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5 Adolescent nutritional anthropometry in
relation to nutritional anthropometry in
early childhood
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5.1 Introduction
This chapter focuses on two related topics: adolescent nutritional status, indicated by
anthropometry, and its predisposition by nutritional status in early life, notably in
early childhood and at birth. The analyses are conducted by taking a lifecourse
perspective. We do this by linking two sets of data collected among the same
individuals at two moments in time, i.e. early childhood (1988-1989) and adolescence
(2001). Data on conditions at birth of the adolescents are collected in 2001 by means
of retrospective recall by the adolescents’ mothers. In addition, an intergenerational
dimension is brought into the analyses because an impaired nutritional status of
parents, particularly that of the mother, may be passed on to children (section 2.3).
Such an ‘inheritance’ can either be biological in nature, relating to genetic
dispositions at conception in conjunction with poor intrauterine environmental and
nutritional conditions during the pregnancy, or it can be due to socio-cultural or socio-
economic circumstances, for instance, poor living conditions that are shared by
mother and child, through which the culture of poverty and malnutrition is
perpetuated. We analyse the extent to which height of the adolescent’s mother forms a
predictor of level of stunting of her child, both in early childhood as well as
adolescence. Maternal height is assessed in 2001, but since height can be regarded to
be ‘stable’ from adulthood onwards we assume that it can be used as a proxy of
maternal height at the moment the respondent was conceived.

Nutritional status development is sex-specific but may also be related to gender. The
sex of the child is important from a biological point of view as there are considerable
differences between boys and girls in size and timing of the adolescent growth spurt
and associated growth changes (WHO 1995, p. 276). Growth (height) velocity for
instance generally peaks later for boys as compared to girls, and hence, the
adolescents’ catch-up potential may differ by sex, i.e. a greater potential for girls than
for boys (subsection 2.2.3). However, we should also keep in mind that due to socio-
cultural factors there may be intra-household differences in feeding patterns and care-
giving behaviour of parents towards sons and daughters (subsection 2.3.2), causing
the intergenerational cycle of growth failure to be gender-specific, affecting girls in
particular, and possibly counterbalancing girls’ potential to catch up early childhood
growth failure. Analyses presented in this chapter are carried out separately for boys
and girls.

Working further from research questions 2 and 3 (see section 1.3), which are based on
the review presented in sections 2.2 and 2.3 in particular, in this chapter we aim to
study the following:

 the nutritional status of adolescent boys and girls as indicated by anthropometry
(section 5.2);

 the predisposition of early childhood nutritional status (indicated by an average
figure based on a number, 1 to 14, of measurements in early childhood, i.e. taken
between the ages 0 to 5 years) for nutritional status in adolescence (section 5.3);

 the predisposition of conditions at birth (including young maternal age, i.e. an age
of 19 years or younger of the adolescent’s mother at the time of birth, (recalled)
birth weight, size at birth and relative timing of the birth) for nutritional status in
adolescence (section 5.4);



Chapter 5: Adolescent nutritional anthropometry

121

 the predisposition of height of the adolescents’ mothers for nutritional status in
early childhood and adolescence (section 5.5); and

 finally, we address the relative contribution of a selection of the aforementioned
contemporary and early life nutritional predictors to the likelihood of being
stunted in adolescence (section 5.6). We study this by means of binary logistic
regression models.

Figure 5.1 outlines the aforementioned topics addressed in this chapter and Table 5.1
gives a description of the sample. Missing data (reasons for omission, potential
influence on the results) are discussed in the respective (sub)sections. Conclusions of
this chapter are discussed in section 5.7.

Figure 5.1: Outline of analyses

Nutritional status Nutritional status
at birth in early

(recalled from 2001) childhood
Section 5.4 Section 5.3

Nutritional status nutritional status
of the mother Section 5.2

(assessed in 2001)
Section 5.5

Contemporary (adolescent)

1983-1984 1988-1989 2001

Multivariate analyses on the nutritional predictors of adolescent stunting: Section 5.6

Table 5.1 Sample: main variables in analyses on nutritional status

Total number and percentage of children enrolled at baseline 707 %

Adolescents at follow-up 562 79
By sex

boys 307 55
girls 255 45

Children at baseline 699 99
By sex

boys 316 45
girls 383 54

Boys and girls by antropometry
in adolescence 485 69
in early childhood 699 99
in adolesence and early childhood 482 68

Boys and girls by maternal height
and anthropometry in adolescence 439 62
and anthropometry in early childhood 488 69

Boys and girls by recalled birth weight
and anthropometry in adolescence 272 38
and anthropometry in early childhood 308 44

Boys and girls by recalled size at birth
and anthropometry in adolescence 482 68
and anthropometry in early childhood 545 77
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5.2 Adolescent nutritional status according to anthropometry
The aim of this section is to describe the nutritional status of the study population in
adolescence by sex and age. We will do this by discussing for each sex scores for
respectively weight, height (subsection 5.2.1), and relative to age, the adolescents’
underweight (weight-for-age) and stunting (height-for-age) profiles (subsection 5.2.2).
Finally, adolescent BMI is discussed (subsection 5.2.3). As elaborated in Chapter 3
(section 3.3), the application of BMI to adolescents is still in its infancy since there
are “currently no accepted BMI reference curves available for children or
adolescents” (CDC 1999, p. 30).

5.2.1 Weight and height in adolescence
The core anthropometric indices, weight and height, are usually studied in relation to
sex and age. Given the overall poor nutritional status of the population in Bangladesh
in general (Chapter 2), we expect our adolescent study population to be largely
malnourished. In Table 5.2 the group means (and minimum and maximum values) of
weight (in kg) and height (in cm) are presented for 12 to 16- year-old adolescent boys
(n=260) and girls (n=225). Adolescent boys weighed on average 31.3 kg and were
142.6 cm tall. Adolescent girls weighed on average 33.1 kg and were 143.1 cm tall.

As already indicated by the large gap between minimum and maximum values, we
need to look at these indices by age (Table 5.3). Table 5.3 shows that at every age
adolescent girls are on average heavier than their male counterparts. In Figure 5.2 the
mean weight in adolescence is presented graphically. The graph clearly shows that the
gap in weight between the sexes declines as age increases. Also with respect to height
(Figure 5.3) adolescent girls take the lead, but this does not last for long: soon after
reaching the age of 14 years, adolescent boys have caught up on their relative
backlog. At the age of 15, adolescent boys are on average 148.8 cm tall, whereas the
mean height among adolescent girls is 146.6 cm. The turning point is also clearly
visible in Figure 5.3.

Table 5.2 Adolescent weight and height by sex:
mean and range, Matlab 2001

Sex Indicator Mean Min Max

Boys Weight (kg) 31.3 17.8 53.7
(n=260) Height (cm) 142.6 121.1 166.3

Girls Weight (kg) 33.1 17.1 56.8
(n=225) Height (cm) 143.1 114.5 164.1

Total Weight (kg) 32.1 17.1 56.8
(n=485) Height (cm) 142.8 114.5 166.3
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Figure 5.2: Mean weight in adolescence by sex 
and age at interview, Matlab 2001
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Figure 5.3: Mean height in adolescence by sex 
and age at interview, Matlab 2001
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Table 5.3 Group means of adolescent weight and height by sex and
age at interview, Matlab 2001

Sex Indicator 12 13 14 15 16

Boys Weight (kg) 25.6 27.4 31.8 35.1 38.7
Height (cm) 132.9 137.0 143.6 148.8 153.5
n 36 68 67 66 23

Girls Weight (kg) 27.6 29.1 33.4 36.9 39.1
Height (cm) 136.5 138.5 144.3 146.6 149.2
n 38 35 84 38 30

Total Weight (kg) 26.6 28.0 32.7 35.8 39.0
Height (cm) 134.7 137.5 144.0 148.0 151.1
n 74 103 151 104 53

Age at interview (in years)
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Potential implications for reproductive health

As elaborated in Chapter 2 (subsection 2.5.2), weight and height are anthropometric
indices that become increasingly important for an adolescent girl in the event of
pregnancy. Height in particular is important because of its association with pelvic
size. In Figures 5.2 and 5.3 (page 123) the cut-off values for weight (45 kg) and height
(145 cm) are drawn: below these two values a girl or woman may be at obstetric risk
(WHO 2003, p. 22). The adolescent girls in our database have, given their age (12 to
16 years), not yet completed their growth curve. Let alone that they are pregnant (one
girl appeared to be pregnant and was excluded from the analyses of nutritional status
because her pre-pregnancy weight was not known). However, given the pressure for
early marriage in Bangladesh in general (subsection 2.5.1) we take a closer look at the
adolescent girls’ weights and heights. Our data (not shown) reveal that almost all
adolescent girls, 95 per cent, weigh at the time of the survey less than 45 kg, whereas
over half of the adolescent girls, 55 per cent, is shorter than 145 cm. Obviously, many
of these girls are still very young and not likely to get married and become pregnant
soon. Nevertheless, if we select girls of 16 years only, we find that 83 per cent weighs
less than 45 kg and 23 per cent is shorter than 145 cm. All girls who are shorter than
145 cm also weigh less than 45 kg. If this group of 16-year-old girls with a weight
and/or height below the cut-off points would marry and have a child in the very near
future, they would be at obstetric risk.

Cross-country comparisons

We compared the weight and height group means of our study population with those
of similar-aged adolescent boys and girls in India. The Indian data are derived from a
publication by the National Nutrition Monitoring Bureau (NNMB) of the National
Institute of Nutrition of the Indian Council of Medical Research, in Hyderabad
(NNMB 2002, p. 85). The data originate from surveys carried out in various rural
Indian states in 2000 and 2001, and cover 51,300 individuals of different ages. The
nutritional status of this Indian population was assessed by comparing sex- and age-
specific weight and height values with those of the US National Centre for Health
Statistics (US NCHS) reference population of 1971-1974 (NNMB 2002). As an
example we consider the age that corresponds with the turning point in height in our
sample, i.e. the earlier described age between 14 and 15 years when adolescent boys
have caught up with their female counterparts. We then find that our study population
has a slightly lower mean height and weight as their Indian peers: 15-year-old
adolescent boys from Bangladesh are 149 cm tall and weigh 35 kg, whereas similarly
aged boys from India are 152 cm tall and weigh on average 37 kg. However, both our
Bangladeshi as well as the Indian population are considerably smaller and lighter than
their counterparts in the US: the US NCHS figures for height and weight for 15-year-
old American boys are respectively 168 cm and 55 kg. These absolute differences in
weight and height scores are likely to be established early in life and should therefore
be viewed against differences in weight and height in childhood as well. This we will
do later in section 5.3.

5.2.2 Adolescent underweight and stunting
Sex and age-specific weight and height scores are usually analysed by making a
comparison with the Z-scores prevailing in a healthy well-nourished reference
population. We applied the CDC 2000 reference population (see section 3.3, for a
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further description of the reference populations) and generated underweight (weight-
for-age) and stunting (height-for-age) profiles for the adolescents in our sample. Table
5.4 shows the level of adolescent underweight and stunting by sex (n=485).

Cross-country comparison of nutritional status: choice of reference population
A subject of discussion in research on nutritional status is the selection of an adequate
reference population. For reason of international comparison generally the US NCHS
reference population is used. These reference populations are constructed on the basis of
carefully calculated averages of boys and girls of a certain age. However, the notion of
comparing the anthropometry of a Bangladeshi study population with that of their American
peers may be regarded as ‘inappropriate’, as Bangladeshi children will never be able to
match their American peers. This is also reflected by our results: the level of nutritional status
of the Bangladeshi study population is nowhere near that of their American counterparts.
This raises the question whether we should continue to apply the US NCHS reference
populations for assessing nutritional status in Bangladesh or developing countries in general.
Should another reference population, one that is pertaining for instance to an Asian region
and therefore presumably reflecting anthropometric characteristics that are more similar to
the Bangladeshi study population, not be more appropriate? As demonstrated in this chapter,
application of for instance an Indian reference population results in lower proportions of
individuals within our study group with an impaired nutritional status.

While considering the application of region-specific reference populations we kept in mind
the initial goal of the study, i.e. assessment of the nutritional status of the Bangladeshi study
population. What would we gain if the analysis yielded ‘better’ results - i.e. a larger
proportion of children with an adequate nutritional status - only because of using a different
population for which the reference values are set lower? The ‘advantage’ gained this way
would be disputable if we consider that for generations the Indian population may be
suffering from malnutrition itself as well. Even an Indian reference population comprising
children who have not suffered from serious diseases and growth failure at all, may still
disqualify itself as a reference population - which, after all, should lay down the
anthropometric sex and age-specific reference values - because these Indian children may
carry the accumulated burden of malnutrition of previous generations. It may therefore not
only be difficult to select children for an Indian reference population, but similar median
anthropometric values across Indian and Bangladeshi children and adolescents may also
disguise an impaired nutritional status rather than point to an adequately nourished
population. Nevertheless, making cross-cultural comparisons of sex- and age-specific
anthropometric values should not be completely rejected. Nutritional status is per definition
assessed relatively, i.e. viewed in relation to nutritional status in other populations, and
application of multiple reference populations could be considered.

Table 5.4 Distribution of adolescents by level of contemporary underweight
(weight-for-age), stunting (height-for-age) and sex, Matlab 2001* (%)

Z-scores Boys (%) Girls (%) Total (%)

Underweight Above -2 SD from median (not underweight ) 8 23 15
Between -3 and -2 SD from median (moderate ) 26 31 28
Below -3 SD from median (severe ) 66 46 57

Stunting Above -2 SD from median (not stunted) 21 32 26
Between -3 and -2 SD from median (moderate ) 43 40 41
Below -3 SD from median (severe ) 36 28 33

n 100 (n=260) 100 (n=225) 100 (n=485)

* Using the CDC reference population of 2000 (US NCHS)
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These adolescent underweight and stunting profiles are also illustrated in Figure 5.4
and Figure 5.5 respectively.

The data reveal that respectively 26 and 66 per cent of the adolescent boys and 31 and
46 per cent of the adolescent girls are moderately (between -3 and -2 SD) and severely
(<-3 SD) underweight. In addition, 43 and 36 per cent of the adolescent boys and 40
and 28 per cent of the adolescent girls are moderately (between -3 and -2 SD) and
severely (<-3 SD) stunted. The cut-off level of -2 Z-scores is generally considered
appropriate in the selection of malnourished individuals. However, as noted by Hellen
Keller International (1993, p. 5), “in Bangladesh stunting and underweight are so
common that ‘-3 Z-scores’ is relevant to describe the most severely stunted or
underweight”. Our data confirm, as is also clearly evident in particularly Figure 5.4,
the observation of Hellen Keller that it is indeed useful to consider the -3 Z-scores
cut-off point as well. Although the proportions of moderate and severe underweight
among adolescent boys and girls are relatively high, the proportion of underweight
adolescent boys is exceptionally high and requires further analysis. We will come
back to this later when we discuss the adolescents’ weight-for-age or underweight
profiles for one-year age groups separately.

Figure 5.4: Distribution of adolescents by level 
of contemporary underweight and sex, Matlab 
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Figure 5.5: Distribution of adolescents by level 
of contemporary stunting and sex, Matlab 2001 
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Underweight by sex and age
Table 5.5 presents the weight-for-age data broken down by sex and age at interview
(in years). It appears that at every age the vast majority (ranging from 61 to 70 per
cent) of the adolescent boys is severely (<-3 SD) underweight. For adolescent girls,
however, only the age of 13 seems to be critical, in the sense that 60 per cent of girls
at this age is severely (<-3 SD) underweight. When the underweight profiles for each
sex are compared, it becomes clear that far more adolescent girls (17 to 27 per cent)
are not underweight (>-2 SD). The proportion of girls that is not underweight
increases with age. Among adolescent boys, 4 to 12 per cent are not underweight (>-2
SD).

The difference in level of underweight between adolescent boys and girls, and
particularly the exceptionally high proportions of underweight among boys at every
age in early adolescence needs to be studied further. The nutritional situation is
considered to be serious if the proportion of underweight within a specific population
is more than 40 per cent (Leemhuis-de Regt 1998, p. 111). The relatively high
proportion of underweight adolescent boys in our sample may need to be seen in view
of the choice of the reference population, which consists of healthy well-fed American
children. However, in the aforementioned Indian population (NNBM 2002, p. 92),
which is more comparable to the Bangladeshi population in our sample, no significant
differences were found between the sexes in prevalence of weight-for-age in the 6 to 9
and the 10 to 13-year-age groups. Interestingly though, in the 14 to 17-year-age group
boys were indeed more often undernourished than girls (respectively 73 against 60 per
cent). It should be noted that the Indian data do not reflect separately the proportion of
severely underweight, but rather the categories moderate (between -3 and -2 SD) and
severe (<-3 SD) are pooled together. Although adolescent boys in this Indian
population are thus more likely to be underweight as compared to adolescent girls at
the ages between 14 and 17, this similarity does not as yet provide us with an
explanation for the exceptionally high proportion of severely (<-3 SD) underweight
adolescent boys in our sample.

Table 5.5 Distribution of adolescents by level of contemporary underweight
(weight-for-age), sex and age at interview, Matlab 2001* (%)

 Age > -2 SD -3 to -2 SD < -3 SD
(in years) not underweight moderate severe Total

Boys 12 8 25 67 100 (n=36)
13 6 24 70 100 (n=68)
14 9 30 61 100 (n=67)
15 12 23 65 100 (n=66)
16 4 30 66 100 (n=23)

Girls 12 18 42 40 100 (n=38)
13 17 23 60 100 (n=35)
14 25 29 46 100 (n=84)
15 26 32 42 100 (n=38)
16 27 30 43 100 (n=30)

* Using the CDC reference population of 2000 (US NCHS)
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What may bring us closer to an explanation of the difference in level of severely
underweight by sex is the difference in onset of adolescent growth spurt. As noted by
Heald 1985, p. 53) “in early adolescence girls tend to be heavier and taller than boys,
because girls undergo puberty two years earlier than boys”, and - herewith related -
the spurt occurs two years later in boys than in girls, but is greater and lasts longer in
boys (Lachance 1995, p. 7). In girls, under the influence of hormones that generate
sexual maturity processes (onset of menstrual cycle, breast development) the
deposition of body fat may become more pronounced, and hence, have an increasing
effect on their weight-for-age scores. It could be hypothesised that in boys, the first
signs of a possible growth spurt may foremost be reflected by gains in height rather
than weight. Obviously, the difference in peak of growth velocity and the
hypothesised related influence on differences in weight-for-age scores between boys
and girls should also be present in the American reference population as well, and
hence, does therefore not provide us with an explanation for the exceptionally high
proportion of severely (<-3 SD) underweight Bangladeshi adolescent boys. However,
in contrast to the Bangladeshi (and Indian population for that matter), the American
reference population is not likely be malnourished from birth or early childhood
onwards. As a consequence, American boys do not need to catch up early life growth
faltering, which could be the case among the Bangladeshi adolescent population. It
could be hypothesised that boys in early adolescence in general have a tendency to be
‘just lean’ (or in the words of one of the interviewers: ‘the respondent looks small’)
and they catch up their weight (relative to their height) at a later stage in adolescence,
but that in grossly malnourished populations, such as our sample of Bangladeshi boys,
the later peak in adolescent growth spurt postpones catch-up growth in malnourished
boys, whereas the earlier peak in adolescent growth enhances catch-up growth in
malnourished girls.

Stunting by sex and age
Table 5.6 presents the level of contemporary stunting by sex and age at interview (in
years). It shows that between 33 (minimum at age 15) to 48 (maximum at age 16) per
cent of the adolescent boys is moderately (between -3 and -2 SD) stunted.

Table 5.6 Distribution of adolescents by level of contemporary stunting
(height-for-age), sex and age at interview, Matlab 2001* (%)

 Age > -2 SD -3 to -2 SD < -3 SD
(in years) not stunted moderate severe Total

Boys 12 22 47 31 100 (n=36)
13 20 43 37 100 (n=68)
14 19 48 33 100 (n=67)
15 24 33 43 100 (n=66)
16 17 48 35 100 (n=23)

Girls 12 34 42 24 100 (n=38)
13 17 43 40 100 (n=35)
14 29 40 31 100 (n=84)
15 34 42 24 100 (n=38)
16 50 30 20 100 (n=30)

* Using the CDC reference population of 2000 (US NCHS)
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In our sample, 15-year-old boys are most likely (43 per cent) to be severely (<-3 SD)
stunted. The stunting profile of adolescent girls points to a relatively more adequate
nutritional status as compared to that of their male peers. Considerable proportions of
adolescent girls, and even 50 per cent of the 16-year-old girls in our sample, are not
stunted (>-2 SD). As was the case with underweight, the highest proportion of
severely (<-3 SD) stunted is found among 13-year-old girls (40 per cent).

5.2.3 Adolescent Body Mass Index
As indicated in section 3.3, Body Mass Index (BMI) considers weight relative to
height and is calculated by weight (in kg) divided by square height (in metres). A low
BMI reflects chronic energy deficiency (CED). There are currently no accepted BMI
reference curves available for children or adolescents (CDC 1999, p. 30). Scores on
adolescent BMI would fall below the scales generally used (see subsection 3.3.2 for
the reference values used). If we calculate for instance the mean, minimum and
maximum BMI for the population in our sample (both sexes and all ages combined)
we obtain the following results: 15.6, 11.5 and 21.6. Considering that a BMI below
18.5 indicates CED, these values would point to an extremely malnourished
population. Although CED according to BMI may not be an appropriate indicator for
adolescent nutritional status as such, it is plausible to assume that across adolescent
populations worldwide, developments in weight and height take place in a comparable
manner. We therefore expressed the Bangladeshi adolescents’ CED according to BMI
Z-scores, whereby the reference population constitutes a well-nourished population of
the same sex and chronological age (US NCHS CDC 2000 reference population).
Figure 5.6 presents the distribution of adolescents in our sample by level of CED
according to BMI Z-scores and sex.

Figure 5.6 shows the wide prevalence of malnutrition among adolescents in
Bangladesh, though not on a large scale or severe level. In fact, nutritional status as
measured by CED according to BMI Z-scores seems to reflect a ‘better’, in the sense
of lower proportions of malnutrition, picture of the adolescents’ nutritional status as
compared to the underweight and stunting indicators. About a quarter, 27 per cent, of
the adolescent boys and 15 per cent of the adolescent girls are severely (<-3 SD)
malnourished, i.e. show signs of a CED according to BMI Z-scores. Adolescent boys
are relatively more often affected than adolescent girls: of the adolescent boys, 40 per

Figure 5.6: Distribution of adolescents by 
level of CED according to BMI Z-scores and 

sex, Matlab 2001
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cent is moderately (between -3 to -2 SD) malnourished, against 25 per cent of their
female counterparts. Adolescent boys and girls with no signs of CED according to
BMI Z-scores (>-2 SD) account for respectively 33 and 60 per cent. In line with the
earlier described underweight and stunting profiles, the nutritional status of adolescent
girls as opposed to adolescent boys as indicated by CED according to BMI Z-scores is
more adequate.

BMI by sex and age

Since BMI is an adult indicator of nutritional status, it seems plausible to assume that
when we apply this measurement to adolescents the result becomes more
‘appropriate’ (valid) when their age increases. The age-specific scores on BMI Z-
scores may tell us something about sex-specific patterns of growth spurts with regard
to their weight relative to their height. In Figure 5.7 and Figure 5.8, the distribution of
respectively adolescent boys and girls by level of CED according to BMI Z-scores are
presented by age at interview (12 to 16 years). The proportion severely CED
according to BMI Z-scores (<-3 SD) among boys slightly increases by age, i.e. from
22 per cent at the age of 12 to 30 per cent at the age of 16 years. The majority of the
adolescent girls who are not CED according to BMI Z-scores (>-2 SD) are found at
the ages of 14, 15 and 16 years. We cannot rule out the possibility that this is an age
effect, i.e. that the older girls are less often malnourished than their younger
counterparts. Such a clear pattern by age was however not observed while analysing
adolescents’ nutritional status on the basis of underweight and stunting. It is therefore
likely that this finding is related to the type of measurement used. Patterns of weight
and height velocity may differ in early adolescence and the higher the age the more
likely it is that weight and height are ‘in balance’ with each other, and hence, that
BMI can be considered an appropriate measurement. Because of the square of height
in the equation, BMI is particularly sensitive to increases in height.

Figure 5.7: Distribution of adolescent boys by level 
of CED according to BMI Z-scores and age at 

inteview, Matlab 2001 
(CDC 2000 reference population ) (%)
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As discussed earlier, among our study population adolescent girls are heavier than
boys throughout the ages 12 to 16 years. However, the growth spurt in height affects
BMI the most and adolescent boys are still relatively short at these ages. We already
observed that boys in our sample catch up their relative backlog in height at the age of
15 years. CED according to BMI Z-scores at higher ages will probably show therefore
a more ‘positive’ picture of the boys’ nutritional status, i.e. as indicated by smaller
proportions of severely CED according to BMI Z-scores (<-3 SD), as compared to
nutritional status at lower ages.

In sum, the nutritional status of both adolescent boys and girls in our sample is far
from adequate, and less than that of their Indian peers. Adolescent girls in our sample
are less often malnourished than their male counterparts: for instance, respectively 66
and 46 per cent of the boys and girls are severely (<-3 SD) underweight, whereas
respectively 36 and 28 per cent are severely (<-3 SD) stunted. The large differences in
age- and sex-specific weight and height scores with the (American) reference
population is likely to be rooted earlier in life and should therefore be viewed in
relation to nutritional status in childhood as well. This will be examined in section 5.3.

Note on seasonality
The follow-up survey among adolescents was carried out between February and May, and
could have been affected by the seasons. It is pertinent to note that the survey took place
partly in the dry winter season (from October to February) and in the hot dry period (from
March to June). The survey was scheduled far in advance of the monsoons and corresponding
floods, that are in turn associated with an instant increase of infectious and diarrhoeal
diseases, and hence likely to affect nutritional status, particularly weight. The end of the
period of data collection coincided with one of the two harvests that take place each year: the
Boro harvest in April-May. The Aman harvest takes place annually in November-December.
Given that our data were collected in a period during which the weather was in general
agreeable and which could be characterised by relative food abundance, with one harvest just
finished and the other taking place, we have no reasons to believe that the individuals under
survey were adversely affected by unfavourable seasonal conditions.

Figure 5.8: Distribution of adolescent girls by level 
of CED according to BMI Z-scores and age at 

interview, Matlab 2001 
(CDC 2000 reference population ) (%)
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5.3 Long-term consequences of nutritional status in early childhood
The aims of this section are twofold. Firstly, we explore the nutritional status of the
study population in early childhood, i.e. between the ages 0 to 5 years. We examine
the under-fives’ weight, height and mid-upper arm circumference (MUAC)
(subsection 5.3.1) followed by their underweight and stunting profiles (5.3.2).
Secondly, we study to what extent early childhood nutritional status may have formed
a predisposition for nutritional status in adolescence (subsection 5.3.3). We also
explore whether some ages in early childhood are more ‘sensitive’ than others,
meaning that an inadequate nutritional status at these ages may have a greater impact
on adolescent nutritional status than at other ages within the period of early childhood.
As described in sections 3.3 and 3.6 the data for this part of the analyses are derived
from a study on the epidemiology of persistent diarrhoea in Bangladeshi children by
Baqui (1990). The under-five children enrolled in Baqui’s study have been measured
a variable number of times, with a maximum of 14, within an approximate two-year
period. At the moment of the first measurement, the youngest child enrolled was less
than 1 month old, whereas at the last measurement the eldest child was 59 months or
almost 5 years old.

5.3.1 Weight, height and MUAC in childhood
In Table 5.7 the mean scores for weight, height and mid-upper arm circumference
(MUAC) in early childhood are presented by sex and age (in months) at the moment
of the first measurement, in 1988. As indicated in subsection 3.3.2, a low MUAC
reflects acute malnutrition. Apart from adults, MUAC is used for children between the
ages of 6 months to 5 years (Leemhuis-de Regt 1998, p. 111). In Table 5.7 the group
means of MUAC are presented for all under-five boys and girls falling within these
age ranges. The cut-off point below which under-fives are considered to be
malnourished is 13.5 cm. An MUAC below 12.5 cm points to severe malnutrition and
an MUAC below 11 cm indicates that the situation is acute.

Table 5.7 Group means of anthropometric indices in childhood by sex and age at the first
measurement, Matlab 1988

Sex Indicator 0-12* 13-24 25-36 37-48

Boys Weight (kg) 5.5 8.2 9.6 11.3
Height (cm) 61.0 74.6 81.0 87.5
MUAC (cm) 12.8 13.3 13.7 14.3
n 122 91 91 43

Girls Weight (kg) 5.0 7.6 9.0 10.3
Height (cm) 59.3 73.0 79.1 84.5
MUAC (cm) 12.5 12.8 13.4 13.8
n 89 96 58 47

Total Weight (kg) 5.3 7.9 9.4 10.8
Height (cm) 60.3 73.8 80.2 85.9
MUAC (cm) 12.7 13.1 13.6 14.1
n 211 187 149 90

* Within this age group MUAC is calculated for children aged 6-12 months only (n=71; 43 boys and 28 girls)

Age (in months)
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Table 5.7 shows that as expected the increase in weight and height was high in
infancy, tapering off in the second through third year of life. For example, for the
sexes combined, the difference in average height between the age groups 0 to 12 and
13 to 24 months amounts to 13.5 cm, and between the following age groups
respectively 6.4 and 5.7 cm. It is also apparent that for every age category in early
childhood, boys are on average heavier and taller than their similarly aged female
counterparts. In the age group 13 to 24 months, for instance, boys weigh on average
8.2 and girls 7.6 kg. The average height for boys and girls in this age group is
respectively 74.6 and 73.0 cm.

MUAC is an indicator for fat reserves. According to the average scores on MUAC,
the under-five population is indeed malnourished, though not on a severe level. Boys
are malnourished on average at the ages 6 to 12 and 13 to 24 months. Girls are on
average also malnourished at these ages but as well as at the ages of 25 to 36 months.
This observation is in general accordance with findings reported for other rural areas
in Bangladesh: in Chakaria, 44 per cent of the under-five children had a MUAC below
13 cm, of whom 47 per cent were below 12 cm (Bhuiya 1996, p. 31). We also
checked our database for scores for MUAC below 11 cm, the ‘emergency cut-off
point’. We found that the percentages of under-fives (boys and girls) who are in acute
need fluctuate across the respective measurements and that the highest proportion of
children with a MUAC below 11 amounts to 2 per cent. Girls make up the larger
group of these severely malnourished under-fives.

Height increase

Apart from the period of gestation, growth velocity is never higher than in infancy
(subsection 2.2.3). Assuming that the children enrolled were about 50 cm long at birth
- which is probably relatively high considering that this is the length of an average
child at birth in general (Cameron and Hofvander 1983, p. 4) - we observe in Table
5.7 that our data corroborate this notion on growth velocity being highest in infancy.
The difference in average height between the age groups 0 to 12 and 13 to 24 months
(both sexes combined) amounts to 13.5 cm. At higher ages, differences in average
height between the respective age groups (13 to 24, 25 to 36 and 37 to 48 months)
decreases to 6.4, 6.5 and 5.7 cm respectively. We should stress though that the
averages calculated for the respective age groups, as presented in Table 5.7, pertain to
different groups of individuals. Strictly speaking, we cannot say anything about
growth velocity on the basis of these data because they do not reflect anthropometric
measurements of the same individuals over time. A within-subject design, whereby
data on nutritional status at childhood and in adolescents are linked at an individual
level, is presented in section 5.3.3.

In the baseline survey, the age gaps (∆age = agen – agen-1) between one measurement
and the next do not only vary within one record (i.e. vary within a series of individual
measurements) but are also different across the records (i.e. vary across the group of
individuals). In addition, some children have been measured two times within one
month (for instance at the beginning and at the end of a month) whereas other
measurements have been skipped. The two following cases may illustrate the
irregularity in the (timing of the) taking of anthropometric measurements. For
instance, 13 anthropometric measurements were taken for an under-five child at the
age of respectively 6, 7, and 8 months, then again a few weeks later at month 8, then
at months 9, 11, 12, again at month 12, then at month 14, followed by another



Adolescents’ reproductive health in rural Bangladesh

134

measurement later at month 14, then at month 15, 16 and finally at month 17. For
another child anthropometry was measured at the ages of respectively 19, 21, 23, and
25 months, then again later in month 25, then at months 26, 27, 28, 29, 30, and finally
at month 31, whereby it should be noted that within this particular latter series of
measurements, the second one was missed. As a consequence of this irregularity of
timing of measurements it is virtually impossible to say anything about growth
velocity on the basis of comparing a set of series of measurements within one record
(pertaining to one individual under-five child) and across the records (thus pertaining
to the whole group of under-five children).

In order to circumvent the aforementioned problem we sub-selected those under-five
children from our sample for whom each measurement took place one month after the
last one. Thereafter we ordered these cases by age (in months) at enrolment. For these
children (n=171) we looked at the average height measurements by sex and age at
onset (provided the number of cases per sex and age at enrolment were larger than 1,
otherwise the observed height is presented). Table 5.8 illustrates height development
on the basis of 33 cases.

Given the small number of cases for each sex and age (between 1 and 4 years) we
cannot make generalisations on the basis of the data presented in Table 5.8. The data
do however illustrate that the largest increases in height (length) take place indeed in
the first two years of life and that linear growth velocity slows down by increasing age
for these particular cases. However, among the cases presented the total observed
increase in length in the first year is smaller than what is observed in normal
populations, which is about 25 cm (Cameron and Hofvander 1983, p. 4). For instance,
the two-month-old boys who were on average 55.6 cm tall at the time of their first
measurement gained only 16.1 cm in height during their first year in life and hence,
measured on average 71.7 cm 12 months later. Their similar-aged female counterpart,
who was almost equally tall at the time of first measurement, gained only 11.5 cm

Table 5.8 Average height: selected cases with different age at onset, but equal
increases in age of one month per measurement, Matlab 1988-1989

Age at onset
(in months) Sex 1st 2nd 3th 4th 5th 6th 7th 8th 9th 10th 11th 12th 13th n

2 M 55.6 59.1 61.6 62.4 63.9 64.8 64.9 66.6 67.9 69.3 69.9 70.7 71.7 2
2 F 55.0 57.4 59.0 60.5 60.5 61.7 62.6 63.7 64.2 65.1 65.9 66.0 66.5 1

6 M 66.6 67.7 68.6 69.3 69.7 71.4 72.6 73.1 73.3 75.1 76.0 77.0 77.6 2
5 F 61.8 65.7 66.2 66.8 67.4 68.8 69.2 70.3 70.0 70.7 71.3 71.7 72.5 2

12 M 68.3 69.0 69.8 70.2 71.0 71.2 71.2 73.1 73.2 72.8 74.0 74.1 78.2 4
12 F 69.0 70.7 71.5 71.9 72.2 73.1 73.6 74.2 75.4 75.6 76.8 77.0 77.3 2

23 M 76.4 77.1 77.5 77.6 78.5 83.2 79.2 80.3 80.6 80.8 80.3 81.6 83.6 4
23 F 74.4 75.6 76.1 73.5 74.0 82.0 74.1 75.0 75.0 75.5 75.5 75.8 80.1 2

30 M 79.1 80.0 76.8 80.2 80.9 81.2 81.3 81.4 82.5 82.3 82.8 83.1 83.7 2
30 F 78.8 79.9 80.4 80.9 81.4 81.7 82.3 82.5 82.9 83.0 83.2 83.7 84.6 4

36 M 83.6 84.5 85.0 86.5 86.7 86.8 87.1 87.1 85.3 85.5 88.6 89.2 89.7 2
36 F 80.3 79.2 82.4 82.5 85.7 83.3 84.1 84.5 85.6 85.9 84.0 87.3 87.5 2

46 M 90.1 91.5 92.1 92.5 92.6 92.8 93.3 93.7 94.0 94.4 94.9 95.7 96.4 2
46 F 86.3 - 87.7 89.4 89.8 93.0 90.4 87.8 91.4 88.1 91.9 93.2 90.5 2

Height measurements taken within one-month intervals (in cm)
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and, hence measured 66.5 cm 12 months later. That boys in our sample are generally
taller than similar-aged girls is a finding which we already observed (see Table 5.7).

5.3.2 Childhood underweight and stunting
Weight and height should be considered relative to age. In Table 5.9 and Figures 5.9
and 5.10 the level of childhood underweight (weight-for-age) and stunting (height-for-
age) is shown for the study population by sex.

Table 5.9 Distribution of study population by level of childhood underweight
(weight-for-age), stunting (height-for-age) and sex, Matlab 1988* (%)

Z-scores Boys (%) Girls (%) Total (%)

Underweight Above -2 SD from median (not underweight) 30 31 30
Between -3 and -2 SD from median (moderate ) 47 33 41
Below -3 SD from median (severe ) 23 36 29

Stunting Above -2 SD from median (not stunted ) 36 33 34
Between -3 and -2 SD from median (moderate ) 42 40 36
Below -3 SD from median (severe ) 22 37 29

n 100 (n=258) 100 (n=224) 100 (n=482)

* Using the CDC/WHO reference population of 1978 (US NCHS)

Figure 5.9: Distribution of study population by 
level of childhood underweight and sex, Matlab 
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Figure 5.10: Distribution of study population  by 
level of childhood stunting and sex, Matlab 1988 
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Among under-five boys, 47 per cent was moderately (between -3 and -2 SD) and 23
per cent severely (<-3 SD) underweight in early childhood. The corresponding figures
for under-five girls are respectively 33 and 36 per cent. Stunting was also highly
prevalent among our study population in childhood. Among the under-five boys, 42
per cent was moderately (between -3 and -2 SD) and 22 per cent was severely (<-3
SD) stunted. Among under-five girls, 40 and 37 per cent was respectively moderately
and severely stunted. Also from Figures 5.9 and 5.10 we learn that girls are indeed
relatively more often severely (<-3 SD) underweight and stunted. However, if we
consider two categories together (moderate and severe underweight respectively
stunting) this difference is almost counterbalanced. The two categories taken together
reveal the following for boys and girls respectively: 70 against 69 per cent
(underweight) and 64 against 67 per cent (stunted). Both the underweight as well as
the stunting profiles of the under-five children may have been affected, in an
unfavourable way, by floods in 1987 and 1988, which caused widespread damage to
the country (Hellen Keller International 1992, p. 2).

Calculation of level of childhood underweight and stunting
The under-five population has been measured a variable number of times, with a maximum of
14, within an approximate two-year period. For every anthropometric measurement that was
taken, we compared sex- and age- (in months) specific weight and height scores with those of
a well-nourished reference population of the same sex and age (CDC/WHO reference
population of 1978). Obviously, the number of underweight (weight-for-age) and stunting
(height-for-age) profiles that we generated for every individual this way varied from 1 to 14
as well. Given our questions of research, whereby our main aim is to study the linkage
between nutritional status in early childhood and adolescence, we needed to have one overall
underweight profile and one overall stunting profile for every under-five child for the entire
approximate two-year period (1988-1989). We therefore calculated an average score for
underweight and stunting based on the maximum number of underweight and stunting profiles
available for each child. We consider these two generated averages as ‘summary’ indicators
for nutritional status in childhood. Given that these two summaries are based on sex- and
age-specific weight and height scores that are compared with those of a healthy reference
population over an approximate two-year period, the possible effect of seasonal variations on
nutritional status - particular weight may be affected in a relatively short time - is believed to
be cancelled out.

Baqui (1990) also calculated weight-for-age and height-for-age profiles for the under-
five population. Whereas we used the CDC/WHO reference population of 1978 of US
NCHS - which was closest in time to the collection of under-five data in 1988-1989 -
Baqui probably used an older reference population, though also of US NCHS,
published by Waterlow et al. (1977) and Hamill et al. (1979) (Zaman et al. 1996, p.
310). Our results are generally in agreement with the calculations of Baqui (1990, pp.
140-150). However, prudence is called for here because Baqui presented his results on
under-five underweight and stunting in a slightly different manner. He presented the
nutritional profiles for instance over four three-month intervals, distinguishing two
categories (underweight versus not underweight, or <-2 SD versus ≥-2 SD).
Considering the high percentages of children who are severely underweight and
stunted (see above), we think it is more appropriate to distinguish explicitly the <-3
SD category as well. In addition, Baqui did not present the full results (tables) by sex
(Baqui 1990, pp. 142-148), whereas in our view nutritional status development
follows a typical sex-specific ‘blueprint’ and may also be gender-specific because of
socio-cultural circumstances (subsection 2.3.2). Nevertheless, both our as well as
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Baqui’s calculations point to high proportions of underweight. Pending the three-
month period considered, in Baqui’s study under-five children who were underweight
(<-2 SD) ranged from 73 to 78 per cent. These figures are slightly higher than the 71
and 69 per cent (moderately and severely underweight combined) that we calculated
as an average for under-five boys and girls, respectively, for the whole period (1988-
1989).

With regard to stunting the results also match closely, whereby it should be noted that
we again found slightly lower proportions of under-five boys and girls falling in the
category <-2 SD. According to Baqui’s calculations, the lowest and highest
proportions, again pending the three-month period considered, of stunted under-five
children amount to 68 and 76 per cent, respectively. This is again slightly higher than
the 64 and 67 per cent stunted children (moderate and severe combined) that we
calculated as an average for the whole period (1988-1989) for under-five boys and
girls separately.

The way of presenting underweight and stunting profiles by three-month periods, as
done by Baqui, allows for the detection of possible associations with seasonality.
Throughout the baseline survey, Baqui established weight-for-age of young children,
i.e. young within the 0-5 years age group (whereby ‘young’ is not further defined) to
vary more than weight-for-age of their older counterparts (Baqui 1990, p. 150).
Weight-for-age of these younger children was relatively high in April 1988, when the
baseline survey started, and lowest halfway, in September 1988. Baqui notes that no
important differences by sex in this respect were found. In general, girls were lighter
throughout the survey, except for the months March and April 1989 when girls
appeared to have a significantly better nutritional status on average in terms of
weight-for-age (Baqui 1990, p. 150). These two months fall within the dry hot period,
from March to June (Fauveau 1994, pp. 13-14), and partly coincide with the Boro
harvest, which takes place in April-May (Hellen Keller 1993, p. 5). Girls may have
benefited from these favourable conditions, both in terms of ‘seasonality’ as well as
food security. However, it does not explain why girls caught up in these months on
their relative backlog, since it is plausible to assume that these conditions are
beneficial for boys as well.

In sum, rather ‘crude’ average scores for 12-month periods show that weight, height
and MUAC are higher among boys as compared to girls throughout the period of
early childhood. Furthermore, age-specific underweight and stunting profiles reveal
that the nutritional status of girls is less adequate than that of their male peers when
the severely malnourished categories of underweight and stunting are considered.
Adolescent boys and girls who were severely (<-3 SD) underweight in early
childhood amount to respectively 23 and 36 per cent. Corresponding figures for
childhood stunting are respectively 23 (boys) and 37 per cent (girls). Apparently,
contrary to the situation in adolescence (see section 5.2), the nutritional status of girls
is less adequate than that of boys in early childhood. This difference in early
childhood nutritional status is however counterbalanced if we consider the two
categories, moderately and severely underweight respectively stunting, together.
According to our own calculations - and in line with what was reported by Baqui -
respectively 71 and 69 per cent of the under-five boys and girls were underweight (<-
2 SD) and 64 and 67 per cent of the under-five boys and girls were stunted (<-2 SD).
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Comparisons over time: choice of reference population
As discussed in section 3.3, we applied the CDC reference population of 2000 and the
CDC/WHO reference population of 1978 to assess nutritional status of adolescents and
under-five children, respectively. Application of the CDC 2000 reference population for the
assessment of nutritional status of the adolescent population in 2001 seems appropriate. After
all, the standards set to assess nutritional status are to some extent time-dependent: a person,
whom we consider small nowadays, may have had a ‘normal’ height in the eyes of people a
quarter of a century ago. Application of, for instance, the CDC/WHO 1978 reference
population to our adolescent population would therefore not be a valid option since these
reference measurements were considered ‘the standard’ for adolescents about 25 years ago.
Also, application of a reference population forward in time (i.e. the reference population is
measured later in time than the study population, which would, for instance, be the case if we
applied the CDC 2000 reference population to our under-five study population) does not
make sense either as current nutritional status is likely to be different than future standards.
Thus, it is important to make use of:

 a reference population that is relevant for a particular time; and
 to ensure that this reference population is as close as possible in time (but preferably

'back' in time) to the year of measurement of the study population.

When making a comparison about nutritional status back in time as we did - comparing
adolescents’ nutritional status with their nutritional status in early childhood - we should be
aware of the fact that two reference populations are used. By applying time-specific reference
populations we standardised nutritional status in both stages in life according to time-specific
nutritional conditions, thus we did not standardise over time. In order to check whether it
would yield any differences in distribution over the respective levels of underweight and
stunting (both sexes combined) we therefore applied the CDC/WHO 1978 reference
population to the adolescent study population. When we compare the distributions over three
levels of height-for-age (not stunted, moderately stunted, severely stunted) calculated on the
basis of the 2001 reference population with those calculated on the basis of the 1978
reference population, it appears that differences in distributions are small (respectively -1.2,
1.6, and 0.4 per cent). When we repeat this exercise for the three respective levels of
underweight, we find considerable differences. The differences in distributions of not
underweight, moderate and severe underweight amount to respectively -7, -30 and 37 per
cent.

Thus, the high percentages of severely (<-3 SD) underweight that we found among our
adolescent population are in part related to the application of the CDC 2000 reference
population. If we would have used the CDC/WHO 1978 population the proportions of
severely (<-3 SD) underweight would have been lower, and in turn, the proportions of
moderately (between -3 and -2 SD) underweight would have been higher as compared to what
is reported now. When making comparisons over time, it is not underweight but stunting that
is the most relevant nutritional indicator since the former may be subject to short-term
changes in weight and therefore fluctuate over time, whereas stunting is considered to be ‘the
nutritional lifecourse indicator’.

Now that we know the underweight and stunting profiles of the study population in
early childhood as well as in adolescence, we will next explore whether and if so, in
what direction, nutritional status has changed - improved or deteriorated - when we
compare the stunting profiles of these two periods in life.
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5.3.3 Potential to catch up early life growth faltering in adolescence
The analyses presented in this subsection are guided by hypotheses 5 and 6 that both
stem from the assumption that an inadequate nutritional status in early childhood
predisposes an inadequate nutritional status in adolescence. More specifically, we aim
to explore:

 whether malnutrition as indicated by level of stunting is more prevalent among
adolescents who were stunted in early childhood as compared to adolescents who
were not stunted as an under-five (hypothesis 5);

 whether adolescents who were already stunted at the age of two years are more
likely to remain stunted as compared to their not stunted same-aged counterparts
in early childhood (hypothesis 6); and

 whether girls are more likely than boys to catch up early childhood growth
faltering in adolescence (hypothesis 9).

Basically our aim is to gain insight into the question of whether there is any potential
to catch up growth faltering due to malnutrition in early childhood, and whether this
catch-up potential differs by age and sex of the child. As elaborated in Chapter 2, the
potential for catch up faltering growth (stunting) in childhood is believed to be limited
after the age of two years, particularly when such children remain in poor
environments (Gillespie and Flores 2000, p. 2).

In the analyses, the dependent variable is adolescent stunting since this is caused by
malnutrition over an extended period, whereas underweight is more difficult to
interpret and may be due to either acute or chronic malnutrition (Leemhuis-de Regt
1998, p. 111). Also CED according to BMI Z-scores can be influenced easily by
fluctuations of contemporary weight and is therefore not useful as an indicator in the
study on early life origins of adolescent nutritional status. Since the analyses are based
on a comparison of nutritional status in early childhood and adolescence, we cannot
say anything about the level of malnutrition and possible fluctuations over time, i.e.
between early childhood and adolescence. Finally, it should be noted that the analyses
presented below provide a first glance on the association between nutritional status in
childhood and adolescence. Measurements of correlation and strength of associations
will be addressed in section 5.6, whereby nutritional status indicators pertaining to the
respective stages in life - birth, early childhood, adolescence - are considered together.

Long-term effects of childhood stunting on adolescent stunting

Table 5.10 shows the relative improvement or deterioration with regard to level of
stunting between early childhood and adolescence for boys and girls irrespective of
age. The figures pertaining to early childhood reflect a ‘summary’, i.e. on the basis of
a maximum of 14 anthropometric measurements, taken over an approximate two-year
interval, one overall stunting profile has been assessed (see subsection 3.3.2).
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 From Table 5.10 we learn that of the boys who were severely (<-3 SD) stunted as an
under-five, 71 percent remains severely (<-3 SD) stunted in adolescence. The
potential to catch up early childhood growth faltering is limited: respectively 5 and 17
per cent of the under-five boys who were severely (<-3 SD) or moderately (between –
3 and –2 SD) are not stunted (>-2 SD) when they become adolescents. Of respectively
49 and 17 per cent of the not stunted under-five boys the stunting profile deteriorates
into moderate and severe in adolescence. Compared to boys, a relatively high
proportion of girls maintains an adequate nutritional status between early childhood
and adolescence: 54 per cent of the girls remains not stunted (>-2 SD). Of almost a
third of the girls, 31 per cent, the stunting profile improves from moderately (between
-3 and -2 SD) to not stunted (>-2 SD). Similarly, 12 per cent of the severely (<-3 SD)
stunted under-five girls catches up on their nutritional backlog to become not stunted
(>-2 SD) in adolescence. Apparently, severely stunted under-five girls are more likely
than boys to catch up early life growth faltering in adolescence. For both boys and
girls the differences between the values at baseline (in early childhood) and at follow-
up (adolescence) are significant (Pearson Chi-square) at a level of less than 0.0001 (p-
value).

Given our interest in the question of whether the potential to catch up early life
growth faltering is different for individuals who were already stunted at the age of two
years as compared to their not stunted same-aged counterparts, we selected
individuals who were enrolled at baseline at an age between one and two years, and
who thus were adolescents of 14 to 15 years at follow-up. In Table 5.11 the
distribution of 14 and 15-year-old adolescent boys and girls is shown by level of
contemporary and early childhood stunting. We hereby defined ‘being stunted’ as a
dummy variable whereby the cut-off point is above -2 SD from the median of the
well-nourished reference population as indicated in the table.

From Table 5.11 we see that of the boys who were stunted at the age between one and
two years, 83 per cent is stunted in adolescence as well. Of the boys who were not
stunted (>-2 SD) as at these particular ages in early childhood, 58 per cent becomes
stunted (≤2 SD) in adolescence. The differences are even larger for girls. Of girls who
were stunted between one and two years, 83 per cent is also stunted in adolescence,
whereas of girls who were not stunted at these particular ages in early childhood 19

Table 5.11 Distribution of adolescent boys and girls by level of contemporary
stunting and stunting between the age of one and two years, 
Matlab 1988-2001 (%)

Sex Adolescent stunting** Not stunted Stunted Total

Boys Not stunted (>-2 SD) 42 17 22
Stunted (<=-2 SD) 58 83 78

n 100 (n=26) 100 (n=107) 100 (n=133)

Girls Not stunted (>-2 SD) 81 17 30
Stunted (<=-2 SD) 19 83 70

n 100 (n=26) 100 (n=96) 100 (n=122)

* Using the CDC/WHO reference population of 1978 (US NCHS)
** Using the CDC reference population of 2000 (US NCHS)

Childhood stunting*
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per cent becomes stunted in adolescence. In line with previous studies that pointed out
that the potential to catch up faltering growth after the age of two is limited, we find
that among one to two-year-old stunted boys and girls only 17 per cent catches up on
height. For both boys and girls the differences between the values at the age between
one and two years (in early childhood) and at follow-up (adolescence) are significant
(Pearson Chi-square) - for boys at a level of less than 0.01 (p-value) and for girls at a
level of less than 0.0001 (p-value).

Apparently girls do not have a greater potential to catch up faltering growth around
the age of two years as compared to their male counterparts in adolescence. However,
among under-five children who did not suffer faltering growth around the age of two
years - among those who were stunted - girls are less likely than boys to become
stunted in adolescence. The latter finding is possibly related, as earlier suggested in
section 5.2, to the earlier growth spurt among girls. Adolescent boys may have a
tendency to be ‘just lean’ in early adolescence, i.e. up to about the age of 15 (the
turning point at which boys catch up on their relative backlog in height, as we
observed before in Figure 5.3) and catch up on height at a later stage in adolescence.

Next, in section 5.4, we go a little further back in time by exploring the conditions at
birth in relation to the stunting profiles of boys and girls through early childhood and
adolescence.

5.4 Conditions at birth and level of stunting in childhood and adolescence
Having gained some insight into the nutritional status of the study population in both
adolescence as well as in childhood and in the relative change in nutritional status
according to the level of stunting between these two stages in life, we continue our
study by analysing data on conditions at the time of birth. First, we analyse data on
age of the mother at the time the adolescent was born (subsection 5.4.1). As outlined
in section 2.5, adolescent childbearing - not uncommon in Bangladesh - may entail
specific risks for both the mother and child. Second, we analyse data on weight, size
and timing of the birth (subsection 5.4.2). These data have been collected by means of
retrospective recall from the adolescent’s mother in 2001. We followed the guidelines
of Demographic and Health Surveys (DHS) that indicate that in the absence of
documentation on the baby’s anthropometry at birth, a mother’s verbal report of the
child’s birth weight and relative size, a report which relies on memory, is the only
source available (DHS 1997, pp. 106-107).

In case it was not possible to interview the mother herself (due to death or migration
for instance), where possible a proxy was interviewed, such as the adolescent’s
grandmother, aunt or father (see also section 3.7). Data on conditions at birth have
been collected by proxy in 47 cases. In 2 cases no information about birth conditions
could be provided because the adolescent was adopted at an early age. In order to get
an idea about the quality of the data on recalled birth weight, we analysed to what
extent these data corroborate with the observed data on anthropometric weight for the
youngest children enrolled at baseline, i.e. those children who were 0 to 1 month old
in 1988-1989. Finally, we relate the data on conditions at birth to the stunting profiles
in early childhood and adolescence (subsection 5.4.3).
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5.4.1 Age of mother at birth
As elaborated in Chapter 2 (subsection 2.5.2) young age (or rather young
gynaecological age) is a factor that may have a detrimental influence on the course
and outcome of a pregnancy, herewith placing the life of the adolescent mother
herself as well as that of her baby at risk. Among the total study population
considered, the mean age of the mother at the time the adolescent was born was 26.9
years with a minimum of 14 years and a maximum of 49 years (n=546). The
proportion of mothers who were 19 years or younger at the time of birth was 13 per
cent, whereas almost 5 per cent of the mothers was 40 years or older at the time the
adolescent was born. Old age at birth is also an established risk factor for maternal
mortality - particularly because of its association with multi-parity (WHO 1991, p. 6)
- and is furthermore associated with lower reproductive success reflected by lower
fecundity and fecundability, greater likelihood of spontaneous abortion (van der Veen
2001, pp. 110-113), and adverse birth outcomes, among which include preterm birth
(den Draak 2003, p. 303). Risks to reproductive health related to higher age of the
mother at birth are however not discussed because they fall outside the scope of this
study. We will come back to the age of mothers at the birth of the child enrolled in
our study in subsection 5.4.3 when we explore whether young maternal age at birth is
associated with a greater likelihood of low birth weight, small size at birth, or early
timing of the birth.

5.4.2 Recalled birth weight, birth size and relative timing of birth

Birth weight

Despite the relative long period of recall at least 56 per cent of the interviewed
mothers (including proxies) of adolescents was able to report on their adolescent son’s
or daughter’s birth weight (n=310). Naturally, one needs to practise caution in
analysing data collected after such a long period of recall, although there is evidence -
albeit in a Western setting - that parental recall of birth weight can be good up to 16
years after delivery, irrespective of the social class of the parents49 (O’Sullivan et al.
2000). Additionally, as noted before, DHS studies generally rely on mothers’ verbal
reports of their children’s anthropometric data (DHS 1997, pp. 106-107). Our data on
recalled birth weight was however compromised from heaping around the weights of
2000 (33 per cent), 2500 (32 per cent) and 3000 grams (22 per cent). The universal
value set for ‘low birth weight’ for a full-term baby is 2500 grams (ICDDR,B 2002b,
p. 36). In view of the heaping, we were likely to over-represent the number of low-
birth weight babies if we applied this definition (71 per cent of the reported birth
weights would fall in the category of 2500 grams or less). To be on the safe side with
assessing the prevalence of LBW babies among the study population, the cut-off point
for low birth weight is therefore set at 2000 instead of 2500 grams. Among our study
population the proportion of boys (n=173) and girls (n=137) born with a low birth
weight (≤ 2000 grams) equals to respectively 39 and 40 per cent. Such proportions are

                                                
49 O’Sullivan et al. (2000, p. 1), examining the accuracy of parental recall of the birth weight of

British children ranging in age from 6 to 15 years, found that 75 per cent of the recalled birth
weights were within the 50 grams of that recorded in hospitals, whereas no significant associations
were found between the difference in birth weight (recalled birth weight minus hospital record) and
social class of the parents or age of the child at the time of data collection.
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high because “in a normal population 4 to 7 per cent of the babies are born with a low
birth weight; in developing countries this proportion may be between 15 to 20 per
cent, rising to 30 per cent in exceptional cases” (Leemhuis-de Regt 1998, p.112). Our
results are lower than the overall 45 to 50 per cent usually reported with respect to
LBW babies in Bangladesh (ICDDR,B 2002b, p. 36). However, our data are not
comparable with those published by ICDDR,B since their data are based on a cut-off
point of 2500 grams.

In order to get an idea about the quality of the data on recalled birth weight from
2001, we analysed to what extent these data corroborate with the observed data on
anthropometric weight of the youngest children enrolled at baseline, i.e. those
children who were 0 to 1 month old in 1988-1989 (n=26). Table 5.12 shows the
distribution of these children by recalled birth weight and observed weight at baseline.
Even if we consider that children generally gain weight in the first month after birth,
the table indicates that recalled birth weight is considerably lower than the observed
weight in the first weeks of life. For instance, of the children who weighed between
3600 and 4000 grams at baseline, 60 per cent had a birth weight as recalled by the
mother of 2000 grams. As noted, the sample of 26 cases is small. If this small sub-
selection of cases would be representative for all cases of whom recalled birth weight
is known (n=310), the figures on (recalled) birth weight seem to be underestimated.
We also looked at Pearson’s correlation coefficient, a measure of linear association
between two variables, among the larger sample (n=310). It appears that observed
weight at baseline and recalled birth weight are indeed highly significantly correlated
(p<0.01), although the correlation coefficient is relatively small, i.e. 0.18.

Relative size at birth

The proportion of the children who were born respectively normal, small or tall in
size (relative to other babies according to the mother’s or proxy’s retrospective recall)
amounts to 62, 23 and 15 per cent (n=550). Given the potential errors related to the
long-term recall of the mothers, these figures as such are quite arbitrary and not useful
in the comparison with data of other populations. It appears furthermore that babies
who were born small in size constituted 19 per cent among baby boys (n=301) and 28
per cent among baby girls (n=249). It is highly unlikely that this apparent difference is
wholly attributable to biological factors per se. We also do not have reason to believe
that there are any sex-specific systematic errors in the data. Instead, this difference
may be related to cultural beliefs about desirable physical or bodily appearances for
boys and girls, starting from birth onwards. Possibly, mothers expected their baby girl
to be born smaller as compared to a baby boy. As noted by Blanchet (1996, p. 51),

Table 5.12 Distribution of 0 to 1-month-old children by weight as observed at
baseline and by birth weight as recalled from 2001 in the follow-up
survey, Matlab 1988-2001 (%)

2000 2500 3000 3500 total

62 25 0 13 100 (n=8)
60 20 20 0 100 (n=10)
24 38 38 0 100 (n=8)

(in grams) at baseline

2600-3500
3600-4000
4100-4900

Observed weight Birth weight (in grams) as recalled from 2001
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while citing a dai who discusses practices around birth that emphasise the inferiority
of girls, “boys should be ahead of girls in everything they (i.e. boys) do”. Mothers
may therefore have had a tendency to report relatively more often that their daughter
was small at birth, in line with what they expected or hoped for.

Relative timing of birth

Regarding data on the recalled approximate timing of the birth, again by the mother or
a proxy, it was reported that 79 per cent of the children was born ‘on time’ against 20
per cent ‘early’ births (or premature50) (n=541). The proportion of ‘late births’ is
negligible. The children who were reported to be born ‘early’ were believed to be
born on average51 3.1 weeks before their due date (n=106). Among the cases of
‘early’ births there are relatively more boys (63 per cent) than girls.

5.4.3 Conditions at birth as predictors for stunting later in life

Age of mother and weight, size and timing of birth

Table 5.13 shows the distribution of babies according to their recalled birth weight,
size and relative timing at birth over three age groups, indicating the mother’s age at
birth of the child. The three conditions at birth - birth weight, size at birth and timing
of birth - are presented in a binary manner. From Table 5.13 we see that in general the
distribution across the three maternal age groups is rather similar and does not
discriminate convincingly for any of the three conditions at birth.

                                                
50` We do not use the term 'premature’ because this is based on the counted number of weeks of

gestation. Our data reflect the timing of the birth as perceived by the adolescents’ mothers (and are
assessed on the basis of retrospective recall in 2001; see also section 3.3).

51 Three cases (babies who were reported to be born 6 to 8 weeks early) have been excluded from the
calculation of the average, since it is unlikely that such premature babies could have survived
without incubators and advanced medical assistance.

Table 5.13 Distribution of study population by age of mother and
conditions at birth, Matlab 2001 (%)

19 or younger (%) 20 to 39 (%) 40 or older (%) Total (%)

Recalled birth weight
>2000 grams 61 60 56 60
<=2000 grams 39 40 44 40
n 100 (n=49) 100 (n=243) 100 (n=18) 100 (n=310)

Recalled size at birth
Not small 74 78 76 77
Small 26 22 24 23
n 100 (n=72) 100 (n=449) 100 (n=29) 100 (n=550)

Recalled timing of birth
Not early 76 80 82 80
Early 24 20 18 20
n 100 (n=72) 100 (n=442) 100 (n=27) 100 (n=541)

Age of mother at birth (in years)
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Young gynaecological age

As has been elaborated in section 2.5.2, it is not chronological age but rather
gynaecological age (age since menarche) that may be important for the course and
outcome of a pregnancy. However, we do not know whether adolescents enrolled in
our data-base were the first child born to their mother. Subtraction (maternal age at
birth minus age at menarche) does not give an accurate indication of a mother’s
genuine gynaecological age at first birth. Given our interest in adolescent mothers
though, we selected those mothers whose age at birth of the child enrolled in our
study was 19 years or younger and calculated their gynaecological age as maternal
age at birth minus age at menarche. Such a sub-selection generated too few cases
(n=39) on which to base a multivariate analysis, but it is worthwhile noting that
within this group the gynaecological age varied from 0 to 7 years, meaning that the
gap between the reaching of menarche and the birth of the child was 7 years at the
most. When we look at the cumulative proportions, it appears that no less than 20 per
cent of these adolescent mothers gave birth within two years after reaching menarche,
whereas 44 per cent became a mother within 3 years after menarche.

Small maternal height and low birth weight

The risk of low birth weight is also known to be higher among women of small stature
(DHS 2001). Cross-tabulating recalled birth weight with maternal height (not shown;
n=300), whereby the cut-off point is set at 145 cm (the earlier mentioned cut-off point
for obstetric risk, see section 5.2) did however not show any appreciable difference
between the proportions of children born with a birth weight of 2000 grams or less
among mothers who were shorter than 145 cm. It appeared that 53 per cent of the
children born to these small mothers had a low weight at birth, against 35 per cent of
the children born to the group of mothers whose height was 145 cm or more.

Weight and size at birth versus level of stunting in early childhood and adolescence

Next, we briefly explore to what extent recalled weight and size at birth may have
formed a predisposition to nutritional status, as indicated by the level of stunting, in
childhood and adolescence, respectively (Table 5.14). We are particularly interested
in possible effects of conditions at birth on stunting status in later life that may entail a
higher risk, i.e. being born with a birth weight of 2000 grams or less and being born
small in size.

Table 5.14 Distribution of adolescents by recalled weight and size at birth and level of
contemporary* and early childhood** stunting, Matlab 1988-2001 (%)

adolescence childhood adolescence childhood adolescence childhood adolescence childhood

Recalled birthweight
>2000 grams 21 35 46 36 32 30 100 (n=108) 100 (n=121)
<=2000 grams 34 35 40 36 27 28 100 (n=164) 100 (n=187)
n 78 108 115 111 79 89 272 308

Recalled size at birth
Not small 27 37 42 35 30 28 100 (n=371) 100 (n=419)
Small 20 26 40 33 41 40 100 (n=111) 100 (n=126)
n 124 187 201 188 157 170 482 545

* Using the CDC reference population of 2000 (US NCHS)
** Using the CDC/WHO reference population of 1978 (US NCHS)

Not stunted Moderately stunted Severely stunted Total
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From Table 5.14 we see that a birth weight of 2000 grams or less hardly differentiates
between level of stunting in adolescence, and it does not diferentiate between level of
stunting in early childhood. For example, of the children born with a low weight, 34
per cent was not stunted (>-2 SD) in adolescence as opposed to 40 per cent
moderately (between -3 and -2 SD) and 27 per cent severely (<-3 SD) stunted. Of the
children born with a low weight at birth, 35 per cent is not stunted in early childhood
compared to 36 per cent moderately and 28 per cent severely stunted. Children born
small in size may be somewhat more likely to be moderately or severely stunted in
adolescence. For instance, among this group of babies, almost 20 per cent is not
stunted (>-2 SD) in adolescence against 40 and 41 per cent respectively who are
moderately (between -3 and -2 SD) and severely (<-3 SD) stunted. Having a small
size at birth differentiates less between the respective levels of stunting in early
childhood.

In order to test whether size at birth is truly associated with stunting status in
adolescence, it is necessary to adjust for early childhood stunting status as a possible
effect of size at birth on the likelihood of being stunted in adolescence. Nutritional
status is also an important consideration when studying further the relation between
birth weight and adolescent stunting. Although the descriptive findings discussed so
far may not seem to show an effect, it could be possible that LBW babies are more
likely to catch up on their relative backlog in early childhood. These possible
associations are studied more thoroughly in section 5.6 by means of multivariate
regression analyses, whereby we will take into account the interrelationships between
the contemporary and early life nutritional predictors of adolescent nutritional status.

5.5 The intergenerational perspective: maternal nutritional anthropometry
Central to this section is the nutritional status of the adolescents’ mothers, as indicated
by their weight, height and MUAC (subsection 5.5.1) and Body Mass Index (5.5.2).
Maternal anthropometry has been assessed in 2001. In order to answer the question to
what extent an impaired nutritional status is ‘embodied’, i.e. passed on from one
generation to the next, we linked maternal anthropometry to that of the study
population in adolescence and early childhood (subsection 5.5.3). We looked at
stunting status of the adolescent child because this indicator is known to be influenced
by malnutrition over generations (Leemhuis-de Regt 1998, p. 111) and height of the
mother. In contrast to BMI, which is subject to fluctuations in weight, height can
considered to be stable from adulthood onwards. Data on maternal anthropometry are
available for almost 70 per cent of the mothers. Reasons why not of all mothers’
anthropometric measurements were taken were that they were not available (71 per
cent of all missing cases) or some mothers refused to be measured (29 per cent of all
missing cases).

5.5.1 Maternal weight, height and MUAC

Weight and height

Regarding the basic measurements, weight and height, we found the mean, lowest and
highest scores for mothers to be 42.4, 28.2 and 66.6 kg (weight; n=491) and 149.5,
135.2 and 165.8 cm (height; n=492), respectively.
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Obstetric risks according to weight and height

Considering the cut-off points of obstetric risk (a weight below 45 kg and a height
below 145 cm; WHO 2003, p. 22) a closer look at the data tells us that 71 per cent of
the mothers would currently be at risk because of low weight and 16 per cent because
of their short stature. We should note however that - in contrast to adult height -
weight can fluctuate considerably over time. Since a mother’s weight is measured at
the time of the follow-up survey in 2001 we cannot claim that 71 per cent of the
adolescents were born to severely malnourished mothers in terms of weight. In theory
these low-weight mothers may have had adequate weights some 13 years ago when
their son or daughter, who is currently enrolled in our study, was born. However, if
these mothers would become pregnant now they would indeed face severe obstetric
risks. A considerably smaller proportion of the mothers is at risk because of their
short stature. We assume that adult height remains stable over time and that a
mother’s height measured in the follow-up survey is similar to, or at least approaches,
height at the time the adolescent was born. However, we should take into account that
some mothers (13 per cent, n=546; see section 5.4) were adolescents themselves (i.e.
19 years or younger), at the time they gave birth to their - now - adolescent son or
daughter and hence, therefore not likely to have had completed their growth curve at
that time. The youngest mother in our sample was 14 years and the majority of the
‘adolescent mothers’ were 18 years at the time of birth of their child. Among the
group of adolescent mothers, 13 per cent is currently, and thus certainly at the time of
the adolescent’s birth, shorter than 145 cm. This finding does however not mean that
the remaining 87 per cent of the mothers was 145 cm or taller when they gave birth.
Their height as well may have been below the critical cut-off point, but they may have
caught up on their height after the birth of their child. The latter would be in
agreement with an observation of Riley (1994, p. 92) that in some adolescent girls and
young women in Matlab linear growth continued past the age of 20 years (subsection
2.5.2).

Mid-upper arm circumference

MUAC is an emergency measurement whereby a MUAC of less than 22.5 indicates
severe malnutrition in adults (Leemhuis-de Regt 1998, p. 112). We found that 22 per
cent of the mothers of the adolescents falls below this cut-off point. MUAC is also
used for the screening of pregnant women because malnourished women are at greater
risk of having a LBW baby. At the moment of survey, however, only one mother
appeared to be pregnant and her nutritional status appeared to be adequate
(irrespective of the type of indicator - weight, height, MUAC or BMI - used).

5.5.2 Maternal Body Mass Index
Figure 5.11 shows the distribution of scores on the BMI scale of the mothers of the
adolescents. As indicated in section 3.3, the lower and upper cut-off points for what is
considered a healthy BMI are 18.5 and 25.0 respectively. A score lower than 18.5
indicates that an adult is in a malnourished state and a score below 16.0 indicates
severe underweight (or severe CED). At the other end of the spectrum, a score higher
than 25.0 means overweight and a score greater than 30.0 is a reflection of severe
overweight or obesity.
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From Figure 5.11 we see that a large proportion of the adolescents’ mothers, 49 per
cent, is currently not undernourished according to BMI. A few mothers, 2 per cent, is
slightly overweight. A considerable proportion of the mothers is malnourished
according to BMI: 41 per cent is underweight and 8 per cent is severely underweight.
This proportion is slightly higher as compared to results published by DHS for
Bangladesh (2001), who reported 45 per cent of the mothers to have a BMI below
18.5.

The severely underweight mothers in our sample are not considerably smaller than the
other mothers, but are indeed relatively light. Weight can fluctuate over time rather
quickly for instance in times of sickness. Weight typically decreases rapidly in cases
of diarrhoea. Although we did not examine the mother’s overall health status nor ask
the mothers to report on their health status themselves (self-reported health status), we
found none of the mothers enrolled that ill that she could not be interviewed or have
her anthropometric measurements taken.

5.5.3 Height of mother and stunting status of her child
In this section we briefly explore the relationship between height of mother and the
level of stunting of her child in adolescence (Table 5.15) and early childhood (Table
5.16).

Table 5.15 Distribution of adolescents by level of contemporay
stunting*, sex and height of the mother, Matlab 2001 (%)

Sex Maternal
height (in cm) Not stunted Moderate Severe Total

Boys shorter than 145 cm 11 36 53 100 (n=36)
145 cm or taller 23 44 33 100 (n=199)
n 50 100 85 235

Girls shorter than 145 cm 12 41 47 100 (n=41)
145 cm or taller 37 40 23 100 (n=163)
n 65 83 56 204

Total shorter than 145 cm 12 39 49 100 (n=77)
145 cm or taller 29 43 28 100 (n=362)
n 115 183 141 439

* Using the CDC reference population of 2000 (US NCHS)

Level of stunting

Figure 5.11: Distribution of adolescents' 
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Table 5.15 shows that small mothers are more likely to have a child who is severely
stunted in adolescence as compared to mothers who are not small. For instance,
among the group of adolescents who have a small mother (i.e. shorter than 145 cm),
49 per cent is severely (<-3 SD) stunted. Adolescents with taller mothers account for
28 per cent. When we look at the data broken down by sex, we see that this difference
in adolescent stunting status is slightly larger among boys: respectively 53 per cent of
the boys with a small mother is severely stunted as compared to 33 per cent among the
boys whose mother is taller. The corresponding figures for girls are respectively 47
against 23 per cent.

From Table 5.16 we find that small mothers are also more likely to have a child who
is severely stunted in early childhood as compared to mothers who are not small.
Among girls with a mother who is less than 145 cm tall, 61 per cent is severely (<-3
SD) stunted and 7 per cent not stunted (>-2 SD). Such a difference in early childhood
stunting status is not found among girls whose mother is 145 cm or taller. The
apparent influence of maternal height on stunting status of her adolescent child is
likely to be confounded by early life nutritional status. In section 5.6 we will further
study the effect of maternal height on adolescent stunting while controlling for early
life nutritional status (at birth and in early childhood) by means of regression
analyses.

5.6 Multi-lifecourse nutritional predictors of adolescent stunting
Studying adolescents’ reproductive health by taking explicitly into account the
nutritional status career implies a retrospective approach to the course of life as
adolescent nutritional status is impacted by nutritional and health conditions in
childhood and even before that: at birth and during the period of gestation (section
2.3). Also, adolescent nutritional status is important for health later in life and to that
of the future offspring (section 2.5). In this section we study how stunting status in
adolescence (the dependent variable) is predisposed by nutritional status earlier in life,
height of the mother, and sex of the adolescent. Based on the literature review (see
aforementioned sections), we selected adolescent stunting or height-for-age to be the
dependent variable because of its relation with pelvic size. Height may, more than
weight, be important for reproductive health of adolescent girls and young women.

Table 5.16 Distribution of adolescents by level of childhood stunting*,
sex and height of the mother, Matlab 1988-2001 (%)

Sex Maternal
height (in cm) Not stunted Moderate Severe Total

Boys shorter than 145 cm 30 35 35 100 (n=43)
145 cm or taller 37 39 24 100 (n=224)
n 96 102 69 267

Girls shorter than 145 cm 7 32 61 100 (n=44)
145 cm or taller 39 30 31 100 (n=177)
n 72 67 82 221

Total shorter than 145 cm 18 33 49 100 (n=87)
145 cm or taller 38 35 27 100 (n=401)
n 168 169 151 488

* Using the CDC/WHO reference population of 1978 (US NCHS)

Level of stunting



Chapter 5: Adolescent nutritional anthropometry

151

Firstly, the strengths and directions of correlation between the dependent and the
independent variables are assessed (subsection 5.6.1). Thereafter, multiple regression
techniques are applied to determine the influence of a predictor (explanatory factor or
covariate) on ‘adolescent stunting’, the dependent variable (subsection 5.6.2). The
multiple regression model predicts the presence of stunting. It includes several
covariates (x1… xp), which are in our study indicators of nutritional anthropometry at
various moments in life. We applied binary logistic regression analyses in two steps.
First, univariate regression models are specified to determine the effects of each
potential predictor separately. Secondly, multivariate models are formulated to
determine whether the effect of a potential predictor changes in the presence of other
predictors of nutritional status in previous stages in life.

5.6.1 Strengths and directions of correlation
In this subsection we explore the strengths and directions of correlation between the
dependent and the independent variables. We hereby also look at multi-collinearity
i.e. correlation between the respective independent variables, particularly those that
pertain to the same stage in life (for instance, adolescent underweight, adolescent
stunting and adolescent BMI). The dependent and independent variables that we
consider are respectively:

 adolescent stunting or height-for-age (categorical, dichotomous i.e. 0 = not stunted
or >-2 SD; 1 = stunted or ≤-2 SD);

 adolescent weight and height (irrespective of age) (continuous);
 adolescent underweight or weight-for-age (categorical, 1 = not underweight or >-2

SD from the median; 2 = moderately underweight or between -3 and -2 SD from
the median; 3 = severely underweight or <-3 SD from the median);

 adolescent Chronic Energy Deficiency according to BMI Z-scores (categorical, 1
= not CED or >-2 SD from the median; 2 = moderately CED or between -3 and -2
SD from the median; 3 = severely CED or <-3 SD from the median);

 childhood underweight and stunting (categorical, 1 = not underweight respectively
not stunted or >-2 SD from the median; 2 = moderately underweight respectively
stunted or between -3 and -2 SD from the median; 3 = severely underweight
respectively stunted or <-3 SD from the median);

 recalled birth weight52 (categorical, dichotomous i.e. 0 = 2000 grams or less; 1 =
more than 2000 grams);

 recalled size at birth (categorical, dichotomous i.e. 0 = not small; 1 = small);
 maternal height (categorical, dichotomous i.e. 0 = <145 cm; 1 = ≥145 cm); and
 adolescent’s sex (categorical, dichotomous i.e. 0 = female; 1 = male).

It should be noted that because of the shortcomings with regard to quality of the data -
related to subjectivity and the long period of recall - on approximate timing at birth
(see section 5.4), we do not take into account this variable. Birth weight and size at
birth are considered although, for aforementioned reasons, some prudence is called
for here as well. A test on the validity of the data on recalled birth weight by relating
                                                
52 All under-fives and adolescents whose anthropometric data and recalled birth weight were known

are included in the analyses (respectively 308 and 272 cases). The causes of low birth weight may
however differ: respectively 17 and 16 per cent of these under-fives and adolescents had a low birth
weight in conjunction with an early (recalled) timing of the birth (so they are probably light because
of a young gestational age).
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them to observed weight among the youngest children enrolled at baseline (i.e. those
children who were 0 to 1 month old) suffered from the small numbers of the sub-
sample. If this small sub-selection of cases would be representative for all cases of
which recalled birth weight is known (n=310), the figures on (recalled) birth weight
seem to be underestimated. Furthermore, we excluded ‘MUAC in childhood’ because
it merely reflects current nutritional status (at that time, thus in childhood) and is not
likely to have a long-term influence on nutritional status in adolescence.

Table 5.17 shows the (bivariate) correlation matrices of adolescent stunting (stunted
versus not stunted) of the adolescent boys and girls in our sample with the selected
predictors (in order of appearance in the previous sections). In general, three
correlation coefficients can be distinguished: Pearson’s coefficient, a measure of
linear association between the variables; Spearman’s rho, a measure of association
between rank orders (numeric data only); and Kendall’s tau-b coefficient, a measure
of association for nominal data. Since adolescent stunting is a dichotomous variable,
we used Kendall’s tau-b coefficient to indicate its strengths and directions of
correlation with potential predictors. Levels of significance are indicated by p-values.
A p-value less than 0.01 and 0.05 indicates a significant statistical correlation between
two variables considered (indicated in the table by asterisks).

From the correlation matrix we gather that among the adolescent boys and girls in our
sample:

 Adolescent stunting or height-for-age is (highly) significantly correlated with all
other nutritional indicators pertaining to the adolescent period (i.e. adolescent
weight, height, underweight and CED according to BMI Z-scores). The significant

Table 5.17 Strengths and directions of correlation between dependent variable and selected predictors, 
Matlab 1988-2001

Maternal
Variables weight height underweight BMI underweight stunting birth weight birth size height Sex

Adolescent stunting -0.391** -0.487** 0.555** 0.197** 0.191** 0.294** -0.132* 0.074 -0.152** 0.118**
N 485 485 485 485 482 482 272 482 439 485

Adolescent weight 0.692** -0.553** -0.449** -0.047 0.015 0.192** -0.118** 0.102** -0.115**
N 485 485 485 482 482 272 482 439 485

Adolescent height -0.429** -0.177** -0.028 -0.055 0.167** -0.112** 0.138** -0.036
N 485 485 482 482 272 482 439 485

Adolescent underweight 0.566** 0.269** 0.249** -0.185** 0.131** -0.112* 0.213**
N 485 482 482 272 482 439 485

Adolescent BMI Z-scores 0.204** 0.083* -0.098 0.103* -0.033 0.237**
N 482 482 272 482 439 485

Childhood underweight 0.652** -0.082 0.172** -0.184** -0.012
N 699 308 545 488 699

Childhood stunting -0.011 0.111** -0.181** -0.050
N 308 545 488 699

Recalled birth weight -539** 0.135* 0.009
N 310 300 310

Recalled size at birth -0.079 -0.100*
N 492 550

Maternal height 0.049
N 492

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

Adolescent Childhood Recalled
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correlation of adolescent stunting with adolescent weight and height is negative,
meaning that the lower an adolescent’s weight and height is, the more likely he or
she is stunted, i.e. short for his or her age in comparison with a well-nourished
reference population (see also subsection 5.2.2). The significant correlation of
adolescent stunting with adolescent underweight and CED according to BMI Z-
scores is positive, meaning that the less adequate an adolescent’s nutritional status
is according to these two indicators, the more likely that he or she is stunted.

 Adolescent stunting is (highly) significantly correlated with early childhood
underweight and stunting (positive), meaning that the less adequate an
adolescent’s nutritional status in early childhood according to the level of
underweight and stunting at that time, the more likely it is that he or she is stunted
in adolescence.

 Adolescent stunting is significantly correlated with recalled birth weight
(negative), meaning that a birth weight of 2000 grams or less is correlated with a
greater likelihood of stunting in adolescence.

 Adolescent stunting is (highly) significantly correlated with maternal height
(negative), meaning that small mothers, i.e. mothers whose height is below 145
cm, are more likely to have an adolescent son or daughter who is stunted.

 Adolescent stunting is (highly) significantly correlated with the sex of the
adolescent (positive), meaning a boy is more likely than a girl to be stunted in
adolescence.

All these correlations are in line with the descriptive analyses presented in the
previous sections. Some of the independent variables are strongly correlated with each
other (multi-collinearity). Collinearity between some of the variables is expected. For
example, adolescent weight and height are for instance (highly) significantly
correlated with each other (positive), meaning that an adolescent who weighs more is
also taller and vice versa. Also early childhood underweight and stunting are (highly)
significantly correlated with each other (positive). Similarly, it is not surprising that
recalled weight and size at birth are (highly) significantly correlated with each other
(negative), meaning that children born with a birth weight of 2000 grams or less were
more likely to be small at birth. Collinearity may also be due to the fact that
measurements are based on the same anthropometric indices. For instance, adolescent
underweight and adolescent CED according to BMI Z-scores are both in part based
on adolescent weight and hence, not surprisingly, also (highly) significantly correlated
with each other (positive).

However, collinearity is also present between indicators of nutritional status
pertaining to different stages in life, for instance:

 Early childhood underweight and stunting are (highly) significantly correlated
with adolescent underweight and BMI (positive), meaning that the less adequate
an adolescent’s nutritional status was in early childhood (as measured by the level
of underweight and stunting at that time), the more likely it is that he or she is
underweight or chronically energy deficient according to BMI Z-scores in
adolescence.
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 Recalled birth weight is (highly) significantly correlated with adolescent weight
and height (positive), meaning that children born with a birth weight of 2000
grams or less are more likely to have a lower weight and height in adolescence as
compared to their counterparts who were heavier at birth.

 Recalled size at birth is also (highly) significantly correlated with adolescent
weight and height (negative), meaning that children who were small at birth are
more likely to have a lower weight and height in adolescence as compared to their
counterparts who were tall at birth. Recalled size at birth is also (highly)
significantly correlated with early childhood underweight and stunting (positive),
meaning that children who were small at birth are more likely to have a low
nutritional status in early childhood according to the level of underweight and
stunting at that time as compared to their counterparts who were tall at birth.

 Maternal height is (highly) significantly correlated with adolescent weight and
height (positive), meaning that small mothers, i.e. mothers with a height below
145 cm, are more likely to have an adolescent son or daughter of lower weight and
height. Maternal height is also (highly) significantly correlated with early
childhood underweight and stunting (negative), meaning that small mothers, i.e.
mothers who are shorter than 145 cm, are more likely to have a son or daughter
with a low nutritional status in early childhood according to the level of
underweight and the level of stunting at that time. Finally, maternal height is
significantly correlated with recalled birth weight (positive), meaning that small
mothers, i.e. mothers who are shorter than 145 cm, are more likely to have a child
born with a weight at birth of 2000 grams or less.

 The sex of the adolescent is (highly) significantly correlated with all indicators of
nutritional status in adolescence (except for adolescent height) in such a way that
a boy is more likely to have a low nutritional status than a girl in adolescence.
Neither a significant correlation is found between sex and indicators of nutritional
status in early childhood, nor between sex and recalled weight at birth. The sex of
the adolescent is however significantly correlated with recalled size at birth
(negative), meaning that - according to the mother’s recall - a girl was more likely
to be small at birth than a boy.

In sum, the strengths and directions of the correlation table are either as expected (for
instance those variables that pertain to the same period in life) and merely confirm the
results presented in the previous sections 5.2 to 5.5 (for instance, the correlation
between adolescent stunting on the one hand and early childhood underweight and
stunting, and maternal height on the other). Given that adolescent stunting, the
dependent variable, is significantly correlated to almost all predictors included in the
model, we are particularly interested in the regression models (presented next in
subsection 5.6.2) whereby we review the effect of one predictor while controlling for
possible confounders.

5.6.2 Logistic regression analyses
By applying binary logistic regression models we aim to build up a ‘stunting profile’
to determine which adolescents, given a series of indicators pertaining to nutritional
status earlier in life, are most likely to be stunted. We should note that although
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adolescent stunting appeared to be highly correlated with adolescent underweight and
BMI (see previous section 5.6.1), these two indicators could not have influenced
adolescent stunting since the anthropometric values on which they are based are taken
at the same time. Hence, adolescent underweight and BMI are excluded from the
regression models. Additionally, since recalled size at birth did not appear to be
significantly correlated with adolescent stunting (see Table 5.17), this variable is
excluded as well.

In Table 5.18, the effects of single independent variables or covariates are shown
(univariate model), meaning that every independent variable (respectively early
childhood underweight, early childhood stunting, recalled birth weight, maternal
height, and sex of the adolescent) is analysed separately in relation to the dependent
variable (adolescent stunting). In a second step, in Table 5.19, we controlled for
independent variables (multivariate analyses). In the models, the independent
variables or covariates are categorical (see also subsection 5.6.1). The categories are
compared to the reference category (ref.), whereby the latter encompass boys and girls
who were respectively not malnourished in childhood according to anthropometry,
who had a birth weight above 2000 grams, or who have a mother who is 145 cm or
taller.

The logistic regression coefficients are used to estimate the constant (odds of being
stunted for the reference category) and the odds ratios. The odds ratio is the ratio of
the odds that an adolescent who shows signs of nutritional deficiencies is stunted
relative to the odds that an adolescent who has no signs of nutritional deficiencies
(reference category) but is stunted. To illustrate the odds ratio, we consider the
relation between stunting in early childhood and stunting in adolescence. The odds
ratio is the ratio of the odds of being stunted in adolescence for those who were
stunted in childhood, and the odds of being stunted in adolescence for those who were
not stunted in childhood. In the multivariate models the likelihood ratio (–2 log
likelihood) tells us to what extent a model significantly ‘improves’ as compared to a
previous model. The performance of the model is measured in terms of its ability to
predict the data from a set of predictor variables. Nagelkerke’s R2 indicates the
percentage of variance in the dependent variable (stunting in adolescence) explained
by the predictors (independent variables) included in the model. In both the univariate
and the multivariate models, the level of significance of the parameter considered is
expressed by p-values (indicated in the table by asterisks).
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Table 5.18 Binary logistic univariate regression models: odds ratios (with 95% CI) of
adolescent stunting (total and by sex), Matlab 1988-2001

Nagelkerke
Predictors Odds ratio Constant R2

Childhood underweight (weight-for-age)

Total Not underweight: > -2 SD (ref) 1.00 1.685** 0.060
Moderately underweight: -3 to -2 SD 1.75* (1.10-2.78)
Severely underweight: < -3 SD 3.56*** (1.99-6.36)

Boys Not underweight: > -2 SD (ref) 1.00 2.800*** 0.022
Moderately underweight: -3 to -2 SD 1.39 (0.71-2.72)
Severely underweight: < -3 SD 2.32 (0.94-5.73)

Girls Not underweight: > -2 SD (ref) 1.00 1.029 0.126
Moderately underweight: -3 to -2 SD 1.94 (0.99-3.81)
Severely underweight: < -3 SD 5.51*** (2.54-11.94)

Childhood stunting (height-for-age)

Total Not stunted: > -2 SD (ref) 1.00 1.319 0.142
Moderately stunted: -3 to -2 SD 2.64*** (1.65-4.23)
Severely stunted: < -3 SD 7.40*** (3.87-14.15)

Boys Not stunted: > -2 SD (ref) 1.00 1.906** 0.127
Moderately stunted: -3 to -2 SD 2.59** (1.34-5.03)
Severely stunted: < -3 SD 9.61*** (2.79-33.18)

Girls Not stunted: > -2 SD (ref) 1.00 0.850 0.191
Moderately stunted: -3 to -2 SD 2.63** (1.32-5.24)
Severely stunted: < -3 SD 8.47*** (3.79-18.93)

Birth weight

Total > 2000 grams (ref) 1.00 1.982*** 0.026
<= 2000 grams 1.86* (1.06-3.28)

Boys > 2000 grams (ref) 1.00 2.792*** 0.013
<= 2000 grams 1.60 (0.72-3.56)

Girls > 2000 grams (ref) 1.00 1.355 0.044
<= 2000 grams 2.21 (0.99-4.93)

Maternal height

Total 145 cm or taller (ref) 1.00 2.415*** 0.038
Shorter than 145 cm 3.13** (1.51-6.50)

Boys 145 cm or taller (ref) 1.00 3.326*** 0.019
Shorter than 145 cm 2.41 (0.81-7.16)

Girls 145 cm or taller (ref) 1.00 1.717*** 0.070
Shorter than 145 cm 4.19** (1.56-11.27)

Sex of the child

Total Male (ref) 1.00 3727*** 0.020
Female 0.58**(0.39-0.88)

* P < 0.05; ** P < 0.01; *** P < 0.001
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In table 5.18 the odds ratios are shown - generated by the univariate model - for the
likelihood of being stunted in adolescence by respectively level of childhood
underweight and stunting, birth weight, maternal height and sex of the adolescent.
The odds ratios are also estimated for boys and girls separately. In the table we
observe the following:

 There is a significant effect of underweight in childhood on stunting status in
adolescence. The odds of being stunted in adolescence for children who were
moderately underweight in childhood is 1.75 times the odds for children who had
a normal weight according to their age and sex in childhood (reference category).
In addition, the odds ratio is considerably higher for adolescents who were
severely underweight in childhood (3.56). When the data are broken down by sex,
the results lose significance for both boys and girls who were moderately
underweight in early childhood, whereas they remain to be significant for severely
underweight girls. This indicates that for girls, childhood underweight is a better
predictor of adolescent stunting than it is for boys.

 What really stands out is the highly significant (p<0.001) effect on the odds of
being stunted in adolescence for children who were moderately and severely
stunted in childhood as compared to children who had a normal height according
to their age and sex in childhood (i.e. the not stunted under-fives). This effect
remains significant when the data are broken down by sex. The odds of being
stunted in adolescence - irrespective of sex - for children who were moderately
stunted in childhood is 1.64 times the odds for children who were not stunted in
childhood, whereas the odds of being stunted in adolescence for children who
were severely stunted in childhood is even 7.40 times the odds for children who
were not stunted in childhood (reference category).53

 There is also a significant effect of low recalled birth weight on stunting status in
adolescence, whereby the odds of being stunted in adolescence for children who
were born with a birth weight of 2000 grams or less is 1.86 times the odds for
children who were born with a birth weight of more than 2000 grams (reference
category). This effect loses significance when the analysis is repeated for
adolescent boys and girls separately (possibly due to the decrease in sample size).

 With regard to the effect of maternal height on the odds of being stunted in
adolescence, we also find a (highly) significant figure. However, this effect is
again no longer significant when the data are analysed for the two sexes
separately. The odds of being stunted in adolescence for children (boys and girls
considered together) who have a mother of short stature (<145 cm) is as high as
3.13 times the odds for children who have a taller mother (≥145 cm) (reference
category).

                                                
53 The observation that the odds ratios for boys and girls combined (total) is slightly higher (for

moderately stunted under-fives) and lower (for the severely stunted under-fives) than the odds ratios
for boys and girls separately may be related to the distribution 'stunted versus not stunted' in
adolescence for those children who were not stunted as an under-five child. The odds that these
children are stunted in adolescence is 0.7 for boys and 0.5 for girls.



Adolescents’ reproductive health in rural Bangladesh

158

 Finally, the sex of the adolescent appeared to be a highly significant predictor of
stunting status in adolescence. The odds of being stunted in adolescence for girls
is 0.58 times the odds for boys (the reference category), meaning that girls are less
likely than boys to be stunted in adolescence.

The highest Nagelkerke R2 found is the one pertaining to childhood stunting: 0.142 for
all children (and 0.191 for girls). This figure means that 14.2 per cent of the variation
in stunting in adolescence is explained by childhood stunting only. For girls, this
variable explains 19.1 per cent of the variation in adolescent stunting.

Table 5.19 shows the most salient multivariate models. Again the odds ratio (with the
95-percent confidence interval), the Nagelkerke R2, the -2 log likelihood and the
constant are shown. Significant effects are asterisked for different p-values. The table
reveals that childhood stunting is the most important (highly) significant predictor of
adolescent stunting. For instance, model 1 shows that the odds of being stunted in
adolescence for children who were moderately stunted in childhood is 2.90 times the
odds for children who were not stunted in childhood (reference category). The odds
ratio of being stunted in adolescence for children who were severely stunted in
childhood is even 8.10 times the odds for children who were not stunted in childhood
(reference category). The significant effect of childhood underweight on the odds of
being stunted in adolescence - which we observed in Table 5.18 - is lost when
childhood underweight is considered together with childhood stunting into one model.
Birth weight however remains significant, also when other predictors are added to the
model (models 2 to 6). Model 2 shows that the odds of being stunted in adolescence
for children who were born with a birth weight of 2000 grams or less is 2.26 times the
odds for children with a higher weight at birth (reference category).

From models 3, 5 and 6 we learn that maternal height is not a significant predictor of
the odds of adolescent stunting if childhood stunting, birth weight and sex of the child
are taken into consideration. The (highly) significant effect of sex of the child, as
earlier observed in Table 5.18, does prevail however and remains steady when the
other significant predictors such as childhood stunting and birth weight are added to
the analyses. In each of the models 4 to 6, the odds of being stunted in adolescence for
girls is about 0.4 times the odds for boys (reference category), meaning that girls are
less likely to be stunted in adolescents as compared to boys.

The Nagelkerke R2 increases from 0.143 in model 1 to 0.224 in model 6. The latter
figure indicates that 22.4 per cent of the variation in adolescent stunting is explained
by the combined effect of the predictors included in this model, notably childhood
stunting, birth weight and sex of the child.



  

T
ab

le
 5

.1
9

B
in

ar
y 

lo
gi

st
ic

 m
ul

tiv
ar

ia
te

 r
eg

re
ss

io
n 

m
od

el
s:

 o
dd

s r
at

io
s (

w
ith

 9
5%

 C
I)

 o
f a

do
le

sc
en

t s
tu

nt
in

g 
co

nt
ro

lle
d

Pr
ed

ic
to

rs
M

od
el

 1
M

od
el

 2
M

od
el

 3
M

od
el

 4
M

od
el

 5
M

od
el

 6

C
hi

ld
ho

od
 u

nd
er

w
ei

gh
t

-
-

N
ot

 u
nd

er
w

ei
gh

t: 
> 

-2
 S

D
 (r

ef
)

1.
00

1.
00

1.
00

1.
00

M
od

er
at

el
y 

un
de

rw
ei

gh
t: 

-3
 to

 -2
 S

D
0.

83
 (0

.4
7-

1.
47

)
0.

61
 (0

.2
6-

1.
46

)
0.

71
 (0

.2
9-

1.
73

)
0.

62
 (0

.2
5-

1.
54

)
Se

ve
re

ly
 u

nd
er

w
ei

gh
t: 

< 
-3

 S
D

0.
88

 (0
.4

0-
1.

92
)

0.
63

 (0
.2

1-
1.

91
)

0.
69

 (0
.2

3-
2.

08
)

0.
63

 (0
.2

0-
1.

98
)

C
hi

ld
ho

od
 st

un
tin

g
N

ot
 st

un
te

d:
 >

 -2
 S

D
 (r

ef
)

1.
00

1.
00

1.
00

1.
00

1.
00

1.
00

M
od

er
at

el
y 

st
un

te
d:

 -3
 to

 -2
 S

D
2.

90
**

*(
1.

64
-5

.1
4)

4.
35

**
(1

.8
1-

10
.4

5)
3.

98
**

(1
.6

5-
9.

64
)

2.
96

**
*(

1.
57

-5
.6

0)
2.

97
**

(1
.5

6-
5.

66
)

4.
12

**
(1

.6
7-

10
.2

2)
Se

ve
re

ly
 st

un
te

d:
 <

 -3
 S

D
8.

10
**

*(
3.

55
-1

8.
45

)
10

.2
0*

**
(3

.3
1-

31
.5

1)
8.

58
**

*(
2.

77
-2

6.
56

)
8.

36
**

*(
3.

60
-1

9.
42

)
7.

58
**

*(
3.

21
-1

7.
90

)
10

.8
1*

**
(3

.2
9-

35
.4

7)

B
ir

th
 w

ei
gh

t
-

> 
20

00
 g

ra
m

s(
re

f)
1.

00
1.

00
1.

00
1.

00
1.

00
<=

 2
00

0 
gr

am
s

2.
26

**
(1

.2
2-

4.
16

)
2.

07
*(

1.
11

-3
.8

7)
2.

33
**

(1
.2

6-
4.

33
)

2.
17

*(
1.

15
-1

4.
09

)
2.

19
*(

1.
16

-4
.1

6)

M
at

er
na

l h
ei

gh
t

-
-

-
14

5 
cm

 o
r t

al
le

r (
re

f)
1.

00
1.

00
1.

00
Sh

or
te

r t
ha

n 
14

5 
cm

1.
87

 (0
.7

1-
4.

91
)

1.
76

 (0
.6

6-
4.

64
)

1.
75

 (0
.6

6-
4.

63
)

Se
x 

of
 th

e 
ch

ild
-

-
-

M
al

e 
(r

ef
)

1.
00

1.
00

1.
00

Fe
m

al
e

0.
44

**
(0

.2
5-

0.
80

)
0.

43
**

(0
.2

3-
0.

77
)

0.
41

**
(0

.2
3-

0.
75

)

N
48

2
27

1
26

3
27

1
26

3
26

3
N

ag
el

ke
rk

e 
R

2
0.

14
3

0.
18

1
0.

18
4

0.
21

0
0.

21
9

0.
22

4
-2

 lo
g 

lik
el

ih
oo

d
50

0.
15

5
28

6.
83

2
28

0.
04

3
28

0.
52

2
27

2.
54

6
27

1.
42

2
C

on
st

an
t (

ex
p(

B
))

1.
39

19
0.

88
9

0.
82

0
1.

14
8

1.
11

9
1.

26
0

* 
P 

< 
0.

05
; *

* 
P<

0.
01

; *
**

 P
 <

 0
.0

01

fo
r 

se
le

ct
ed

 v
ar

ia
bl

es
, M

at
la

b 
19

88
-2

00
1

O
dd

s r
at

io



Adolescents’ reproductive health in rural Bangladesh

160

5.7 Conclusions and discussion
The central theme in this chapter is the nutritional status, indicated by anthropometry,
of the adolescent study population in Matlab, Bangladesh, and its predisposition by
nutritional status in early life, notably in early childhood and at birth. The analyses
presented in this chapter were guided by hypotheses 4 through 9 (see section 3.2).

Adolescent nutritional status

In hypothesis 4 it was stated that adolescents’ nutritional status, as indicated by
anthropometry, is poor. In line with this hypothesis, it appeared that irrespective of the
indicator used, the adolescent population in our sample can be considered to be
largely malnourished. For instance, 66 per cent of the adolescent boys and 46 per cent
of the adolescent girls are severely (<-3 SD) underweight, whereas respectively 36
and 28 per cent of the adolescent boys and girls are severely (<-3 SD) stunted. The
differences between boys and girls may be related to the combined effect of the
difference in timing of the adolescent growth spurt, which generally sets in two years
earlier in girls, and the possible difference in catch-up potential within the context of
malnutrition. Malnourished adolescent boys aged 12 to 16 years may have a tendency
to be ‘just lean’ and may catch up on their weight at a later stage in adolescence.
However such an explanation is hypothetical in character: an unambiguous
explanation for the relative overproportion of severely (<-3 SD) underweight boys
cannot be provided as yet.

Weight and height in view of reproductive health

Our analysis indicates that if the 16-year-old girls would marry and get pregnant soon
after that, almost 83 per cent would be at risk in terms of obstetric cut-off points for
weight and almost a quarter, 23 per cent, would be at risk in terms of obstetric cut-off
points for height.

Stunting status in adolescence and early childhood

The nutritional status of the adolescents in our sample is thus far from adequate,
though comparable to that of their Indian peers. The large differences in sex- and age-
specific weight and height scores with the (American) reference population is likely to
be rooted earlier in life and is therefore also viewed in relation to nutritional status in
early childhood. We hypothesised that malnutrition, as indicated by the level of
stunting, is more prevalent among adolescents who were stunted in early childhood as
compared to adolescents who were not stunted as an under-five (hypothesis 5). Both
from the descriptive analyses as well as the binary logistic regression analyses, we
learned that stunted under-fives are indeed highly likely to become stunted
adolescents. For example, among boys who were severely (<-3 SD) stunted as an
under-five, 71 percent remains severely (<-3 SD) stunted in adolescence. Also
respectively 48 and 17 per cent of the not stunted (>-2 SD) under-five boys become
moderately stunted (between -3 and -2 SD) and severely (<-3 SD) stunted in
adolescence. However, 54 per cent of the girls who was not stunted as an under-five
remains not stunted as an adolescent. The regression analyses revealed that,
irrespective of sex, the odds of being stunted in adolescence for children who were
moderately stunted in childhood is 1.64 times the odds for children who were not
stunted in childhood, whereas the odds of being stunted in adolescence for children
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who were severely stunted in childhood is even 7.40 times the odds for children who
were not stunted in childhood (reference category).

Catch-up potential: does age in early childhood and sex matter?

In previous studies it was found that the potential for catch up faltering growth
(stunting) in childhood is limited after the age of two years, particularly when such
children remain in poor environments (Gillespie and Flores 2000, p. 2). In line with
this, we hypothesised that adolescents who were already stunted at the age of two
years are more likely to remain stunted as compared to their not stunted same-aged
counterparts in early childhood (hypothesis 6). In addition, the catch-up potential may
also be different for boys and girls. Such a difference could be biological in nature,
related to differences in growth velocity (height) whereby boys generally peak later
than girls. In hypothesis 9 we stated that girls are more likely to catch up early
childhood growth faltering in adolescence than boys. The results showed that for boys
as well as girls there is indeed some potential to catch up early life growth faltering
(indicated by the level of stunting), but girls display a greater potential to improve
their nutritional status, i.e. they are more likely to either maintain a not stunted status
or to turn from a moderately or severely stunted under-five into a not stunted
adolescent. However, we also found that girls who were stunted around the age of two
years do not have a greater potential to catch up faltering growth than their male
counterparts in adolescence. Among children who did not suffer faltering growth
around the age of two years, girls are less likely than boys to become stunted in
adolescence.

Does contemporary and early childhood nutritional status differ by sex?
In hypothesis 8 we addressed the difference in nutritional status by sex. Given the
prevailing inferior status of girls and women in many domains of life, among which
include the nutritional domain (subsection 2.3.2), we hypothesised that both in early
childhood and adolescence, girls are more likely to be malnourished as compared to
their male counterparts. We observed that whereas on average adolescent girls are
heavier compared to boys throughout the early and middle adolescent period, boys
ultimately grow taller than girls, assuming that the nutritional status pattern (indicated
by weight and height) pertaining to the ages 12 to 16 years prevails throughout the
later stages of adolescence (ages 17 to 19 years). The turning point in height, i.e. when
adolescent boys in our sample catch up with their female counterparts, is right after
the age of 14 years. Contrary to what was hypothesised, we found that adolescent
girls are less likely to be malnourished than boys. The binary logistic regression
analyses revealed, for instance, that the odds of being stunted in adolescence for girls
is about 0.4 times the odds for boys (reference category), meaning that girls are less
likely to be stunted in adolescence than boys. In early childhood, however, girls are
indeed relatively more often severely (<-3 SD) underweight and severely (<-3 SD)
stunted than boys. However, if we consider two categories together - moderate and
severe underweight respectively stunting - this difference is almost counterbalanced:
the distributions for boys and girls being underweight respectively stunted in early
childhood are than 71 against 69 per cent (underweight) and 64 against 67 per cent
(stunted).
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Adolescent stunting status and height of mother

Finally, we hypothesised that the likelihood of being stunted in adolescence is greater
for adolescents whose mothers are stunted than for adolescents whose mothers are not
stunted (hypothesis 7). The descriptive analyses showed that 49 per cent of the
adolescents with a short mother (i.e. shorter than 145 cm) is severely (<-3 SD)
stunted. This amounts to 29 per cent among adolescents with taller mothers. Also the
correlation matrix showed a (highly) significant association between height of the
mother and stunting status of the adolescent son or daughter. In addition, short
mothers are more likely to have a child that is severely (<-3 SD) stunted in early
childhood as compared to mothers who are not short. However, this apparent effect of
maternal height on the stunting status of the (adolescent) child disappears completely
in the multivariate analyses and may thus only have an indirect influence (for
instance, via childhood stunting).

When taking all potential nutritional indicators together into consideration by means
of binary logistic regression models, it appears that variation in stunting in
adolescence is explained by the combined effect of the predictors included in this
model, notably childhood stunting, birth weight and sex of the child. Programmes
aimed at improving nutritional status of adolescence should therefore explicitly take
the period of early childhood and the period of gestation into account. A central
contention to studies undertaken by Barker and advocates is that babies with thrifty
phenotypes, i.e. babies who are ‘designed’ to live in an environment that is
chronically short on food, and who subsequently grow up in affluent environments
“may operate sub-optimally” (Bateson 2001, p. 931). Given this notion,
supplementing the diets of pregnant women whose children are likely to remain in a
thrifty environment would be counter-productive (Bateson 2001, p. 933). Thus, rather
than improving nutritional conditions in general, a specific approach may be needed
whereby the key message could be to harmonise prenatal (in utero) nutritional
conditions - or the ‘maternal nutritional forecast’ - with the postnatal nutritional
environment. Obviously this recommendation should not be interpreted as an appeal
to leave children in a poor nutritional environment (or to leave the poor as they are),
but calls instead for a carefully monitored nutritional intervention programme
whereby food supply is guaranteed for a longer period than just the pregnancy itself.
A development that requires attention in this respect is the nutritional transition,
which involves the co-existence of both malnutrition and overweight in a society.
There is evidence that this transition is underway in India (Griffiths and Bentley
2001). In Bangladesh, however, only 1.1 per cent of the pre-school children in
Bangladesh was overweight in 1996-1997 according to international reference of
NCHS/WHO (de Onis and Blössner 2003, p. 524). In our study population
overweight was virtually non-existent.

We should note however that the quality of the variable ‘birth weight’ is not optimal
mainly due to the long period of recall. Comparing recalled birth weight with
observed weight among the youngest children enrolled at baseline (i.e. those children
who were 0 to 1 month old) revealed that the data on birth weight may be
underestimated. On the basis of the aforementioned review of results the conclusion
that adolescent nutritional status is to a large extent determined by sex and early life
nutritional status, i.e. in early childhood and - possibly (see earlier comment about the
need for caution) - at birth, seems to be sound.




