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Ahstract

Growthchanges overtime among school-aged boys in Kolkata, India, have been investigated using two
surveys: 19821983 (n= 816) and 19992002 (n = 1 187). The two surveys were implemented according
to highly similar protocols which strongly adds to the reliability and accuracy of the results of the study.
Age-specific average height, weight and BMI all increased during these two decades (by respectively,
3.2em, 6.1 kg and 2.1 kg/m”). while relative sitting height and sitting height-subischial leg length ratio
decreased foralmostall ages between 7.0and 16.0vears. Moreover, the prevalence of stunting and thinness
declined (stunting from 11.2% to 4.9%, p < 001, thinness from 50.5% to 22%, p < 0.01), while the
prevalence of overweight increased (from 4.7% to 17.2%, p < 0.01). Through analysis of variance, the
relationships between various socio-economic factors and anthropometric traits are analyzed. Factors
strongly related with positive changes in anthropometric traits are maternal education and family
expenditure.

JEL classification : 112131
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1. Introduction

Ower the last few decades the countries of South and South-East Asia, Afnea and Latin
America are passing through the phases of developmental wansition in varying rales (Caballero
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and Popkin, 2002). Transition is observed in all aspects of human lives such as disease patlems
(epidemiological transition), demographic swructure, dietary habits, nutritional status, lifestyles
and activity patterns, and socio-economic and ecological conditions. India, being one of the low-
income countres of the world, is also experencing a similar transition in accordance with its
acceptance of new hberal economic policies in the early 1990s (Thankappan, 2001 ). Though in
its early phase, the country has already started manifesting most of the typical features of the
transitional society as evident from results of the recently conducted swdies from the wban areas
in particular (Popkin, 2002). Some of the major consequences of this wansition are observed o be
rapid spread of urbanization, increased magnitude of socio-economic differences (Baten and
Fraunholz, 2004), and coexistence of malnutrition and obesity (Shetty, 1999; Chatterjee, 2002;
Gillespie and Haddad, 2003). In many urban areas of India increased consumption of energy and
far in conjunction with reduced levels of physical activity was found o be associated with
escalation of adolescent and adult obesity. Countrywide escalation of non-communicable
diseases hike non-insulin dependent diabetes, hypertension, coronary heart disease and other
metabolic disorders are also reported (Gopinath et al., 1994; Chadha et al., 1997; Drewnowski
and Popkin, 1997; Shewy, 1999; Kapil etal., 2002; Khadilkar and Khadilkar, 2004). According to
one prediction 20% of Indian females and 16% of males will be overweight by the year 2020
(Gillespie and Haddad, 2003), and the incidence of chronic diseases is expected o increase
(Gopalan, 1998). All these transformations are said 1o be connected to the implementation of new
liberal economic policies (Gopalan, 1992; Shetty and Gopalan, 1998).

A country’s developmental progress and overall changes in soCio-cconomic structure an:
reflected in the outcome of secular trend stwdies on physical growth, development, and rate of
maturation of children (Tanner, 1986). Though largely camied out in the industrialized and
developed countries of the world (van Wieringen, 1986), the occurrence of secular phenomena in
these measures 15 generally observed o be inked with the changes m socio-cconomie, hygienic,
health and nutritional conditions of the respective populations over a considerable lapse of time
(Bielicki, 1986; Fogel, 1986; Malina, 1990; Brennanetal., 1994, 1995; Komlos and Baten, 1998;
Bodzsir and Susanne, 1998).

The observation that various socio-economic factors play a role in the phenomena of secular
erowth can be put within the framework of Sen’s capability approach (Sen, 1993). The concepts of
endowments, entitlements, capabilities and functionings, as developed by Sen and others, bring to
expression the fact that the determinants of living standards and of overall levels of people’s well-
being are multdimensional, myvolving not only individoal charactenstes and choices, but also
many extemal factors, at the level of the community and the society to which people belong
(MNussbaum and Sen, 1993; Sen, 1993). In Sen’s capability approach, individual well-being may be
assessed in terms of Ccapability sets” that describe what individuals are free o do or o be
i functionings) (Cookson, 2005). In terms of health and nutdtion, this may be tanslaed in
identifying those factors which need o be available or accessible and what conditions need o be
fulfilled for an individual to achieve a cenain level of health or nutdtional status. For example,
improved sanitary conditions may be a requirement for reducing exposure 0 disease pathogens,
which in tum may be translated by individuals w beter health and better growth of infants and
children. Thus, with respect to nutrition it is now widely acknowledged that it is not only availability
and household level access to food that determines nutritional status and growth of children, but that
factors such as education, sanitation, access Lo water, accessibility and quality of health services,
and also cultural attitudes and beliefs, are equally important determining factors { Diéze and Sen,
1989, In the Indian context, a special case is the State of Kerala, which is known for its relatively
favourable record in terms of health and nutrition, as expressed by a high life expectancy, low rates



P Dasgupia et al. 17

of infant and child mortality, and low wevess of child undernutrition (HPS, 2000; Véron, 2001;
Borooah, 2004). For example, with an average life expectancy of 70.3 years, Kerala has the highest
average life expectancy of all Indian states, more than 5 years longer than the country’s average of
64.3 years (Planning Commuission India, 2001 ). These achievements are presumed to be the result ol
the strong emphasis given over past decades on, among others, accessibility and quality of health
and edocational services (and in particular women’s education). Yet, 1t should be noted that
sustainability of Kerala's high level of social services, including a continued high coverage of the
public food distribution scheme (PDS), has been questioned in view of slagnaling economic
growth, partially as a result of economic reform and implementation of WTO rules (Thankappan,
20001 ; Suryanarayana, 2017,

School aged children and adolescents are very vulnerable o socio-cconomic changes and
therefore highly suited for undertaking secular investigations (Eveleth and Tanner, 1990); Leslie,
1995}, A major reason is that adolescence is a perod of mpid changes in physical growth and
maturation, and also in psychosocial development (World Health Organteation, 1995). Presently,
there exists abundance of literature from the population of the Southeast Asian countries
pertaining 1o the role of different socio-economic and secular factors on physical growth and
related vanables of children and adolescents (Saha, 20040, Most of the authors of these studies
highlighted their findings in the context of the wansition, as experienced by the respective
countries. Similar reports are also available from China (Zhang and Huang, 1988; Popkin, 1993,
FPopkin et al., 1993), Vietnam (Thang and Popkin, 20034.b), Thailand (Sungthong et al., 1999),
Tarwan (Huang and Malina, 1995), Pakistan (Hakeem, 2001 ), Indonesia (Jaruratanasinkul et al.,
1997} and other countries of this region.

In the Indian context, the majority of growth studies concern children under five or under two
years of age, and there are very few studies that report on secular growth of children in the State of
West Bengal (Brennan et al., 2004; Borooah, 2005). Over the period 1975-1990 the National
Institute of Nutrition (NIN) conducted repetitive nutrition surveys, particularly on the pre-school
children (World Health Organization, 2006). On the basis of data collected in rural households in
eight states, the prevalence of children with a low height-for-age decreased over that period from
72.3% 10 62.1%, and the prevalence of low weight-for-age from 71 3% to 63.9%. Of more recent
data are the DHS-surveys which report for children under 3 years of age between 1992/93 and
1998/99 a decline in the prevalence of low weight-for-age from 51.7% to 47% and of height-for-
age from 47.1% 1o 45.5% (age group adjusted results). For West Bengal the prevalence of low
weight-for-age was 56.8% in 1992/93 (children below 4 years) and 48.7% in 1998/99 (children
below 3 years) (1IPS, 1995, 2000).

As regards children aged 5-18 years of age, one study reponts growth paramelers on over
20,000 children from 23 schools in various cities in India (Agarwal et al., 1992). The sample
covered relatively well-to-do families. For the city of Delhi a secular trend is reported for the
period 1970-1989, and reveals an increase in average height of 2.1 em for boys, and 2.7 em for
girls perdecade at 17 and 14 years, respectively. Besides this study, only a handful of small-scale
studies are available for the period of adolescence over the past three decades, i.e. from 1950 o
1980 (Sidhu et al., 1982; Easwaran and Devadas, 1984; Singh, 1995; Dasgupta and Das, 1997).
From this small number of published studies, only one was reported from the state of West
Bengal, the place of the present investigation, which demonstrated the occurrence of a positive
secular trend among Bengali boys between ages 7-16 years (Dasgupta and Das, 1997). In that
study, physical growth data from two surveys, namely, the Sarsuna-Barisha mixed-longitudinal
study (Hauspie et al., 19807 and the Caleutta cross-sectional Growth swdy (Pakras: et al., 1988;
Dasgupta, 1989/90; Dasgupta, 1998; de Onis et al., 2001; Rebato et al., 2001) confirmed positive
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secular trends, as manifested in increased age specific mean height (a maximumof 114 cmat 13
years), decreased mean age at peak growth velocity (—1.26 years), and increased final size for
height (+4.2 cm), weight (+10.35 kg), sitting height (+1.6 em) and biacromial diameter (+1.2 cm),
over a period of about 2 decades (1952-1966 to 1980-1982). Such a comparison, though first of
its kind, was found to have some limitations. Firstly, the secular companson was restricted up to
16.0 years, i.e. without covering the entire period of adolescence. Secondly, for secular studies on
growth, cross-sectional and longitudinal surveys are not always fully comparable, for example as
a result of the fact that the two types of studies may be subject to different types of sample bias
{ Klerman, 2006). Thirdly, due o lack of reliable data on the changed socio-economic, nutritional,
and overall hygienic conditions of the state population between the decades compared, the
causative factors responsible for the occuwrrence of positive secular trends could not be
established. And finally, there is no information available on growth of adolescents afler 1982,
Therefore, in the context of the prevailing transitional state of the country, further investigation
on secular and socio-cconomic changes in body size, body shape and nutritional status of the
school aged and adolescent population appears 1o be imporant from the perspectives of public
health of the city population of the stale of West Bengal, India.

2. Objectives

The present communication is based on the comparison of the growth data collected from
1187 boys aged 7.0-16.0 years during the pedod of 19992002 with the growth data collected
from 816 boys in the previous Caleutta Growth Survey (1982-1983), with the objective to
investigate': (i) secular phenomena in age specific standing height, body weight, body mass
index (BMI), body shape and nutritional status; (i) relative impact of houschold factors on
height, weight and BML

3. Methodology

Two similar cross-sectional growth surveys were carded oul among the students of a boy’s
school of Kolkata (formedy Caleutta), West Bengal, with an interval of about 20 years { 1982-
1983 and 1999-2002). The school, known as Scottish Church Collegiate School (established
18301, is in the northem part of the city of Kolkata, and accommodates about 3000 students from
class I o X, who predominantly belong to middle class Bengah families.” Both samples cover
about one third of the total (boys) school population. The age distribution of the two samples is
given in Table 1.%

The participants of the two surveys were volunteers who gave their consents by filling-out the
socio-economic schedules administered Lo them through the school authorities. Similar socio-
cconomic and anthropometric data were collected in the two surveys, including information on
parental age, parental education, parental occupation, monthly family wtal expenditure, order of
birth of the subject, sibship size and household size. In addition, data were collected on frequencies

' Duta on girls are not available; in currently ongoing research data on girls are now also being collected.

* The Bengali population in the state of West Bengal is a heterogeneous group of Cavcasoid, Proto-Australoid and
Mongoloid admixture (Risley, [891).

* Inthe earlier survey, at some ages the sizes of the sample for the various anthropometric measures vary somewhat, but
the difference was genemlly small and rarely more than 5 individuals.



P Dasgupia et al. 79

Table 1
Composition of samples of boys in 1982— 1983 survey and 19992002 survey

Age (years) 70 8.0 940 1010 1.0 121 130 1410 15.0 lad Al

Mumber of boys 19821983 i) &7 ] 75 97 96 98 93 15 3a Bl6
Mumber of boys 19992002 1z 102 110 105 122 140 16l 139 106 1t 1187

Table 2
Warld Health Organization { 1995) classification for the assessment of nutritional status

Indicator Anthropometric varables Cut-off paints
Stunting Height for age < 3rd Percentile, or <-2 z-scomes
Thinness Body mass index for age < 5th Percentile
Owerweight Body mass index for age =#5th Percenti le
Obesity Body mass index for age and =85th Percentile
Triceps skinfold for age and =4Ith Percenti le
Subscapular skinfold for age =49ith Percenti le

Sowrce: World Health Organization, 1995,

and qualities of foods and drinks taken by the subject in the last 24 h, following the Intemational
Biological Programme questionnaire method (Weiner and Lourie, 1969)." Such food frequency
recalls, based on individuals” own reporting, have their limitations and cannot provide detailed
quantitative information on usual food intake, but they are nevertheless considered 1o give reliable
information on prevailing food consumption patterns (Harrison, 2004).

Two categories were created with respect o per capita monthly family expenditure levels: in
the 19821983 study the cut-off value is Rs. 250, and for the 1999-2002 study, the cut-off point is
Rs. 8807 The latter is about the equivalent of the former value two decades earlier on the basis of
the Consumer Price Index for Kolkata.” Households below the cut-off point were classified as
Category | households, those above the cut-of T point as Category 11 households. Anthropometric
measurements (standing height (cm), body weight (kg), and sitting height (cm)) were taken in
both surveys, following the same protocol of the International Biological Programme (Weiner
and Lourie, 1969). Subischial leg length (ecm) has been derived by subtracting sitling height
from height. Measurements in both surveys were taken on or around birth dates of the boys
with prior verfications (£3 days of olerance). The following measures were derived: body
mass index = [weight (kg)height® (meter)]. sitting height-height ratio = [(sitting height/
height) = 100], sitting height-subischial leg length ratio = [(sitting height/subischial leg
length) = 100]. Measures of nutritional status (stunting, thinness, overweight and obesity)
were assessed according o the classification of the World Health Organization ( 1995), shown in

* In dietary habits the uthan Bengali middle class people are peneral ly non-vegetarian and wsually take two principal
meals per day, which includes cereal hased foods like fce and bread, associated with non-vegetarian proteins {meat, fish,
epe), and green and leafy vegetables. Two secondary meals, one at breakfast and the other in the aftemoon or evening,
include milk and denivatives, beverages, home made foods, seasonal fruits and recently introduced fast foods,

* The exchange rates of Indian Rupee with US Dollar in 1952- 1983 was US% 1 =95 INR. Between the years 1999-
2001, the rate is USH 1 =450 INR. Accordingly, the cut-off for the first survey would be 250/ 5 = USS 263 and for the
second survey SRV45 = LSS 19.6).

O 19841985 is the base year, as the 1982- 1983 values are not avai lable. Tre Consumer Price Indexes are taken from
the Anmual Publications of the Labour Bursau, Simla, Ministry of Labour, Government of India.
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Table 2. For stunting (height for age) two cut-off points were used, namely < 3rd percentile and
-2z scores of the reference value (World Health Organization, 1983). Prevalence rates of
thinness, overweight and obesity were assessed only for the ages 9.0-16.0 years since the cut-off
values for the other ages were not available in the said classification.

The various anthropometric measurements considered in this study are o some extent
interrelated, but each of them has its own interpretation. Height is the result of linear growth, the

Tahle 3
Socio-economic and demographic chameteristics of the 982-1983 and 19992002 survey sample
Socio-economic and demographic attributes 19821983 (%) 19402002 (%)
Education af fathers
Below matriculate { < 10 years of schooling) 183 74
Matriculate to below gmduate (10-14 years of schooling) 44 33
Graduate and above (=14 years of schooling) ] 613
Education of mothers
Below matriculate { < 10 years of schooling) 3ol 139
Matriculate to below gmduate (10-14 years of schooling) 4.1 487
Graduate and above (=14 years of schooling) 196 74
Occupation of fathers
Administrative, executive and manager al workers 41 . | s
Clerical and related workers Han 5.0
Manual workers and others 403 4.8
Occupation of mothers
Administrative, executive and manager al workers 25 23
Clerical and related workers 1.0 4.4
Housewite 9510 9.5
Manual workers and others 15 0.8

Per capitn monthly expendi ture™;

I SR2 17.4

I 418 B26
Order of hirth

| 541 720

I+ 4010 28.0
Sibship size

Mo sibs L 50.2

With one sibs 408 4649

With mare than one sibs X9 29
Religious background

Hinduism 101 1.0
Caste distribution

Upper caste 5Th 51.7

Middle caste 253 X2

Liver caste 17.1 19.1
Family type

Muclear type 403 6.8

Extended family 507 e
Sample size (no. of boys) #16 1187

* Per Capita Monthly Expenditure, 1982- 1983, 1 < 250, Il = 250; 1999-2002, [ < 880, Il = §80 (see footnote 5 for
comversion into LUSD).
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body mass index provides information on weight relative w height, and is for example related 1o
risk of certain diseases (hypertension, diabetes, cardiovascular disease). Sitting height and
subischial leg length provide further information on body shape, and have their own
physiological interpretations, for example in relation to the occurrence of obesity and coronary
heart disease (Dangour et al., 2002; Tomres et al., 2003; Zhang et al., 2004; Velasquez-Melendez
et al., 2005). For example, it has been argued that short leg length, but not trunk length, m
adulthood is significantly associated with an increased risk of coronary heart disease mortality
(Gunnellet al., 1998). Also, already some 50 years ago it was proposed that leg length would be a
more sensitive indicator of malnutrition than wtal stature (Thomson and Duncan, 1954).

For analyzing the effects of socio-economic and demographic variables, categorization was
done in accordance with Table 3, except for the multiple regression where per capita monthly
family expenditure was weated as a continuous variable. The software used for analysis was
MS-Excel, S-Plus and SPSS.

4. Resulis

4.1 Changes in socip-economic and demographic characteristics of the boyvs over two
decades

With respect to parental education, the frequencies of the least educated group (below
matriculate) have declined considerably over the two decades for both mothers and fathers. With
respect o occupation, considerable change is noticed among Fathers but not among mothers. In
terms of religious background, in both surveys hundred percent of the families profess Hinduism. In
the two surveys there was a rather equal distribution of households over different castes (Table 3).

With respect to per capita monthly family expenditure, the frequency of households in
category | has declined in the later survey. An increase in the frequency of first-bom babies is
noticed in the later survey. Finally, in the second survey the percentage of households of the
nuclear family type had somewhat increased in comparison with the first survey, this at the
expense of houscholds of the extended family type (Table 3).

Information on dietary frequencies, especially the intake of protein foods, has been analyzed
for the two surveys in relation to the per capita family expenditure level of the houscholds. In
Category | households, 50% of the boys in the 1982-1983 survey consumed fish more than five
days a week, while this was the case for only 8.8% of the boys in the 1999-2002 survey. And in
Category 1 households, more than 70% of the boys in the 1982-1983 survey consumed fish more
than five days a week, against only 8.5% of the boys in the 1999-2002 survey. These results
indicate a marked overall decrease in fish consumption. With respect 1o the frequency of
consumption of meat, respectively, 51% and 43.2% of the boys in Category 1 households
consumed meat less than once a4 week inthe two surveys. In Category [T hooseholds, respectively,
34% and 33.8% of the boys consumed meat less than once a week in the two surveys. With
respect o eges, the consumption patterns were almost identical in both expenditure categories in
the two surveys (these mesults are not reported here).

4.2, Trends in age specific average body size
The significance of the difference of the anthropometde variables in the two samples was

tested by a r-test at the level of 1% and 5%. Standard errors of means have been caleulated from
standard deviations (o), according 1o the formula S E. = m"\,"'n. As weight and BMI values are not
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Table 4
Trends in mean standing height {om) and mean md median body weight (kg) of the Bengali boys aged 7.0-16.0 years
between two survey periods [982-1983 and 19992002

Age Mean standing height em + 5.E. Mean body weight kg + 5.E. Median body weight kg + 5.E.
o Il 1 I 1 It

7.0 1193+ 09 120.8 £ 0.5 A3 4 056 .75 £ 038" 19.50 &+ .71 2280+ 048

&0 124.1 + (L6 1270+ 057 2199+ 048 245 +£0657  200+£05 2[00+ 0s”

a0 1285 + 06 13234057 2500+ 063 2033 £065 2300 £+ 0.79 2850 + 0817
1.0 13340 + 06 1368+ 067 203+ 067 2610747 BS0+L08M RS0
110 1384 + 0.7 L5+ 077 208+ 080 3560 +£0797 2SS0+ 1000 HMO0:ow”
12.0 1416+ 09 475+ 07" 358082 4045 L0817 M50+ 17T M0+ 10T
130 1515+ (.8 1542+ 067 349+ 065 330787 WISE08 4300+ 0987
14.0 157.1 + (.9 IGLE+ 06 4040+ 086 4907 £0907 4000+ 108 4650+ L1277
15.0 1624 + 0.7 1650+ 077 4556+ 094 51+ 1027 00+ LIE 4925+ 1287
1.0 1657 + 0.9 167.5 + (L6 4897+ 166 S5 L1047 4700+ 208 M00+ 1307

[—1982- 1983 survey, I— 19992002 survey: “p= 005, p < 0L, for tests on differences between survey [ and survey
IL.

normally distributed, therefore in addition 1o means, the median values were also caleulated for
the two surveys and the significance of the difference in medians over the stated age periods were
tested by using the asymptotic distribution of sample median (Lehmann, 1983). Standard errors
of medians were caleulated according to the formula S.E. = 1253 x o/ /n. Age specific
prevalence rates of stunting, thinness, overweight and obesity in the two surveys were compared
by x* analyses to test the significance of the differences between the two studies, at 1% and
5% levels.

4.2.1. Standing height

Table 4 shows that in the 1999-2002 survey boys are taller than in the 19821983 survey at all
10 ages. The maximum increase of 3.87 cmis observed at 12.0 years. Foreight of the 10 ages the
differences are statistically significant at the 1% level. The average increase in height is 3.2 em.

Tuble 5
Trends in mean and median body mass index {(kg/m®) of Bengali boys aged 7.0-16.0 years between two survey periods
1982- 1983 and 1999-2002

Age (yeurs) Mean BMI £ S.E. Median BMI + 5.E.
I Il | ]

7.0 1395 + 028 15530217 1380+ 0.35 15.15 + 026"
g0 1420 £022 1627 £0.31™ 1373 £0.28 15,80 4+ 0,39
a1 14.95 + 025 1663+ 0297 1430 + (.31 15.90 + 0377
100 15.21 + 030 1732 +0.337 1441 + (.38 16.74 + 0417
1.0 15.44 £ 031 17600297 1481 +£0.39 17.15 +£ 0.37°
120 1522 + (.34 1846 +0.30° 1499 + (.43 17.90 + 0377
13.0 1581 +0.19 1833 £ 028" 1574 +0.24 17.65 + 0357
14.0 16,33 +£023 IRAT £0.30™ 1585 £0.29 18.31 4+ Q.38
15.0 17.28 £ 031 IREY £0.337 1680 + 0,39 18,20 + 0.41°
16.0 17.76 + 050 1985 +0.337 17.18 + 062 19,08 + 0427

[— 19521983 survey, T—1999-2002 survey, p <005, “p <001, for tests on differences between survey 1 and
survey 11
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4.2.2. Body weight

Table 4 also shows that in the 1999-2002 survey boys are heavier than in the 1982-1983
survey. The maximum difference in means (8.87 kg) and medians (9.00 kg) are also observed at
age of 12.0 years. At all ages the increments of the means and medians in the later survey are
statistically significant at the 1% level The average increase inmean and median body weight is,
respectively, 6.1 and 595 kg,

4.3 Trends in age specific average bodv shape

d4.3.1. Bodv mass index (BMI)

Table 5 shows that in the 1999-2002 survey boys have higher BMI's than in the 1982-1983
survey. The maximum difference in means (3.24 kg/m”) and medians (2.91 kg/m™) is ohserved at
age of 12.0 years. For the means the differences are statistically significant at all ages at the 1%
level, except at 12,0 years (3% level).

4.3.2. Sitting height/standing height ratio
Table 6 shows that in the 1999-2002 survey boys tend 1o have lower relative sitling height
ratios in comparison with the 1982-1983 survey.

4.3.3. Sitting height/-subischial leg length ratio
Table 6 also shows that in the 1999-2002 survey boys tend to have lower sitting height/
subischial leg length ratios in comparison with the 1982-1983 survey.

d.4. Trends in the measures of nutritional status

d.4.1. Prevalence of stunting
Prevalence of stunting assessed on the basis of the first eriterium (< 3rd percentile ) shows that
at all ages ithas declined, at three ages significantly atthe 1% or 3% level (Table 7). By using the

Table &
Trends in mean relative sitting height ratio and in mean sitting height/subischial leg length ratio of Bengali boys aged
T0-1610 years hetwesn two survey perods 19821983 and 19992002

Age (Years) Meun melative sitting height mtio + 5.E. Mean sitting height-subischial leg length
ratio &+ S.E
| 1] | 1]
0 5418+ 018 5398 011 11846 £0.83 L1741 £ (.53
B0 53554+0.12 53594+ 0.10 11543 £ 057 11556 4 (.47
ai S310+0.11 S2R9 0017 113.34 £0.51 F1148 + 049"
1010 5261013 5204 0027 111.45 £ 069 10864 + 0547
1.0 5190 40,13 Sl46 0,13 108,23 4+ (LA 106,18 + 0,52
12.0 SLIE+0.31 5123 +0010 106,19 £ 1054 105.14 + (.41
13.0 SL36+0.15 5104 + 008 10603 £0.72 10435 + 0397
14.00 SL21 0018 5105+ 010 105.26 + 069 104 42 4 (.42
15.0 S145+0.14 S1A3E0.14 106.33 £ 065 106017 + (.57
6.0 51091016 SLA0 013 108,05 £ 0,70 10590 + (.53

I— 1982 1983 survey, I— 1992002 survey, p < 0,05, p < 0101, for tests on differences between survey | and survey
IL. Nare: relative sitting height ratio = [(sitting hei ght'theight) = 100], sitting heightfsubischial leg length ratio = [(sitting
heighttsubischial leg length) = 100].
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Table 7
Trends in the prevalence of stunting { %) of Bengali boys aged 7.0-16.0 years between two survey periods 19821983 and
14992002

Age < 3nd percentile of Decline in -2z score of height [ecline in
{yers) height for age (%) prevalence for age (%) prevalence
N rate (%) = . rate (%)
I 1] I i
7.0 1429 392 10,37 1270 294 9.7
g0 515 196 379 575 1.96 379
9.0 938 455 483 7.29 EXE Las
10,0 B0 476 e a7 286 k]|
1.4 1134 656 478 10.31 0.56 375
1240 2188 f43 15457 18.75 500 1375
130 T.14 335 3w T.14 313 4
140 1398 216 1s2™ 10.75 216 8597
150 a7 fad 7 400 377 023
16.0 1389 a1 498 ARy 7.92 19
All ages 1115 489 6,26 9.44 396 S48

[—1982— 1983 survey, [— 19992002 survey, ‘p =005, “p <001, y-sgquure tests on differences between survey [ and
survey 11

second criteria (<-22 score), stunting has also declined on the basis of this indicator at all ages.
The decline is statistically significant, at the 1% or 3% level, at three ages. For both criteria the
maximum decling is at 12.0 years.

4.4.2. Prevalence of thinness

Asinstunting, the prevalence of thinness has also declined between the same time periods and
at all ages, with a maximum at 12.0 years (Table 8). The prevalence as well as the decline is
considerably greater for thinness than for stunting.

Tuble &
Trends in the prevalence af thinness (%) and the prevalence of overweight (%) in Bengali boys aged 9.0-16.0 years
between two survey periods [982- 1983 and 1999-2002; Prevalence of obesity in 19992002 survey

Age (years) % = 5th percentile of BMI %o =85th percentile of BMI Ohesity”

for age {thinness) fior age {overaeight)

| I | 11 1]
a1 43.01 e 7.53 26367 1574
100 A0 21007 1051 476 052
1L0 50000 M4 7.3 1885 4.3
120 56.38 17.14™ 532 2214™ 1.83
13.0 50,00 %25 0.0 14.38 0.74
14.0 5806 2158 1.08 14.39™ (1.0
15.0 45.95 .19 2.70 849 .92
1.0 47.22 1782™ 2,78 792 1.0
All ages 5046 21877 471 17.19" 4.15

I— 1982 1983 survey, I— 1992002 survey, p < 005, ~p < 001, p-squure tests on differences between survey [ and
survey 11
* For definition obesity, see Table 1; in survey | ohesity was non-existent.
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d4.4.3. Prevalence of overweight

The prevalence of overweight shows an increasing trend between the two surveys {Table 8). At
all ages the prevalence has increased, with a maximuom at 9.0 years. For five of the eight ages the
increase in the prevalence is statistically significant at the 1% or 5% level.

d.4.4. Prevalence of obesity

In 1982-1983 none of the boys measured were assessed 1o be obese. Therefore, Table § only
provides results on the prevalence of obesity inthe 1999-2002 survey. The prevalence of obesity
is highest at 9.0 years, after which it declines to nil or 1-2%. This pattern is somewhalt similar to
the pattem for overweight, which also declines with age.

4.5 Role of socio-economic and demographic factors in the two surveys

Multiple analysis of variance (MANOVA) was performed for analyzing the effects of vadous
socio-economic and demographic factors on height, weight and BM1 wogether. Significant effects

Table 9
Results of MANOVA to examine the effects of socio-economic and demographic variables on mean height, weight and
BMI jointly in the two surveys

Degrees Survey | Survey 11
of freedom

Wilk's p-Value of Wilk's p-Yalue of
lambda Wilk's lambda lambda Wilk's lambda

{1} Father's education

Age q 139 0,000 0.129 01000
Father's education 2 0987 0.146 0.996 (1544
Agefuther's education imeraction 18 04925 0.208 0.957 (L6008
{ii) Mother's education
Age 9 (138 (.000 0.128 0000
Mother's education 2 0977 0007 0.984 (1005
Agemmother's education interction 18 (.a0m 0013 LR 0733
(iii) Father's occupation
Age q 0142 (1000 0.131 0000
Father's occupation 2 0.995 0713 0483 023
Agetfither's occupation interction 18 0921 0.302 04973 .99
{iv) Per capita monthly family expenditure
Age 9 144 (L0010 0.130 0000
Per capitn monthly family expenditune 1 0983 (L0014 0.992 0.0
Agerper capita monthly family 49 0943 0012 0481 0732
expenditure intermction
{v) Birth omder
Age 9 143 (1.0 0.129 (000
Birth order I 0984 (L6 0.m7 0344
Age:Birth order interaction 4 14924 (L0 04959 (L0006
{vi) Sibzhip size
Age q 0139 (1L000 0129 (1000
Sihship size 2 (1.945 (L0040 0.0 0ias
AgeSibship size imeraction I8 04904 0015 0.952 0.352

[—I982- 1983 survey, II—1999-2002 survey.



Table 10

Results of tao way ANOYA for effects of socio-demographic variables on height, weight and BMI independently for the two surveys

Socio-economic & Survey | {(F-ratio) Survey Il {F-ratio)
demographic variahles
Height Weight BMI Height Weight BMI

Age X7 LES (0.0000) 128 89 (QLOMNNN 14.95 ({00 66338 (0L0000) L7220 (0NN 1793 { (LR
Mother's education {given age) 91 (i TOT (O 356 (00280 479 (00085 411 (00167 317 @.0425)
Per capita monthly family 4.99 {002 58) LOLET (ehahi4) LOET (ohOeh i)

expenditure {given age)”
Birth order (given age) 126 (.07 16) 1020 {0k S) LT3 (0.0006) LIT (0.2801) 320 (00740 279 (09520
Age: Birth order intermction L6011 13) 127 (0.2408) L.41 ({785 155 (0.1264) L.40 (0.1847) 1.21 (0.282
Sibship size {given age)’ Q.54 (0.0004) L5.62 { (LKD) L2ET ({000

[—1982-1983 survey, II—I999-2002 survey. Values in parentheses ane p values.

" Effects are significant { p < 0.01) only in the first survey as revealed from MANOVA Table 9.
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Tuhle 11
Regression analysis of effects of per capita monthly family expenditure and age on height, weight and BMI

Warahles Height (cm) Weight (kg) BMI (kg/m®)
Coefficient  p-Value  Coefficient  p-Value Coefficiemt p-Value  Coefficient  p-Value  Coefficient  p-Value  Coefficient  p-Value
Survey I* Survey 11 Survey | Survey 11 Survey | Survey I
Intercept 117.50 1,000 11829 (L0000 18.53 01.0000 18.23 (1L000K) 13.49 00000 14.16 (10000
Age code 1" 4.52 {0001 6.16 (L0000 162 (0.1730 XS (.0031 .16 (16878 072 01125
Age code 2 4.87 01.0000 534 (L0000 330 (0021 295 (L0047 (.85 010223 (1.38 14001
Age code 3 4.33 0.0001 4.57 (L0000 1.59 (10861 R T) (L0150 0.25 015125 071 1105
Age code 4 545 1.0000 4.0 (L0004 20y 0.007%8 a24q7 00011 0.23 015420 (128 0.519
Age code 5 4.60 0.0000 596 (L0000 2.7 0.0075 4.86 (L0 (.10 07747 .87 (.03
Age code 6 B0 0,000 6.73 (L0000 374 0.0003 335 (L0010 0.23 015263 -4 07100
Age code 7 566 1,000 .85 (L0000 4.2 (.0001 52 (L000K) (.55 01247 (.50 (11852
Age code B 5.3 {1,000 1497 (L0000 5.11 1.0000) 23 (L0344 0.9 00149 (1040 19944
Age code 9 202 1.0393 238 0.0129 ERip 0.0347 4108 (L0008 1.3 014402 .94 (L1386
Per capita monthly 0.0069 0.0002 0.0020 L0004 (10062 0.0008 (L0037 (1L000K) 00018 00061 00011 (0001
Family
expenditure (Rs.)
R-statistic 0.8115 0.837 (15854 0L.578 01522 (1325
Fstatistic 3456 6039 1137 1611 14.29 17.96
p-Walue 0 i i} i 0 i

1 —I1982— 1983 survey, [I—1999-2002 survey.
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of the socio-economic and demographic factors (1% level) as revealed from MANOVA were
further treated for two-way ANOWVA for these three anthropometric traits independently.
Subsequently, multiple regression analysis was performed to examine the effect of the socio-
cconomic and demographic attnibutes (independent variables) on height, weight and BMI
idependent variables). Since the effect of age on these variables is known to be non-linear and no
parametric model for such effect is used at this stage, the age variable has been used as a factor.
As 10 age points (7.0-16.0 years) have been considered as the first factor, the S-Plus software
generated the mine age codes dunng multuple regression analysis. Socio-economic  and
demographic traits, which showed a level of significance lower than 1% were used in the
regression analysis.

Results of MANOVA show for the 19821983 survey significant effects atthe 1% level of age,
mother’s education, per capita monthly family expenditure, birth order and sibship size on height,
weight and BMI jointly (Table 93 However, with respect to the later survey, in presence ol the
effect of age only mother’s education is found to be significant at the 1% level and per capila
monthly family expenditure at the 3% level. Interestingly, in both surveys the effects of father's
education and occupation were found to be not significant.

Table 10 shows the results of two-way ANOVA for those socio-economic and demographic
factors, which revealed significant effects at the 1% level in MANOVA (considering age as the
first factor). Here, only mother’s education is found 1o be significantly affecting the three traits
mndividually in both surveys.

In the MANOVA and ANOVA per capita monthly family expenditure was changed into a
binary varable (Category | and Category 1 houscholds) so that it could be used as a factor
together with age. The full impact of this variable can be assessed in a multiple regression
analysis of height, weight and BML taken one at a time as a dependant variable, where per capita
monthly family expenditure 1s used as acontinuous independent vanable and the other household
variables are brought in subsequently into the model (Table 11) For all the three dependant
variables, the per capita monthly family expenditure emerges as the most important predictor of
the anthropometric variables in the presence of age. This means that i the presence of the age
factor and the per-capita monthly family expenditure no other independent variables (including
mother’s education which happened to be most significant in MANOVA in the absence of the
expenditure factor) tums outl to be significant. With the nine age-codes and coefficients, Table 11
gives for each year the increase in height, weight and BML with per capita monthly family
expenditure kept fixed (for example, a boy 8 years old is 4.52 em taller than a boy 7 years old at
same level of per capitn monthly family expenditure).

5. Discussion and conclusion

Two growth studies in a large muddle class boys” school in Kolkata, India, implemented in the
years 19821983 and 1999-2002, document an increase in body size (height, weight), and also
changes in measures of body shape (BML, relative sitting height ratio, sitting height subischial leg
length ratio). As regards the magnitude of the changes in height, these tend to be at the lower end
of the range when compared with the few earlier Indian studies that provide detailed quantitative
information on growth trends in adolescents. For example, the present result of amaximum height
merease of 3.2 em per decade 15 lower than the result of approximately 4.5 cm per decade as
reported for the period 1932/1966-1982/1983 on the basis of the combined data of the Sarsuna-
Barisha study and the Caleutta-study ( Dasgupta, 1998). Furthermore, the mean height increase of
approximately 1.8 cm per decade as reported in this study, 15 also lower than those reported by
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Sidhu (1982) and by Easwaran (1984 ) —mespectively, 3.0 and 2.5 cm per decade. In the study by
Agarwal et al. (1992), the repornted mean height inereases per decade are for Delhi and Varmnasi,
respectively, 2.1 and 1.5 cm, while Singh (1995) reports for three different social strata from
Delhi increases in height of, respectively, 3.5, 2.7 and 1.4 cm per decade.” With respect Lo
indicators of nutritional status, results show simultaneously a decrease in the prevalence of
stunting and thinness, an increase in the prevalence of overweight, and the emergence of obesity.
While the reduction in sunting and thinness can be considered as an indicator of better health and
nutrition, the increase in overweight and the emergence of obesity is, from a health point of view,

a less favourable development. Thus, this urban-based study has manifested the typical
Lh.].r.u.[LnsLlLs of the societies undergoing transition due 1o modernization, i.¢e. coexistence of
decreasing levels of stunting and thinness with increasing levels of overweight and obesity
(Popkin, 1994; Osmani and Sen, 2003).

The largely similar protocols of the 1982-1983 and the 1999-2002 studies render the
collected information highly suitable for the analysis of changes in growth as the similarity of the
study protocols strongly adds to the reliability and accuracy of reported results. Reported results
may therefore also serve as a well documented base line data for future growth studies. Yet, the
study also has its limitations. Firstly, it is imporant © note that it s assumed that over the
approximately 20-year period between the first and the second survey, the school has mantained
its relative socio-economic position and that the sample of boys in both surveys represent a more
or less similar segment of the middle class Bengali society. [Lis on the basis of this assumption
that conclusions on the occurrence of growth trends are being made. Secondly, participation of
the boys o the stody was made on a voluntary basis, which means that some bias in sample
composition cannot be fully excluded. Thirdly, for an analysis of rends the sample sizes of both
studies were relatively small.

For the observed positive rends in growth, overall improvement in the standard of living of the
inhabitants of Kolkata over the last two decades may be held as one of the primary causative
factors. Several health-related and socio-economic factors reflect the improvement in the
standard of living of the Kolkata inhabitants over the study period. For example, infant mortality
rate, one of the important indicators of health conditions, declined from 44 per 1000 in 1981 1o 25
per 1000 in 1991 (Census of India, 2001). In the economic sphere, information on per capita
income before 1991 is not readily available, but between 1991-1992 and 1995-1996, yearly
income of the city population increased from Rs. 4108 to Rs. 4581 (corrected for inflation). Inthe
educational sphere, the general literacy rate of the city population increased from 71% in 1981 10
T6% in 1991 (Dutta Ray, 2002). Moreover, due to changes in the political, economic and social
environment, various other aspects of the living conditions of the Kolkata population might also
have been affected.

With respect to the relative role of socio-economic and demographic vadables, MANOWVA and
ANOVA results reveal a significant effect of mother’s education on height, body weight and BMI
in both surveys. Results of muliple regression analysis indicate a statistically significant
association between per capita monthly family expenditure and, respectively, height, body

" It is important to note that making quantitative comparisons between the findings of the present study and earlier
studies is complex. This is largely caused by the fact that the various studies ditfer strongly in terms of age groups being
coverad, data being oollected, and theways in which results are being presented. In addition, the large cultuml diversity of
the Indian population is another reason which limits comparability between the various studies in ditferent pans of India.
It is for this reason that the quantitative compan sons are restricted to changes in height, for the other variahles there is
even less consistency in methods of reporting.
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weight, and BML. Here the effect of mother’s education is no longer significant, which may be
partially explained by the fact that the variables ‘expenditures’ and ‘mother’s education’ are
significantly comelated with each other (r=10.13).

The mmportance of maternal education in reducing child malutriion has been shown in
various studies, both in India as well as in other countries (Arya and Devi, 1991; Gupta et al.,
1991; Wachs, 2005). In many of these studies improved maternal education was found 1o be
associated with positive secular trends in physical growth of body size (Islam et al., 1994,
Monteiro et al., 1994; Huang and Malina, 1995; Padee and Johnston, 1999) together with a
decling in the prevalence of stunting and thinness (Ruel et al., 1992, Monteiro et al., 1994).
Furthermore, also from Asian, African, Latin American and Middle East countries, an
association of maternal education with child growth has been found (de Onis, 2001). In Benin
such effects have been found to be more intense in middle class families than in the families from
higher and lower classes (Niameogo, 1993; Reed et al, 1996). According to the authors,
education prepares the mothers wo take better decisions about the allocation of available resources
to the benefit of their children. And in a study in 63 countries matemal education came out as the
strongest determinant of child nutritional status (Smith and Haddad, 2000). Thus in the present
context, such observations may lead to the need for strengthening woman’s literacy programimes
in the population of the developing countries like India which are undergoing ransition.
Increased per capita levels of income (Chinn et al., 1989) and decreased sibship size (Fredriks
et al., 2000) were also found to be major causative factors responsible for positive secular trends
in physical growth of children.

Furthermore, changes in overall socio-economic factors are also found o be responsible for
the secular dechine in both relative sitting height and subischial leg length ratios in children and
adults of many south-east Asian and Latin Amencan countnes (Kondo and Eto, 1975; Tanner
et al., 1982; Zhang and Huang, 1988; Gurn and Dickinson, 1990; Bolean et al., 1993; Aliet al.,
2000; Ashizawa, 2002; Tanaka et al., 2004). Finally, the observed increase in prevalence of
overweight and the emergence of obesity is in line with reports from other Indian, in particular
urban, settings, and has been attributed 1o changing lifestyles, including more sedentary types of
work, reduced levels of physical activity in leisure ime, and changing dietary patterns ( Khadilkar
and Stanhope, 2006; Greydanus and Bhawve, 2004,

In conclusion, the present findings on changes in growth in adolescent boys from middle-class
Bengali boys, Kolkata, over the period 1982-2002, may be considered animportant baseline data
in monitoring and assessing the effects of transition on human well-being. Future large-scale
national (state/countrywide) surveys should be performed at regular intervals to effectively
evaluate the consequences of epidemiological transition, which have still largely remained un-
attempted in this vast country. Such studies would possibly reveal different effiects on different
socio-economic segments of the population. Depending on the nature of the observed transitional
changes and their subsequent interpretation, programmes and policies need to be developed or
adjusted in order 1o enhance the benefits of transition and prevent or reduce possible negative
effects.
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