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Summary. Age at menarche is associated with anthropometry in adolescence.
Recently, there has been growing support for the hypothesis that timing of
menarche may be set early in life but modified by changes in body size and
composition in childhood. To evaluate this, a cohort of 255 girls aged <5 years
recruited in 1988 were followed up in 2001 in Matlab, Bangladesh. The
analysis was based on nutritional status as assessed by anthropometry and
recalled age at menarche. Data were examined using lifetable techniques and
the Cox regression model. The association between nutritional status indica-
tors and age at menarche was examined in a multivariate model adjusting for
potential confounding variables. Censored cases were accounted for. The
median age at menarche was 15·1 years. After controlling for early-life
predictors (birth size, childhood underweight, childhood stunting) it appeared
that adolescent stunting stood out as the most important determinant of age at
menarche. Adolescent stunting still resonates from the effect of stunting in
early childhood (OR respectively 2·63 (p<0·01 CI: 1·32–5·24) and 8·47 (p<0·001
CI: 3·79–18·93) for moderately and severely stunted under-fives as compared
with the reference category). Birth size was not a significant predictor of age at
menarche. It is concluded that age at menarche is strongly influenced by
nutritional status in adolescence, notably the level of stunting, which is in turn
highly dependent on the level of stunting in early childhood. A ‘late’ menarche
due to stunting may be detrimental for reproductive health in case of early
childbearing because of the association between height and pelvic size.

Introduction

The first important experience in a woman’s reproductive career is the menarche, the
first menstruation. A late menarche may run in the family. There is some evidence of
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genetic predisposition on timing of menarche, which is among others grounded on the
finding that age at menarche of mothers and their daughters is positively correlated
(Gray, 1993). However, the predictive power of age at menarche of a girl’s mother is
small (Graber et al., 1995). Genetic factors probably account for approximately 10%
to 15% of the observed variation in age at menarche (Gray, 1993).

It is widely recognized that nutritional status is one of the most important
non-genetic determinants of menarche (Riley et al., 1993). In general, better nourished
girls reach menarche earlier than undernourished girls (WHO, 2003). A review of
studies on the determinants of menarche reflects a development that runs parallel to
the shift from the ‘life style paradigm’ (with its emphasis on behavioural factors) to
the ‘early-life experience paradigm’ (that studies critical periods during which there is
elevated sensitivity to the environment and that is localized in time), and hence, the
adoption of the life course approach in, for instance, epidemiology, the field of
women’s health and demography (Robinson, 1992; Kuh & Ben-Shlomo, 1997; Kuh &
Hardy, 2002; Kuh et al., 2003; Ben-Shlomo & Kuh, 2002). In the early 1970s, timing
of menarche was believed to be ‘triggered’ by a certain critical weight (Frisch &
Revelle, 1969, 1971) but the evidence for this relationship was weak (Trussell, 1980).
In later studies, other anthropometric indices such as adolescent height, mid-upper
arm circumference and body mass index were (also) found to be positively associated
with menarche (Delgado et al., 1985; Linhares et al., 1986; Maclure et al., 1991;
Koprowski et al., 1999). More recently, there has been growing support for the
possibility that timing of menarche may be set in utero or early in life but may be
modified by changes in body size and composition in childhood (Silva dos Santos
et al., 2003), a line of thinking which relates to the ‘fetal origins of disease hypothesis’
of Barker (Barker, 1992, 1998; Barker et al., 2001). However, as yet there are only a
handful of reports that hint at fetal determinants of age at menarche (Rich-Edwards,
2002) and the mechanisms involved are still unclear (Cole, 2000).

Within the Bangladeshi population stunting seems to have become an embodied
trait, and malnutrition in general has been prevalent for generations, as a result of
which individuals are exposed to micro- and macro-nutritional deficiencies during
both the prenatal and postnatal period. Particularly, women and children are
malnourished (Ross et al., 1996; ICDDR,B, 2002; WHO, 2003). Bangladesh has the
highest rate (50%) of children born full-term with a weight at birth below 2500 g as
a result of intrauterine growth retardation, which points to an intergenerational
phenomenon (Pojda & Kelley, 2002). Gestation and early childhood are sensitive or
critical for the adolescent stage in life. A delay in early-life growth can hardly be
stopped or reversed and after the age of two years the potential for catch-up growth
is indeed limited when such children remain in poor environments (Gillespie & Flores,
2000). In Bangladesh there is a well-documented list of factors (notably diarrhoea,
other infectious diseases, adverse environmental conditions and unhealthy behaviours)
that contribute to the ‘chain of risks’ or the pathway of cumulative causation (Kuh
& Ben-Shlomo, 1997) impacting nutritional anthropometry in the negative. However,
if environmental conditions improve, particularly in terms of favourable nutrient
intake, the period of adolescence could be a window of opportunity to catch up
early-life growth faltering (WHO, 2003), although evidence of complete catch-up in
developing countries is limited (Martorell et al., 1995; WHO, 2003). Studying the
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influence of nutritional status in early life, notably in early childhood, on age at
menarche involves analyses of longitudinal data. To the authors’ knowledge, there
have been only a few such longitudinal studies conducted in developing countries
(Kusin & Kardjati, 1994; Martorell & Scrimshaw, 1995; Ceesay et al., 1997; Moore
et al., 2001; Stein et al., 2003). The main aim of this study was to examine whether
age at menarche can be predicted on the basis of a nutritional status profile in
adolescence and/or early life, i.e. in early childhood and at birth.

Methods

Sample

This study was conducted in three villages in the neighbourhood of the Matlab
field station of the Centre for Health and Population Research (ICDDR,B), where the
centre has maintained a Health and Demographic Surveillance System (HDSS) since
1966. Details of the study villages and selection criteria have been reported elsewhere
(Bosch, 2005). The study involved the follow-up of 707 under-five children, among
which 320 were girls, who were enrolled in an earlier study on childhood infectious
diseases, conducted in Matlab in 1988–1989, by Baqui, a public health physician and
epidemiologist affiliated with ICDDR,B (Baqui, 1990; Baqui et al., 1992, 1993a,
1993b). At the start of the baseline study, in April 1988, the youngest child enrolled
was less than one month old, whereas the oldest child was almost five years old. The
follow-up study took place in 2001. By that year the under-fives had grown up to be
adolescents, aged 12 to 16 years. Linking of individual records was feasible because
of the Registration Identification (RID) number in HDSS. A total of 255 adolescent
girls were eligible for enrolment in the follow-up study. Analyses of lost cases due to
migration and death has been described elsewhere (Bosch, 2005). At baseline, the
cases lost for follow-up did not differ significantly from the other cases in terms of
nutritional status and living circumstances. Informed written consent was obtained
from the mother of each participating under-five child before enrolment in the
baseline study, and from the adolescent girl as well as her mother or father in the
follow-up study. At follow-up, data on age at menarche of the adolescent girl and her
mother were collected by retrospective recall, in full years. Both at baseline and at
follow-up, date of birth was provided by HDSS. Chronological age was assessed on
the basis of date of birth and date of interview.

At baseline and at follow-up, anthropometric measurements were taken by trained
research assistants and interviewers. At baseline, each under-five girl was weighed
nude or with light clothes to the nearest 0·1 kg with a Salter-type spring scale. At
follow-up, each adolescent girl was weighed wearing daily clothes to the nearest 0·1
kg with a digital weighing scale, following WHO guidelines (WHO, 1995). In both
surveys, the scales were calibrated against known weights before use. Recumbent
length of girls under 36 months and the standing height of girls R36 months, as well
as of adolescent girls and their mothers, were measured to the nearest 0·1 cm using
a locally constructed length board. In order to reduce observation errors, anthro-
pometric measurements were read by two observers independently, both at baseline as
well as at follow-up, and weight was measured twice. The mean of the two
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measurements was taken as the actual value. At baseline, 10% of the girls were
measured the following day in order to assure the quality of the weight and height
measurements. At follow-up, 10% of the girls and their mothers were measured again
as well as re-interviewed about menarche.

Data on relative birth size were collected by means of retrospective recall from the
adolescent’s mother in 2001. The guidelines of Demographic and Health Surveys were
followed. They indicate that in the absence of documentation on the baby’s
anthropometry at birth, a mother’s verbal report of the baby’s relative size, a report
which relies on memory, is the only source available (DHS, 1997). Birth size was
categorized as normal in size as compared with other babies, relatively small or
relatively tall. In order to be on the safe side with assessing the prevalence of
small-size babies among the study population, for analysis purposes a binary variable
was created (small versus normal or tall).

Data analysis

Of the 255 girls available at enrolment 156 were pre-menarcheal, 97 were
post-menarcheal, and for two girls menarche status was not known. Nearly 52% of
the pre-menarcheal girls and over 93% of the post-menarcheal girls were 14 years or
older at the time of interview. Maternal age at menarche was collected from
238 mothers. Nutritional status in early childhood and in adolescence was assessed for
respectively 253 and 225 girls on the basis of international standards of anthropo-
metric indices of CDC/WHO, i.e. weight-for-age or undernutrition, and height-for-age
or stunting, and – only in adolescence – body mass index (BMI) indicating ‘thinness’
or chronic energy deficiency (CED) (WHO, 1995). Data on nutritional status were
analysed by using the nutritional anthropometry program ‘NutStat’ from EPI info
(CDC, 2000). Two different reference populations of the United States Centre for
Health Statistics (US NCHS) were applied: the CDC/WHO reference population of
1978 to the nutritional analyses of the under-fives in 1988–1989 and the CDC
reference population of 2000 to the nutritional analyses of the same population in
adolescence in 2001. The rationale for this selection was that these two reference
populations are as close as possible in time to the year of measurement of
anthropometry of the study population in childhood and adolescence respectively.
The under-five girls were measured a variable number of times, with a maximum of
fourteen, within an approximate two-year period. In this study, early childhood
nutritional status was determined by an average of up to fourteen consecutive
anthropometric indices. The level of underweight in early childhood and the level of
underweight in adolescence are expressed as an ordinal variable. Category 1 (not
underweight) is >�2SD from the median of the reference population; category 2
(moderately underweight) is between�3 and�2SD from the median of the reference
population; category 3 (severely underweight) is <�3SD from the median of the
reference population. The cut-off points for the three levels of childhood and
adolescent stunting (i.e. not stunted, moderately stunted, severely stunted) are the
same, as are the cut-off points for the three levels of adolescent CED, expressed by
BMI Z-scores (i.e. not CED, moderately CED, severely CED). Of 249 girls the
mother was able to report on the birth size: 28% reported that her daughter was small
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in size, 60% reported that her daughter was normal in size and 12% reported that her
daughter was tall at birth.

Pearson’s coefficient, a measure of linear association, was used for assessing the
relationship between the dependent variable and independent variables, and Kendall’s
tau-b coefficient, a measure of association for nominal data, was used for assessing
the extent of multi-collinearity between the independent variables. Binary logistic
multivariate regression analyses (with 95% CI) were applied to examine the impact of
early-life predictors on adolescent stunting, the main contemporary nutritional status
determinant of age at menarche.

Timing of menarche was studied by means of lifetable techniques. The effects of
indicators of nutritional status were assessed using univariate and multivariate Cox
regression models. The lifetable and the Cox model account for censored cases, i.e.
girls who were still pre-menarcheal at the time of interview. The Cox model is a
semi-parametric transition rate model, specified as follows:

r�x� � h�x� exp��1z1 � �2z2 � . . . �izi�,

where r(x) is the rate of menarche (transition rate, hazard rate) at age x, h(x) is the
baseline rate, zi is the ith predictor of the age at menarche (covariate) and �i is the
impact of the predictor on the log rate of reaching menarche. In the current
application, z1 to zi relate to indicators of nutritional status in adolescence, early
childhood or at birth, and maternal age at menarche. The baseline captures the effect
of age and the second term captures the effects of covariates. The proportional
hazards model assumes that the effects of covariates do not change with age. This
assumption has been tested in the multivariate model. On the basis of Schoenfeld and
scaled Schoenfeld residuals it was concluded that the assumption holds in the sample
of observations, meaning that the hazards of the covariates do not change over time
(with age). Variables that were significant at the %0·05 level on the univariate model
were included in the multivariate model. In the multivariate analysis, independent
variables with high correlation (Kendall’s tau-b coefficient R0·6) were not fitted
simultaneously. For independent variables expressed as categorical, each category is
compared with the reference category. Reference categories comprise girls who were
not malnourished in adolescence and childhood according to anthropometry, or who
were not small in size at birth. In the tables, only the main parameter of the model
(B) and the level of significance is shown, along with the corresponding standard
error.

Results

The selected characteristics of the girls enrolled in the follow-up study are presented
in Table 1. In the sample, many of the girls have not yet reached menarche: the
proportion of post-menarcheal girls increases from 7% among 12-year-old girls to
81% among 16-year-old girls. Over half (52%) of the post-menarcheal girls reach
menarche at an age of 14 years or older. The mean age at menarche of the girls’
mothers is 14·4 years. Neither a significant correlation between a mother’s age at
menarche and menarche status (post-menarcheal or pre-menarcheal) of her adolescent
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daughter (all girls included) was found, nor a significant correlation between a
mother’s age at menarche and the age at menarche of her post-menarcheal daughter.
The majority of the girls are malnourished in both early childhood as well as
adolescence in comparison with a well-nourished reference population of the same age
and sex, and the proportion of girls with a small size at birth is equal to 28%. The
proportion of girls who were underweight as an under-five child is 36%. In
adolescence this proportion is 46%. The corresponding figures for stunting are
respectively 37% and 28%. If the 16-year-old girls in the sample marry and become
pregnant soon afterwards, respectively 83% and 23% will be at risk in terms of
obstetric cut-off points for weight (<45 kg) and height (<145 cm).

Lifetable analyses reveal that the median age at menarche among the girls is 15·1
years. The survival function for adolescent girls showing the probability of being
pre-menarcheal is presented in Fig. 1.

By means of Cox regression models (a) the stage in life (adolescence, early
childhood or birth) that is most important with respect to the influence of nutritional
status on menarche attainment; and (b) within this stage, the type of nutritional status
indicator (underweight, stunting or BMI) that has the strongest effect are reviewed

Table 1. Characteristics of the study sample in Matlab, Bangladesh

Variables Categories Mean�SD n

Age (years) in adolescence 14·0�1·3 255
Menarche status 255

Post-menarcheal (%) 38
Pre-menarcheal (%) 61
Unknown (%) 1a

Maternal age at menarche 14·4�1·6 238
Nutritional status in adolescence 225

Adolescent weight (kg) 33·1�6·9
Adolescent height (cm) 143·1�8·4
Weight-for-age Z-score (WAZ) �3·2�1·7
Height-for-age Z-score (HAZ) �2·5�1·1
BMI-for-age Z-score (BMIZ) �1·8�1·2
Underweight (WAZ< �3Z) (%) 46
Stunted (HAZ< �3Z) (%) 28

Age (months) in early childhood 19·5�13·6 255
Nutritional status at first measurement

in early childhood
253

Under-five weight (kg) 7·5�2·3
Under-five height (cm) 71·9�10·4
Weight-for-age Z-score (WAZ) �2·3�1·6
Height-for-age Z-score (HAZ) �2·4�1·3
Underweight (WAZ< �3Z) (%) 36
Stunted (HAZ< �3Z) (%) 37

Birth size 249
Small size at birth (%) 28
Normal size or tall at birth (%) 72
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further. Table 2 shows the results of the univariate model, i.e. the model with a single
covariate.

From Table 2 it can be observed that with regard to predicting the rate of
menarche all indicators of nutritional status in adolescence are (highly) significant.
Consider the effect of adolescent stunting on the rate of menarche: girls who are
severely stunted in adolescence have a rate of menarche that is 16%
[exp(�1·821)#100] of the rate for girls who are not stunted in adolescence (the
reference group). Similarly, girls who are moderately stunted in adolescence have a
rate of menarche that is 42% of the rate for girls who are not stunted in adolescence
(the reference group). Given that a lower rate of menarche implies a higher age at
menarche, these results reveal that girls who are severely stunted have the highest age
at menarche. The effects of childhood underweight and childhood stunting are only
significant if the severely malnourished categories are considered. Girls who were
severely underweight and stunted in early childhood have a rate of menarche that is
respectively 48% and 49% of the rate for girls who were not underweight and not
stunted, respectively, in early childhood (the reference groups). Size at birth appears
not to be a significant factor predicting the rate of menarche.

Also, Cox regression was applied to examine the effect of continuous independent
variables (maternal age at menarche, adolescent weight and adolescent height). For
instance, an increase in the age at menarche of the mother by one year will reduce
the rate of menarche of the daughter by 7·8% [(exp(�0·081)�1)#100], which in turn
will imply a postponement of menarche of the daughter. However, maternal age at
menarche does not appear to have a significant effect on the age of menarche, whereas
adolescent weight and height do. An increase in adolescent weight and height of
respectively one kilogram and one centimetre increases the rate of menarche by 11·6%
and 11·2%, respectively. Such an increase in rate of menarche relates to a more
adequate nutritional status in terms of weight and height implying a decrease in age
of menarche.

Fig. 1. Survival function for adolescent girls showing the probability of being
pre-menarcheal by age (in years), Matlab 2001.
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This outcome raises the question of how the model with covariates (multivariate
model) will look. More specifically, it was aimed to explore what the effect of a
potential nutritional predictor is on the rate of menarche when controlling for other
predictors included in the model. Four multivariate models are presented in Table 3.
The most salient models, i.e. the models that show a significant change when an
additional predictor is added, were selected.

In line with previous findings, adolescent stunting stands out as the most
significant nutritional predictor for the rate of menarche (Models 1 to 4). Although
adolescent underweight and BMI have a significant effect on the rate of menarche
when considered on their own (see Table 2), they lose significance when they are
considered together with adolescent stunting (Model 1). Moreover, childhood
underweight (Model 2) and childhood stunting (Model 3) also do not affect the strong
effect of adolescent stunting on the rate of menarche. When considered together with
the respective early-life predictors of the rate of menarche in one model, the

Table 2. Cox regression univariate model predicting the rate of menarche, Matlab
1988–2001

Variables Categories, if applicable B SE

Maternal age menarche (continuous) �0·081 0·068
Adolescent weight (continuous) 0·110*** 0·015
Adolescent height (continuous) 0·106*** 0·016

Adolescent Not underweight:> �2 SD (ref.) — —
underweight Moderately underweight: between�3 and�2 SD �0·518* 0·242

Severely underweight:< �3 SD �1·771*** 0·289

Adolescent Not stunted:> �2 SD (ref.) — —
stunting Moderately stunted: between�3 and�2 SD �0·857*** 0·233

Severely stunted:< �3 SD �1·821*** 0·364

Adolescent Not CED:> �2 SD (ref.) — —
CED according Moderately CED: between�3 and�2 SD �0·984** 0·312
to BMI Z-scores Severely CED:< �3 SD �1·804*** 0·517

Childhood Not underweight:> �2 SD (ref.) — —
underweight Moderately underweight: between�3 and�2 SD �0·044 0·251

Severely underweight:< �3 SD �0·734** 0·270

Childhood Not stunted:> �2 SD (ref.) — —
stunting Moderately stunted: between�3 and�2 SD �0·350 0·261

severely stunted:< �3 SD �0·714** 0·259

Recalled Normal in size or tall (ref.) —
birth size Small �0·323 0·240

*p<0·05; **p<0·01; ***p<0·001.
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Table 3. Cox regression multivariate model predicting the rate of menarche, Matlab
1988–2001

Variables Categories
Model 1

(B)
Model 2

(B)
Model 3

(B)
Model 4

(B)

Adolescent
underweight

Not underweight:
> �2 SD (ref.)

— — — —

Moderately underweight:
between�3 and�2 SD

�0·265 �0·414 �0·383 �0·467

Severely underweight:
< �3 SD

�0·808 �1·107* �1·028* �1·173*

Adolescent
stunting

Not stunted:
> �2 SD (ref.)

— — — —

Moderately stunted:
between�3 and�2 SD

�0·727** �0·746** �0·884** �0·844**

Severely stunted:
< �3 SD

�1·132** �1·208** �1·504** �1·476**

Adolescent
CED according

Not CED:
> �2 SD (ref.)

— — — —

to BMI Z-scores Moderately CED:
between�3 and�2 SD

�0·290 �0·238 �0·241 �0·223

Severely CED:
< �3 SD

�1·057 �0·977 �1·034 �0·981

Childhood
underweight

Not underweight:
> �2 SD (ref.)

— —

Moderately underweight:
between�3 and�2 SD

0·215 0·217

Severely underweight:
< �3 SD

0·511 0·337

Childhood
stunting

Not stunted:
> �2 SD (ref.)

— —

Moderately stunted:
between�3 and�2 SD

�0·061 �0·157

Severely stunted:
< �3 SD

0·584 0·429

�2 log-likelihood 773·854 771·796 769·149 768·421
Overall score �2 58·985*** 61·116*** 61·678*** 63·460***
df 6 8 8 10
Change from previous step (�2) 57·570*** 59·175*** 61·822*** 62·550***

*p<0·05; **p<0·01; ***p<0·001.
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significant effect of adolescent stunting on the rate of menarche hardly changes
(Model 4). Taking Model 4 as an example, it can be found that – when controlling
for nutritional status in early life – girls who are moderately stunted in adolescence
have a rate of menarche that is 43% [exp(�0·844)#100] of the rate for girls who are
not stunted in adolescence (the reference group). Similarly, girls who are severely
stunted in adolescence have a rate of menarche that is 23% of the rate for girls who
are not stunted in adolescence (the reference group).

The robust effect of adolescent stunting on the rate of menarche while considering
the respective early-life predictors is a result of multi-colliniarity. Adolescent stunting
is strongly related to stunting during childhood. Using logistic regression a highly
significant effect is found on the odds of being stunted (i.e. not stunted versus
moderately or severely stunted) in adolescence for girls who were moderately and
severely stunted in childhood as compared with girls who had a normal height
according to their age and sex in childhood (i.e. the not stunted under-fives) (see
Table 4).

For instance, it can be observed that the odds of being stunted in adolescence for
girls who were moderately stunted in childhood are 2·63 times (p<0·01 CI: 1·32–5·24)
the odds for girls who were not stunted in childhood (reference category), whereas the
odds of being stunted in adolescence for girls who were severely stunted in childhood
are even higher (8·47 times higher; p<0·001 CI: 3·79–18·93).

Discussion

Results of this study provide strong evidence that in the study area menarche is
reached ‘late’ as compared with contemporary Western countries (Becker, 1993). The

Table 4. Binary logistic univariate regression models: odds ratios (with 95% CI) of
adolescent stunting, Matlab 1988–2001

Variables Odds ratio Constant Nagelkerke R2

Childhood underweight
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

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)

*p<0·05; **p<0·01; ***p<0·001.
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age of 14 is selected as the cut-off point to distinguish early/on time and late
menarche. Adolescent girls who were malnourished according to anthropometry as an
under-five child are more likely to reach menarche at an age of 14 years or older as
compared with their well-nourished under-five counterparts. The strongest predictor
of a ‘late’ age at menarche appears to be a low contemporary nutritional status,
particularly indicated by severe stunting. However, the multivariate analysis indicates
that it cannot be concluded that only adolescent stunting impacts on menarche
attainment and that adolescent weight (or weight-for-age) and nutritional status in
childhood are not factors of importance. Given that in extreme situations (famine,
diet, physical exercise) menstruation (temporarily) stops there seems to be a minimum
of nutritional intake required for normal reproductive functioning. Such a minimum,
or ‘critical weight’ (Frisch & Revelle, 1971), is also likely to be present for the first
menstruation, menarche. Given the strong correlation that was found between
stunting in early childhood and adolescence, adolescent stunting still resonates from
the effect of stunting in early childhood. Following the same line of thinking, the
effects of nutritional status of the previous generation (the adolescent girls’ mothers)
should also not be ruled out as a factor possibly (indirectly) influencing age at
menarche. For instance, maternal height did not have a significant effect on the rate
of menarche, but it appeared to be a significant determinant of adolescent stunting
(OR 4·19, p<0·01 CI: 1·56–11·27). Path analysis could shed light on the relative
impact of each of these variables on the age at menarche.

A limitation of the study is that the data on menarche were collected by
retrospective recall. The recall method of reporting age at menarche may not be
optimal, but is usually the only source of available information (Graham et al., 1999)
and accuracy of short-term recall among adolescent girls can be relatively high (Koo
& Rohan, 1997). Also, some – relatively old – studies (Becker, 1993) point out that
recall errors are fairly random, i.e. show no systematic bias in retrospective reports.
The quality of the data on age at menarche of the girls’ mothers is even more likely
to suffer from the long period of recall. Maternal age at menarche was, however, not
significantly related to the age at menarche of the daughter – possibly due to random
recall errors which might have reduced the degree of association – and consequently
excluded from the multivariate model.

Age at menarche is not entirely beyond control, given that it is, at least in part,
determined by behavioural (i.e. nutritional) factors. A girl who finds herself on the
threshold of adolescence may indeed not be able anymore to alter the timing of her
coming menarche. However, for malnourished girls in early childhood (particularly in
infancy), but possibly also in late childhood, i.e. between the ages of 6 and 12 years
(a population under-addressed in contemporary research), it may still be feasible to
improve nutritional status. On the basis of stunting profiles in particular, monitoring
systems should be formulated, aiming at singling out those pre-adolescent girls who
run a risk of reaching their menarche ‘late’ so as to programme urgent nutritional aid
for them. Maintenance of proper nutritional status from birth onwards also adds to
mental well-being in later life (Lachance, 1995; Gillespie & Flores, 2000).

The significance of this study relates also to future transitions embedded within
the reproductive career, notably the first pregnancy and childbirth. A positive
connotation of ‘late’ menarche is that it could be seen as some kind of ‘natural
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protection’ for early reproduction in severely malnourished populations such as the
one described here. However, this argument may lose relevancy in view of the gradual
increase in age at marriage in Bangladesh, which seems associated with increasing
levels of female education rather than girls’ physical development process. Menarche
no longer indicates ‘readiness for marriage’, as used to be the case in this country
(Riley et al., 1993).

However, despite of the increasing trends, the mean age at marriage and age at
first birth in Bangladesh remain relatively low. For instance, 63% of the girls in this
country have given birth by the age of 20 years (Population Reference Bureau, 2000).
Viewed from this perspective, reaching menarche at the age of 14 years or older seems
to be detrimental for reproductive health if such a relatively ‘late’ menarche is
followed shortly by the birth of the first child and the girl’s height is low. This notion
is grounded in the recognition that (a) height and pelvic size are correlated; and (b)
at the time of reaching menarche girls have approximately 4% more height and
12–18% more pelvic growth ahead of them (WHO, 1991). Consequently, these girls
would typically reach physical ‘readiness’ for childbirth also at a later stage. It is as
yet not known exactly how a pregnancy in an adolescent girl interferes with her own
growth and reproductive maturation process (Riley et al., 1993). There are indications
that catch-up early-life growth faltering in adolescent girls is characterized by a
growth that continues longer than usual, while growth velocity does not change
(Riley, 1994; Silventoinen, 2000).

The adolescent girls in the sample were likely not to have completed growth but
their height and weight seem also to be sub-normal because of malnutrition. In
absolute terms, some of the girls in this study were at risk because their weight and
height fall below the cut-off points below which obstetric risks increase (WHO, 2003).
Specifically, if the 16-year-old girls in the sample married and became pregnant soon
afterwards, 83% and 23% respectively would be at risk in terms of obstetric cut-off
points for weight and height.

In sum, crucial for an adolescent girl’s reproductive health status seems spacing
between menarche and first birth. Such a significance of spacing argues in favour of
a focus in policy and IEC activities on gynaecological age, i.e. the time in years since
menarche (Becker, 1993) and biological age (indexed by nutritional status) rather than
chronological age.
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