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Introduction

This study is about the age at menarche (a biomarker) of adolescent girls in Matlab,
Bangladesh, and the relative impact of contemporary and early childhood nutritional
determinants. Application of the life course perspective requires analyses of
longitudinal data. The study involves the follow-up of 707 under-five children who
were enrolled in a study on persistent diarrhoea conducted in Matlab in 1988-1989 by
Baqui. The follow-up survey took place in 2001. By that year the under-fives had
grown up to adolescents, aged 12 to 16 years. Tracing the adolescents was feasible
because of the Health and Demographic Surveillance System, which is maintained in
Matlab. The results reveal that the relative high median age at menarche (15.1 years)
is associated with stunting in early childhood and particularly in adolescence. The
study is an example of the further integration of the life course approach to
reproductive health research within the discipline of demography.

Background: a life course approach to the study on menarche

The life course can be seen as the period from conception to death that encompasses
the totality of experiences of life at a given time in history (Berger 1996). The
emergence of the life course paradigm in demographic studies can also be observed in
other disciplines among which including epidemiology, for which the research group
of Barker is among the most salient exponents (Barker 1992; 1993; 1998; Eriksson et
al. 1999; Barker et al. 2001). The shift from the 'life style paradigm' to the 'early life
experience paradigm' was a major scientific revolution (Robinson 1992) and has also
expanded to the field of women's health (see, for instance, Kuh and Hardy 2002) and
reproductive health.

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 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, p. 220). 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 per cent of the observed variation in age at
menarche (Gray 1993, p. 220). It is widely recognised 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 aforementioned shift towards the adoption of the
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life course approach. In the early 1970s, timing of menarche was believed to be
‘triggered’ by a certain critical weight (Frisch and 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) positively associated with menarche (see, for instance,
Delgado et al. 1985; Linhares et al. 1986; Maclure et al. 1991; Koprowski et al. 1999).
More recently, there is 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 et al. 2003), a line of thinking which relates to the
'foetal origins of disease hypothesis' of Barker. However, as yet there are only a
handful of reports that hint at foetal determinants of age at menarche (Rich-Edwards
2002) and the mechanisms involved are still unclear (Cole 2000).

Nutritional status in early life, a sensitive period

Among the population of Bangladesh malnutrition has been prevalent for generations
as a result of which individuals are both prenatal as well as postnatal exposed to
nutritional micro and macro deficiencies. In addition, in Bangladesh there is a well-
documented list of factors (notably infectious diseases, diarrhoea, adverse
environmental conditions and behaviours) which contribute to the ‘chain of risks’
impacting nutritional anthropometry in the negative. This chain of risks is an
alternative pathway - that of cumulative causation - which describes how experiences
in early life increase the likelihood of future events which in turn lead to a change in
the risk of adult diseases and which can be advantageous or detrimental in their effect
(Kuh and Ben-Shlomo 1997).

Within the Bangladeshi population stunting seems to have become an
embodied” trait. The overall picture in Bangladesh is one of widespread malnutrition,
particularly among women and children (Ross et al. 1996; ICDDR,B 2002; WHO
2003). For instance, 58 per cent of the under-fives in Bangladesh (1993-1995) is
underweight, 55 per cent is stunted, 73 per cent is anaemic and 78 per cent has
vitamin A deficiency (WHO 2003, p. 8). In addition, Bangladesh has the highest rate
(50 per cent) of children born full-term with a weight at birth below 2500 grams as a
result of intrauterine growth retardation (Pojda and Kelley 2000, pp. 3-4). Such a high
prevalence of LBW is an intergenerational problem (Pojda and Kelley 2000, p. 2).

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 and Flores 2000, p. 2). If environmental
conditions improve, particularly in terms of favorable nutrient intake, the period of
adolescence could be a window of opportunity to catch up early life growth faltering
(WHO 2003, p. 10), although evidence of complete catch-up in developing countries
is limited (WHO 2003, p. 22). In one of the few studies on this, undertaken in
Guatemala, catch-up growth was reported to take place in adolescents, but they did
not fully negate the growth retardation of early childhood (Martorell et al. 1995). Also
within developmental psychology such special time windows have been identified.
Reviewing multi-dimensional development processes, Jenniskens and Verduin (1998,

* Embodiment describes how extrinsic factors experienced at different life stages are inscribed into an
individual’s body functions or structures. This may be through a developmental process associated
with critical periods (Kuh et al. 2005).

’ Catch-up growth is defined as the recovering of a delay in growth (Silventoinen 2000).
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p. 17) outline four points in life at which it is not possible to catch up on deficits (also
called ‘points of no return’, i.e. interventions cannot make up the deficit), respectively
at birth, at 12 months (brain development), at 3 years (height and mental
development) and adolescence (behaviour).

Studying the influence of nutritional status in early life, notably in early
childhood, on age at menarche involves analyses of longitudinal data. To our
knowledge, there have been only few of such longitudinal studies conducted in
developing countries, for instance in Guatemala (Martorell and Scrimshaw 1995;
Stein et al. 2003), in Gambia (Ceesay et al. 1997; Moore et al. 2001), and in Indonesia
(Kusin and Kardjati 1994; Alisjabana and Kusin 2003).

Aim, data and methods

This study was carried out among 12 to 16-year old adolescent girls in Matlab, a rural
area Bangladesh. We aim to study their age at menarche in relation to contemporary
and early childhood (i.e. up to the age of five years) nutritional status, and recalled
age of their mothers. More specifically, we aim to study whether the expected age at
menarche can be predicted on the basis of a given nutritional status profile in
adolescence and/or early life, i.e. in early childhood and at birth. Timing of menarche
and its nutritional determinants is studied by means of lifetable techniques and the
Cox regression model. Here we account for censored cases, i.e. girls who were still
premenarcheal at the time of interview. The study is the result of a collaboration
between the Centre for Health and Population Research (ICDDR,B) in Bangladesh,
the Netherlands Interdisciplinary Demographic Institute (NIDI) in the Hague and the
Population Research Centre (PRC) of Groningen University in Groningen, the
Netherlands. This paper is part of a broader PhD-research on adolescents'
reproductive health in rural Bangladesh that has recently been concluded (Bosch
2005).

For nearly four decades the ICDDR,B has been carrying out research in
Matlab. The area is known for its rich research history, reflected in the elaborate
collection of data. Virtually all inhabitants of Matlab are enrolled in a Health and
Demographic Surveillance System (HDSS), maintained by ICDDR,B. The basis of
HDSS is a so-called Registration IDentification (RID) number. Our study involves the
follow-up of 707 under-five children who were enrolled in an earlier research on
persistent diarrhoea, conducted in Matlab in 1988-1989, by Baqui, a pediatrician
affiliated with ICDDR,B (Baqui 1990; Baqui et al. 1992; 1993a; 1993b). Linking data
about nutritional status in early childhood to data about menarche and nutritional
status in adolescence was feasible only because of the aforementioned RID number.
At the start of the baseline study, April 1988, the youngest child enrolled was less
than one month old, whereas the oldest child was almost five years old. The under-
five children have been measured a variable number of times, with a maximum of 14,
within an approximate two-year period. We indicated early childhood anthropometry
by an average figure based on the available number of measurements (1 to 14). The
follow-up study took place in 2001. By that year (most of) the under-fives had grown
up to be adolescents, aged 12 to 16 years. We succeeded in surveying the majority
(569) of the adolescents, among which including 255 girls.

Data on menarche were collected by retrospective recall among the adolescent
girls. 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, p. 259).
Accuracy of short-term recall among adolescent girls was relatively high in a study of
Koo and Rohan (1997, pp. 61-64), where 66 per cent was able to recall the age at
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menarche correctly. In addition, we asked every adolescent girl’s mother in retrospect
to recall her age when she menstruated for the first time. An event such as the first
menstruation is usually not easily forgotten, but having to recall an event over a long
time is far from easy, although some - relatively old - studies of Damon et al. (1969)
and Livson and McNeill (1962), referred to by Becker (1993), point out that recall
errors are fairly random, i.e. show “no systematic bias in retrospective reports”.
Nevertheless, extra caution while analysing these data is needed.

Nutritional status in early childhood and in adolescence is in this study
assessed on the basis of international standards of anthropometric indices
(combinations of measurements) such as weight-for-age (undernutrition), height-for-
age (stunting), mid-upper arm circumference (MUAC) and body mass index (BMI)
that indicates thinness (WHO 1995). Nutritional status is analyzed by using the
nutritional anthropometry program ‘NutStat’ of EPI info 2000 (version 1.1.2; 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. Details about the collection of
data and analysis have been reported on elsewhere (Bosch 2005).

Results
Among the 255 12 to 16-year-old girls in our sample many had not yet reached
menarche: the proportion of postmenarcheal girls increased from 7 per cent among
12-year-old girls to 81 per cent among 16-year-old girls. Over half, 52 per cent, of the
postmenarcheal girls reached menarche at an age of 14 years or older, the cut-off
point of what could be defined as a °‘late® menarche when compared with
contemporary Western countries. In addition, also 52 per cent of the premenarcheal
girls was 14 years or older and therefore, according to this definition, ‘late’ with the
reaching of menarche. This latter figure can be regarded as a lower limit as it may
increase if premenarcheal girls who are currently 12 or 13 years old do not reach
menarche before their 14th birthday. We found neither a significant correlation
between a mother’s age at menarche and menarche status of her adolescent daughter
(all girls included), nor a
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Reaching menarche at the age of 14 years or older may 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 per cent more height and 12 to 18 per cent more
pelvic growth ahead of them (WHO 1991, p. 6). In our sample are 31 and 46 per cent
of the adolescent girls moderately (between -3 and -2 SD) and severely (<-3 SD)
underweight in comparison to a well-nourished reference population of the same age
and sex (CDC 2000). The corresponding proportions of stunting are 40 per cent
(moderate) and 28 per cent (severe) respectively. In absolute terms, some of the girls
in our sample are at risk because their weight and height fall below the cut-off points
below which obstetric risks increase (for a height less than 145 cm and a weight lower
than 45 kg there may be an obstetric risk; WHO 2003, pp. 22-23). The adolescent
girls in our sample are likely not to have completed growth but their height and
weight seem also to be sub-normal because of malnutrition. /f the 16-year-old girls in
our sample married and became pregnant soon afterwards, 83 and 23 per cent
respectively would be at risk in terms of obstetric cut-off points for weight and height.

By means of descriptive analyses, lifetables and Cox regression models, we
reviewed further 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. In the univariate model
we observed that every contemporary and early childhood nutritional indicator that
we included in the analyses had a significant effect on the rate of menarche when
considered separately. This also reflects the extent of collinearity between the
independent variables. Illustrating the effect of contemporary stunting on menarche
attainment yielded the followed results: severely (<-3 SD) and moderately (between -
3 and -2 SD) stunted adolescent girls have a rate of menarche that is respectively 16
and 42 per cent of the rate for girls who are not stunted (>-2 SD) in adolescence (the
reference group). This means that girls who are severely stunted in adolescence have
the highest age at menarche. Significant effects on the rate of menarche were also
found for severely underweight and stunting in early childhood.

After controlling for the respective early childhood predictors (i.e. childhood
underweight, childhood stunting and recalled birth weight), it appeared that
adolescent stunting stood out as the most important (significant) determinant of age at
menarche (Table 1).
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Table 1 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) Model 5 (B)
Adolescent not underweight: >-2 SD (ref.) - - - -
underweight moderately underweight: between -3 and -2 SD -0.265 -0.414 -0.383 -0.059
severely underweight: <-3 SD -0.808 -1.107* -1.028* -0.602
Adolescent not stunted: >-2 SD (ref.) - - - - -
stunting moderately stunted: between -3 and -2 SD -0.727%* -0.746%* -0.884%* -1.103%* -1.440%**
severely stunted: <-3 SD -1.132%* -1.208** -1.504%* -1.590* -2.893%#*
Adolescent not CED: >-2 SD (ref.) - - - -
CED according  moderately CED: between -3 and - 2 SD -0.290 -0.238 -0.241 0.125
to BMI Z-scores  severely CED: <-3 SD -1.057 -0.977 -1.034 -1.708
Childhood not underweight: >-2 SD (ref.) - -
underweight moderately underweight: between -3 and -2 SD 0.215 0.106
severely underweight: <-3 SD 0.511 0.593
Childhood not stunted: >-2 SD (ref.) - -
stunting moderately stunted: between -3 and -2 SD -0.061 -0.151
severely stunted: <-3 SD 0.584 0.499
Recalled > 2000 grams (ref.) - -
birth weight <=2000 grams -0.704 -0.771
-2 Log Likelihood 773.854 771.796 769.149 296.764 300.168
Overall score Chi-square 58.985%** 61.116%** 61.678%%* 35.938% %% 33.450%%*
df 6 8 8 7 7
Change from previous step (Chi-square) 57.570%%* 59.175%** 61.822%%* 37.430%** 34.026%%*
* Significant at the 0.05 level
ok Significant at the 0.01 level
ook Significant at the 0.001 level

However, we believe that we cannot conclude 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 (Napieralski and
Devine 1998, p. 3) there seems to be a minimum of nutritional intake for reproductive
functioning. Such a minimum - or to use Frisch and Revelle’s term (1971), “critical
weight” - is also likely to be present for the first menstruation, menarche. Given the
strong correlation that we found between stunting in early childhood and adolescence,
adolescent stunting still resonates from the effect of stunting in early childhood.
Following this 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. Maternal height did not have a
significant effect on the rate of menarche, but it appeared to be an important
determinant of adolescent stunting. The results indicated that adolescent girls who
were malnourished according to anthropometry as an under-five child are more likely
to reach menarche ‘late’ (i.e. 14 years or older when this event occurs) as compared to
their well-nourished counterparts.

Concluding notes

As stated by Napieralski and Devine (1998, p. 4), “age at menarche is beyond our
control”. Given our results, however, this remains to be seen. In our study we
conclude that menarche is indeed reached ‘late’ for a considerable proportion of the
girls due to low contemporary nutritional status, particularly indicated by severely
stunting, which was in turn associated with malnutrition in early childhood. A girl
who finds herself on the threshold of adolescence may indeed not be able 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
to 12 years (a population under-addressed in contemporary research), it may still be
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feasible to improve nutritional status and catch up part of the deficit of early
childhood growth. 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.
It is worth noting that maintenance of proper nutritional status from birth onwards
also adds to mental well-being in later life (see, for instance, Lachance 1995;
Gillespie and Flores 2000).

The significance of a life course study on timing of menarche within the
discipline of demography relates also to future transitions embedded within the
reproductive career. A comparison of the data on age at menarche with data published
in other sources on age at first birth in Bangladesh - 63 per cent of the girls in this
country has given birth by the age of 20 years (Population Reference Bureau 2000, p.
21) - yields a relatively small time gap between these two events. Also, apparently
irrespective of their social and cultural diversity, adolescents start sexual activity at
about the same age in both developed and developing countries (UNFPA 1997). 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 characterised
by a growth that continues longer than usual, while growth velocity does not change
(Riley 1994; Silventoinen 2000). This may have serious implications for adolescent
girls’ reproductive health, because then reproductive organs (for example, the pelvis)
take longer to reach maturity (height is correlated to pelvic size; WHO 1991).
Consequently, these girls would typically reach physical ‘readiness’ for childbirth
also at a later stage. These observations have implications for gynaecological age, the
time in years since menarche (Becker 1993). Young gynaecological age (immaturity
of the young mother-to-be) may thus not only jeopardize the course and outcome of
the pregnancy, but it is likely to increase the risk of obstructive labor as well,
endangering both the life of the adolescent mother and that of her baby.
Gynaecological and biological age (indexed by nutritional status) rather than
chronological age seem more important to an adolescent girl’s reproductive health
status. More life course research is required in order to verify the validity of such a
hypothesis.
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