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Abstract
Background: Stunting and underweight are the most commonly used indicators to assess the nutritional
status of children. Prior research has highlighted the problems encountered while measuring the height of
child. The current paper aims to assess the relationship between stunting and underweight and derive
regression equations to predict stunting from underweight prevalence among children under �ve years of
age.

Method: Data was drawn from 38,060 and 219,796 nationally representative sample of children aged 0-4
years, from Comprehensive National Nutrition Survey (CNNS, 2016-18) and National Family Health
Survey 4 (NFHS-4, 2015-16), respectively. Anthropometric indicators, stunting and underweight was
calculated based on the 2006 WHO Child Growth Standards. Univariate and bivariate analysis was done
to obtain estimates for stunting and underweight. A series of regression models were run to obtain an
estimate of percent stunted as a function of percent underweight at the national and regional level.
Predicted stunting prevalence was estimated from regression equation for selected states and compared
with observed prevalence from other studies. Data were analysed using STATA V.16.0. 

Results: Nearly one out of four children under 5 years of age were stunted and underweight in CNNS and
NFHS-4. Out of those stunted, 67% and 65% were underweight in CNNS and NFHS-4, respectively. At the
national level, there was high correlation between the two indicators (r > 0.7) in both CNNS and NFHS-4,
whereas at the regional level in NFHS-4, the correlation coe�cient ranged from 0.32 for central region to
0.86 for southern region. At the national level the slope was 0.557 in CNNS and 0.610 in NFHS-4. At the
regional level, it varied from 0.334 in the central region to 0.847 in the western region. Similarly, at the
national level, the intercept (α) was almost same when we analyzed CNNS data or NFHS-4 data or both
together (~15), however, wide variability was observed between different regions (4.61 in western region
to 30.14 in central region).

Conclusion: Our analysis shows that regression equations with child underweight prevalence may be
used to predict stunting where the quality of length/ height measurement is poor or unavailable, in
regions where high correlation between the two indicators was found. 

Introduction
Malnutrition is a major public health problem in most developing countries, including India. It is well
established that malnourished children are at a substantially greater risk for mortality and morbidity (1-
5). Globally, among children under 5 years of age, nearly half of the deaths are attributed to
undernutrition and most of these occur in low- and middle-income countries (6, 7). In India, the prevalence
of stunting and underweight was reported to be 38% and 36%, respectively, as per the recent National
Family Health Survey – 4 (NFHS-4) in 2015-16 (8). Although, this is a decline from the prevalence
reported in 2005-06 (NFHS-3), India still has the largest share of world’s stunted children (9, 10). In India,
malnutrition emerged as the leading risk factor for death among children under 5 years of age in every
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state of India in 2017.  68·2% of the total under-5 deaths could be attributed to malnutrition in 2017 (11). 
In addition, the deleterious effect of undernutrition on cognitive development among children has also
been reported in many studies (12-14). Undernutrition during early years of life not only affects during
childhood but also has a long-term impact during adulthood (15, 16). Recognizing the enormity of the
problem, the Government of India (GoI) launched its �agship program, the POSHAN Abhiyaan, the Prime
Minister’s Overarching Scheme for Holistic Nutrition, in 2018, to reduce child and maternal malnutrition 
(17).

 

Stunting (height-for-age <-2 SD) and underweight (weight-for-age <-2 SD) are the most commonly used,
WHO recommended indicators to assess the nutritional status and development of children (18).
Nutrition interventions are designed based on the prevalence of these two indicators. Therefore, accurate
estimation of stunting and underweight are critical to formulate appropriate public health policy to
improve the nutritional status of children. However, several studies have highlighted the problems
encountered while measuring the height of a child, such as, measuring length/ height of a child requires
two observers, one to position the child properly and another to record the measurement.  Very often two
individuals may not be available and the reading taken by a single individual may not be accurate. 
Similarly, speci�c techniques are used for measuring height of children of different age groups (18). In
infants less than 2 years of age, recumbent length is measured. If appropriate technique is not used,
erroneous data will be obtained. Prior research has highlighted a difference in height of about 0.7cm
between measuring a child in recumbent and standing position (19). Additionally, length/height board,
are often expensive and are not replaced even if they are damaged. Measuring height with a defective
height board will lead to bias in the estimation of stunting. On the other hand, due to the availability of
electronic scales at affordable prices the measurement of weight of children has become easier, faster
and more accurate. Prior research has highlighted that use of digital scales increases accuracy and
precision of the measurement (20).

 

Use of only weight-based indicators, might underestimate the level of malnutrition (21). On the other
hand, if length or height of children are not assessed, food supplementation may lead to increasing
prevalence of overweight or obese children. For example a stunted child with low weight-for-age but
normal weight-for-length if given surplus food, may be at risk of becoming overweight or obese (22). 
Underweight measures whether the current weight of the child is appropriate for his or her age.  Growth
faltering can be detected with use of WAZ and regular monitoring sessions.  If growth monitoring
assessments are not done regularly i.e. monthly, measures of WHZ are recommended as sudden weight
loss or growth faltering is detected at lower severities with WHZ and not with WAZ.  Stunting measures
cumulative inadequate health outcomes and is an ideal indicator of health inequity. However, acceptable
growth monitoring data for stunting depends on use of correct tools, correct training of two individuals to
measure height, regular monitoring and timely availability of data and data quality.
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Experts have indicated that, in the absence of high wasting levels, underweight and stunting can provide
similar information i.e. both re�ect long-term effect of nutrition among children  (23). However, in India
the prevalence of wasting among children under �ve years of age is high (21%). In terms of severity index,
prevalence of wasting above 15% is considered critical (24)

 

Current growth monitoring methods in India are shifting from use of underweight to stunting and
wasting,  implying measurement of height . Implementation of new protocols take time, may be several
years to scale up across the country. Despite launch of POSHAN Abhiyaan in 2018, many states in the
country, even  by end of 2019 still do not have height scales to measure height for growth monitoring
(25). When height boards are available, poor quality tools and measurement techniques can lead to
unacceptable data quality.  Until appropriate data quality for height is achieved, the question is whether
underweight can be used to estimate stunting.

 

Therefore, the objective of the current analysis is (1) to assess the relationship between  anthropometric
indicators, stunting, and underweight, (2) to test the correlation between stunting and underweight and (3)
to derive regression equations to predict stunting from  prevalence of underweight among children under
�ve years of age.

Methods
Design, setting and sample

Data for this analysis was drawn from two different surveys: the Comprehensive National Nutrition
Survey (CNNS) and National Family Health Survey 4 (NFHS-4). The CNNS was conducted between 2016-
18 to undertake comprehensive nutritional pro�ling of a nationally representative sample of children and
adolescents; in this paper we use data from children 0-4 years of age. The CNNS adopted a multi-stage,
strati�ed, probability proportion to size cluster sampling design to recruit children aged 0-4 years across
29 states and the capital Delhi (26). NFHS-4 is a nationally representative sample of women and children,
recruited through a multi-stage cluster sample design, conducted during the period 2015-16, to provide
information on the health and nutrition of women and children (8). From NFHS-4 data, for the current
analysis we only focused on children under �ve years of age. In CNNS and NFHS-4, anthropometric
measurements, height and weight was measured for children by trained and standardized health
investigators.  Overall, height and weight measurements were taken for 38,060 and 219,796 children aged
0-4 years in CNNS and NFHS-4, respectively. The overall survey design and sample size calculation for
both CNNS and NFHS-4 has been described elsewhere (8, 26).
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Ethical considerations

The research was performed in accordance with the Declaration of Helsinki. Approval for conducting
CNNS was obtained from the Ethics Committee of the Postgraduate Institute for Medical Education and
Research in Chandigarh, India, and the Institutional Review Board of the Population Council in New York. 
Approval for the protocol for the NFHS-4 survey, was obtained from the International Institute for
Population Sciences (IIPS) Institutional Review Board and the ICF Institutional Review Board. In both
surveys, caregivers of children aged 0-4 years provided written informed consent for the study. As part of
the consent process, the purpose of the study was described to the caregivers of children, their right to
discontinue anytime during the study without any penalty and were assured of the con�dentiality of data.
They were also told that there will be no monetary bene�ts of participation in the study and the children
will not experience any serious risks due to participation in the study. 

 

Measures

The methodology for computing anthropometric indicators was based on the 2006 WHO Child Growth
Standards (27). WHO Anthro-Plus software was used to calculate height-for-age  and weight-for-age z-
scores. Children were considered to be stunted if their height-for-age  was less than two standard
deviation (<-2SD) below the WHO growth standards median; underweight, if their weight-for-age less than 
two standard deviation (<-2SD) below the WHO growth standards median and wasted if their weight for
height was less than two standard deviation below the WHO growth standards median. Severe acute
malnutrition (SAM) or severe wasting was de�ned if the child’s weight for height/length z-score was
<−3SD; severe underweight if weight-for-age z-score <−3SD and severe stunting if height-for-age z-score
<−3SD.

 

Statistical analysis

Univariate and bivariate analysis was done to obtain national and state level estimates for stunting,
underweight and wasting. The estimates were derived at national and state level from the two data sets
(CNNS and NFHS-4). District level data set was used to derive estimates of stunting and underweight and
that only from NFHS4. A database was created with state-level prevalence for stunting and underweight
for CNNS and NFHS-4, and district level prevalence  using only NFHS-4 data, as district-level estimates
were not available for CNNS. Simple univariate regressions were run to obtain an estimate of percent
stunted and percent severely stunted as a function of percent underweight and percent severely
underweight at the national level, respectively, using CNNS and NFHS-4 data.. The country was divided
into six regions and for each region, simple univariate regressions were run to estimate percent stunting
as a function of percent underweight, using only NFHS-4 data.. The regression equations are presented
with standard error (SE) of the slope, indicating variability of the estimate. P-value is presented re�ecting
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the signi�cance level of the null hypothesis β (slope) =0. Correlation between underweight and stunting
was also calculated. Further, predicted stunting prevalence was estimated from regression equation for
selected states using NFHS-4 data and compared with observed prevalence of stunting from other
nutritional surveys conducted in four states of India (Jharkhand, Odisha, Uttar Pradesh and Madhya
Pradesh), during the period October 2016 to August 2017 among children below 5 years of age  (28).
Sampling weights were used to account for differential probabilities of selection of participants across
states and differential non-response rates in both CNNS and NFHS-4. Data were analysed using STATA
V.16.0. 

Results
Overall, 23% of children under 5 years of age were stunted and underweight as per CNNS data (Table1)
and among those who were stunted, 67% were also underweight (Table 3). Similar results were observed
in NFHS-4, 25% of children under 5 years of age were both stunted and underweight  (Table2) and among
those who were stunted, 65% were also underweight (Table 3).  In-terms of severe form of undernutrition,
overall, nearly 7% of children were severely underweight and severely stunted in both CNNS and NFHS-4
((Table 1 & Table 2). Among those with severe stunting, two-�fth of them were also severely underweight
in both the surveys (Table 3). 

In all the regions and at the national level, we observed a signi�cant relation between % underweight and
% stunted in both CNNS and NFHS-4. At the national level, a high correlation was observed (r > 0.7)
between underweight and stunting. The prevalence was similar when using different dataset, with
signi�cantly high correlation. Similarly, the intercept (α) at the national level was almost same when we
analyzed CNNS data or NFHS-4 data or both together (~15). But between the different regions, the
correlation coe�cient ranged from as low as 0.32 for central region to 0.86 for southern region (Table 4,
Figure 1).   Similarly, wide variability was also observed in the intercept between different regions ranging
from 4.61 for the western region to 30.14 for the central region.  At the national level the slope was 0.557
(SE: 0.094) in CNNS and 0.610 (SE: 0.084) in NFHS-4. At the regional level, Wide variability was observed
between different regions, ranging from 0.334 (SE: 0.084) in the central region to 0.847 (SE: 0.072) in the
western region.  Using the equations presented in table 4, for the national level, prevalence of stunting can
be predicted using % underweight. At the regional level, stunting can be predicted for regions with high
correlation (r >0.7). For example, assuming that the prevalence of underweight in northern region is 27%,
the equation for stunting would be (Table 4), % stunting = 15.82 + 0.579 x 27% = 31.5%. Using the
Standard Error of 0.046 for slope, the 95% con�dence interval would be: lower limit = 15.82 + (0.579 –
((1.96 x 0.046) x 27%)); Upper limit = 15.82 + (0.579 + ((1.96 x 0.046) x 27%)).  For central and north-
eastern region (low correlation between underweight and stunting), the results should be interpreted with
caution. When we compared with other studies conducted in India is selected states, we observed that in
three out of four state the observed prevalence of stunting reported in those studies were within the
con�dence interval estimated using the regression equations (Table 5)., A positive and signi�cant relation
was  also observed between severe stunting and severely underweight (Table 4) in both CNNS and NFHS-
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4 data, at the national level.  A high correlation was observed (r > 0.7) between stunting and underweight
in both CNNS and NFHS-4.

Discussion
Stunting and underweight are the most frequently used and internationally recommended indicators of
undernutrition among children. Studies indicate that these two indicators may be biologically related i.e.
increase in weight may be associated with an increase in length or height because of better nutrition (14,
20, 29, 30) . Since prior research pointed out several issues related to measuring children’s length/ height
(20), through our analysis we assessed the correlation between the stunting and underweight using two
national large scale surveys and developed a simple predictive model for the prevalence of stunting using
underweight. Through our analysis we found a positive and signi�cant correlations between underweight
and stunting at the national level in both CNNS and NFHS-4. Further, using the district level prevalence
results from NFHS-4, positive and signi�cant correlation was found at the regional level,  although at the
regional level the correlation ranged from as low as 0.32 for the central region to 0.86 for the southern
region

 

We found that nearly two-third of those stunted were also underweight. This indicates that in locations
where the data quality of height measurement is questionable or where it is di�cult to capture height,
underweight may be able to assess the nutrition status of children to a large extent. This corroborates
with prior research in other countries where underweight was used as an indicator to assess the nutrition
status of children and also predict stunting (31, 32). However, this method may have limitations in severe
forms of undernutrition, a lower proportion of those severely stunted also were severely underweight
(<50%). 

 

Regressing stunting on underweight resulted in similar slope at the national level, when using different
survey data. However, the regression coe�cients across regions were different. This indicates that the
pattern of malnutrition and the relationship between the key nutritional indicators, underweight and
stunting are unique to each region.  In the southern region of the country, underweight explained 75% of
the variability in stunting, whereas in the central region underweight only explained 10% of the variability
in stunting. Prior research conducted in other countries as well as in India, highlights differences in the
determinants of stunting and underweight (23, 33-37). The differences in the association between
underweight and stunting, between different regions could be due to the differential in�uences of the
determinants across regions i.e. different regional and local contextual factors such as, genetic
differences, dietary habits, environmental factors, among others. To account for regional variations when
deriving estimates the regional regression equation may be more appropriate.  If state level contextual
factors signi�cantly and differentially in�uence the relationship between underweight and stunting, then
it is important to consider state level regression equation and not the national or regional level equation. .
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We could not run state level regression models due to lack of sample size. Further research is needed to
understand state level differences in the relationship between stunting and underweight.

 

Where the correlation is high, the equation can be used to assess if there is over estimation or under
estimation of stunting prevalence in other surveys in the country, by examining the differences between
observed and estimated % stunted. An example has been presented in table 5, using a survey that was
conducted in  four states of India during the period 2016-17 (28). The analysis indicates that in two out of
four states, the survey reported lower prevalence of stunting compared to the regression model and in two
states there was overestimation by the survey (Table 5). However, for the states belonging to the region
(eastern India) where we found high correlation between underweight and stunting, the observed stunting
prevalence was within the con�dence interval of estimated stunting prevalence derived from the
regression equation and in one of states from the central region, where we found low correlation between
stunting and underweight, the observed stunting prevalence from the survey was outside the con�dence
interval of the estimated stunting prevalence (Table 5).

 

As indicated earlier in the paper, currently in India, growth monitoring method is changing from use of
underweight to stunting and wasting. POSHAN Abhiyaan, which brought a lot of focus and momentum
towards improving the nutritional status of children, was launched in 2018. As part of the program,
growth monitoring devices including weighing scales and height measuring instruments - infantometers,
and stadiometers were distributed. However, a recent report from NITI Aayog, a policy think tank of the
Government of India, highlighted that many states in India in 2019 still do not have appropriate height
measuring instruments (25). Anecdotal information from visits to Anganwadi Centres (AWC) in various
states have highlighted data quality issues due to improper techniques used by the Anganwadi workers
at the AWC, use of inappropriate equipment, and errors while entering the data. Till the time appropriate
data quality for height is achieved, there is a need to use alternate growth monitoring indicator to
estimate stunting. Prior research highlights the use of underweight, as in the absence of high wasting
levels, underweight and stunting provide similar information about long-term health and nutritional
experience (23). However, in India the prevalence of wasting is critically high in terms of severity index (8).
Further, using only underweight may underestimate the magnitude of malnutrition in the country.
Therefore, monitoring just weight-for-age may not be enough to address malnutrition, there is a need to
also monitor length/ height-for-age. Therefore, our analysis presents a simple predictive model for
estimating the prevalence of stunting using underweight.

 

While this study underlines the strong relationship between underweight and stunting, the results should
be interpreted in light of certain limitations.  First, in a country like India, there might be state level
contextual factors that may in�uence the relationship between underweight and stunting. However, in the
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current analysis we could not undertake state level analysis due to small sample size. Second, predictive
equations that are constructed depends on the quality of data used. In the current analysis we used
CNNS and NFHS-4 data, both of which had rigorous quality control system put in place while collecting
anthropometric data. However, issues related to the measurement of accurate and precise length/ height
data may have led to some measurement errors that may have biased the correlation in some regions.
Prior research in other countries indicated highest correlation coe�cient for the 12-23 months age group,
compared to other age groups among children. We did not undertake such analysis within each region
due to limited sample size. Future research could provide critical insight regarding the relations between
stunting and underweight for each age group.  Further research may be required to derive state level
regression equations, if state level contextual factor affect the relationship between stunting and
underweight. 

Conclusion
Findings from our analysis highlights positive and signi�cant correlation between underweight and
stunting. Further, the analysis indicates that the regression equations may be used to predict stunting
prevalence in those regions which has su�ciently high correlation between the two indicators, (northern,
southern, eastern and western region of the country) otherwise national level equation may be used along
with their con�dence limits where child stunting data is unavailable or the quality of length/ height
measurement is poor.
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GoI: Government of India
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WHO: The World Health Organization

WAZ: Weight-for-age z-scores

WHZ: Weight-for-age z-scores
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Tables
Table 1: Prevalence of stunting and underweight among children under 5 years of age, CNNS 2016-18
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State Stunted and underweight

Total <-2SD <-3SD

% %

Jammu and Kashmir 1068 5.9 1.8

Himachal Pradesh 1136 13.4 2.2

Punjab 977 14.2 3.1

Uttarakhand 1076 13.4 1.6

Haryana 1053 22.5 5.9

NCT of Delhi 1611 18.9 3.0

Rajasthan 1151 25.1 5.2

Uttar Pradesh 1900 26.9 7.5

Bihar 1350 28.4 7.9

Sikkim 1025 6.6 0.9

Arunachal Pradesh 1182 12.1 1.5

Nagaland 1083 9.4 2.0

Manipur 1128 9.6 1.5

Mizoram 959 9.8 1.1

Tripura 1042 14.4 3.2

Meghalaya 991 22.9 4.4

Assam 1369 17.6 4.8

West Bengal 1401 19.0 3.6

Jharkhand 1164 28.7 7.7

Odisha 1258 18.1 3.3

Chhattisgarh 1134 25.2 5.5

Madhya Pradesh 1099 26.5 6.0

Gujarat 1016 25.5 5.8

Maharashtra 1850 20.2 4.9

Andhra Pradesh 1143 21.6 6.3

Karnataka 885 22.8 6.5
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Goa 977 12.6 1.8

Kerala 832 10.9 1.4

Tamil Nadu 1740 10.6 2.4

Telangana 1003 19.4 3.8

India 35603 23.1 5.7

 

Table 2: Prevalence of stunting and underweight among children under 5 years of age, NFHS-4 2015-16
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State Stunted and underweight

Total <-2SD <-3SD

% %

Jammu and Kashmir 7093 11.7 3.1

Himachal Pradesh 2525 13.9 2.0

Punjab 4746 13.2 2.9

Uttarakhand 5007 17.8 4.3

Haryana 6875 18.2 4.5

NCT of Delhi 1145 20.7 3.6

Rajasthan 14916 25.0 7.0

Uttar Pradesh 36465 30.1 8.4

Bihar 22275 33.8 10.6

Sikkim 898 8.5 1.4

Arunachal Pradesh 3851 12.0 3.1

Nagaland 3825 11.9 2.1

Manipur 5256 10.5 1.3

Mizoram 4309 8.7 1.9

Tripura 1188 14.1 2.3

Meghalaya 3823 21.6 3.5

Assam 8855 20.9 4.9

West Bengal 4810 19.8 4.1

Jharkhand 10507 33.6 10.0

Odisha 9728 22.7 5.0

Chhattisgarh 8230 24.1 6.0

Madhya Pradesh 21272 29.6 8.5

Gujarat 6444 26.2 7.1

Maharashtra 7990 23.3 5.6

Andhra Pradesh 2599 21.8 4.2

Karnataka 6308 23.4 6.5
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Goa 378 12.1 2.4

Kerala 2235 8.9 1.6

Tamil Nadu 6836 14.4 3.6

Telangana 2029 19.2 4.2

Andaman and Nicobar 578 12.5 1.1

Chandigarh 174 16.1 2.8

Dadra and Nagar Haveli 277 26.0 6.9

Daman and Diu 329 15.6 2.9

Lakshadweep 281 14.8 3.0

Puducherry 945 12.1 4.1

India 225002 25.0 6.7

 

Table 3: Prevalence of underweight among children stunted, CNNS (2016-18) and NFHS-4 (2015-16)
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State Underweight among Stunted

<-2SD <-3SD

CNNS (%) NFHS (%) CNNS (%) NFHS (%)

Jammu and Kashmir 38.2 42.3 31.4 25.9

Himachal Pradesh 47.2 52.7 32.2 26.3

Punjab 58.3 51.1 38.3 35.0

Uttarakhand 44.8 52.7 16.6 30.1

Haryana 64.6 53.4 50.3 30.2

NCT of Delhi 65.5 64.4 30.8 33.7

Rajasthan 68.3 63.9 39.5 40.4

Uttar Pradesh 69.2 65.0 48.3 39.6

Bihar 67.7 69.9 43.6 45.8

Sikkim 30.2 28.7 13.2 11.3

Arunachal Pradesh 43.2 41.0 14.0 25.9

Nagaland 36.0 41.9 18.4 20.8

Manipur 33.4 36.3 14.1 15.1

Mizoram 35.8 31.3 15.6 21.4

Tripura 45.1 58.7 23.8 28.2

Meghalaya 56.7 49.2 25.6 18.2

Assam 54.4 57.6 31.5 34.3

West Bengal 74.9 60.6 49.0 39.7

Jharkhand 79.2 73.8 54.5 49.2

Odisha 62.3 66.6 40.5 40.4

Chhattisgarh 71.3 64.1 48.1 38.5

Madhya Pradesh 67.1 70.5 42.3 46.0

Gujarat 65.1 68.4 41.0 43.0

Maharashtra 59.1 68.0 34.3 44.4

Andhra Pradesh 68.7 69.2 43.4 39.1

Karnataka 70.2 64.4 52.0 38.8
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Goa 64.2 60.4 34.4 27.6

Kerala 53.3 44.5 26.9 23.3

Tamil Nadu 53.7 52.8 41.7 33.6

Telangana 66.1 69.5 43.0 47.6

India 66.5 65.1 43.4 41.0

Table 4: Correlation and regression analysis results of the prevalence of stunting on underweight among
children under 5 years of age
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Region # of
data
points

%
stunting=
α + β × X

SE
(β)

95% CI for β p-value r2 Correlation

Stunting and
underweight

             

National (only
CNNS data)

30 15.53 + 
0.557*X

0.094 0.3657693,
0.749053

<0.0001 0.559 0.7477

National (only
NFHS-4 data)

30 15.65 + 
0.610*X

0.084 0.4373314, 
0.7834189

<0.0001 0.6509 0.8068

National
(CNNS &
NFHS-4 data)

60 15.34 +
0.594*X

0.062 0.4689596 , 
0.719125

<0.0001 0.6091 0.7804

North (NFHS-
4)

131 15.82 +
0.579*X

0.046 0.4878058,
0.6701202

<0.0001 0.5504 0.7419

South (NFHS-
4)

109 6.51 + 0
.825*X

0.046 0.7341588,
0 .9155731

<0.0001 0.7523 0.8674

East (NFHS-4) 111 9.27 +
0.785*X

0.048 0.6909209, 
0.8795052

<0.0001 0.7142 0.8451

West (NFHS-4) 64 4.61 +
0.847*X

0.072 0.7022485,
0.9910205

<0.0001 0.6891 0.8301

Central (NFHS-
4)

139 30.14 + 
0.334*X

0.084 0.1680064 ,
0.4990188

<0.0001 0.1039 0.3223

North-east
(NFHS-4)

86 19.99 +
0.571*X

0.082 0.4085666,
0.7336998

<0.0001 0.3675 0.6062

Severe stunting and Severe underweight

National (only
CNNS data)

30  5.15 +
0.764*X

0.136 0.4863227,
1.04212

<0.0001 0.5312 0.7289

National (only
NFHS-4 data)

36  4.34 +
1.050*X

0.119 0.8084089,
1.292151

<0.0001 0.6961 0.8343

National
(CNNS &
NFHS-4 data)

66  4.62 +
0.935*X

0.093 0.7497084,
1.120473

<0.0001 0.6134 0.7832

α = intercept, β = slope and x = % underweight (Regression equation: % stunting = intercept + slope × %
underweight)

North: Delhi, Haryana, Himachal Pradesh, Jammu & Kashmir, Punjab, Rajasthan, Uttarakhand

South (districts from the states): Tamil Nadu, Karnataka, Andhra Pradesh, Kerala, Telangana

East (district from the states): Bihar, Jharkhand, Odisha, West Bengal
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West (district from the states): Gujarat, Goa, Maharashtra

Central (district from the states): Chhattisgarh, Madhya Pradesh, Uttar Pradesh

Northeast (districts from the states): Arunachal Pradesh, Assam, Tripura, Manipur, Meghalaya, Nagaland,
Mizoram, Sikkim

 

Table 5: Comparison between observed prevalence of stunting (other survey) and estimated prevalence
of stunting using the regional speci�c regression equation, among children under 5 years of age

Region Year
of
survey

%
underweight
(NFHS-4)

% stunting
observed (other
surveys)

% stunting estimated
(from regression
equation)

Δ

Koraput (Odisha)
(NFHS-4)

2017 55.8 50.1 53.1 (47.8-58.3) -2.97

Khuntpani
(Jharkhand)
(NFHS-4)

2016 72.5 70.7 66.2 (59.4-73.0) 4.52

Naraini (Uttar
Pradesh) (NFHS-
4)

2017 59.7 58.9 50.1 (40.2-59.9) 8.82

Kesla (Madhya
Pradesh)  (NFHS-
4)

2017 46.5 37.9 45.7 (38.0-53.3) -7.77

Δ = % stunting estimated - % stunting observed 

Figure 1: Correlation between underweight and stunting by region, NFHS -4, 2015-16

Figures
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Figure 1

Correlation between underweight and stunting by region, NFHS -4, 2015-16


