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1 ABSTRACT

2 Background: India launched the National Rural Health Mission (NRHM) in 2005 to 
3 strengthen its primary healthcare system in high-focus and northeast focus states. One 
4 of the NRHM objectives was to reduce child undernutrition in India. 

5 Methods and Findings: We used data from 1992, 1998, 2005, and 2015 National 
6 Family Health Surveys of India to evaluate trends in child undernutrition prevalence 
7 before and after NRHM and across different categories of focus states. Stunting, 
8 Wasting, and Comprehensive Index of Anthropometric Failure (CIAF) was assessed 
9 using WHO growth curves to assess chronic, acute, and overall undernutrition. The 

10 study included 187,452 children aged 3 years or under. Survey-weighted and 
11 confounder-adjusted average annualized reduction rates (AARR) and predicted 
12 probability ratios were used to assess trends and socioeconomic disparities for child 
13 undernutrition, respectively. Nationwide, the prevalence of all types of undernutrition 
14 decreased from 1992 to 2015. However, the trends varied before and after NRHM 
15 implementation and differentially by focus states. After NRHM, acute undernutrition 
16 declined more rapidly among high-focus states (AARR 1.0%) but increased in normal-
17 focus states (AARR -1.9% per year; p<0.001). In contrast, the prevalence of chronic 
18 undernutrition declined more rapidly (AARR 1.6%) in the normal focus states in 
19 comparison to high-focus states (0.3%; p=0.01). Income and caste-based disparities in 
20 acute undernutrition decreased but did not disappear after the implementation of the 
21 NRHM. However, similar disparities in prevalence of chronic undernutrition appear to be 
22 exacerbated after the implementation of the NRHM. Major limitations of this study 
23 include the observational and cross-sectional design, which preclude our ability to draw 
24 causal inferences.

25 Conclusion: Our results suggests that NRHM implementation might be associated with 
26 improvement in wasting (acute) rather than stunting (chronic) forms of undernutrition. 
27 Strategies to combat undernutrition equitably, especially in high-focus states are 
28 needed.

29 Keywords: Child undernutrition, India, National Rural Health Mission, National Family 
30 Health Survey, Policy analysis, Health disparities, Demographic Health Surveys
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1 AUTHOR SUMMARY

2 Why was this study done?

3  India has the largest number of undernourished children of any country 
4 worldwide
5  India’s government launched a public health program called National Rural 
6 Health Mission (NRHM) that had a focus on improving maternal and child health
7  Impact of the NRHM has been studied on infant mortality rate but nationwide 
8 estimates of association of NRHM with child undernutrition rates remains 
9 unelucidated

10 What did the researchers do and find?

11  We carried out a cross-sectional study based on nationally representative serial 
12 data gathered through the National Family Health Surveys in 1992, 1998, 2005, 
13 and 2015 on a total 187,452 children, which represented national population of 
14 children aged 3 years and under residing in India in the respective survey years
15  The study reports that the prevalence of undernutrition and trends in its changes 
16 before and after implementation of NRHM differed across different indicators of 
17 undernutrition. 
18  The prevalence of wasting (acute undernutrition) declined at a faster rate in the 
19 post-NRHM period among the states where NRHM was prioritized while the 
20 prevalence of acute undernutrition increased during the post-NRHM where 
21 NRHM was not implemented. Conversely, prevalence of stunting (chronic 
22 undernutrition) declined at a faster rate among the normal focus states in the 
23 post-NRHM period in comparison to high and northeast focus states. 
24  Socioeconomic disparities for chronic and overall undernutrition persisted or 
25 widened over time. We observed a decline in wealth, maternal-education, rural, 
26 and caste-based disparities for acute undernutrition after the implementation of 
27 the NRHM.

28 What do these findings mean?

29  Policies enacted under the NRHM may be associated with a reduction in acute 
30 form of child undernutrition
31  Policies enacted under the NRHM may be associated with modest reduction in 
32 wealth, education, or caste-based disparities for acute form of child 
33 undernutrition, however, the disparities for chronic undernutrition among children 
34 were not associated by the NRHM

35

36
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1

2 BACKGROUND

3 In 2016, one in four children less than 5 years old (~155 million) worldwide experienced 

4 stunted growth, an indicator of chronic and intergenerational undernutrition, and 

5 approximately one in 10 (~52 million) suffered from wasting, an indicator of acute 

6 undernutrition [1]. Child undernutrition remains a serious public health problem, 

7 especially in low- and middle-income countries, where two-thirds of stunted children and 

8 three-fourths of wasted children reside [1]. Reduction of child undernutrition has been at 

9 the forefront of the world’s development goals for more than a decade, with Goal 1 of 

10 the United Nations’ 2005 Millennium Development Goals aiming to reduce the number 

11 of underweight children by one half of the  prevalence levels in 1990 by 2015 [2]. India, 

12 one of the signatories of Millennium Development Goals, failed to meet this goal.  

13 A disproportionate share of the world’s undernourished child population reside in India 

14 [1,3]. Despite its economic growth, the rate of institutional deliveries and coverage of 

15 maternal and newborn care practices remains among the lowest in South Asia [4,5]. 

16 Additionally, there were tremendous interstate and rural-urban disparities in maternal 

17 and child health indicators throughout India [6,7]. In response, the Indian government  

18 launched a flagship national health program called National Rural Health Mission 

19 (NRHM), which had a special focus on maternal and child health in the rural regions of 

20 18 states: 10 large and impoverished states were considered as high focus while 8 

21 states in northeastern region were considered as the northeast focus because of poor 

22 existing healthcare infrastructure in those states [8,9]. Under the NRHM, the Indian 

23 government invested more than $12.1 billion from 2005 to 2012 to strengthen public 

24 health infrastructure and workforce in rural India [9,10]. Through the NRHM, India 
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1 developed a workforce of approximately 1 million frontline health workers called 

2 Accredited Social Health Activist (ASHA: hope), who are responsible for tracking 

3 pregnant women, young mothers, and children under the age of five. These workers 

4 also facilitate healthcare delivery by accompanying the beneficiaries to scheduled 

5 clinical and immunization visits. While one  study found that the NRHM has led to a 

6 reduction in urban-rural disparities in the infant mortality rate,[11] there is a lack of 

7 evidence about the impact of  NRHM programs and policies on the magnitude of child 

8 undernutrition in India. 

9 This study investigates changes in the prevalence of child undernutrition in India from 

10 1992 to 2015-16 and assesses differential change in the rate of child undernutrition 

11 reduction, pre and post-NRHM, for states based on their focus classification. The 

12 secondary study objective was to examine whether socio-economic inequalities 

13 persisted or declined after the implementation of the NRHM and whether this reduction 

14 was greater among high-focus states in comparison with normal-focus states. 

15 METHODS

16 Study Setting and Data: This study analyzes data from 1992, 1998, 2005, and 2015 

17 cross-sectional surveys of the population of India called National Family Health Survey 

18 (NFHS) [4,12–14]. These surveys are conducted using standard model questionnaires 

19 designed for Demographic and Health Surveys (DHS), which were developed by the 

20 United States Agency for International Development (USAID) and widely used in low- 

21 and middle-income countries. In India, these surveys use census data to perform multi-

22 stage cluster sampling that results in a representative sample of the Indian population. 

23 Details of these surveys have been described elsewhere [4,12–14]. Data are available 
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1 to registered users through the DHS website (www.dhsprogram.com) and pooled data 

2 are available through Integrated Public Use Microdata Series-DHS, a grant-based 

3 initiative to promote microdata analyses of DHS datasets[15]. This study did not have a 

4 pre-specified analysis plan prior to collection of the data. Separate questionnaires are 

5 administered to the head of household, women aged 15-49 years, and men aged 15-54 

6 years who stayed in the household the night before the household interview was 

7 performed. Women of reproductive age are also asked to provide information about 

8 their children. These surveys collect data on a wide range of topics, including women’s 

9 reproductive history, household characteristics, anthropometric measurements of 

10 children and women of reproductive age, and maternal and child health indicators. 

11 Because child anthropometry was only measured for children under three years old in 

12 1998, and only among those who were born to women in the household, we limited our 

13 sample from other years to children who meet these criteria. Additionally, we excluded 

14 children who were deceased at the time of the survey and those with missing 

15 anthropometric or age data. The original sample size, number of children meeting the 

16 exclusion criteria, and the final analytic samples are shown in the Figure 1. 

17 Variables: Outcome: The outcome was measured using three indicators to characterize 

18 chronic, acute, and overall burden of child undernutrition separately. We used the World 

19 Health Organization (WHO) standards to compute the Z scores for weight-for-age, 

20 weight-for-height, and height-for-age [16]. A child was considered to be chronically 

21 undernourished or stunted if his/her height-for-age Z score was below -2 and acutely 

22 undernourished or wasted if his/her weight-for-height Z score was below -2. Using 

23 recommendations of  a WHO working paper, we operationalized overall burden of 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 1, 2022. ; https://doi.org/10.1101/2022.02.28.22271596doi: medRxiv preprint 

http://www.dhsprogram.com/
https://doi.org/10.1101/2022.02.28.22271596
http://creativecommons.org/licenses/by/4.0/


Soni, Trends of Child Undernutrition in India, Page 7

1 undernutrition as Composite Index of Anthropometric Failure – CIAF if a child was either 

2 stunted, wasted, or underweight (weight-for-age Z score below -2) [17–19]. Although we 

3 calculated  underweight status of the children in the process of classifying CIAF status, 

4 we do not report statistics based on underweight because it does not distinguish 

5 between acute and chronic form of undernutrition and does not completely represent 

6 the overall burden of child undernutrition [20].

7 Exposure: We defined the time from 1992 to 2005 as the pre-NRHM period and 2005 to 

8 2012 as the post-NRHM period. Because the 2005 NFHS was primarily conducted 

9 before July 2005 and the NRHM program was not implemented until the end of 2005, 

10 we considered survey data from 2005 to be in the pre-NRHM period. State focus 

11 classification was based on the official list provided by the Indian government [9]. To 

12 assess socioeconomic inequalities, we considered wealth quintile, level of maternal 

13 education, caste, rural/urban residence, and sex of the child as secondary exposure 

14 variables. Household wealth was operationalized using quintiles of a household assets 

15 score created using principal components analysis on items related to possession of 

16 assets [21]. This method has been found to correlate highly with income and 

17 expenditure data in India [22]. Maternal education was operationalized into three 

18 categories: no formal education (0 years), primary (1-5 years), secondary and higher 

19 (6+ years) levels of education. We categorized the caste variable as General, Other 

20 Backwards Class, and Scheduled Caste or Tribe. Rural or urban residence was based 

21 on the census definition of India and Sex of the child was based on maternal report. 

22 Potential Confounding Variables: Previous analyses of child undernutrition using DHS 

23 data from other countries assessed trends and inter-country comparisons after 
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1 accounting for child’s age, sex, rural residence, birth order, religion, and maternal age 

2 [23,24]. We also considered month of survey as a confounder because evidence has 

3 shown that weight is influenced by seasonality. 

4 Data Analysis: The weighted prevalence of child undernutrition indicators over time 

5 and according to subgroups of exposure categories was estimated by accounting for 

6 clustered sampling design and using survey weights. Because of the asymmetrical 

7 timeline of surveys, we used the UNICEF formula for estimating annualized changes as 

8 average annual reduction rates (AARRs): 𝐴𝐴𝑅𝑅 = 1 ― ( 𝑌𝑡+𝑛

𝑌𝑡
)

1/𝑛
 where Y is the adjusted 

9 prevalence of the childhood nutrition indicator at time (t) and (n) is the number of years 

10 between (t) and (t+n) [24,25]. Adjusted prevalence of different undernutrition indicators 

11 was estimated by performing the inverse logit transformation of coefficients from 

12 separate survey-weighted multivariable logistic regression models which included an 

13 interaction term for time and focus state classification. The multivariable model also 

14 included month of survey as a dummy variable, caste, and religion. Other confounders 

15 were not included because they might lie in the pathway of NRHM programs and 

16 policies’ impact on child nutrition. For example, some of the NRHM interventions 

17 focused on optimal birth spacing, child-bearing age, and advocacy of female child. 

18 Thus, including child sex, birth order, rural location and maternal age in the model would 

19 lead to over-adjustment. Similarly, household and structural determinants were 

20 addressed by the NRHM and affiliated government programs that focused on improving 

21 the health and well-being of reproductive aged women, thus they were excluded as 

22 confounders from the primary analysis.  Point estimates for AARR, differences in AARR, 

23 and differences of differences in AARR were calculated with accompanying 95% 
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1 Confidence Interval (CI) using the Delta method that employs Taylor series linearization, 

2 which is the same methodology used by the WHO-UNICEF Technical Expert Advisory 

3 Group on Nutrition Monitoring.[26] Socio-economic disparities were represented using 

4 the predicted probability ratio of adjusted estimates after accounting for all potential 

5 confounders. In order to emphasize inequalities, predicted probability ratios were 

6 calculated for extreme categories for household wealth, maternal education, and caste 

7 because they had more than two categories. Due to small sample size, socio-economic 

8 disparities for northeast focus states were not reliable and not estimated. All analyses 

9 were performed in Stata 15 using svy prefix to account for the complex survey data 

10 structure.

11 Ethics: The University of Massachusetts Medical School IRB reviewed the protocol for 

12 the secondary data analyses presented in this manuscript. This study was deemed 

13 exempt from full review because the data contained no personal identifiable information 

14 on survey participants.

15 RESULTS

16 Among the total of 393,167 eligible children included in the NFHS surveys from 1992 to 

17 2015, 187,452 met the criteria for inclusion in the present study (Fig 1). Table 1 

18 presents the weighted distribution of variables of interest in this study. Most of the 

19 children surveyed resided in high focus states and less than 5% lived in northeast focus 

20 states. The proportion of children living in the poorest wealth quintile increased over 

21 time while the proportion living in the richest wealth quintile decreased. There was a 

22 dramatic increase in maternal education over the years. In 1992, nearly two-thirds 

23 reported attending zero years of school while in 2015, approximately one quarter of 
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1 mothers reported no formal education. The proportion of children living in rural regions 

2 declined over time as did the proportion of female children. All observed trends were 

3 consistent across different categories of focus states (S1 Table1). Children living in 

4 normal focus states had higher socioeconomic status in comparison to children living in 

5 high or northeast focus states. These trends were also consistent within the excluded 

6 sample as demonstrated in supplementary tables (S1 Table 2). 

7 Across India, the prevalence of acute, chronic, and overall undernutrition decreased 

8 during the years under study (Fig 2A). Chronic undernutrition declined at a 0.8% faster 

9 annual rate after the implementation of the NRHM program (95% CI: 0.4 – 1.2). In 

10 contrast, prevalence of acute undernutrition increased during the post-NRHM period. 

11 We did not observe a discernible change in the AARR between post-NRHM and pre-

12 NRHM period for overall undernutrition. There was heterogeneity in these observations 

13 among the subgroups of states. Among normal focus states, chronic undernutrition 

14 declined at a 1.6% faster rate during the post-NRHM in comparison to pre-NRHM 

15 period, whilst prevalence of acute undernutrition increased (Fig 2B). Among high and 

16 northeast focus states, prevalence of acute undernutrition declined at a faster rate 

17 during the post-NRHM period in comparison to pre-NRHM period while no statistically 

18 significant difference was found in the change of rate of decline for chronic or overall 

19 undernutrition (Fig 2C and 2D). These changes in AARR after the implementation of the 

20 NRHM were significantly different between normal focus states and the states where 

21 NRHM was implemented i.e.  high and northeast focus (Table 2). Although not the focus 

22 of this study, changes in trends of underweight and double-burden of acute (wasting) 

23 and chronic (stunting) undernutrition is described Supplementary Table 3 (S1 Table 3)
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1 Socioeconomic disparities of child undernutrition from 1992 to 2015 are presented using 

2 the predicted probability ratio between two extreme categories in Fig 3. A predicted 

3 probability ratio of 1 indicates that there are no disparities based on the variable of 

4 interest, while a predicted probability ratio >1 is indicative of a disparity such that 

5 children in the lower socioeconomic category have an increased prevalence in 

6 comparison with children in the higher socioeconomic category. Socioeconomic 

7 disparities of chronic undernutrition were exacerbated between 1992 and 2015 and no 

8 decline in disparities was observed during the post-NRHM period. In contrast, 

9 disparities based on wealth, maternal education, caste, and rural residence for acute 

10 undernutrition declined but did not disappear during the post-NRHM period. 

11 Socioeconomic disparities for CIAF have persisted, despite some attenuation in wealth-

12 based disparity during the post-NRHM period. Trends in disparity did not differ 

13 dramatically between high focus and normal focus states except in a few notable cases 

14 (Fig 4). Maternal education-based disparities in chronic undernutrition declined during 

15 the post-NRHM period among normal focus states. In contrast, declines in disparities for 

16 chronic undernutrition were not observed among high focus states. Wealth and 

17 maternal education-based disparities in acute undernutrition declined during the post-

18 NRHM period for normal and high focus states; the magnitude of decline was greater 

19 among the high focus states. 

20 DISCUSSION

21 Our study used nationally representative cross-sectional data in India during the 4 

22 survey years of 1992, 1998, 2005, and 2015 on eligible children under the age of three 

23 to examine trends in child undernutrition within the context of the National Rural Health 
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1 Mission that was implemented in 2005 among the high focus and northeast focus states 

2 in India. Our analyses reveal three key findings. First, the prevalence of undernutrition 

3 and trends in its changes differed across different indicators of undernutrition. Second, 

4 the prevalence of acute undernutrition declined at a faster rate in the post-NRHM period 

5 among the states where NRHM was prioritized while the prevalence of acute 

6 undernutrition increased during the post-NRHM where NRHM was not implemented. 

7 Conversely, prevalence of chronic undernutrition declined at a faster rate among the 

8 normal focus states in the post-NRHM period in comparison to high and northeast focus 

9 states. Third, socioeconomic disparities for chronic and overall undernutrition persisted 

10 or widened over time. We observed a decline in wealth, maternal-education, rural, and 

11 caste-based disparities for acute undernutrition after the implementation of the NRHM. 

12 These results have important implications for the Indian government as it continues to 

13 expand its efforts to combat child undernutrition.

14 Conventionally, prevalence of child undernutrition is assessed using height-for-age 

15 (stunting), which is used by the WHO to set targets for its Millennium and Sustainable 

16 Development Goals [27,28]. Our findings suggest that focusing on any one indicator 

17 underestimates the overall prevalence of undernutrition, which is better captured using 

18 CIAF [19]. Our results also suggest a sustained reduction in children who meet the 

19 criteria for stunted growth since 1992, especially in the post-NRHM period when 

20 prevalence decreased by more than 2% per year. However, the overall burden of child 

21 undernutrition, measured by CIAF, has decreased by 1% from 1992. Moreover, the rate 

22 of reduction in CIAF in the post-NRHM period was not higher than in the pre-NRHM 

23 period. This finding that stunting overestimates the changes in undernutrition is 
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1 consistent with analyses of changes in the prevalence of child undernutrition indicators 

2 from seven low- and middle-income countries, which found contradictory findings [20]. 

3 As an example, the relative change in the prevalence of stunting and wasting among 

4 Zimbabwean children under the age of 5 increased by 24.5% and 32.7%, respectively, 

5 from 1994 to 1999, while the prevalence of underweight children decreased by 10.2% 

6 [20]. Conventional indices of stunting and wasting correspond to distinct biological 

7 phenomena and must be considered in informing interventions, but policy impact 

8 evaluation should also consider CIAF to more comprehensively assess improvement in 

9 the overall nutritional status of children and more effectively allocate necessary 

10 resources. 

11 The NRHM was implemented in 2005 among the rural regions of the 18 high-focus 

12 states to reduce geographical disparities in maternal and child health [8,9,29,30]. We 

13 found that the prevalence of acute undernutrition decreased at a more rapid rate during 

14 the post-NRHM period among children living in high focus states in comparison to 

15 normal focus states, supporting our original hypothesis. These findings may be 

16 explained by the services provided by the NRHM, which focused on improving antenatal 

17 care, rates of institutional delivery, and healthcare access for mother and the child [31]. 

18 These services are more likely to prevent acute forms of undernutrition by improving 

19 health and preventing child morbidity. Additionally, nutritional rehabilitation centers 

20 instituted under the NRHM can help children recover from acute malnutrition. Recent 

21 analysis found that NRHM was associated with a reduction in wealth-based inequities in 

22 maternal health services [32]. Similarly, our finding that socioeconomic disparities for 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 1, 2022. ; https://doi.org/10.1101/2022.02.28.22271596doi: medRxiv preprint 

https://doi.org/10.1101/2022.02.28.22271596
http://creativecommons.org/licenses/by/4.0/


Soni, Trends of Child Undernutrition in India, Page 14

1 acute undernutrition declined suggests that NRHM has been effective in combating 

2 acute malnutrition among the disadvantaged populations.

3 Contrary to our hypothesis, we found that the prevalence of stunting decreased with a 

4 higher rate among normal focus states in comparison to high focus states during the 

5 post-NRHM period. One plausible reason for the unexpected trends is that determinants 

6 of chronic nutrition are less influenced by the NRHM policies, at least on a short-term 

7 basis. An analysis of determinants of child stunting using nationally representative data 

8 from Afghanistan, Bangladesh, India, Nepal, and Pakistan showed that the three 

9 strongest correlates of child stunting were maternal height, household wealth, maternal 

10 BMI, minimum dietary diversity, maternal education, and age at marriage [33]. It is 

11 possible that improved access to healthcare services, may help increase maternal 

12 height and BMI as well as reduce economic burden on the families, thereby increasing 

13 household wealth. However, meaningful changes in these factors may not manifest in 

14 the observed post-NRHM period. Therefore, the higher rate of reduction in the normal 

15 focus states may be a reflection of the overall status of women in these states where 

16 74% of mothers had received secondary or higher level of education in comparison to 

17 only 45.4% in high focus states. An important implication of these results is that India 

18 needs to invest in programs that more directly improve the status of women in high 

19 focus states to reduce the prevalence of children with stunted growth.

20 Since 2016, India has launched two nationwide programs to improve maternal and child 

21 health, with a special focus on child nutrition. Mothers Absolute Affection (MAA: mother) 

22 is a program intended to enhance breastfeeding and other young child feeding practices 

23 through a multimedia information campaign and by leveraging the ASHA workforce to 
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1 conduct regular meetings with young mothers from their community [34]. Prime-

2 minister’s Overarching Scheme for Holistic Nourishment (POSHAN: Nutrition) or 

3 National Nutrition Mission (NNM) is a three-year 1.5 billion U.S. dollar initiative that aims 

4 to use mobile technology to integrate siloed efforts to improve immediate and underlying 

5 determinants of child undernutrition.[35] The goal of POSHAN is to reduce the 

6 prevalence of stunting and underweight by 2% per year and achieve a prevalence of 

7 less than 25% for both indicators by 2025. Both of these programs represent a step in 

8 the right direction, but their mission guidelines indicate an implementation strategy 

9 based on state and district-based priority. As our findings on the impact of the NRHM 

10 shows, careful consideration for effective allocation of resources is necessary to reduce 

11 disparities and limit unintended effects. In the context of rising wealth inequality in India, 

12 prioritizing implementation based on high focus states puts the impoverished and 

13 disenfranchised population in normal states at higher risk as observed in our findings. 

14 Therefore, there is a need for a mechanism that more effectively targets vulnerable 

15 populations across India. The emergence of mobile technology and existence of a 

16 robust workforce of frontline health workers might offer a way forward towards this goal. 

17 Our study has several limitations. First, we considered exposure of NRHM policies 

18 based on state classification by the Indian government as high focus, northeast focus, 

19 or normal focus. Because the implementation of NRHM program is at the discretion of 

20 the state government to allow for contextual modification, interstate variations might 

21 exist. Thus, our approach overlooks the underlying heterogeneity within states of a 

22 particular focus classification. However, this analytical framework has been used by 

23 previous evaluation of NRHM program [10,30,32]. Second, NRHM was expanded to 
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1 National Health Mission (NHM) in 2012 that included urban regions and normal focus 

2 states [36]. Therefore, it is possible that our findings reflect an underestimation of the 

3 impact of NRHM. However, previous analyses of the NRHM policies showed that 

4 measurable differences in health indicators were observed five years after the 

5 implementation of NRHM. The magnitude of differences found between high and normal 

6 focus states also suggests that an underestimation of the impact of NRHM is unlikely to 

7 change the overall findings. Additionally, programmatic guidelines for new and existing 

8 programs continue to consider states’ focus classification for their implementation 

9 strategy. Third, our study assumes a natural design approach and mimicks an 

10 interrupted time series design but there are limited timepoints for nationally 

11 representative estimation of child undernutrition. Other datasets such as District Level 

12 Household Surveys provide more frequent assessment of nutrition in certain states but 

13 these data do not cover the full geography of India and preclude our ability to have more 

14 robust understanding of trends over time within the intervention period. Finally, there is 

15 a considerable amount of missing or implausible data. However, the distribution of 

16 sociodemographic factors did not vary between the missing and non-missing groups 

17 and the missingness pattern did not differentially change between the focus group-

18 states. Considering that this source of data has been widely used in literature and 

19 informs policy making by the Indian government, we believe that it is currently the best 

20 available data for this analysis. 

21 In conclusion, our results suggest differential improvements in chronic and acute 

22 undernutrition for normal and high-focus states after the implementation of NRHM. 

23 Moreover, these differential improvements were also reflected in improvement of 
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1 disparities for acute undernutrition but exacerbation of disparities for chronic 

2 undernutrition Our findings suggest that NRHM programs and associated investment in 

3 perinatal health might be associated with a decline in acute forms of undernutrition. 

4 However, there is a need for India to more effectively focus its interventions on 

5 vulnerable populations to reduce child undernutrition-based disparities.

6
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1
Table 1: Weighted distribution of eligible children under the age of 3 measured for 
undernutrition in Indian National Family Health Surveys from 1992 to 2015
 All States
 1992 1998 2005 2015

Empirical Number of Children
         

18,396 
         

22,390 
         

22,442 
       

124,224 
State Focusa     

Normal 38.2 49.5 39.9 41.6
High 55.8 47.3 56.1 54.7
Northeast 6.0 3.2 4.0 3.7

Wealth Quintile     
1 (Poorest) 21.7 21.8 25.3 24.8
2 21.0 21.7 22.2 22.1
3 18.9 20.4 19.7 20.2
4 21.2 19.9 18.6 18.4
5 (Richest) 17.2 16.3 14.3 14.6

Mother Education     
None (0 years of schooling) 63.8 52.8 48.7 28.5
Primary (1-5 years) 11.3 15.8 13.7 13.4
Secondary or Higher (>5 years) 24.9 31.4 37.7 58.1

Casteb     
General 78.3 37.0 28.7 23.0
Other Backwards Class 0.0 32.6 40.6 44.4
Scheduled Caste or Tribe 21.7 30.4 30.7 32.6

Rural 76.8 76.2 75.6 72.5
Female 49.5 48.2 47.7 48.2
1st Born 24.1 27.3 29.1 37.3
Hindu Religion 77.4 79.4 78.3 78.6
Season     

Winter (Dec - Mar) 55.4 69.4 59.6 27.8
Summer (Apr - Jun) 24.5 26.0 36.0 59.1
Monsoon (Jul - Sep) 3.8 2.8 4.4 11.8
Post-Monsoon (Oct/Nov) 16.3 1.7 0.0 1.3

Mean Child Age in Months (SE) 17.1 (0.09) 17.4 (0.08) 18.1 (0.08) 18.2 (0.04)
Mean Birth Order (SE) 3.1 (0.02) 2.8 (0.02) 2.8 (0.02) 2.2 (0.01)
Mean Age at First Marriage (SE) 16.9 (0.03) 17.0 (0.04) 17.2 (0.04) 19.5 (0.04)
Mean Maternal Age (SE) 26.0 (0.06) 25.2 (0.05) 25.6 (0.06) 26.0 (0.02)
a: Normal Focus States and Territories (Andaman and Nicobar Islands, Andhra Pradesh, 
Chandigarh, Dadra and Nagar Haveli, Daman and Diu, Delhi, Goa, Gujarat, Dadra and Nagar 
Haveli, Haryana, Karnataka, Kerala, Lakshwadeep, Maharashtra, Puducherry, Punjab, Tamil 
Nadu, West Bengal, Telangana), High Focus States and Territories (Bihar, Chattisgarh, 
Himachal Pradesh, Jammu and Kashmir,  Jharkhand, Madhya Pradesh, Odisha, Rajasthan, 
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1

2

3

4

Uttar Pradesh, and Uttarakhand), Northeast Focus States and Territories (Arunachal 
Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, Tripura)
b: Other Backwards Class was considered as general in 1992 ; SE: Standard Error
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Table 2: Differences of the differences between focus states groups for Average Annualized Reduction Rate changes 
in the post-NRHM (2005-15) versus pre-NRHM periods (1992-2005) based on results from the Indian National Family 
Health Surveys
 Chronic Acute Overall
 ∆ LCI UCI p ∆ LCI UCI p ∆ LCI UCI p
(High Focus) - (Normal Focus) -1.3 -2.2 -0.4 <0.001 4.3 2.8 5.7 <0.001 0.0 -0.5 0.7 0.81
(Northeast Focus) - (Normal Focus) -1.9 -3.7 -0.1 0.04 5.4 2.4 8.3 <0.001 0.0 -1.5 1.4 0.96
(High Focus) - (Northeast Focus) 0.6 -1.2 2.3 0.53 -1.1 -4.0 1.7 0.45 0.1 -1.3 -1.5 0.88
Chronic undernutrition was defined by stunting, acute by wasting, and overall by Composite Index of Anthropometric 
Failure (stunted, wasted, or underweight)

All estimates were adjusted for month of survey as well as religion and caste of the child's household
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