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Summary. It is well known that height and weight are interrelated, and that

both are related to socioeconomic variables. The objective of this study was

to assess the effect of socioeconomic variables on the heights and weights of
different groups of people, formed according to different levels of heights and

weights, and to see whether there are sex differences in the variations in heights

and weights. Data for adults aged 15–49 years were taken from the India

National Family Health Survey-3 and descriptive studies and multiple linear

regression analyses carried out. A clear positive association was found for

height and BMI with economic level (except for overweight females in the

case of BMI). In the case of BMI, it is age that seems to be the most influential

factor. Surprisingly, the observed changes in height and BMI are not as expected
for short and tall or underweight and overweight people; these sometimes behave

in the opposite directions to that of normal height and weight people. The basic

assumption of multivariate normality is not valid due to changing relations at

different height and BMI levels.

Introduction

The sex difference in height and weight are well known. Demographers often claim

that females’ life chances are affected by greater food deprivation, as measured by dif-

ferences in mortality. Thus sex discrimination is manifested by higher mortality among

females in infancy and childhood (Filmer et al., 1998; Arokiasamy, 2004). Childhood
health discrimination has been prominent in India for a long period, and this is

reflected in health at the adult stage. Mothers with ill health in turn give birth to low

weight babies. Thus, it is a vicious circle. India has one of the highest levels of low

birth weight babies in the world (UNICEF, 2001).

Human populations vary in weight and height (Eveleth & Tanner, 1990), and

researchers need a single measure of health status that combines weight, height and

age as well as sex. Body mass index (BMI, defined as the ratio of weight in kilograms
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to the square of the height in metres) has been put forward as a universal and non-

controversial measure of the health status of adults (Shetty & James, 1994; Gautam

et al., 2006; Adak et al., 2006). In India, BMI has been used as a measure of health
status in studies in the north-east (Bharati, 1989; Khongsdier, 2001) and south (Reddy,

1998) of the country. Women with low (<18.5 kg/m2) BMI have been found to have

higher mortality rates and increased risk of illness (Rotimi et al., 1999; Sauvaget et al.,

2008). A number of socioeconomic (occupation, education and standard of living),

cultural (religion and caste) and demographic (age) factors have been found to be asso-

ciated with female malnutrition (Griffiths & Bentley, 2001; Radhakrishna & Ravi, 2004;

Roy et al., 2004). There is also an association between poor demographic, economic,

social and environmental conditions and undernutrition (defined as BMI of less than
18.5 kg/m2; Pryer & Rogers, 2006; Subramanian & Smith, 2006; WHO, 2012).

However, BMI takes neither age nor sex into consideration. Thus the performance

of this measure is not expected to be the same for all age groups, because both males

and females experience growth up to the age of around 21 years. This age is slightly

higher in India at about 22 or 23 years, due to poor nutritional intake and the severe

epidemiological environment (Brennan et al., 2003). BMI performance will not be the

same for both sexes, because the growth patterns of males and females from childhood

are different. Any study on the nexus among height, weight and age cannot be made
without taking sex into consideration, and these two populations should be treated

separately.

Questions remain about the relation between BMI and age. Weight is known to be

positively dependent on age and so is height, or the square of height, up to a certain

age, say 23 years. Thus, BMI has a positive relation with age above 23 years. The

average BMI of babies and children does not have a monotonic relation with age.

Average BMI first decreases just after birth for a few days, then goes up for a few

months and then down again somewhere around one year. The decreasing trend per-
sists up to the age of 5 or 6 years and then rises again. There are growth charts that

have been prepared by WHO, where percentiles of BMI are shown at different ages

up to the age 20 years (WHO, 2007).

Variations in adult height in different regions and population groups have been well

studied (Bharati et al., 2010; Perkins et al., 2011). Sexual dimorphism in height is

increasing in some Indian states (Andhra Pradesh, Orissa and Tamil Nadu), while in

others it is decreasing (Gujrat, Kerala and Maharastra) (Guntupalli & Moradi, 2009).

The variations are due to genetic and environmental factors. Height is a retrospective
measure of an individual’s health and biological standard of living and almost deter-

mined before the person reaches the age of 20 (Komlos & Baten, 1998). Heights,

between populations, may differ due to genetic factors, but within a population the

differences are mainly due to socioeconomic, nutritional and health factors.

Compared with height, weight is less determined by genetic factors (Rolland-

Cachera, 1993), as it can easily be changed by altering eating habits and controlling

health environments. The local factors that influence stature include socioeconomic

status (Sharma, 2008), age (Bhalotra, 2007), diet and nutrition (DeRose et al., 2000)
and income inequality (Roy et al., 2004; Deaton, 2008). In developing countries poverty

rates are high and there is also large variation in economic conditions. Thus environ-

mental variation due to variation in the intake of food and hygiene habits is higher in
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developing countries than in developed countries (although there are some exceptions

in Africa, where in spite of low economic positions, average heights are higher than in

several other developing countries (Akachi & Canning, 2008)). Since in a given popula-
tion the genetic factors remain more or less same, the variation in adult heights is mainly

due to variation in environmental factors. Thus developing countries are expected to

have more variation in height within a social group.

Since BMI depends on both weight and height, it is expected to depend on both

genetic and environmental factors. Height and BMI are both measures of nutritional

status, but height is more governed by genetic factors than environmental factors

(Bharati et al., 2010). Moreover, one should keep the fact in mind that people in India

practise endogamy. Height, as a measure of adult nutritional status, is a long-term
indicator and reflects the net gain in nutrition over the growth period and cannot be

altered in the later stages of growth. Prominent changes in height may take a long

time and therefore it is more influenced by genetic factors inherited from parents

(Viswanathan & Sharma, 2009). Also, it does not vary much among the members in

a given population. On the other hand, BMI is a short-term measure of nutritional

status. Changes may occur in a short time due to inadequate or excess food intake.

For India, published data show that morbidity and mortality are associated with low

BMI as well as high BMI. The burden of diseases is associated with both extremes of
physical status (National Institute of Nutrition, 1991; Khongsdier, 2002; Shukla et al.,

2002; Sauvaget et al., 2008; Kathrotia et al., 2010).

Thus it is of interest to see trends in heights over ages for groups of persons of

short, medium and tall heights. It is, of course, possible that some short persons may

become medium height persons at a later stage. Similarly, some medium height persons

may become tall persons as they grow to age 21 years. The movement, especially in

the case of BMI, may be in the opposite direction also. But all these are marginal cases

and these forward and backward movements are not expected to affect the overall
picture much. Given the same environmental and incidental factors, shortness or tallness

are more or less genetically determined. Thus distinct features of growth patterns may

be expected among different height groups.

Unlike height, BMI mainly reflects the nutritional status of adults. The growth

pattern of BMI is not expected to be the same as that of height. It is possible for a

person to grow for ever, in terms of BMI, over time. On average, BMI increases with

age, but is this true for all BMI groups – underweight, normal and overweight? In the

case of BMI, the intergroup movements are expected to be greater in the upward direc-
tion, i.e. it is more likely that some underweight persons become normal weight or

some normal weight persons become overweight in the course of time. Movement of a

person from the underweight group to the normal weight group is expected to be at the

level close to the minimum BMI of the normal BMI group, and thus the average BMI

will fall in the normal weight group as age increases, if the opposite movement is not

much. Is this reflected in the data? The same question may be raised for normal weight

persons, as many of these will enter the overweight group. The remaining persons

would also gain some weight. Thus there are two effects: movement effect and the usual
increase of weight effect. However, it is not possible to differentiate between the two

effects using cross-sectional data.
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A similar interpretation is possible for other factors, for example place of residence.

Urban average BMI/height is expected to be more than that of rural BMI/height.

However, is this true for all BMI/height groups? Here again there are two kinds of
movement: the usual increase in BMI/height and the movement of persons from rural

areas to urban areas and vice versa. The present analysis can only show the resultant

movement.

This study assesses both long-term (in terms of stature) and short-term (in terms of

BMI) deprivation in the Indian regions. India has a variety of ethnic populations:

Scheduled Tribes, Castes, Other Backward Classes on the one hand, and General

Castes and other communities such as Muslims, Christians and Sikhs on the other.

States also differ within socioeconomic criteria. The ‘caste and religion’ variable is
very robust, and it is rare that a person changes their religion or caste status. This

analysis will thus show only the usual association of BMI/height with caste and religion.

The main purpose of this study was thus to assess the variation in average BMI and

height of adults for different height and BMI groups in India by factors including place

and zone of residence, caste and religion, age, education and status of poverty, sepa-

rately for males and females.

Methods

The data were taken from the India National Family Health Survey-3 (NFHS-3)

during the year 2005–06 (IIPS, 2007). This cross-sectional survey gathered information

on the population’s socioeconomic, demographic, anthropometric and other character-

istics, along with other relevant information.

For males, heights were classified as very short (a149.99 cm), short (150.00–

159.99 cm), below medium (160.00–163.99 cm), medium (164.00–166.99 cm), above

medium (167.00–169.99 cm) and tall (b170.00 cm). For females, the classification
was: shortest (<145.00 cm), short (145.00–149.99 cm), medium (150.00–154.99 cm),

tall (155.00–159.99) and tallest (b160.00). For simplification and/or parity, male and

female heights were grouped into three categories: (i) above medium (tall), (ii) medium

and (iii) below medium (short). This classification was taken from Singh et al. (1994,

1977). Body mass index (defined as weight in kilograms divided by the square of height

in metres) was classified according to the WHO classification (WHO, 1995) as under-

weight (<18.5), normal (18.5–24.9), overweight (25.0–29.9) and obese (b30.0). This

classification is the same for both adult males and females. It was further classified as
underweight, normal and overweight, putting obese persons in the overweight group.

The other covariates were: place of residence according to rural and urban settings,

age group of males and females from 15 to 49 years, marital status, ethnicity, such as

Muslim, Christian, Hindu Scheduled Castes (SC), Scheduled Tribes (ST), General

Hindu category and ‘Others’, i.e. other religions such as Sikh, Buddhist, Jain, Jewish

and Persian. Economic status was measured by a wealth index based on 33 assets and

housing characteristics including: household electrification, type of windows, source of

drinking water, type of toilet facility, type of flooring, material of exterior wall, type of
roofing, cooking fuel, house ownership, number of household members per sleeping

room, ownership of a bank or post-office account and ownership of mattress, pressure

cooker, chair, cot/bed, table, electric fan, radio/transistor, black and white television,
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colour television, sewing machine, mobile phone, any other phone, computer, refrigera-

tor, watch or clock, bicycle, motorcycle, or scooter, animal-drawn cart, car, water

pump, thresher and tractor. Each household asset was given a weight, generated through
principal component analysis, and the resulting asset scores standardized in relation to a

normal distribution with a mean of zero and standard deviation of one (Gwatkin et al.,

2000). Each household was then assigned a score for each asset, and the scores summed

for each household; individuals were ranked according to the score of the household in

which they reside. The sample was then divided into quintiles, i.e. five groups with an

equal number of individuals in each.

Two-way tables were prepared and multivariate linear regressions performed using

SPSS version 12. For regression analyses height and BMI, as measures of nutritional
status, were considered separately as the dependent variables and socioeconomic vari-

ables were taken as independent variables. In addition to the usual regression analysis,

regression was carried out for each of the three subgroups of dependent variables,

where the subgroups were formed according to the values of the dependent variables.

For height, the subgroups were short, medium and tall, whereas for BMI the sub-

groups were underweight, normal and overweight. Levels of significances of p < 0.01,

0.05 and 0.1 were considered.

Results

Table 1 shows the height differences of males and females aged 24–49 years by eco-

nomic group, as measured by the wealth index, for males and females. It was found

that, for both males and females, mean heights are higher in higher economic cate-

gories, increasing throughout the economic groups. The mean height of the middle

income group is less than the overall mean for both males and females. Thus the

mean heights of the poorest, poorer and middle income groups are always below the
national average, whereas the mean heights of the richer and richest groups are higher

than, or almost equal to, the national average, justifying the designation of ‘poor’ and

‘non-poor’ categories.

Body mass index (Table 2) consistently increase with higher economic group, and

the poor and its subgroups, i.e. poorest and poorer and middle, all have mean BMI

values less than the national average, for both males and females. The reverse is true

for the non-poor group and its subgroups.

Mean heights and BMIs are shown in Tables 3 and 4 for each age from 15–49 years
and Figs 1 and 3 for age 24–49 years respectively. It is known that growth (height in-

crease) almost comes to an end at about the age of 21, and that at the age of 40 height

starts to fall due to shrinkage of the vertebral column. However, Brennan et al. (2003)

found that height increases up to the age of 23 years, so for subsequent analysis the 24–

49 year age group was taken to find the relations of age with other variables. Thus the

distributions of heights and BMIs over ages are not expected to be similar. Age-wise

mean heights for short and non-short males and females are shown in Table 4 and

Fig. 2. Table 4 also includes corresponding mean heights of all males and all females
for direct comparison. The trends in the mean values for short and non-short persons

are similar to the all-male and all-female mean values, except for short females where

the figures are more or less constant, i.e. without trend throughout.
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Table 5 and Fig. 3 show the mean BMI distribution for males and females by age
group. A consistent increase in BMI is seen with advancement in age for both males

and females. The noticeable feature is that females start with a higher BMI at the age

of 15 years in comparison with males and continue to increase up to the age of 49

years. Looking at Table 6 and Fig. 4, which show mean BMI for males and females

of different weight groups, the mean BMIs of underweight persons are not the same

as those of non-underweight persons, or of ‘all persons’. Except for a slight initial

increase up to the age of 18 or 19 years, mean BMIs are more or less stagnant. It is

true that there is an upper limit for underweight persons, but, given the community of
underweight persons, there should be an increasing trend in mean BMI with age. In

any case, it calls for further investigation.

In Tables 7 and 8, mean males and female heights and BMIs are shown for different

geographical zones. Mean heights are very small in the North-East and East zones, the

North-East having the lowest mean height for males and the East the lowest mean

Table 1. Distribution of mean heights of males and females aged 24–49 years by

wealth index, India, NFHS-3, 2005–06

Wealth index

Male height Female height

n Mean (cm) SD n Mean (cm) SD

Poorest 4467 162.22 6.40 8940 150.68 5.90

Poorer 6130 163.05 6.45 10,964 150.92 5.83

Middle 8671 163.67 6.46 14,524 151.51 5.77

Poor 19,268 163.14 6.47 34,428 151.10 5.83

Richer 11,139 164.65 6.52 18,693 152.04 5.77

Richest 12,852 166.62 6.64 24,961 153.64 5.84

Non-poor 23,991 165.70** 6.66 43,654 152.96** 5.86

Total 43,259 164.56 6.70 78,082 152.14 5.92

**Significant at 1% level (non-poor compared with poor).

Table 2. Distribution of mean BMIs of males and females aged 24–49 years by wealth

index, India, NFHS-3, 2005–06

Wealth index

Male BMI Female BMI

n Mean SD n Mean SD

Poorest 4467 19.20 2.95 8940 19.05 3.77

Poorer 6130 19.78 3.21 10,964 19.70 3.72

Middle 8671 20.46 3.06 14,524 20.60 3.86

Poor 19,268 19.95 3.13 34,428 19.91 3.84

Richer 11,139 21.54 3.53 18,693 22.04 4.26

Richest 12,852 23.46 4.08 24,961 24.15 4.77

Non-poor 23,991 22.57** 3.95 43,654 23.24** 4.67

Total 43,259 21.40 3.84 78,082 21.77 4.63

**Significant at 1% level (non-poor compared with poor).
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height for females. The greatest height is seen in the North zone for both males and

females. Surprisingly, the average height of females in the North zone is much above

the average height of females of the other zones. Mean BMIs do not show the same

trend. The East zone is consistently below the other zones in the case of BMI, and

mean BMI is uniformly highest in the South zone.

Table 3. Distribution of mean heights of males and females by age, India, NFHS-3,

2005–06

Age

Male height Female height

n Mean (cm) SD n Mean (cm) SD

15 2204 160.70 8.110 4329 151.45 5.968

16 2657 162.74 7.546 4799 152.06 5.942

17 2388 164.46 7.296 4381 152.12 5.970

18 2765 164.73 7.050 5099 152.16 6.034

19 2175 165.22 7.242 4212 152.43 6.044

20 2645 165.18 7.096 5110 152.18 5.957

21 2277 165.53 6.859 4080 152.50 6.009

22 2545 165.17 6.805 4574 152.39 5.837

23 2069 165.24 6.894 4115 152.38 6.026

24 2015 165.20 6.827 3793 152.34 5.872

25 2554 164.64 6.764 4845 152.26 6.020

26 2051 164.83 7.010 3958 152.34 5.924

27 1884 165.12 6.843 3607 152.52 5.965

28 2062 164.60 6.818 3978 152.23 5.918

29 1688 165.31 6.848 3323 152.02 5.928

30 2562 164.44 6.846 4786 152.16 5.906

31 1499 165.23 6.390 2960 152.34 5.934

32 1848 165.02 6.571 3460 152.41 5.857

33 1589 165.04 6.423 3033 152.41 5.847

34 1548 164.92 6.913 2880 152.24 5.705

35 2670 163.93 6.682 4431 151.99 5.932

36 1636 164.86 6.465 3031 152.18 5.768

37 1464 164.87 6.451 2714 152.27 5.878

38 1601 164.29 6.530 2971 152.16 5.951

39 1192 164.81 6.636 2341 151.90 5.672

40 2395 163.85 6.488 3810 152.07 6.006

41 1176 164.72 6.596 2244 152.10 5.891

42 1438 164.45 6.810 2518 152.03 5.993

43 1168 164.32 6.751 2123 152.07 6.011

44 1101 164.28 6.384 1873 152.07 5.819

45 1983 163.38 6.504 2930 151.77 6.121

46 1088 164.48 6.397 1841 151.74 6.195

47 964 164.14 6.519 1649 151.55 5.830

48 1163 163.91 6.840 1836 151.65 5.991

49 920 163.93 7.005 1147 151.35 5.755

24–49 43,259 164.56 6.70 78,082 152.14 5.92

Total 64,984 164.49 6.93 118,781 152.15 5.94
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Table 9 shows the results of the linear regression analysis when heights were

regressed on the explanatory variables place of residence, zone, education, economic

status (poor/non-poor), age and caste & religion. Since it was thought that there might
be a non-linear effect of age on height, the square of age was taken, along with age,

as an explanatory variable. The coefficient of the square of age was also found to be

significant, but it brought in multicollinearity problems for both height and BMI. The

Table 4. Mean heights of groups of males and females by age, India, NFHS-3,

2005–06

Male mean height Female mean height

Age All males Short Non-short All females Short Non-short

15 160.70 153.32 166.30 151.45 145.74 155.14

16 162.74 154.53 166.75 152.06 146.00 155.43

17 164.46 155.24 167.63 152.12 146.03 155.51

18 164.73 155.59 167.54 152.16 145.99 155.51

19 165.22 155.70 168.11 152.43 145.96 155.67

20 165.18 155.74 167.80 152.18 146.02 155.45

21 165.53 155.87 167.90 152.50 146.08 155.61

22 165.17 155.83 167.60 152.39 146.09 155.45

23 165.24 155.81 167.73 152.38 146.04 155.63

24 165.20 156.10 167.72 152.34 146.23 155.50

25 164.64 156.00 167.34 152.26 146.10 155.55

26 164.83 155.90 167.43 152.34 146.14 155.59

27 165.12 156.01 167.66 152.52 146.08 155.64

28 164.60 155.68 167.24 152.23 146.17 155.53

29 165.31 155.92 167.73 152.02 146.00 155.42

30 164.44 155.86 167.12 152.16 146.06 155.49

31 165.23 156.50 167.42 152.34 146.00 155.47

32 165.02 155.98 167.29 152.41 146.19 155.58

33 165.04 156.65 167.39 152.41 146.15 155.48

34 164.92 155.93 167.60 152.24 146.18 155.32

35 163.93 155.68 166.85 151.99 146.07 155.47

36 164.86 156.15 167.33 152.18 146.05 155.41

37 164.87 156.09 167.35 152.27 146.04 155.50

38 164.29 156.18 166.99 152.16 146.10 155.48

39 164.81 155.72 167.29 151.90 146.12 155.17

40 163.85 156.07 166.77 152.07 145.96 155.46

41 164.72 155.98 167.16 152.10 145.86 155.36

42 164.45 155.94 167.30 152.03 146.02 155.53

43 164.32 155.45 166.90 152.07 146.08 155.46

44 164.28 155.97 166.81 152.07 146.17 155.28

45 163.38 155.73 166.51 151.77 145.82 155.43

46 164.48 156.36 167.15 151.74 145.86 155.54

47 164.14 155.94 166.81 151.55 146.01 155.15

48 163.91 155.60 166.71 151.65 145.72 155.23

49 163.93 155.67 167.05 151.35 145.94 155.02

24–49 164.56 155.96 167.21 152.14 146.06 155.48

Total 164.49 155.65 167.31 152.15 146.03 155.47

S. Som et al.54



idea of adding square of age as an explanatory variable was thus dropped. The same

set of regressors has been taken in the case of BMI later in this paper.

All the coefficients in Table 9 were found to be significant and the coefficients were

in the expected direction, except place of residence and age. The exceptions may be due

to the simultaneous effect of other variables. Based on t-values, it is seen that zone and

economic status have the greatest effect on height. In the case of short persons, all the
coefficients have the same sign as in the case of all males or all females respectively,

except for the coefficient of ‘place of residence’ for males. For medium height persons,

age has no significant effect on height, and this is the expected result. However,

Fig. 1. Distribution of mean heights of males and females by age, India, NFHS-3,

2005–06.

Fig. 2. Distribution of mean heights of groups of males and females by age, India,

NFHS-3, 2005–06.
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for short and tall persons, the effect of age is seen to be significantly negative. More-

educated people and the non-poor have greater average heights for all groups.

As shown in Table 10, the values of the coefficients changed drastically from one

group to the other, and in one case (coefficient of place of residence for short males)
the coefficient even changed sign. The greatest changes occurred in the case of tall

Table 5. Distribution of mean BMIs of males and females by age, India, NFHS-3,

2005–06

Age

Male BMI Female BMI

n Mean SD n Mean SD

15 2204 17.92 3.573 4329 18.82 2.878

16 2657 18.34 3.677 4799 19.14 2.814

17 2388 18.69 2.541 4381 19.39 3.010

18 2765 19.12 2.641 5099 19.62 2.731

19 2175 19.51 2.637 4212 19.79 3.558

20 2645 19.65 2.597 5110 19.89 3.677

21 2277 19.99 2.808 4080 20.04 3.751

22 2545 20.09 3.230 4574 20.10 3.325

23 2069 20.28 3.095 4115 20.27 3.505

24 2015 20.53 2.930 3793 20.54 4.087

25 2554 20.48 3.557 4845 20.58 4.198

26 2051 20.74 3.588 3958 20.80 3.856

27 1884 20.90 3.263 3607 20.94 4.027

28 2062 21.11 3.197 3978 21.11 4.073

29 1688 21.32 3.561 3323 21.28 4.159

30 2562 20.88 3.664 4786 21.15 3.992

31 1499 21.45 3.413 2960 21.45 4.331

32 1848 21.47 3.820 3460 21.59 4.102

33 1589 21.73 3.762 3033 21.71 4.785

34 1548 21.74 4.313 2880 21.91 4.591

35 2670 21.11 3.492 4431 21.82 4.523

36 1636 21.82 3.758 3031 22.22 5.053

37 1464 22.05 4.281 2714 22.20 4.769

38 1601 21.80 4.330 2971 22.24 5.116

39 1192 22.13 4.508 2341 22.34 4.512

40 2395 21.14 3.860 3810 22.21 4.781

41 1176 22.11 3.794 2244 22.76 5.271

42 1438 21.91 3.908 2518 22.64 4.651

43 1168 22.11 4.035 2123 22.75 5.396

44 1101 22.02 3.886 1873 22.99 5.220

45 1983 21.24 3.753 2930 22.64 5.005

46 1088 21.89 3.804 1841 22.80 5.494

47 964 22.37 4.931 1649 23.01 5.273

48 1163 21.88 4.107 1836 22.85 4.873

49 920 22.24 4.891 1147 23.27 5.046

24–49 43,259 21.40 3.84 78,082 21.77 4.63

Total 64,984 20.69 3.74 118,781 21.05 4.34
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persons. Again, the directions of the changes do not remain the same. For example, the

value of the coefficient for poor/non-poor, reflecting economic condition, decreases

from 0.425 to 0.107 going from short to medium height females, and then increases to

0.381 for tall females.

The results of the linear regression for BMI for all, underweight, normal and over-

weight persons on the explanatory variables are given in Tables 11. All the coefficients
are found to be significant except for (i) the coefficient of education of underweight

people, (ii) geographical zone for normal BMI males and (iii) education, place of

residence, economic condition and caste & religion for overweight males, and, finally,

economic condition for overweight females. The only significant coefficients for over-

weight males are zone and age.

Table 12 summarizes the regression results for BMI for all groups. Here the change

of signs from one group to the other is more pronounced than in the case of height.

Also, the coefficients do not have the same trend. If the group of overweight males is
ignored, then from the regression analyses it is seen that all the variables have a more

or less significant role in determining heights and BMI, and even among the sub-

groups of heights and BMI for both males and females. The most significant finding is

that the coefficients, i.e. the rates of effects, do not remain the same for all the groups.

Discussion

No doubt adult males will be taller than adult females. It leaves no scope for com-
parison. However, adult heights often differ significantly between population groups,

and this may be due to genetic differences or childhood lifestyle differences, such as

nutrition and physical labour. It is rightly thought that BMI, rather than height, should

be taken into consideration to determine the health and nutrition status of adult males

and females. Body mass index is also linked to socioeconomic and cultural factors.

However, stature should not be sidetracked by saying that it is a genetic factor; it

can be considered as a mean for comparison of health status between groups based on

Fig. 3. Distribution of mean BMI of males and females by age, India, NFHS-3, 2005–06.
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economic level, religion etc. The similarity of results for BMI and height with respect

to the explanatory variables confirms this hypothesis.

Mendez et al. (2005) observed that the proportion of overweight exceeded the pro-

portion of underweight in a majority of studied countries in both urban and rural

Table 6. Mean BMIs of groups of males and females by age, India, NFHS-3, 2005–06

Male mean BMI Female mean BMI

Age All

males

Under-

weight

Non-

underweight

All

females

Under-

weight

Non-

underweight

15 17.92 16.50 20.81 18.82 16.83 20.77

16 18.34 16.75 20.80 19.14 16.97 20.84

17 18.69 16.92 20.60 19.39 16.96 20.94

18 19.12 17.03 20.81 19.62 17.07 21.07

19 19.51 17.13 20.93 19.79 17.07 21.28

20 19.65 17.20 20.92 19.89 17.02 21.42

21 19.99 17.24 21.21 20.04 17.08 21.51

22 20.09 17.22 21.32 20.10 17.07 21.55

23 20.28 17.23 21.54 20.27 17.04 21.74

24 20.53 17.25 21.65 20.54 17.06 22.04

25 20.48 17.26 21.77 20.58 17.03 22.15

26 20.74 17.29 21.93 20.80 17.01 22.34

27 20.90 17.25 22.08 20.94 17.03 22.46

28 21.11 17.28 22.12 21.11 17.02 22.54

29 21.32 17.26 22.49 21.28 17.05 22.74

30 20.88 17.20 22.11 21.15 17.04 22.72

31 21.45 17.34 22.42 21.45 16.99 23.04

32 21.47 17.25 22.45 21.59 17.02 23.01

33 21.73 17.26 22.90 21.71 16.99 23.35

34 21.74 17.23 22.90 21.91 16.96 23.43

35 21.11 17.23 22.33 21.82 16.95 23.33

36 21.82 17.26 22.89 22.22 17.00 23.71

37 22.05 17.26 23.00 22.20 16.98 23.72

38 21.80 17.14 22.98 22.24 16.87 23.76

39 22.13 17.05 23.18 22.34 16.94 23.76

40 21.14 17.16 22.53 22.21 16.89 23.76

41 22.11 16.98 23.11 22.76 17.00 24.22

42 21.91 17.14 23.07 22.64 16.92 24.02

43 22.11 17.15 23.14 22.75 16.82 24.21

44 22.02 17.12 23.15 22.99 16.81 24.44

45 21.24 17.07 22.66 22.64 16.90 24.11

46 21.89 17.11 23.09 22.80 16.91 24.37

47 22.37 17.02 23.49 23.01 16.89 24.39

48 21.88 17.02 23.26 22.85 16.92 24.47

49 22.24 17.08 23.53 23.27 16.77 24.63

24–49 21.40 17.20 22.59 21.77 16.98 23.32

All 20.69 17.08 22.17 21.05 16.99 22.70
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Fig. 4. Distribution of mean BMI groups of males and females by age, India, NFHS-3,

2005–06.

Table 7. Mean heights of males and females aged 24–49 years by zone, India,

NFHS-3, 2005–06

Zone

Male height Female height

n Mean (cm) SD n Mean (cm) SD

North-East 7657 162.55 6.27 13,726 151.34 5.64

East 3946 163.31 6.37 11,312 150.86 5.61

North-East & East 11,603 162.81 6.31 25,038 151.13 5.63

North 4625 166.77 6.77 14,370 154.13 5.88

Central 8798 164.65 6.53 13,515 151.77 5.79

West 6539 165.14 6.77 10,336 152.06 5.96

South 11,694 165.03 6.72 14,823 152.32 6.05

North, Central, West & South 31,656 165.20** 6.72 53,044 152.62** 6.00

India 43,259 164.56 6.70 78,082 152.14 5.92

**Significant at 1% level (North, Central, West & South compared with North-East & East).

Table 8. Mean BMIs of males and females aged 24–49 years by zone, India,

NFHS-3, 2005–06

Zone

Male BMI Female BMI

n Mean SD n Mean SD

North-East 7657 21.46 3.07 13,726 21.56 3.75

East 3946 20.75 3.31 11,312 20.88 4.52

North-East & East 11,603 21.22 3.17 25,038 21.25 4.13

North 4625 21.58 3.91 14,370 22.32 4.57

Central 8798 20.85 3.90 13,515 21.09 4.45

West 6539 21.45 3.96 10,336 21.95 4.95

South 11,694 21.91 4.20 14,823 22.63 5.19

North, Central, West & South 31,656 21.47** 4.05 53,044 22.02** 4.83

India 43,259 21.40 3.84 78,082 21.77 4.63

**Significant at 1% level (North, Central, West & South compared with North-East & East).
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Table 9. Results of linear regression of heights of males and females aged 24–49 years

on independent variables for different height groups, India, NFHS-3, 2005–06

Male height Female height

Independent variables Coeff. t-value p-value Coeff. t-value p-value

All persons

Intercept 164.811 892.690 <0.001** 152.873 1300.478 <0.001**

Residence �0.304 �4.196 <0.001** �0.490 �10.234 <0.001**

Zone �2.295 �31.389 <0.001** �1.461 �31.929 <0.001**

Education 1.098 12.511 <0.001** 0.634 12.867 <0.001**

Poor/non-poor 2.264 29.609 <0.001** 1.623 30.533 <0.001**

Age �0.041 �9.596 <0.001** �0.025 �8.353 <0.001**

Caste & religion �0.268 �3.602 <0.001** �0.657 �13.725 <0.001**

R2 0.063 0.041

F-value 489.299 556.809

Short persons

Intercept 156.088 720.406 <0.001** 146.287 1348.394 <0.001**

Residence 0.149 1.712 ns �0.187 �4.126 <0.001**

Zone �0.240 �2.915 0.004** �0.110 �2.662 0.008**

Education 0.200 2.172 0.030* 0.231 5.258 <0.001**

Poor-non poor 0.208 2.295 0.022* 0.425 8.675 <0.001**

Age �0.006 �1.221 ns �0.010 �3.495 <0.001**

Caste & religion �0.174 �1.956 ns �0.138 �3.012 0.003**

R2 0.004 0.007

F-value 7.204 33.87

Medium height persons

Intercept 163.366 1875.924 <0.001** 152.443 3055.514 <0.001**

Residence �0.072 �2.084 0.037* �0.054 �2.657 0.008**

Zone �0.240 �7.024 <0.001** �0.135 �7.028 <0.001**

Education 0.135 3.288 0.001** 0.048 2.285 0.022*

Poor/non poor 0.257 7.127 <0.001** 0.107 4.759 <0.001**

Age �0.001 �0.471 ns �0.001 �1.034 ns

Caste & religion �0.017 �0.481 ns �0.056 �2.748 0.006**

R2 0.008 0.004

F-value 24.171 17.532

Tall persons

Intercept 171.936 940.721 <0.001** 159.142 1267.383 <0.001**

Residence �0.111 �1.609 ns �0.079 �1.571 ns

Zone �0.864 �11.133 <0.001** �0.661 �12.675 <0.001**

Education 0.148 1.538 ns 0.113 2.050 0.040*

Poor/non-poor 0.766 10.070 <0.001** 0.381 6.570 <0.001**

Age �0.021 �5.106 <0.001** �0.007 �2.239 0.025*

Caste & religion �0.239 �3.353 0.001** �0.241 �4.868 <0.001**

R2 0.020 0.011

F-value 52.639 46.024

Residence: 1 ¼ urban, 0 ¼ rural; zone: 1 ¼ North-East & East, 0 ¼ North, Central, West &

South; education: 0 ¼ illiterate, 1 ¼ literate; poor/non-poor: 0 ¼ poor, 1 ¼ non-poor; age: years

completed; caste & religion: 0 ¼Muslim, Christian & Other, 1 ¼ SC, ST & Gen Hindu.

*Significant at 5% level; **significant at 1% level.
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areas. These results may not be applicable to many developing countries, despite the

trends being in this direction. Overweight people are primarily concentrated in urban,

higher socioeconomic status households.

Direct analysis, i.e. neglecting the influence of other variables, leads to the finding

that mean adult heights in India are (i) higher in higher economic categories for both

rural and urban places of residence, (ii) very small in the North-East and East zones,
(iii) greatest in the North zone for both males and females. Similarly, mean BMIs are

(i) consistently higher in higher economic groups, (ii) very small in the East zone, (iii)

uniformly the highest in the South zone for both males and females. Mean height

increases up to the age of 21 or 22, whereas BMI is an ever-increasing variable, espe-

cially among females. But do these findings carry forward when looking at the simulta-

neous influence or the effect for a subgroup of a population? The results of the present

analysis suggests the answer is ‘no’.

When the regression analysis is performed for each subgroup of height and BMI
the popular belief seem to be questioned. Short, medium and tall people, and under-

weight, normal and overweight people, show different features than the overall features

in many cases. In the multiple linear regression there are simultaneous effects. The

interpretation of any regression coefficient is made under the constraint that the values

of the other variables are kept fixed. Secondly, subgroups were created according to

height and BMI. The relations are not expected to be the same in each subgroup.

Thus this type of analysis opens up a new direction, whereby the behaviour within sub-

groups can be seen, which may lead to different results than the overall results.
It can be proved that, in a multivariate normal distribution, the same linear relation

holds for each level of the explained variable. The present data show different relations

at different height and BMI levels. Thus the basic assumption of multivariate normality is

not valid in this case. Some other multivariate distributional assumptions therefore need

to be taken, which corroborate these results.

Regression analysis confirms that all the variables, namely, residence, zone, educa-

tion, wealth index and caste & religion, have a significant role in determining heights

and BMI, even among the subgroups of heights and BMI for both males and females.
It is well known that the North-East zone has been neglected for a long time.

Recently a special drive has been taken by the Indian Government to improve the

Table 10. Movement of the regression coefficients as height increases when height is

regressed on independent variables, India, NFHS-3, 2005–06

Independent variables

Males Females

Short Medium Tall Short Medium Tall

Residence 0.149 �0.072 �0.111 �0.187 �0.054 �0.079

Zone �0.240 �0.240 �0.864 �0.110 �0.135 �0.661

Education 0.200 0.135 0.148 0.231 0.048 0.113

Poor/non poor 0.208 0.257 0.766 0.425 0.107 0.381

Age �0.006 �0.001 �0.021 �0.010 �0.001 �0.007

Caste & religion �0.174 �0.017 �0.239 �0.138 �0.056 �0.241
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Table 11. Results of linear regression of BMIs of males and females aged 24–49 years

on independent variables for different weight groups, India, NFHS-3, 2005–06

Male BMI Female BMI

Independent variables Coeff. t-value p-value Coeff. t-value p-value

All persons

Intercept 17.422 171.782 <0.001** 16.271 191.114 <0.001**

Residence 0.634 15.935 <0.001** 1.163 33.528 <0.001**

Zone �0.115 �2.863 0.004** �0.550 �16.600 <0.001**

Education 0.758 15.718 <0.001** 1.034 28.980 <0.001**

Poor/non poor 2.076 49.433 <0.001** 2.138 55.550 <0.001**

Age 0.062 26.291 <0.001** 0.111 51.812 <0.001**

Caste & religion �0.340 �8.328 <0.001** �0.695 �20.029 <0.001**

R2 0.139 0.178

F-value 1160.849 2821.862

Underweight persons

Intercept 17.569 295.941 <0.001** 17.239 371.046 <0.001**

Residence �0.106 �4.371 <0.001** �0.085 �4.193 <0.001**

Zone 0.125 5.042 <0.001** 0.070 3.933 <0.001**

Education �0.010 �0.409 ns 0.020 1.103 ns

Poor/non poor 0.063 2.493 0.013* 0.117 5.504 <0.001**

Age �0.010 �7.120 <0.001** �0.007 �6.200 <0.001**

Caste & religion �0.030 �1.165 ns �0.066 �3.214 0.001**

R2 0.009 0.006

F-value 16.193 20.126

Normal BMI persons

Intercept 19.780 319.647 <0.001** 19.836 416.238 <0.001**

Residence 0.283 11.830 <0.001** 0.279 14.710 <0.001**

Zone 0.018 0.747 ns �0.069 �3.767 <0.001**

Education 0.320 10.816 <0.001** 0.296 15.069 <0.001**

Poor/non poor 0.780 31.017 <0.001** 0.592 28.577 <0.001**

Age 0.022 15.507 <0.001** 0.030 24.855 <0.001**

Caste & religion �0.089 �3.602 <0.001** �0.152 �7.938 <0.001**

R2 0.092 0.077

F-value 455.783 600.048

Overweight persons

Intercept 27.211 79.014 <0.001** 26.974 120.101 <0.001**

Residence 0.027 0.231 ns 0.588 7.282 <0.001**

Zone �0.654 �5.199 <0.001** �0.627 �7.455 <0.001**

Education �0.229 �1.110 ns 0.194 2.064 0.039*

Poor/non poor 0.103 0.654 ns �0.042 �0.375 ns

Age 0.024 3.388 0.001** 0.039 7.526 <0.001**

Caste & religion �0.137 �1.221 ns �0.284 �3.676 <0.001**

R2 0.006 0.011

F-value 6.838 30.586

Residence: 1 ¼ urban, 0 ¼ rural; zone: 1 ¼ North-East & East, 0 ¼ North, Central, West &

South; education: 0 ¼ illiterate, 1 ¼ literate; poor/non-poor: 0 ¼ poor, 1 ¼ non-poor; age: years

completed; caste & religion: 0 ¼Muslim, Christian & Other, 1 ¼ SC, ST & Gen Hindu.

*Significant at 5% level; **significant at 1% level.
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overall situation of the states in the North-East zone. This may have led to short-term

nutritional gain in that zone, which is reflected in BMI level.

In the North Indian zone the average male height is higher than in other parts of

India, which was also observed by Guntupalli & Baten (2006). This is despite the fact

that rapid population growth has accelerated pollution in this area. The North zone

has the highest mean stature, mainly because this includes the states of Punjab and
Haryan where people are much taller, and this is ascribed to genetic factors. This

region is very fertile due to irrigation facilities and thus is very developed. This may

also have an effect on the population’s BMI status.
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