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Abstract

Objective: To evaluate the influence of dietary fibre on menarche in a cohort of pre-
menarcheal girls.

Design: Prospective cohort study.

Setting: Ontario, Canada.

Subjects: Free-living pre-menarcheal girls (n = 637), 6 to 14 years of age.
Methodology: Information on dietary intake, physical activity and date of menarche
was collected at baseline and was updated annually by self-administered
questionnaires for three years. Cox proportional hazards models were used to
evaluate the association between dietary fibre and menarche, adjusting for age at
entry to the study and potential confounders.

Results: A higher intake of energy-adjusted dietary fibre was associated with a lower Kt;ﬁyworﬂs
risk of (i.e. a later age at) menarche (relative hazard 0.54, 95% confidence interval (CI) Dieiu:;ufrit)r:
0.31-0.94 for highest vs. lowest quartile, P for trend = 0.027). At the fibre component Cellulose
level, a higher intake of energy-adjusted cellulose was associated with a lower risk of Monounsaturated fatty acids
menarche (relative hazard 0.45, 95% CI 0.26—0.76, P for trend = 0.009). Puberty
Conclusions: The findings are consistent with the hypothesis that pre-menarcheal Breast cancer
dietary intake can influence menarche. Risk factors

Understanding the predictors of menarche is important by which dietary fibre might influence age at menarche,

most consistent finding has been the inverse association of dietary intake

because of its association with a number of health including alteration in enterohepatic circulation of
outcomes such as breast cancer' ™, endometrial cancer”, oestrogen®~?° reduction of bioavailability of oestro-
pancreatic cancer’, coronary heart disease®, osteoporosis’, gen®?7 | and suppression of gonadotrophin production’”.
Hashimoto’s thyroiditis®, rheumatoid arthritis” and unsuc- Therefore, in this study, we evaluated the influence of
cessful reproductive events'®. Various anthropometric, dietary fibre on menarche in a cohort of girls in Ontario,
socio-economic, familial, nutritional and lifestyle predic- Canada. Previous research in this area has been based
tors have been studied in relation to menarche'' ™%, The largely on the use of food records for the measurement of

19=21 Food records do not measure habitual

weight and height with age at menarche'”. Available intake, and therefore, in order to address this limitation,
studies are less clear regarding the relation with other we used a food-frequency questionnaire designed to
factors, particularly nutritional factors. Results from an measure habitual dietary intake in girls®.

international ecological study showed a significant inverse

correlation between intakes of dietary fibre and age at Methods

menarche®®. A few prospective studies also reported

significant associations between age at menarche and In September 1992, a cohort of girls between the ages of 6
intakes of either dietary fibre'” or foods with high fibre and 14 years who had not attained menarche was
content'®. Besides dietary fibre, higher intakes of  identified from the daughters of adults who were
monounsaturated fatty acids, vitamin A, iron and thiamine participating in a cohort study focusing on diet and cancer
have also been found to be associated with a later age at risk. These adults were recruited by volunteers from the
menarche'”?’. On the other hand, intake of dietary fat has  Canadian Cancer Society. Of the 763 daughters identified

not been found to be associated with menarche

222 in the adult cohort, 637 were eligible for the study because

There are a number of plausible biological mechanisms they had not yet experienced menarche. Starting in 1993
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(the first follow-up), packages containing self-adminis-
tered semi-quantitative food-frequency and lifestyle
questionnaires were sent to the participants approximately
every twelve months. All questionnaires and communi-
cations were addressed to the mothers to ensure a
systematic and reliable return of questionnaires. Menarch-
eal status and the timing of menarche were ascertained
from the responses to the following questions in the
lifestyle questionnaire: ‘Has she started her menstrual
periods yet” and ‘In which month and year did her
menstrual periods start?”. Maternal age of menarche (in
years) was obtained from questionnaires in the cohort of
adults. Reminder letters and reminder packages that
included reminder letters and new sets of questionnaires
were sent to non-respondents following a planned
schedule at each of the annual follow-ups. Phone
interviews were also conducted during the third follow-
up to ascertain information on menarche. The follow-up
was terminated 1100 days from the date of reporting on
the first returned questionnaire, which was 7 April 1996.
The study protocol was approved by the human ethics
committee of the University of Toronto.

Food-frequency questionnaire
A 162-item food-frequency questionnaire was used in
this study to estimate the participants’ usual nutrient and
energy intake over the previous year. On each occasion,
the participants were asked to report their usual frequency
of consumption and the usual portion size of foods over
the past twelve months. The frequencies were reported as
the number of times per month, week or day that a food
item was consumed. Participants reported their usual
portion size as a multiple of the standard portion size by
reference to the food model photographs.
Reproducibility and validity of the food-frequency
questionnaire were studied in a sample of girls in Ontario
between the ages of 7 and 12 years®™. The test—retest
reproducibility and the correlation between fibre intake
measured using the questionnaire and the mean of 14 days
of food record data were amongst the highest for all
nutrients measured in that study, with Pearson correlation
coefficients of 0.71 (95% confidence interval (CD 0.58—
0.80) and 0.56 (95% CI 0.38—0.70), respectively.

29,30

Lifestyle and pbysical activity questionnaire

The lifestyle questionnaire collected information on
anthropometry and on physical activity using a multi-
item habitual physical activity questionnaire®’. The latter
was used to generate estimates of energy expenditure.

Statistical analysis

The nutrient intakes from the dietary questionnaires were
estimated using a food database developed previously®.
This database was originally based on USDA Handbook
No. 8 (US Department of Agriculture, 1999), but was
expanded to incorporate nutrient values for Canadian
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foods and to include values for several nutrients not
present in the USDA database. Values for components of
the dietary fibre that were not originally available in the
database were obtained from the tables of McCance and
Widdowson® % with standardisation based on the
carbohydrate content of the food items.

For the analyses reported here, participants were
categorised according to their quartile of energy-adjusted
nutrient intake®®. We used Cox proportional hazards
regression to examine the independent association of
dietary fibre and its components with menarche in the
presence of covariates, with follow-up time as the
underlying time metric®. Subjects who remained pre-
menarcheal at the end of the follow-up, did not respond to
the questionnaires, had withdrawn from the study, or who
had moved and were unable to be traced at the time of
follow-up were treated as censored observations. In the
basic multivariate analyses, we adjusted for age at entry (a
continuous variable), time-dependent age at entry, body
weight, birth weight, log energy intake, and maternal age
at menarche. The variable ‘time-dependent age at entry’
was calculated by multiplying the ‘age at entry’ by the
difference between the natural logarithm of the study time
variable ‘time at entry’ and the mean value of the
logarithms of ‘time at entry’. In addition, other potential
confounding nutrient factors were evaluated in the full
multivariate analyses based on the 10% change-in-
coefficient method?”. The potential confounding effect
of socio-economic status was evaluated by using paternal
occupational prestige rating. Paternal occupation was first
coded into Standard Occupational Classification®® and
then coded into Occupational Prestige Ratings® to
calculate paternal occupational prestige rating.

Interactions between variables, the presence of influ-
ential observations and the proportional hazards assump-
tion were tested > All significance tests were two-tailed,
and the level of significance was set at 5%. The analyses
were performed with the SAS statistical package version
6.12 (SAS Institute, Cary, NC). Tests of linear trend for the
quartiles were performed by converting each set of
quartile categories of the independent variables into a
graded continuous variable (with value of 0, 1, 2 or 3) and
assessing the statistical significance associated with this

variable in Cox model using the Wald x? test*°.

Results

Of the 589 subjects who had complete information on
their exposure and menarche, 187 experienced menarche
during the follow-up period. Forty-eight subjects were
excluded from the data analysis because they either never
responded to any of the follow-up mailings (7 = 28) or did
not provide information on their date of menarche
(1 = 20). The response rates at the end of the first, second
and third follow-ups were 85.6% (545/637), 82.1%
(478/582) and 97.5% (583/598), respectively. The median
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Table 1 Baseline characteristics of study subjects by status of menarche at the end of the follow-up
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Menarche Non-menarche
Characteristics Number Median (min, max) Number Median (min, max)
Age at entry into study (years) 187* 11.3 (7.0, 13.2) 402 9.1 (6.2, 13.6)
Weight (kg) 181 41 (26, 73) 379 30 (17, 85)
Height (m) 182 1.5(1.0,1.7) 380 1.4(1.1,1.7)
Body mass index (kgm2) 179 18.3 (13.2, 40.6) 365 16.5 (12.2, 38.0)
Birth weight (kg) 181 3.5(1.9,5.1) 391 3.4 (1.6, 6.4)
Energy expenditure (kcalweek ) 181 4736 (194, 17946) 379 3326 (97, 18674)
Maternal age of menarche (years) 114 12 (9, 16) 242 13 (9, 17)
Paternal occupational prestige rating 187 50.6 (23.3, 86.1) 402 50.6 (22.3, 86.1)
Total energy intake (kcalday ') 187 2432 (1163, 5886) 402 2336 (763, 5773)
Dietary protein (gday ") 187 94 (42, 190) 402 94 (25, 314)
Dietary fat (gday ) 187 95 (38, 204) 402 89 (26, 263)
Carbohydrate (gday ) 187 302 (136, 888) 402 296 (97, 794)
Dietary fibre (gday ") 187 22.4 (8.2, 55.1) 402 21.5 (4.8, 87.2)
Soluble fibre (gday ") 187 6.0 (2.2, 15.3) 402 5.6 (1.4, 18.8)
Insoluble fibre (gday ™) 187 4.2 (1.3, 13.6) 402 4.3 (0.8, 21.0)
Cellulose (gday ) 187 4.8 (1.5,15.4) 402 4.9 (0.9, 28.0)
Lignin (gday™ ") 187 1.7 (0.4, 4.5) 402 1.6 (0.3, 8.3)
Resistant starch (gday ) 187 0.6 (0.1, 2.1) 402 0.7 (0.2, 4.2)
Animal fat (gday~") 187 60.1 (16.6, 135.1) 402 58.6 (17.6, 232.9)
Vegetable fat (gday ') 187 32.7 (6.6, 99.0) 402 30.5 (2.8, 146.6)
Saturated fatty acids (gday ") 187 36.9 (13.8, 82.2) 402 34.2 (11.4, 101.4)
Monounsaturated fatty acids (gday ') 187 39.1 (16.4, 78.1) 402 37.4 (10.4, 105.4)
Polyunsaturated fatty acids (gday ) 187 10.5 (2.7, 29.2) 402 9.3 (1.4, 47.6)
Cholesterol (mgday ") 187 320.4 (113.4, 840.8) 402 313.6 (104.7, 1279.8)

*Numbers vary due to missing values for some variables.

length of follow-up was 863 days with a range of 13 to
1100 days.

The baseline characteristics of the participants are
shown in Table 1. The median age of all subjects at
recruitment was 9.7 years (range 6.2 to 13.6 years), with
subjects who experienced menarche during the study
period being older than those who did not by 2.2 years.
The age at menarche ranged from 8.5 to 15.6 years with a
median age of 13.6 years.

Results of the univariate analyses of the association
between menarche and various anthropometric variables
are presented in Table 2. Height, weight and body mass
index showed strong direct associations with menarche,
while birth weight and maternal age at menarche had
strong inverse associations with menarche. In other words,
a greater birth weight and later maternal age at menarche
are associated with a later age at menarche in daughters.

In multivariate analyses (Table 3), a relatively high
intake of energy-adjusted total dietary fibre was signifi-
cantly associated with reduced risk of menarche (in other
words, with a later age at menarche). When risk was
examined by components of fibre, higher intakes of
energy-adjusted cellulose and lignin were significantly
associated with reduced risk of menarche. The hazard
ratios for lignin became statistically non-significant with
the addition of the cellulose variable to the same model,
whereas the cellulose variable remained significant with
the inclusion of lignin. This indicated that cellulose, unlike
lignin, was independently associated with menarche.

Increased intake of energy-adjusted animal fat was also
inversely associated with menarche. Of the four fat
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components studied, energy-adjusted monounsaturated
fatty acids showed the strongest association with
menarche.

All questionnaires were addressed to the mothers to
ensure a systematic and reliable return of questionnaires.
The effect of who completed the questionnaires on the
association between diet and menarche was evaluated by
including an indicator variable of whether the question-
naires were completed by the parents with or without the
assistance of their daughters in the model. The indicator
variable was not significant (P = 0.55), indicating that
observed association between diet and menarche did not
depend on whether the questionnaires were completed by
the parents alone or with the assistance of their daughters.

Discussion

In this prospective study of Ontario girls, we observed a
statistically significant inverse association between energy-
adjusted dietary fibre intake and risk of menarche. Risk of
menarche in the highest quartile group of dietary fibre
intake (>25.5gday ") was approximately half that for
gitls in the lowest quartile group of intake (=18.2 gday ™).
The association was not observed for all fibre fractions and
this is not surprising, since dietary fibre is a heterogeneous
group of substances with different solubility in water and
different three-dimensional structures that may have
distinct effects on oestrogen metabolism**%.

There are a few published epidemiological reports of
the relation between intakes of dietary fibre and
menarche. An ecological study of 46 countries and
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Table 2 Age-adjusted relative hazards for menarche by levels of selected variables
Relative P
Variable Quartile hazard* (trend)
Height (m) =1.32 1.00 (referent) 0.0002
>1.32 to =1.40 1.14 (0.60-2.20)1
>1.40 to =1.48 1.78 (0.97-3.28)
>1.48 2.81 (1.47-5.36)
Weight (kg) =28 1.00 (referent) 0.0001
>28 to =34 2.16 (1.02—-4.57)
>34 to =41 3.83 (1.84-7.97)
>41 6.88 (3.28—14.41)
Body mass index (kgm2) =15.62 1.00 (referent) 0.0002
>15.62 to =17.09 2.71 (1.61-4.59)
>17.09 to =19.41 2.72 (1.63-4.55)
>19.41 2.98 (1.78—4.99)
Birth weight (kg) =3.20 1.00 (referent) 0.0033
>3.20 to =3.46 0.71 (0.47-1.07)
>3.46 to =3.83 0.61 (0.41-0.90)
>3.83 0.56 (0.37-0.83)
Energy expenditure (kcal week ) =1943.6 1.00 (referent) 0.0389
>1943.6 to =3724.9 1.10 (0.69-1.74)
>3724.9 to =6191.3 1.45 (0.93-2.27)
>6191.3 1.46 (0.95-2.24)
Maternal age of menarche (years) =12 1.00 (referent) 0.0003
13 1.01 (0.69—1.49)
14 0.78 (0.53—-1.15)
>14 0.39 (0.24-0.64)
Paternal occupational prestige rating =39.64 1.00 (referent) 0.2809
>39.64 to =50.64 1.22 (0.82-1.80)
>50.64 to =64.19 0.81 (0.51-1.28)
>64.19 1.43 (0.96-2.14)

* Adjusted for age at entry into study.
1 Numbers in parentheses are 95% confidence intervals.

communities found a significant positive correlation (r =
0.84) between dietary fibre (g/1000kcal) and age of
menarche'®. In a prospective study on 62 girls, girls with
the highest daily intake of dietary fibre had slower sexual
development during puberty'”. Dietary fibre was found to
be a significant factor associated with girls who had
attained menarche at age 14.3 years when energy intake,
height, timing of the 7-day food record, vegetarian protein
and polysaccharides were adjusted in the multiple
regression analysis. Another cross-sectional study on 777
girls in Spain reported that later age of menarche was
significantly associated with an increase intake of nuts and
seeds in girls who were over 13 years old'®. The authors
suggested that dietary fibre might be one of the underlying
nutrients because of their high contents in nuts and seeds.
However, in a nested case—control study of 666 girls
conducted in Canada, age- and energy-adjusted crude
dietary fibre was not significantly associated with
menarche (odds ratio (OR) 0.8, 95% CI 0.5—1.3 for highest
vs. lowest quartile level of intake)'. A similar result
(relative risk 0.9, 95% CI 0.7-1.1 for highest vs. lowest
quartile level of intake) was obtained when the data from
the full cohort of 2299 subjects were analysed ™.

Early pubertal plasma oestrogen levels are predictors of
the rate of pubertal development towards menarche®
Increased dietary fibre intake may reduce the availability
of circulating oestrogen and thereby influence pubertal
development and menarche. Several mechanisms have
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been proposed for an effect of dietary fibre on oestrogen
metabolism, including reduced deconjugation of oestro-
gen conjugates® and hence reduced uptake of free
oestrogen via the enterohepatic circulation; increased
faecal oestrogen excretion by binding of deconjugated
oestrogen® 25, ; reduced bioavailability of oestradiol due to
increased hepdtl(, sex hormone-binding globulin levels
(SHBG)*; competition with oestrogen receptors in
oestrogen-sensitive tissues®’; and reduced gonadotrophin
production through direct action on the hypothalamic—
pituitary—gonadal system'’

We also observed an inverse association between
energy-adjusted intake of monounsaturated fatty acids and
menarche. Similar associations have been reported in
previous studies. Moisan et al.'® reported a statistically
significant inverse association between menarche and
age- and energy-adjusted monounsaturated fatty acids in
their case—control study of 333 Canadian girls (OR 0.6,
95% CI 0.4-0.9 for highest vs. lowest quartile level of
intake). In a later report from the same group of
investigators, a higher intake of monounsaturated fatty
acids was associated with an earlier menarche (relative
risk 1.3, 95% CI 1.1-1.5 for highest vs. lowest quartile)**.
Animal fat was found to be inversely associated with
menarche in this study, with a relative hazard of 0.52 (95%
CI 0.32-0.85) for individuals with an energy-adjusted
animal fat intake of above 66.4gday ' compared with
those with intakes equal to or below 50.3 gday . The
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Table 3 Multivariate relative hazards for menarche by total energy intake, energy-adjusted dietary fibre, dietary fat

and their components

Variable

Total energy intake (kcalday '

Dietary fibre (gday ")

Soluble fibre (gday ")

Insoluble fibre (gday ')

Cellulose (gday )

Lignin (gday ")

Resistant starch (gday

Animal fat (gday ")

Vegetable fat (gday )

Saturated fatty acids (gday

Monounsaturated fatty acids (gday ')

Polyunsaturated fatty acids (gday ")

Cholesterol (mgday )

Relative P
Quartile hazard (trend)
=1980.3" 1.00 (referent) 0.5823
>1980.3 to =2362.1 1.471 (0.95-2.28)f
>2362.1 to =2798.8 1.25 (0.81-1.92)
>2798.8 1.21 (0.79-1.86)
=18.19 1.00 (referent) 0.0269
>18.19 to =21.81 0.89§ (0.55-1.44)
>21.81 to =25.48 0.81 (0.50-1.31)
> 25.48 0 54 (0.31-0.94)
=4.78 00 (referent) 0.3451
>4.78 to =5.73 .85 (0.53-1.35)
>5.73 to =6.82 91 (0.55-1.52)
>6.82 71 (0.39-1.30)
=3.30 0 (referent) 0.0455
>3.30 to =4.19 .19 (0.77-1.84)
>4.19 to =5.29 .92 (0.58—-1.46)
>5.29 .60 (0.36—1.01)
=3.75 .00 (referent) 0.0090
>3.75 to =4.86 .62 (0.40-0.98)
>4.86 to =6.11 .70 (0.43-1.12)
>6.11 .45 (0.26-0.76)
=1.29 .00 (referent) 0.0269
>1.29 to =1.63 .66 (0.42-1.03)
>1.63 to =2.03 .72 (0.46-1.13)
>2.03 .52 (0.32-0.86)
=0.53 .00 (referent) 0.1416
>0.53 to =0.68 .68 (0.46—1.02)
>0.68 to =0.85 .77 (0.49-1.21)
>0.85 .70 (0.44-1.10)
=50.28 .00 (referent) 0.0313
>50.28 to =58.30 .48 (0.30-0.74)
>58.30 to =66.36 .48 (0.30-0.78)
>66.36 .52 (0.32-0.85)
=25.82 .00 (referent) 0.3527
>25.82 to =31.59 .73 (0.46-1.16)
>31.59 to =37.09 .95 (0.60—-1.50)
>37.09 .12 (0.72-1.76)
=31.03 .00 (referent) 0.3974
>31.03 to =34.62 .60 (0.37-0.98)
>34.62 to =38.32 .72 (0.41-1.24)
>38.32 .63 (0.34-1.18)
=34.68 .00 (referent) 0.1773
>34.68 to =37.77 .54 (0.33-0.86)
>37.77 to =41.10 59 (0.35-1.00)
>41.10 059 (0.33—-1.07)
=7.86 1.00 (referent) 0.1497
> 7.86 to =9.56 1.19 (0.76—1.85)
>9.56 to =11.71 1.09 (0.69-1.71)
>11.71 1.44 (0.93-2.24)
=272.32 1.00 (referent) 0.2885
>272.32 to =316.28 0.60 (0.38—0.96)
>316.28 to =357.03 0.71 (0.43-1.17)
>357.03 0.65 (0.37—-1.14)

* Cut-off points for quartiles are exponentiated to improve interpretability.
1 Adjusted for age at entry into study (continuous), time-dependent age at entry into study (continuous), body weight (=28, >28 to
=34, >34 to =41 or >41kg), maternal age at menarche (=12, 13, 14 or >14 years) and birth weight (=3.20, >3.20 to =3.46,
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>3.46 to =3.83 or >3.83kg).
FNumbers in parentheses are 95% confidence intervals.

§ Adjusted for age at entry into study (continuous), time-dependent age at entry into study (continuous), body weight (=28, >28 to
=34, >34 to =41 or >41kg), maternal age at menarche (=12, 13, 14 or >14 years), birth weight (=3.20, >3.20 to =3.46, >3.46 to
=3.83 or >3.83kg), log energy intake (quartile) and nutrient confounding variables.

significant inverse association between animal fat and
menarche is not surprising since the top contributing
source of monounsaturated fat intake is food of animal
origin, which includes roast beef, roast pork, pork chops,
steak and baked ham. Energy intake was not associated
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with menarche in our study, similar to the results from
other studies'*?"*® The association between monoun-
saturated fat and menarche is intriguing and deserves
further study given the interrelation among monounsatur-
ated fat, menarche and breast cancer risk. The incidence
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rates of breast cancer observed in Mediterranean countries
are about half that in the United States” and these
Mediterranean countries also have higher average intakes
of monounsaturated fat than other countries owing to the
use of olive oil as their primary source of fat*®*
Approximately 29% of daily caloric intake are derived
from monounsaturated fat in these countries’’. In Canada,
the main source of monounsaturated fat is from canola oil,
which currently accounts for about three-quarters of all
vegetable oils processed. Canola oil consists of 61%
monounsaturated fat and is second to olive oil in terms of
content (75%)°'. Cohort studies’*>?, case—control
studies’>> and animal studies™ have also observed a
protective effect of monounsaturated fat on breast cancer
risk. Assuming that dietary patterns are reasonably stable
throughout life, it is plausible that the effect of
monounsaturated fat on breast cancer risk is mediated
indirectly through an influence on the timing of menarche.
The results for non-nutritional variables were in
agreement with those reported in other published studies
(Table 2). Weight was positively associated with
menarche, with a relative hazard of 6.88 (95% CI 3.28—
14.41) for individuals over 41kg compared with those
weighing 28 kg or less. Maclure et al.*® reported a lower
hazard ratio of 2.2 for individuals over 40 kg relative to
those under 25kg. Moisan et al.** also found that body
weight was significantly associated with menarche, with
relative hazard of 5.8 (95% CI 4.7-7.2) between the
highest and lowest quartiles. Our study also found an
inverse association between maternal age at menarche
and the risk of their daughters’ menarche. Individuals with
mothers whose menarche occurred after age 14 years had
a risk 0.39 times that of those with maternal menarche at 12
years of age or earlier. Petridou et al.? found that maternal
age at menarche was inversely associated with daughter’s
age at menarche with a relative hazard of 0.82 (95% CI
0.73-0.92) for each one-year increase in maternal age at
menarche. Socio-economic status, as reflected by the
paternal occupational prestige rating, was not associated
with menarche in our study population. This observation
is not surprising since the difference in dietary quality
across socio-economic groups in the North American
population is narrower today”’ than it was in the 1960s,
when studies that reported a strong association between
socio-economic status and menarche were conducted™.
Birth weight was inversely associated with menarche
(relative hazard 0.50, 95% CI 0.37-0.83 for highest vs.
lowest quartile). This is in agreement with another study in
which girls who were heavier at birth (highest quintile)
had a later age of menarche by an average of 2.2 months
compared with those who were in the lowest quintile™”.
The use of a prospective design and annual follow-up of
the cohort in our study reduced the possibility of recall
bias. The completeness of the follow-up and adjustment
for a wide range of potentially relevant confounding
variables also strengthen our results. In addition, our study
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is the first one to focus on components of dietary fibre. The
lack of association between dietary fibre and menarche in
previous studies may be attributed, in part, to the fact that
dietary fibre was considered as a single entity. A major
limitation of the present study is that the length of the
follow-up period was relatively short. Of the 589 subjects
included in the analyses, 402 of them had not reached
menarche at the end of the follow-up. Reducing the
number of censored observations by a longer follow-up
period could increase study power and minimise the
possibility of follow-up bias arising from insufficient
duration of follow-up®. In addition, it is possible that
participants had been misclassified for dietary variables
because of measurement error. However, for polytomous
exposures, the effect of non-differential exposure mis-
classification always results in attenuation of associations
when comparing the lowest and highest levels of risk®?.
Therefore, the relative hazards of menarche for the highest
versus lowest quartile were unlikely to be overestimated.
Although misclassification arising from categorisation of
covariates is possible, misspecification of the model is also
a concern if the nutrients were treated as continuous
variables. The assumption of a linear relationship between
dietary variables and menarche is unlikely to be met
because most dietary factors have limits in absorption,
transport and metabolism. Nevertheless, similar results
were observed for the inverse association between
menarche and dietary fibre, cellulose and monounsatur-
ated fat when these nutrients were treated as continuous
variables. Furthermore, the reported median age at
menarche is higher than that reported in most epidemi-
ological studies. However, the proper approach for
estimating the age at menarche of a population is to
employ probit analysis from data collected by the status
quo method, in which subjects from a representative
sample of the population are asked for their precise age
and whether they have reached menarche. The prospec-
tive method used in this study is suitable for revealing the
age at menarche at the individual level. Since the study
was terminated while 68% of the participants still had not
reached menarche and the median age at that time was
12.2 years, it is likely that the median age at menarche
would ultimately be lower than the observed 13.6 years if
the study cohort were followed for longer. Nevertheless,
this does not affect the internal validity of the results.

In summary, we found that a high dietary fibre intake is
associated with a later age at menarche in this prospective
study. From a public health perspective, a diet consisting
of a variety of foods that provide a natural source of dietary
fibre (e.g. grain products, vegetables and fruit) is
compatible with the postulated beneficial roles of dietary
fibre in promoting normal bowel function®® and prevent-
ing chronic diseases®. Although the ideal dietary fibre
intake has not been defined, it has been recommended
that the dietary fibre intake of children older than 2 years
be increased to an amount equal to or greater than their
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age plus 5g per day, with the ultimate aim of achieving

intakes of 25-35gday ™ ! after the age of 20 years(’ .
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