/data/available-

datasets.cfm 

 

Competing interests 

The authors declare no competing interests in the manuscript. 

 

Funding 

This research received no specific grant from any funding agency in the public, 

commercial, or not-for-profit sectors. 

 

Authors' contributions 

AS contributed to Data curation, Formal analysis, Methodology, Writing � original draft, 

and writing � review and editing, including Stata and R analysis, interpretation of 

findings, and preparation and revision of the final manuscript. 

VK conceived the study, analysed the data and wrote the final paper 

JKB conceived the study, supervised and performed the research, analysed the data, 

and wrote the final paper 

 

References 723 

 724 

1. UNICEF, World Health OrganizaƟon,, World Bank. Joint child malnutriƟon esƟmates: Levels and 725 

trends (2024 ediƟon) [Internet]. Geneva: WHO; 2024. Available from: 726 

hƩps://data.unicef.org/resources/jme/ 727 

2. UNICEF. Feeding Profit: How food environments are failing children [Child NutriƟon Report 2025] 728 

[Internet]. New York: UNICEF; 2025. Available from: hƩps://www.unicef.org/reports/feeding-729 

profit 730 

3. Black RE, Victora CG, Walker SP, BhuƩa ZA, ChrisƟan P, de Onis M, et al. Maternal and child 731 

undernutriƟon and overweight in low-income and middle-income countries. Lancet. 2013 Aug 732 

3;382(9890):427�51. doi:10.1016/S0140-6736(13)60937-X PubMed PMID: 23746772. 733 

4. Ernst KD, Radmacher PG, Rafail ST, Adamkin DH. Postnatal MalnutriƟon of Extremely Low Birth-734 

Weight Infants With Catch-Up Growth Postdischarge. J Perinatol. 2003 Sep 1;23(6):477�82. 735 

doi:10.1038/sj.jp.7210974 736 

5. Lemons JA, Bauer CR, Oh W, Korones SB, Papile LA, Stoll BJ, et al. Very Low Birth Weight 737 

Outcomes of the NaƟonal InsƟtute of Child Health and Human Development Neonatal Research 738 

Network, January 1995 Through December 1996. Pediatrics. 2001 Jan 1;107(1):e1�e1. 739 

doi:10.1542/peds.107.1.e1 740 



23 

 

6. Khadse RP, Chaurasia H. NutriƟon status and inequality among children in different geographical 741 

regions of Maharashtra, India. Clinical Epidemiology and Global Health. 2020 Mar;8(1):128�37. 742 

doi:10.1016/j.cegh.2019.05.008 743 

7. MoHFW. Ministry of Health and Family Welfare (MoHFW). NaƟonal Family Health Survey-5: India 744 

Fact Sheet. Retrieved October 26, 2022 [Internet]. 2021. Available from: 745 

hƩp://rchiips.org/nĬs/NFHS-5_FCTS/India.pdf 746 

8. UN. United NaƟons decade of acƟon on nutriƟon. In: SevenƟeth ses- sion of the United NaƟons 747 

General Assembly. [A70/L.42] [Internet]. New York; 2015 Sep. A70/L.42 Agenda item 15. 748 

Available from: hƩp://www.un.org/ ga/search/view_doc.asp?symbol=A/70/L.42 749 

9. UNICEF WHO. Levels and trends in child mortality: Report [The World Bank and United NaƟons 750 

DESA/PopulaƟon Division]. New York: Oxford University Press, 19; 2011. 751 

10. WHO. Comprehensive implementaƟon plan on maternal, infant, and young child nutriƟon. 752 

[Internet]. 2014. Available from: 753 

hƩps://apps.who.int/iris/bitstream/handle/10665/113048/WHO_NMH_NHD_14.1_eng.pdf 754 

11. IIPS. InternaƟonal InsƟtute for PopulaƟon Sciences (IIPS) and Macro InternaƟonal. NaƟonal 755 

Family Health Survey (NFHS-4), India, 2015�16: INDIA. Mumbai: IIPS; 2015. 2016. 756 

12. IIPS, ICF. InternaƟonal InsƟtute for PopulaƟon Sciences (IIPS) and ICF. NaƟonal Family Health 757 

Survey (NFHS-5), 2019-21. India. Mumbai: IIPS; 2022. 758 

13. Martorell R, Zongrone A. IntergeneraƟonal Influences on Child Growth and UndernutriƟon. 759 

Paediatric Perinatal Epid. 2012 Jul;26(s1):302�14. doi:10.1111/j.1365-3016.2012.01298.x 760 

14. Dewey KG, Begum K. Long-term consequences of stunƟng in early life. Maternal & Child 761 

NutriƟon. 2011 Oct;7(s3):5–18. doi:10.1111/j.1740-8709.2011.00349.x 762 

15. Arora RU. Gender Inequality, Economic Development, and GlobalizaƟon: A State Level Analysis of 763 

India. jda. 2012 Mar;46(1):147�64. doi:10.1353/jda.2012.0019 764 

16. Kumar A, Singh A. Factors influencing malnutriƟon among children in rural India: evidence from 765 

NFHS-4. Journal of Family Medicine and Primary Care. 2018;7(4):776�83. 766 

17. Borah M, Das P, Barua K, Saikia AM. NutriƟonal status of under-five children in a tea garden of 767 

Assam. InternaƟonal Journal Of Community Medicine And Public Health. 2019;6(9):3761–6. 768 

18. Ningthoujam, R, Singh RMA, Singh PA. NutriƟonal status and feeding pracƟces among under-five 769 

children in a rural area of Manipur, Northeast India. Journal of Medical Society. 2020;34(1):11�6. 770 

19. Singh KJ, Chiero V, Kriina M, Alee NT, Chauhan K. IdenƟfying the trend of persistent cluster of 771 

stunƟng, wasƟng, and underweight among children under five years in northeastern states of 772 

India. Clinical Epidemiology and Global Health. 2022 Nov;18:101158. 773 

doi:10.1016/j.cegh.2022.101158 774 

20. Dinachandra Singh K, Alagarajan M, Ladusingh L. What Explains Child MalnutriƟon of Indigenous 775 

People of Northeast India? Dalal K, editor. PLoS ONE. 2015 Jun 29;10(6):e0130567. 776 

doi:10.1371/journal.pone.0130567 777 

21. Garcia V. Children malnutriƟon and horizontal inequaliƟes in sub-Saharan Africa: a focus on 778 

contrasƟng domesƟc trajectories: United NaƟons Development Programme, Regional Bureau for 779 

Africa; 2012. 2012. 780 



24 

 

22. Kamal MM, Hasan MM, Davey R. Determinants of childhood morbidity in Bangladesh: evidence 781 

from the Demographic and Health Survey 2011. BMJ Open. 2015 Oct;5(10):e007538. 782 

doi:10.1136/bmjopen-2014-007538 783 

23. WeltgesundheitsorganisaƟon. Length/height-for-age, weight-for-age, weight-for-length, weight-784 

for-height and body mass index-for-age; methods and development. Onis M de, editor. Geneva: 785 

WHO Press; 2006. 312 p. (WHO child growth standards). 786 

24. Singh SK, Chauhan A, Sharma SK, Puri P, Pedgaonkar S, Dwivedi LK, et al. Cultural and Contextual 787 

Drivers of Triple Burden of MalnutriƟon among Children in India. Nutrients. 2023 Aug 788 

6;15(15):3478. doi:10.3390/nu15153478 789 

25. SƟller CK, Golembiewski SKE, Golembiewski M, Mondal S, Biesalski HK, Scherbaum V. Maternal 790 

nutriƟonal status and child feeding pracƟces: a retrospecƟve study in Santal communiƟes, 791 

Birbhum District, West Bengal, India. Int Breasƞeed J. 2020 Dec;15(1):50. doi:10.1186/s13006-792 

020-00262-3 793 

26. Yadav S, Ahmad S, Chaudhary N, Kumar M, Gahlot A. Dietary behaviour and anthropometric 794 

parameters across the spectrum of pregnant and lactaƟng mother, infant, young children, 795 

adolescent girls and reproducƟve age group females: An assessment of undernutriƟon among 796 

KOL tribe. J Family Med Prim Care. 2021;10(10):3632. doi:10.4103/jfmpc.jfmpc_1_21 797 

27. Likhar A, PaƟl MS. Importance of Maternal NutriƟon in the First 1,000 Days of Life and Its Effects 798 

on Child Development: A NarraƟve Review. Cureus. 2022 Oct;14(10):e30083. 799 

doi:10.7759/cureus.30083 PubMed PMID: 36381799; PubMed Central PMCID: PMC9640361. 800 

28. Wahyurin IS, Aqmarina AN, Rahmah HA, Hasanah AU, Silaen CNB. Pengaruh edukasi stunƟng 801 

menggunakan metode brainstorming dan audiovisual terhadap pengetahuan ibu dengan anak 802 

stunƟng. ilgi. 2019 Feb 25;2(2):141. doi:10.35842/ilgi.v2i2.111 803 

29. SugiarƟ S, RusƟna Y, Efendi D. Increasing the Knowledge and Confidence of Mothers in Caring for 804 

Low Birth Weight Babies Through EducaƟon from the Maternal and Child Health Handbook. Jur 805 

Kep Soed. 2020 Jul 30;15(2). doi:10.20884/1.jks.2020.15.2.1160 806 

30. SuryaƟ S, Supriyadi S. The effect of booklet educaƟon about children nutriƟon need toward 807 

knowledge of mother with stunƟng children in Pundong primary health center work area Bantul 808 

Yogyakarta. In: 4th InternaƟonal Nursing Conference. 2019. 809 

doi:hƩps://doi.org/10.2528/inc.v0i0.2703 810 

31. IsƟfa MN, Efendi F, Wahyuni ED, Ramadhan K, Adnani QES, Wang JY. Analysis of antenatal care, 811 

intranatal care and postnatal care uƟlizaƟon: Findings from the 2017 Indonesian Demographic 812 

and Health Survey. Yourkavitch J, editor. PLoS ONE. 2021 Oct 12;16(10):e0258340. 813 

doi:10.1371/journal.pone.0258340 814 

32. Siddiqui F, Salam RA, Lassi ZS, Das JK. The Intertwined RelaƟonship Between MalnutriƟon and 815 

Poverty. Front Public Health. 2020 Aug 28;8:453. doi:10.3389/fpubh.2020.00453 816 

33. Garg K, Reddy B V, Kakkar R, Aravindakshan R, Gupta A. Prevalence of UndernutriƟon Among 817 

Tribal LactaƟng Mothers in Andhra Pradesh, India. Cureus. 2023 Nov 2. 818 

doi:10.7759/cureus.48190 819 

34. BharaƟ S, Pal M, BharaƟ P. Prevalence of anaemia among 6- to 59-month-old children in India: 820 

the latest picture through the NFHS-4. J Biosoc Sci. 2020 Jan;52(1):97�107. 821 

doi:10.1017/S0021932019000294 822 



25 

 

35. Sharma H, Singh SK, Srivastava S. Socio-economic inequality and spaƟal heterogeneity in 823 

anaemia among children in India: Evidence from NFHS-4 (2015�16). Clinical Epidemiology and 824 

Global Health. 2020 Dec;8(4):1158�71. doi:10.1016/j.cegh.2020.04.009 825 

36. Singh A, Kumar K, McDougal L, Chokhandre PK, Singh AK, Upadhyay AK, et al. Patriarchy, FerƟlity 826 

and Excess Female Child Mortality in India. Spat Demogr. 2025 Dec;13(1):1. doi:10.1007/s40980-827 

024-00133-z 828 

37. Lamarque L, LangsƟeh B, Raymond M, Alvergne A. Female house ownership drives the posiƟve 829 

associaƟon between matriliny and women’s health in Meghalaya (India). Social Science & 830 

Medicine. 2025 Oct;382:118355. doi:10.1016/j.socscimed.2025.118355 831 

38. Ellena R, Nongkynrih KA. Changing gender roles and relaƟons in food provisioning among 832 

matrilineal Khasi and patrilineal Chakhesang Indigenous rural People of North-East India. 833 

Maternal & Child NutriƟon. 2017 Dec;13(S3):e12560. doi:10.1111/mcn.12560 834 

39. Directorate of InformaƟon and Public RelaƟons, Government of Mizoram. Trainings of teachers 835 

and workers for Phase-II of �Kan Sikul, Kan Huan� project organised in Lawngtlai District 836 

[Internet]. Government of Mizoram; 2023 [cited 2026 Jul 19]. Available from: 837 

hƩps://dipr.mizoram.gov.in/post/trainings-of-teachers-and-workers-for-phase-ii-of-kan-sikul-838 

kan-huan-project-organised-in-lawngtlai-district 839 

40. Bora, Anushka S, Brahma DJS. How nutriƟon gardens in Assam are bringing communiƟes to 840 

school. India Development Review [Internet]. 2022 [cited 2026 Jul 19]. Available from: 841 

hƩps://idronline.org/ground-up-stories/how-nutriƟon-gardens-in-assam-are-bringing-842 

communiƟes-to-school/ 843 

41. Press InformaƟon Bureau, Ministry of Women and Child Development, Government of India. 844 

Poshan VaƟkas or Nutri-gardens — a key plank of the Poshan Abhiyaan to enable the right kind 845 

of nourishment [Internet]. 2023 [cited 2026 Jul 19]. Available from: 846 

hƩps://www.pib.gov.in/PressReleaseIframePage.aspx?PRID=1912577 847 

42. Chakravorty S, Manisha. Data analysis of malnutriƟon in India: a review of numerous factors. Int 848 

J Community Med Public Health. 2023 Jun 29;10(7):2629�36. doi:10.18203/2394-849 

6040.ijcmph20232064 850 

 851 



 
 
Table 1 Prevalence of stunting in children under five years of age by background characteristics 

among northeastern states, NFHS 5 

States Sikkim 
Arunachal 

Pradesh 
Nagaland Manipur Mizoram Tripura Meghalaya Assam 

Sample 

size 

 (%) (%) (%) (%) (%) (%) (%) (%) N 

Maternal Factors 

Mother' age                                                                Pearson chi2 = 192.9628 Pr = 0.000 

15-20 4.43 5.51 3.18 4.54 3.2 14.06 6.45 8.67 1,385 

21-24 17.19 16.89 15.55 14.62 15.11 24.33 15.95 25.22 4,019 

25-29 37.5 34.71 36.14 30.56 31.85 32.54 33.45 35.32 7,146 

30-49 40.89 42.89 45.12 50.28 49.84 29.07 44.16 30.79 8,432 

Mother' age at first birth                                         Pearson chi2 = 408.6097 Pr = 0.000 

less than 20 36.1 44.6 35.2 37.7 42.6 64.1 58.3 57.9 4,681 

21-24 33 33.1 33.1 33.6 33.5 22.7 28.8 27.8 2,656 

25-29 22.7 14.6 22.5 20.3 17.2 10.7 10 11.6 1,202 

30-49 8.2 7.8 9.2 8.4 6.8 2.5 3 2.7 414 

Birth order                                                                    Pearson chi2 = 800.4064 Pr = 0.000 

Firstborn 49.5 35.6 30.6 29.2 29.8 45.7 22 39.5 2,918 

2nd order 36.1 28.3 27 27.4 27 34.9 21.1 32.6 2,494 

3rd order 6.2 17.2 18.7 17.6 19.6 12.6 16.3 15.1 1,453 

higher order 8.2 18.9 23.7 25.8 23.6 6.8 40.6 12.8 2,088 

Body mass index                                                          Pearson chi2 = 580.2476 Pr = 0.000 

normal 61.1 69 79.1 70.2 74.1 62.5 76.7 70.5 6,470 

underweight 3.2 5.5 9.7 7.5 8.6 24.3 14.3 21.7 1,327 

Obese 35.8 25.5 11.2 22.3 17.3 13.2 9.1 7.8 1,136 

Socio-economic factors 

Religion                                                                    Pearson chi2 = 8100.0000   Pr = 0.000 

Muslims 2.06 1.39 0.64 11.03 0.53 14.15 1.45 44.3 1,463 

Hindu 52.58 21.7 1.27 17.79 1.05 75.78 2.42 52.27 2,348 

Christians 13.4 46.08 98.09 65.3 90.19 5.23 87.25 3.25 
 

Others 31.96 30.84 0 5.87 8.23 4.84 8.87 0.17 5,142 

Caste                                                                        Pearson chi2 = 3580.2088 Pr = 0.000 

others 44.2 10.5 0.3 27.9 1.6 26.7 2.3 56.3 1,427 

SC 5.8 7 1.2 5 3.3 29.9 0.7 18.8 596 

ST 50 82.6 98.6 67.1 95.1 43.4 97 24.8 5,511 

Wealth index                                                          Pearson chi2= 1250.3280 Pr = 0.000 

poorest 4.1 28.8 54.6 36.3 17 47.3 52.1 53.2 4,104 

poorer 28.9 33.9 24.8 40.2 23.3 32.4 33.9 31.2 2,849 

middle 43.3 23.5 12.4 15.7 30.6 16.5 11.5 10.6 1,328 

richer 22.7 12.3 6.6 5.9 19.8 3.5 2.4 4 543 

richest 1 1.6 1.5 2 9.3 0.4 0.1 1.1 129 

Mother' education                                                  Pearson chi2 = 262.3407 Pr = 0.000 

No education 8.25 27.05 14.27 14.41 11.73 13.18 21.06 21.22 1,758 

primary 21.65 13.67 19.75 16.9 19.09 19.77 30.82 18.18 3,672 



secondary 57.73 52.17 60.38 60.85 63.75 64.34 44.57 57.27 4,876 

higher 12.37 7.11 5.61 7.83 5.43 2.71 3.55 3.32 405 

Type of place of residence                                     Pearson chi2 = 473.5198 Pr = 0.000 

urban 10.3 18.2 16.6 18.5 32.7 12.2 6.3 6.8 1,040 

rural 89.7 81.8 83.4 81.5 67.3 87.8 93.7 93.2 7,913 

No media access at least once a week                Pearson chi2 = 435.4218 Pr = 0.000 

No  53.6 40.8 22.8 37.9 65 40.3 31.5 25.8 2,984 

Yes 46.4 59.2 77.2 62.1 35 59.7 68.5 74.2 5,969 

Child-related factors  

Child's age in months                                            Pearson chi2 = 48.4011 Pr = 0.000 

0-23 months 37.1 31.6 32.4 32.9 30.1 40.1 29.7 35.1 2,936 

24-47 months 41.2 42.2 44.2 40.9 39.9 38.4 44.9 38.6 3,718 

47-59 months 21.6 26.2 23.4 26.2 29.9 21.5 25.4 26.3 2,299 

Sex of child                                                             Pearson chi2 = 17.5935 Pr = 0.014 

male 55.7 54.3 56.4 52.7 50.6 53.3 50.5 49.7 4,618 

female 44.3 45.7 43.6 47.3 49.4 46.7 49.5 50.3 4,335 

Health seeking factors 

Place of delivery                                                  Pearson chi2 = 1093.0922 Pr = 0.000 

Home delivery 4.1 24.1 63 38.7 25 16.1 49.6 17.8 2,927 

Institutional 

delivery 95.9 75.9 37 61.3 75 83.9 50.4 82.2 5,989 

Distance to Health Facility                                  Pearson chi2 = 1100.00  Pr = 0.000 

no problem 19.59 15.97 19.62 42.88 74.08 19.38 17.18 23.18 2,199 

some problem 39.18 53.09 43.06 21.89 8.06 34.3 41.99 37.76 3,418 

big problem 41.24 30.93 37.32 35.23 17.86 46.32 40.82 39.06 3,336 

Transportation problem to medical help        Pearson chi2 = 1100.0000   Pr = 0.000 

no problem 14.43 16.25 21.02 46.8 74.43 23.06 18.84 24.79 2,338 

some problem 45.36 51.62 44.2 22.78 7.18 31.98 39.41 35.07 3,264 

big problem 40.21 32.13 34.78 30.43 18.39 44.96 41.75 40.14 3,351 

Total 17.81 23.36 27.93 18 23.94 28.56 41.6 30.42 8,953 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 2 Prevalence of wasting by background characteristics in children under five years among 

northeastern states, NFHS 5 

States Sikkim 
Arunachal 

Pradesh 
Nagaland Manipur Mizoram Tripura Meghalaya Assam 

Sample 

size 

 (%) (%) (%) (%) (%) (%) (%) (%) N 

Maternal Factors          

Mother' age                                                              Pearson chi2= 80.1722 Pr = 0.000 

15-20 4.55 5.56 2.38 3.69 3.21 19.16 7.89 8.4 316 

21-24 22.73 17.74 14.49 20.08 13.9 22.4 16.69 24.91 860 

25-29 31.82 34.95 40.62 30.74 36.9 29.22 29.29 36.23 1,441 

30-49 40.91 41.76 42.52 45.49 45.99 29.22 46.13 30.46 1,554 

Mother' age at first birth                                       Pearson chi2 = 168.5566 Pr = 0.000 

less than 20 29.5 41.4 32.5 32.4 39.6 57.8 53.3 54.2 2,012 

21-24 38.6 32.1 36.6 37.3 34.8 27.9 30.7 29.7 1,313 

25-29 27.3 19.4 21.1 19.7 18.2 11.4 11.4 12.6 621 

30-49 4.5 7.2 9.7 10.7 7.5 2.9 4.7 3.5 225 

Birth order                                                                    Pearson chi2 = 258.2923 Pr = 0.000 

Firstborn 56.8 38.5 35.6 33.2 31.6 50.3 25.6 40.3 1,559 

2nd order 29.5 28 24.2 29.5 32.6 33.1 24.3 33.2 1,247 

3rd order 6.8 18.3 17.6 17.2 18.7 9.1 15.3 14.4 637 

higher order 6.8 15.2 22.6 20.1 17.1 7.5 34.7 12.1 728 

Body mass index                                                         Pearson chi2 = 261.0096 Pr = 0.000 

normal 55.8 74.3 77.9 70.8 75.9 61.8 78.6 73.7 3,069 

underweight 2.3 5.9 10.2 8.6 8 27.1 13.5 19.8 630 

obese 41.9 19.7 11.9 20.6 16 11.1 7.9 6.5 457 

Socio-economic factors  

Religion                                                                     Pearson chi2 = 3600.0000 Pr = 0.000 

Muslims 4.55 3.41 0.24 7.79 0.00 13.31 2.28 42.91 848 

Hindu 47.73 22.40 4.75 18.85 0.00 77.27 3.34 52.91 1,398 

Christians 18.18 48.92 95.01 65.16 86.63 6.49 87.86 4.06 1,672 

Others 29.55 25.27 0.00 8.20 13.37 2.92 6.53 0.11 253 

Caste                                                                       Pearson chi2 = 1480.1871 Pr = 0.000 

others 47.6 12.2 0.7 26.7 3.2 30 2 57.9 841 

SC 7.1 5.7 3.6 6.4 4.3 27.7 0.8 17.9 330 

ST 45.2 82.1 95.6 66.9 92.5 42.3 97.2 24.2 2,153 

Wealth index                                                          Pearson chi2 = 330.3617 Pr = 0.000 

poorest 11.4 30.5 45.4 35.2 17.1 48.7 44 49.5 1,791 

poorer 27.3 30.5 29.5 33.2 23.5 28.9 36 31.3 1,304 

middle 31.8 22.4 13.3 20.9 30.5 14.9 14.3 12.7 665 

richer 25 14 8.6 7.8 18.2 6.5 4.9 4.6 310 

richest 4.5 2.7 3.3 2.9 10.7 1 0.9 1.9 101 

Mother' education                                                 Pearson chi2 = 169.0455 Pr = 0.000 

no education 9.1 24.2 11.2 7 11.2 12.3 19.3 19.4 729 

primary 22.7 12.5 19.7 23 17.6 18.2 28.8 16.1 780 

secondary 50 56.3 62 57.8 63.6 64.9 47.3 59.7 2,414 

higher 18.2 7 7.1 12.3 7.5 4.5 4.6 4.7 248 



Type of place of residence                                    Pearson chi2 = 130.9955 Pr = 0.000 

urban 6.8 15.8 19 19.3 32.1 11.7 7.6 9.1 524 

rural 93.2 84.2 81 80.7 67.9 88.3 92.4 90.9 3,647 

No media access at least once a week                Pearson chi2 = 153.2732 Pr = 0.000 

No  56.8 40.9 27.6 36.5 61 39.9 40.8 26.5 1,427 

Yes 43.2 59.1 72.4 63.5 39 60.1 59.2 73.5 2,744 

Child-related factors  

Child's age in months                                            Pearson chi2 = 29.0594 Pr = 0.010 

0-23 months 40.9 34.2 39.4 38.1 39.6 36 45.7 38.7 1,632 

24-47 months 43.2 46.1 42.8 45.5 34.8 45.8 36.7 42.6 1,761 

47-59 months 15.9 19.7 17.8 16.4 25.7 18.2 17.6 18.6 778 

Sex of child                                                            Pearson chi2 = 10.7937 Pr = 0.148 

male 61.4 55.7 54.2 52 50.3 47.4 50.1 54.1 2,210 

female 38.6 44.3 45.8 48 49.7 52.6 49.9 45.9 1,961 

Health seeking factors 

Place of delivery                                                  Pearson chi2 = 491.0319 Pr = 0.000 

Home delivery 2.3 22.3 61.4 38.7 21.4 15.6 39 15.3 1,087 

Institutional 

delivery 97.7 77.7 38.6 61.3 78.6 84.4 61 84.7 3,070 

Distance to Health Facility                                  Pearson chi2 = 436.3293  Pr = 0.000 

no problem 27.27 17.92 20.19 43.85 75.4 20.13 15.93 24.29 2,199 

some problem 18.18 52.15 45.37 22.54 5.88 33.44 46.59 34.74 3,418 

big problem 54.55 29.93 34.44 33.61 18.72 46.43 37.48 40.97 3,336 

Transportation problem to medical help        Pearson chi2 = 465.1023   Pr = 0.000 

no problem 27.27 16.31 21.62 48.77 78 25.65 16.84 27.14 1,123 

some problem 31.82 54.48 45.13 22.13 6.42 28.57 44.16 32.63 1,524 

big problem 40.91 29.21 33.25 29.1 16.04 45.78 39 40.23 1,524 

Total 11.05 11.61 16.46 7.86 8.57 16.1 11.21 19.65 4,171 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Table 3 Prevalence of underweight by background characteristics in children under five 

years among northeastern states, NFHS 5 

States 

Sikki

m 

Arunach

al 

Pradesh 

Nagalan

d 

Manipu

r 

Mizora

m 

Tripur

a 

Meghalay

a 

Assa

m 

Sampl

e size 

 
(%) (%) (%) (%) (%) (%) (%) (%) N 

Maternal Factors          

Mother' age                                                             Pearson chi2 = 168.4950 Pr = 0.000 

15-20 3.45 5.64 2.19 5.01 2.6 16.54 4.55 8.78 563 

21-24 13.79 18.26 14.84 13.78 13.87 25.96 16.22 25.32 1,681 

25-29 34.48 34.63 35.33 33.61 31.79 30 32.39 35.75 2,832 

30-49 48.28 41.48 47.64 47.6 51.73 27.5 46.85 30.15 3,214 

Mother' age at first birth                                       Pearson chi2 = 366.9742 Pr = 0.000 

less than 

20 41.4 44.4 34.2 37.8 45.4 64.2 56.6 57.1 4,326 

21-24 34.5 34.8 34.8 31.7 30.1 24.4 30.3 28.6 2,505 

25-29 19 15.2 21.3 21.1 16.8 8.8 9.9 11.3 1,081 

30-49 5.2 5.6 9.8 9.4 7.8 2.5 3.3 3 378 

Birth order                                                                   Pearson chi2 = 711.3702 Pr = 0.000 

Firstborn 46.6 36.1 31.6 33.6 27.5 47.1 21.8 39.8 2,823 

2nd order 27.6 27.9 26 27.8 28.9 32.5 21.9 33 2,378 

3rd order 13.8 17.3 20 17.1 21.1 11.9 16.5 14.6 1,334 

higher 

order 12.1 18.7 22.3 21.5 22.5 8.5 39.7 12.6 1,755 

Body mass index                                                          Pearson chi2 = 439.4449 Pr = 0.000 

normal 55.4 72.8 78.7 71.1 76 61.3 76.3 68.9 5,941 

underweig

ht 0 7.7 9.8 10.3 9.2 27.7 15.7 23.8 1,459 

obese 44.6 19.5 11.5 18.6 14.7 11 8.1 7.4 868 

Socio-economic factors  

Religion                                                                     Pearson chi2 = 7300.00 Pr = 0.000 

Muslims 5.17 3.22 0.58 13.15 0.29 15.77 1.96 45.52 1,735 

Hindu 56.9 25.37 2.3 21.71 0.58 74.81 2.74 50.76 2,484 

Christians 10.34 43.89 97.12 55.95 90.75 5.77 86.88 3.57 3,590 

Others 27.59 27.52 0 9.19 8.38 3.65 8.42 0.15 481 

Caste                                                                      Pearson chi2 = 3263.7712 Pr = 0.000 

others 44.6 16.5 0.2 35.8 1.7 28.6 2.7 59.3 1,625 

SC 7.1 7.3 1.6 6.9 2.3 28.9 0.7 18 591 

ST 48.2 76.1 98.1 57.3 96 42.5 96.6 22.7 4,426 

Wealth index                                                        Pearson chi2= 745.1593 Pr = 0.000 

poorest 6.9 33.8 51.8 38.2 18.8 52.7 51.7 51.8 3,956 

poorer 22.4 30.3 26.9 37.2 24 28.8 32.7 32.6 2,605 

middle 55.2 22.6 13 15.4 30.3 14.2 12.8 10.9 1,179 

richer 12.1 11.8 6.7 6.3 19.4 3.7 2.6 3.7 445 

richest 3.4 1.5 1.6 2.9 7.5 0.6 0.2 1 105 



Mother' education                                                  Pearson chi2= 375.4229 Pr = 0.000 

No 

education 12.1 27.1 12.8 10.2 12.7 13.7 22.2 20.6 1,601 

primary 32.8 13.2 18.8 19.4 18.8 20.2 30.8 17.7 1,729 

secondary 43.1 54.2 63.2 60.5 64.7 63.7 43.9 58.5 4,625 

higher 12.1 5.5 5.3 9.8 3.8 2.5 3.1 3.2 335 

Type of place of residence                                    Pearson chi2 = 334.1147 Pr = 0.000 

urban 8.6 16.9 17.6 22.1 29.2 8.7 6.6 7.3 906 

rural 91.4 83.1 82.4 77.9 70.8 91.3 93.4 92.7 7,384 

No media access at least once a week               Pearson chi2= 315.7790 Pr = 0.000 

No  60.3 38.1 23.9 41.1 64.5 36.5 30.8 25.7 2,590 

Yes 39.7 61.9 76.1 58.9 35.5 63.5 69.2 74.3 5,700 

Child-related factors  

Child's age in months                                           Pearson chi2 = 26.0946 Pr = 0.025 

0-23 

months 27.6 26.7 29 27.1 28.3 30 31.3 32.6 2,545 

24-47 

months 51.7 49.9 48.8 49.1 42.8 46.3 46.3 44.3 3,823 

47-59 

months 20.7 23.4 22.2 23.8 28.9 23.7 22.4 23.1 1,922 

Sex of child                                                             Pearson chi2 = 11.6945 Pr = 0.111 

male 53.4 52.5 55.6 48.4 49.4 48.1 50.4 51.2 4,241 

female 46.6 47.5 44.4 51.6 50.6 51.9 49.6 48.8 4,049 

Health seeking factors 

Place of delivery                                                  Pearson chi2= 1001.4515 Pr = 0.000 

Home 

delivery 6.9 25.4 61.9 36.3 28.3 19.3 47.2 16.8 2,565 

Institutiona

l delivery 93.1 74.6 38.1 63.7 71.7 80.7 52.8 83.2 5,690 

Distance to Health Facility                                  Pearson chi2= 797.5302   Pr = 0.000 

no problem 17.24 17.45 20.6 44.05 74.28 18.46 15.55 23.91 1,982 

some 

problem 39.66 51.95 43.73 20.04 6.36 34 44.63 35.81 3,146 

big 

problem 43.1 30.6 35.67 35.91 19.36 47.12 39.82 40.28 3,162 

Transportation problem to medical help        Pearson chi2= 766.0092   Pr = 0.000 

no problem 20.69 14.63 22.09 48.02 73.7 22.88 17.2 26.13 2,122 

some 

problem 37.93 51.28 43.96 19.83 5.2 32.31 41.84 33.8 3,005 

big 

problem 41.38 34.09 33.95 32.15 21.1 44.81 40.96 40.07 3,163 

Total 12.94 16.8 31.44 16.64 13.42 27.77 32.82 36.86 8,290 

 
 
 
 



Table 4: Multivariate logistic regression analysis of three anthropometric measures of 
undernutrition among north-eastern regions of India, 2019-21 
  
  Stunting Wasting Underweight 

  OR 95% CI OR 95% CI OR 95% CI 

Maternal Factors       

Mother's age                                                            

30-49 1  1  1  

21-24 1.023 [0.93 ,1.125] 0.969 [0.855 ,1.098] 1.054 [0.953 ,1.165] 

25-29 0.982 [0.914 ,1.055] 0.982 [0.893 ,1.079] 1.015 [0.942 ,1.095] 

Mother's age at first birth                                         

less than 20 1  1  1  

21-24 0.948 [0.887 ,1.013] 1.099** [1.005 ,1.201] 1.02 [0.951 ,1.094] 

25-29 0.936 [0.853 ,1.026] 1.061 [0.94 ,1.198] 0.976 [0.885 ,1.076] 

30-49 0.853** [0.744 ,0.979] 1.047 [0.877 ,1.251] 0.975 [0.844 ,1.128] 

Birth order                                                                 

Firstborn 1  1  1  

2nd order 1.021 [0.949 ,1.098] 1.009 [0.919 ,1.109] 1.057 [0.98 ,1.141] 

3rd order 1.115** [1.017 ,1.222] 1.029 [0.91 ,1.163] 1.2*** [1.089 ,1.322] 

Higher order 1.216*** [1.101 ,1.343] 0.941 [0.82 ,1.079] 1.21*** [1.089 ,1.345] 

Body mass index                                                       

Normal 1  1  1  

Underweight 1.377*** [1.261 ,1.503] 1.241*** [1.11 ,1.387] 1.626*** [1.489 ,1.775] 

Obese 0.918** [0.846 ,0.996] 0.729*** [0.65 ,0.818] 0.775*** [0.708 ,0.847] 

Socio-economic factors  

Religion                                                                  

Hindu 1  1  1  

Muslims 1.323*** [1.124 ,1.556] 1.157 [0.946 ,1.415] 1.376*** [1.172 ,1.616] 

Christians 1.081 [0.959 ,1.218] 1.136 [0.973 ,1.327] 0.996 [0.878 ,1.131] 

Others 1.069 [0.932 ,1.226] 0.854 [0.707 ,1.031] 0.936 [0.806 ,1.087] 

Caste                                                                    

Others 1  1  1  

SC 1.092 [0.97 ,1.229] 0.99 [0.856 ,1.144] 0.91 [0.808 ,1.025] 

ST 1.063 [0.961 ,1.175] 0.939 [0.827 ,1.066] 0.805*** [0.726 ,0.892] 

Wealth index                                                          

Poorest 1  1  1  

Poorer 0.859*** [0.801 ,0.921] 0.983 [0.895 ,1.079] 0.832*** [0.774 ,0.895] 

Middle 0.746*** [0.68 ,0.82] 0.945 [0.833 ,1.07] 0.762*** [0.69 ,0.841] 

Richer 0.59*** [0.518 ,0.672] 0.926 [0.781 ,1.097] 0.602*** [0.523 ,0.692] 

Richest 0.467*** [0.373 ,0.584] 1.023 [0.782 ,1.338] 0.501*** [0.392 ,0.641] 

Mother' education                                          

None 1  1  1  

Primary 1.002 [0.913 ,1.099] 1.057 [0.931 ,1.199] 1.01 [0.917 ,1.113] 

Secondary 0.86*** [0.791 ,0.936] 0.909 [0.811 ,1.019] 0.872*** [0.799 ,0.953] 

Higher 0.736*** [0.633 ,0.857] 0.833* [0.685 ,1.013] 0.67*** [0.569 ,0.79] 

Type of place of residence                                

Urban 1  1  1  

Rural 0.926 [0.845 ,1.015] 1.016 [0.9 ,1.147] 0.965 [0.875 ,1.064] 

No media access at least once a week                

No  1  1  1  

Yes 1.084** [1.017 ,1.155] 1.076* [0.988 ,1.172] 1.146*** [1.072 ,1.226] 

Child-related factors  

The child's age in months                                            

0-23 months 1  1  1  

24-47 months 1.188*** [1.114 ,1.267] 0.957 [0.881 ,1.039] 1.566*** [1.463 ,1.675] 

47-59 months 1.477*** [1.371 ,1.591] 0.733*** [0.661 ,0.814] 1.405*** [1.297 ,1.523] 

Sex of child                                                         

Male 1  1  1  

Female 0.916*** [0.867 ,0.968] 0.903*** [0.838 ,0.972] 0.965 [0.91 ,1.022] 

Health seeking factors 

Place of delivery                                                   

Home delivery 1  1  1  

Institutional delivery 0.923** [0.861 ,0.99] 1.063 [0.965 ,1.172] 0.989 [0.919 ,1.065] 

Distance to Health Facility                                 



No problem 1  1  1  

Some problem 0.957 [0.846 ,1.082] 0.955 [0.813 ,1.123] 0.957 [0.842 ,1.087] 

Big problem 0.987 [0.893 ,1.091] 0.935 [0.818 ,1.067] 0.946 [0.852 ,1.05] 

Transportation problems to medical help       

No problem 1  1  1  

Some problem 1.06 [0.938 ,1.197] 1.188** [1.011 ,1.396] 1.055 [0.928 ,1.198] 

Big problem 1.069 [0.969 ,1.18] 1.128* [0.99 ,1.287] 1.111** [1.003 ,1.232] 

Any north-eastern region 

Arunachal Pradesh 1  1  1  

Nagaland 1.197 [0.915 ,1.567] 1.379* [0.962 ,1.976] 2.626*** [1.919 ,3.593] 

Manipur 0.811 [0.622 ,1.058] 0.798 [0.557 ,1.143] 1.15 [0.842 ,1.571] 

Mizoram 1.366** [1.04 ,1.795] 0.838 [0.575 ,1.219] 1.373* [0.993 ,1.897] 

Tripura 1.366** [1.038 ,1.797] 1.715*** [1.196 ,2.461] 2.02*** [1.471 ,2.776] 

Meghalaya 1.936*** [1.496 ,2.505] 0.954 [0.672 ,1.353] 2.443*** [1.802 ,3.313] 

Assam 1.436*** [1.11 ,1.857] 1.798*** [1.278,2.531] 2.511*** [1.857 ,3.396] 

Constant 0.329*** [0.24 ,0.451] 0.125*** [0.082 ,0.191] 0.18*** [0.126 ,0.258] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Table 5: Concentration Index for three anthropometric indicators of undernutrition across north-
eastern states of India. 

  
 Stunting Wasting Underweight 

North-eastern 
regions 

Wealth 
Mother's 

Education 
Wealth 

Mother's 
Education 

Wealth 
Mother's 

Education 
 CI (SE) CI (SE) CI (SE) CI (SE) CI (SE) CI (SE) 

Sikkim -0.10(0.08) -0.11(0.07) 0.13(0.15) 0.09(0.12) -0.02(0.10) -0.15(0.07) 
Arunachal Pradesh -0.10(0.02) -0.09(0.02) -0.04(0.03) -0.02(0.02) -0.13(0.02) -0.08(0.25) 

Nagaland -0.15(0.03) -0.09(0.02) 0.06(0.04) -0.01(0.03) -0.09(0.03) -0.14(0.03) 
Manipur -0.22(0.03) -0.14(0.25) -0.08(0.04) -0.09(0.04) -0.21(0.03) -0.15(0.03) 
Mizoram -0.09(0.04) -0.11(0.02) -0.13(0.65) -0.04(0.05) -0.20(0.05) -0.14(0.04) 
Tripura -0.16(0.04) -0.14(0.02) -0.12(0.04) -0.05(0.03) -0.23(0.03) -0.14(0.03) 

Meghalaya -0.14(0.02) -0.10(0.01) 0.02(0.03) -0.01(0.03) -0.11(0.02) -0.11(0.02) 
Assam -0.15(0.02) 0.12(0.01) -0.08(0.01) -0.05(0.01) -0.16(0.01) -0.12(0.01) 
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