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Abstract: The aim of this study was to investigate the intergenerational changes of the selected body proportions of chil-
dren and adolescents from Kolkata (India). The analysis was based on anthropometric measurements of 7488 Bengali 
children (4222 boys and 3266 girls), aged 7–19, from the middle-class families. The cohorts from 1952–66 and 1999–2011, 
as well as series of boys from 1982–83, were compared in terms of body height, subischial leg length, biacromial width, 
biiliac width, reciprocal ponderal index (RPI), skelic index, pelvi-acromial index, shoulder-height ratio, pelvis-height ratio. 
The significance of the differences was determined by two-way ANOVA. All features, in both sexes, significantly differed 
between the 1952–66 and 1999–2011 cohorts. A general positive secular trend was observed for subischial leg length, 
biacromial width, and biiliac width and skelic index. Negative overall intergenerational changes were noted in the pelvi-
acromial index, biacromial and biiliac width to body height ratio and RPI. In boys, the 1982–83 and 1999–2011 cohorts 
differed significantly only in the RPI. Between the 1952–66 and 1982–83 series the differences in subischial leg length, 
biacromial width, biiliac width (in older boys) and pelvi-acromial index (some age groups) were significant. Observed 
diversification of body proportions most likely results from the improvement of developmental conditions related to the 
socio-economic progress of India. However, increasing stoutness, visible in the RPI values, especially associated with its 
fatness, raises the risk of many health problems and diseases, even at the young age.
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Introduction

Environmental factors have a significant impact on human 
growth and development. They include, among others, par-
ents’ educational and professional status, family wealth or 
urbanization structure of the inhabited setting (Bielicki 
et al. 2005; Eveleth & Tanner 1976; Komlos & Baten 2004; 
Perkins et al. 2016; Relethford & Lees 1980). It is therefore 
obvious, that changes in these factors, occurring over time, 
will have their reflection in the changing dimensions of the 
human body.

Investigation on the direction and pace of intergen-
erational changes is one of the most popular methods of 
assessing the impact of the socio-economic factors on 
human growth and development. Until now, however, 
most authors have focused on studies concerning mainly 
height measurements, or indicators of overweight, obesity, 
as well as the body composition, which also applies to the 

research performed on Indian population (Dasgupta et al. 
2008; Kleanthous et al. 2017; Kowal et al. 2013; Kowal 
et al. 2015; Kryst et al. 2012; Mori 2016; Topçu et al. 2017; 
Vijayakumar et al. 2018).

However, the studies investigating the problem of the 
intergenerational changes in body dimensions, including the 
measurements of the width and length of its individual seg-
ments and their interrelations, are much less frequent. Still, 
this is a significant problem. Comparing the dynamics of 
the development of individual features helps, for example, 
to determine the level and harmony of the development of 
the examined child, as well as the differences occurring in 
body proportions, between the generations (Woronkowicz 
et al. 2016).

As mentioned before, the socio-economic conditions 
of human development are reflected by the presence and 
direction of the secular trends. Therefore, it is a particularly 
important research problem in populations of developing 
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countries, such as India. (International Statistical Institute 
2017). Unfortunately, not all intergenerational changes 
associated with socio-economical progress are positive. In 
the last 10 years, the significant increase in the prevalence 
of abdominal obesity, waist circumference and the BMI 
were observed in the Indian population (Arora et al. 2017; 
Dasgupta et al. 2008; Singhal et al. 2010).

The aim of the study was to examine the intergenera-
tional changes on selected measurements of the body propor-
tions of children and adolescents living in Calcutta (India), 
based on the measurements collected between the periods of 
1952–66 and 1999–2011.

Material and methods

The data constitutes three series of anthropometric measure-
ments. The results of anthropometric measurements of 7488 
Bengali children (4222 boys and 3266 girls), from the mid-
dle class, aged 7–19, were obtained. The series in 1999–2011 
consisted of 3621 children and adolescents (1725 boys and 
1896 girls), one from 1952–1965 consisted of 3042 people 
(1672 boys and 1370 girls), and the cohort from 1982–83 
consisted of 825 boys aged 7–16.

Measurements of the series from the years 1999–2011 
were carried out in 66 schools in Kolkata (India), on the 
birthdays or half-birth dates of the subjects verified through 
hospital discharge certificate. All the measurements were 
taken according to the protocol of IBP (International 
Biological Programme 1969) and Martin’s technique 
(Martin & Saller 1957), using a set of tools (anthropom-
eter, calliper) made by GPM (Switzerland). Also, a portable 
weighing machine was used. Details of the used methods 
and the exact characteristic of the research group are pre-
sented in previous publications (Das et al. 2016; Dasgupta 
et al. 2015).

The following measurements were taken: body height 
(cm), subischial leg (lower limbs) length (mm), biacromial 
width (mm), biiliac width (mm), which were the base to cal-
culate anthropometric indices such as:
•	 reciprocal ponderal index (RPI) [body height (cm) / body 

mass (kg)1/3]
•	 skelic index [(subischial leg length / sitting height) × 100]
•	 pelvi-acromial index [(biiliac width / biacromial width) × 

100]
•	 shoulder-height ratio [(biacromial width / body height) × 

100]
•	 pelvis-height ratio [(biiliac width / body height) × 100]

The results of the measurements and anthropometric indi-
cators for the 1982–83 cohort were taken from the Kolkata 
Growth Study 1 (KG 1) (Dasgupta & Das 1997; Pakrasi et al. 
1988). Ones of the 1952–1966 in turn from the Sarsuna-
Barish Research Growth Study (SBG) (Das et al. 1986; Das 
1985; Hauspie et al. 1980).

Changes in mean values of features and indices in suc-
cessive cohorts within the age groups were analyzed using 
two-way analysis of variance. Tukey’s HSD test was used 
for post hoc comparisons between the cohorts. All the statis-
tical analyses were made using Statistica 12.0.

Results

Among the individual measurements, subischial leg length 
in both sexes generally manifested a positive secular trend 
between 1952–66 and 1999–2011 (p<0.001) (Table 4, 
Fig. 1). In girls, after correcting for age, the analysed cohorts 
differed significantly up to 15 years of age (Table 3). In boys, 
the bigger differences of the subischial leg length were noted 
between the 1952–66 and 1982–83 series, than between the 
1982–83 and 1999–2011 cohorts (Table 1). After age correc-
tion, in boys, the differences between 1952–66 and 1982–83 
cohorts were found to be statistically significant. However, 
for the series 1982–83 and 1999–2011 said measurement did 
not differ significantly (Table 1).

Similarly, for mean biacromial width, in both sexes, 
general positive intergenerational changes were observed 
(p<0.001) (Table 4, Fig. 2). In girls, the differences between 
the series, after adjusting for age, showed statistical sig-
nificance in all age groups (Table 3). Among boys the dis-
crepancies between the 1952–66 and 1999–2011 cohorts 
were significant in most age groups – the only exception 
was noticed at 18 years. However as already observed for 
subischial leg length the two growth data series namely 
1999–2011 and 1982–83 did not differ significantly for 
this measurement. In described sex, the observed differ-
ences were strongly significant between the 1952–66 and 
1982–83-cohort (Table 1).

The contemporary boys exhibited also a larger mean 
biiliac width than their peers from two preceding cohorts 
of 1952–66 and 1982–83 (p<0.001) (Table 4, Fig. 3). After 
age correction, the differences between the 1952–66 and 
1999–2011 cohorts were statistically significant from the age 
8 to 16. The discrepancies between the series from 1952–66 
and 1982–83, as well as form 1982–83 and 1999–2011, were 
small, and, for the most part, not significant (Table 1). In girls, 
a positive secular trend was observed up to 17 years of age. 
Surprisingly, 18 and 19-year-old girls from 1952–66 achieved 
higher values of the discussed measurement than the succeed-
ing cohorts, which may be due to small sample size for these 
ages (Table 3). Without the age correction, in females, the dis-
crepancies between the series 1952–66 and 1999–2001 were 
statistically significant (p<0.001) (Table 4, Fig. 3). However, 
after correcting for age, only the differences occurring from 
the age of 8 to 14 remained significant (Table 3).

Among the five studied indices, the mean reciprocal 
ponderal index in both sexes manifested a general negative 
secular trend (p<0.001) (Table 4, Fig. 4). It implies that the 
contemporary children are characterized by a more stout 
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Fig. 1.  Subischial leg length of boys (left) and girls (right) from all cohorts.

Fig. 2.  Biacromial width of boys (left) and girls (right) from all cohorts.

Fig. 3.  Biiliac width of boys (left) and girls (right) from both cohorts.
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Table 3.  Differences in body proportions between girls from analyzed cohorts (1952–66 and 1999–2011).

Age Subischial 
leg length

Biacromial 
width

Biiliac 
width RPI Skelic 

index

Pelvi-
acromial 

index

Biacromial 
width to body 
height ratio

Biailiac width 
to body height 

ratio
7 4.70*** 1.75*** 0.22 –0.94 3.11*** –4.34*** 0.05 –0.87***
8 5.79*** 2.26*** 0.88** –1.38*** 4.23*** –3.00*** 0.19 –0.45**
9 6.69*** 2.89*** 1.29*** –1.42*** 4.88*** –2.94*** 0.42* –0.34
10 6.78*** 2.95*** 1.33*** –2.02*** 3.29*** –2.60*** 0.30 –0.34
11 5.84*** 3.01*** 1.52*** –2.33*** 0.76 –2.36*** 0.37 –0.21
12 5.35*** 3.00*** 1.50*** –2.17*** 0.62 –2.20*** 0.45** –0.13
13 4.57*** 3.15*** 1.50*** –2.23*** –0.26 –2.41*** 0.69*** –0.03
14 2.71*** 2.43*** 1.05*** –2.41*** 0.16 –2.32*** 0.79*** 0.10
15 1.94* 2.02*** 0.44 –2.40*** –0.97 –3.32*** 0.68*** –0.20
16 1.62 1.92*** 0.55 –2.53*** –0.85 –2.80*** 0.67*** –0.10
17 1.70 1.79*** 0.17 –2.36*** –1.21 –3.51*** 0.53** –0.38
18 1.36 1.26*** –0.33 –2.30*** –0.31 –3.43*** 0.40 –0.47
19 1.68 1.48 –0.33 –2.29*** –0.16 –4.49*** 0.43 –0.58**

* – p ≤ 0.05, ** – p ≤ 0.01, *** – p ≤ 0.001

body built than their peers from the earlier periods. After the 
age correction in girls, the differences remained statistically 
significant, with the exception of the 7-year-olds (Table 3). 
In boys, the described discrepancies between the 1952–66 
and 1999–2011 cohorts were mostly statistically signifi-
cant. Likewise, the differences between series of 1982–83 
and 1999–2011 manifested statistical significance after age 
adjustment. The smallest and not significant, differences 
were noted between the 1952–66 and 1982–83 cohorts 
(Table 1).

On the other hand, the mean skelic index turned out to 
be generally higher for the contemporary children (p<0.001) 
(Table 4, Fig. 5). This suggests, that they were characterized 
by relatively longer legs than their peers from previous pop-
ulations. In girls, after correcting for age, the described trend 
was present and statistically significant up to 10 years of age. 
In older age groups of this sex, the values of the skelic index 
were similar for both cohorts, or even slightly lower for con-
temporary girls (Table 3). In boys, the differences between 
the cohorts from 1952–66 and 1999–2011 as well as those 
noted for the series 1952–66 and 1982–83 and 1982–83 and 
1999–2011 were mostly not statistically significant (Table 2).

The mean pelvi-acromial index generally exhibited nega-
tive intergenerational changes when results of 1952–66 and 
1999–2011 cohorts were compared (p=0.029 in boys and 
p=0.006 in girls) (Table 4, Fig. 6). This suggests that children 
examined in 1999–2011 had proportionally wider shoulders 
in relation to the pelvis than their peers of 1952–66 cohort. 
After age correction, in girls, these discrepancies remained 
significant in all the age groups (Table 3). In boys, between 
1952–66 and 1982–83 series, as well as those from 1952–66 
and 1999–2011 the differences were also, for the most part, 

not significant after correction for age. However, the com-
parison of the 1982–83 and 1999–2011 series suggests, that 
the contemporary boys had higher values of this indicator 
than their peers from the earlier study. Those differences indi-
cate the presence of the proportionally wider pelvis observed 
in the cohort from 1999–2011, but they were not statisti-
cally significant. Differences observed while comparing the 
cohorts were, for the most part, similar in size (Table 2).

With respect to shoulder width to body height index in 
boys, a negative secular trend, between the 1952–66 and 
1999–2011 cohorts, was observed up to the age of 12 years. 
The similar intergenerational change was found between the 
1952–66 and 1982–83 series in 7 and 8-year-olds, as well as 
between 1982–83 and 1999–2011 cohorts up to 14 years of 
age. Those results, suggest the presence of the relatively nar-
rower shoulders for the contemporary boys. In most of the 
older male age groups, however, this index showed higher 
values in the boys examined in 1999–2011, suggesting the 
presence of proportionally broader shoulders (Table 2). 
Without age correction, the described discrepancies were sta-
tistically significant (p<0.001) (Table 4, Fig. 7). After the age 
correction, however, the differences were not significant in 
most age groups of this sex. Described discrepancies between 
the three male cohorts were also, for the most part, similar 
in size (Table 2). Among girls, a positive secular trend was 
observed in case of this index (p<0.001) (Table 4, Fig. 7), 
which suggests that the greater relative value of shoulder 
width characterizing girls from the contemporary population. 
After age-adjustment in a majority of the older age groups, 
the differences remained statistically significant (Table 3).

Mean pelvic width to height ratio in both sexes generally 
showed the presence of negative intergenerational changes 
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Fig. 4.  Reciprocal ponderal index of boys (left) and girls (right) from both cohorts.

Fig. 5.  Skelic index of boys (left) and girls (right) from both cohorts.

Fig. 6.  Pelvi-acromial index of boys (left) and girls (right) from both cohorts.
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(p<0.001) (Table 4, Fig. 8) which suggests the occurrence of 
the relatively narrower pelvis in contemporary children, than 
those observed in the earlier study periods. In both sexes, 
after age-adjustment, the described differences lose statis-
tical significance, in most age groups (Table 2, Table 3). 
However, in boys over 11 years of age, a positive secular 
trend was noticed when the data sets from the 1999–2011 
and 1982–83 cohorts, were compared (Table 2). This sug-
gests that the contemporary adolescent boys had a propor-
tionately wider pelvis than their peers from the earlier study.

It is to be especially noted from the three series of data 
on boys that the magnitude of secular changes depends on 
the time interval between the comparing study periods., i.e. 
the longer the time interval, the greater will be the secular 
change as observed by comparing the study periods namely, 
1955–66 to 1982–83, 1982–83 to 1999–2011 and finally 
1952 to 1999–2011.

Discussion

Results of this study showed that in both sexes, generally, 
there is a positive secular trend in the length of the lower 
limbs. The presence of such tendency is also evident from 
the values of the skelic index, which were found to be the 
highest for the contemporary children. Similar trend regard-
ing the leg length was found in the earlier analysis of the 
Indian children and adolescents (Das et al. 2016). Also, as 
in the presented study, a positive secular trend for leg length 
was observed in Turkish and Mexican populations (Malina 
et al. 2004; Özer 2007). It seems important to mention, that 
said studies included cohorts from the years 1939–2006 for 
the Turkish and 1968–2000 for the Mexican population. 
This means, that they partly overlapped with the time when 
the research presented in this study was performed. This, in 
turn, suggests, that the secular increase in lower limb length 

Fig. 7.  Biacromial width to height ratio of boys (left) and girls (right) from both cohorts.

Fig. 8.  Biiliac width to height ratio of boys (left) and girls (right) from both cohorts.
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may have occurred in different countries at the similar time. 
According to the literature, such phenomenon is observed 
mainly in the highly industrialized countries, because more 
favourable developmental conditions can lead to a relatively 
faster growth of this segment of the body (Bogin & Varela-
Silva 2010; Cole 2003; Dangour et al. 2002; Tanner et al. 
1982). Therefore, the noted positive secular changes may be 
related to the dynamic socio-economic development occur-
ring presently in India (International Statistical Institute 
2017). The sensitivity of the leg length to such environmen-
tal factors was also confirmed by the study performed on 
the Polish population. The children and adolescents whose 
development occurred at the time of the economic crisis in 
this country turned out to have shorter lower limbs than their 
peers from previous years, growing up in more stable eco-
nomic conditions (Woronkowicz et al. 2016).

Our results have also shown, in both sexes, a positive 
secular trend regarding the shoulder width and the shoulder 
width to body height index. However, the second one is pres-
ent only between the cohorts from 1952–66 and 1999–2011. 
When the 1999–2011 and 1982–83 groups were compared, 
the boys from the preceding series turned out to have rela-
tively wider shoulders than their contemporary peers. This 
suggests that boys from 1999–2011 had relatively more 
feminine body proportions in comparison to the boys studied 
between the years 1982–83. Similar trends have also been 
observed among the children and adolescents from Poland, 
where the studied cohorts were examined in the years 
partly overlapping with those analysed in the present study 
(Woronkowicz et al. 2016).

Positive intergenerational changes were also observed 
for the pelvic width in a majority of the age groups of both 
sexes. Woronkowicz et al. (2016), as well as Bigec (2013), 
have obtained the same results in the Polish and Slovenian 
populations, in the time spans overlapping those analysed in 
the present study. Interestingly, in the presented study, the 
pelvic-height ratio manifested a negative secular trend. This, 
occurring at the same time as the positive one regarding the 
absolute pelvis width may be due to the relatively higher 
body height observed previously in the series from the years 
1999–2011 (Das et al. 2016). Likewise, the German popu-
lation manifested negative secular trend for relative pelvis 
width. Although in this research, unlike in our study, the said 
trend occurred in connection with the negative intergenera-
tional change in the absolute value of pelvis width (Scheffler 
& Hermanussen 2014). These phenomena were then attrib-
uted by the authors to the increase in the sedentary behaviour 
of the German population.

The pelvi-acromial index, have manifested a negative 
trend between the study periods of 1952–66 to 1999–2011. 
From this, it becomes evident that the contemporary chil-
dren and adolescents have proportionately wider shoulders 
in relation to the pelvis than their peers studied about six 
decades ago. It also suggests that the noted positive secular 
trend regarding the biacromial width was more pronounced 

than the one observed for the biiliac width. Interestingly, in 
the present study also a positive intergenerational change of 
this index was observed when the 1999–2011 and 1982–83 
male cohorts were compared. The similar increase in the 
relative pelvis width was also noted in the Polish study 
(Woronkowicz et al. 2016).

The reciprocal ponderal index has manifested a nega-
tive secular trend in both sexes, suggesting that contempo-
rary boys and girls are characterized by a more stout body 
build than their peers from earlier study period. The oppo-
site tendency was noted for the preschool children and the 
oldest girls in Polish population – they were characterized 
by a more slender physique than their peers from previous 
years. In the same study, however, in the older male groups, 
the negative secular trend regarding reciprocal ponderal 
index was observed (Woronkowicz et al. 2016). Our find-
ings are consistent with the results obtained in an earlier 
study reported on Bengali population (Das et al. 2016). The 
recorded trend is particularly important because this index is 
related to the level of physical fitness of children and adoles-
cents. Children with relatively higher values of this indicator 
tend to be characterized by greater overall physical fitness 
than their peers with a more stout physique (Bustamante 
Valdivia et al. 2015; Kryst et al. 2016; Malina & Katzmarzyk 
2006; Silva et al. 2016).

As it was recently suggested, the secular trend regard-
ing body height of Indian population is not correlated with 
socio-economic conditions, measured by the nutritional sta-
tus or monthly family expenditure (Scheffler et al. 2018). 
However, the intergenerational changes as observed in this 
study, regarding different body proportions can be attributed 
to the current dynamic social and economic development 
of India. Such process involves, among others, progress in 
the fields of public health, hygiene and health care. In India, 
advancement in these areas can be illustrated for example, 
by a significant drop in neonatal mortality rate, observed 
between the years in with the analysed cohorts were exam-
ined (The World Bank 2017b). Additionally, the under-five 
mortality rate decreased from 126 in the year 1990 to 53 in 
2013. Similarly, at the same time, there was s decrease in 
maternal mortality ratio from 560 to 190, per 100000 live 
births (WHO 2015). In addition, there were as much as 26 
years of increase in the life expectancy between the years 
1960 and 2011, which also indicates an improvement of the 
quality of healthcare in the country (The World Bank 2017a). 
As mentioned before, these phenomena might have influ-
enced the changes in body proportions of children in subse-
quent generations. Research proves that progress in the field 
of medicine can be one of the reasons for obtaining posi-
tive secular trends in human growth and maturation (Beunen 
et al. 2006; Blanksby 1995; Malina 1978; Malina 2004). 
Another factor, associated with the socioeconomic progress 
of the country, is the increasing educational status of the 
population (Bhattacharya et al. 2016; Office of the Registrar 
General & Census Commissioner 2011). The educational 
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status of parents has been correlated, for example, with the 
length of the children’s lower limbs, often greater in boys 
and girls representing families with a higher level of educa-
tion (Sohn 2015). The financial status of the family is also 
an important socioeconomic modificator of development. In 
the time interval, between two study periods (1952–1966 to 
1999–2011) there was a significant rise in the average income 
and expenditure level of Indian families as well as increase 
in absolute average earnings in relation to the changing price 
index (Das et al. 2016; Ministry of Statistics and Programme 
Implementation 2014). In addition, the poverty index has 
also decreased (The World Bank 2017c). Published literature 
confirms the correlation of income in a given family, with 
the status of somatic development of the children (Marques-
Vidal et al. 2008; Norgan 1995; Welch et al. 2009). Similar 
results are observed in many populations, as well as in an 
earlier study performed in Calcutta, India (Dasgupta et al. 
2008; Mungreiphy & Kapoor 2010). Additionally, the aver-
age income has been found to be positively correlated with 
the rising subischial leg length of the Bengali children (Das 
et al. 2016).

Unfortunately, the improvement of socio-economic con-
ditions is related also to the lifestyle changes, that are not 
always positive. They include, for example, choices regard-
ing diet and leisure time activities. According to published 
literature, more than 36% of Indian teenagers eat junk food 
more than 3 times a week (Hajare et al. 2016). Moreover, 
nearly 16% of 10–15-year-olds declared that they were not 
engaging in any form of physical activity, and almost 65% 
of them spend their time in this way for less than 4 hours 
a week. Almost half of the Indian teenagers spend over 7 
hours a week watching TV (Hussain et al. 2016). It is widely 
known, that the sedentary lifestyle results in increased risk 
of overweight and obesity, but it is important to stress, that 
it can also negatively affect the bone frame (Rietsch et al. 
2013). Also, according to research, the positive secular 
trend regarding total body adiposity can be present, even if 
the mean BMI in the population is still within the healthy 
range. it can happen, because of the general feminisation 
of the body fat distribution, which is currently observed for 
example in the German population (Scheffler & Dammhahn 
2017). Additionally, India currently has the highest per-
centage of adolescents suffering from overweight among 
the Central Asian countries (Jayawardena et al. 2017). 
Described phenomena, may, for example, be some of the 
reasons for the observed negative secular trend in the recip-
rocal ponderal index.

All results presented in this study on selected body pro-
portions constitute a very important source of information 
on the studied population. They obviously help to examine 
the development status of the contemporary children and 
youth, as well as to compare it with the earlier generations, 
in the context of the socio-economic conditions prevailing at 
a given time. However, what is particularly important is to 
identify the possible risk factors related to specific propor-

tions of the body. For example, the low value of the lower 
limbs length is generally associated with an increased risk of 
chronic diseases such as hypertension, diabetes, obesity, liver 
or cardiovascular diseases (Kozieł et al. 2016). Similarly, the 
increasing stoutness of body, especially associated with its 
fatness also raises, even at an early age, the risk of gallblad-
der dysfunction, hypertension, bones and joints inflamma-
tion, or dyslipidemia (Sharma et al. 2007).
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