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Effects of lifestyle on the onset of puberty as determinant
for breast cancer
Magda J.A.M. Vandelooa, Liesbeth M. Bruckersb and Jaak Ph. Janssensc,d

Breast cancer is more than ever the leading cause of death

in women. In this article, we investigate the influence of

lifestyle factors, and in particular nutrition (i.e. soft drinks),

on physical development, puberty, breast growth and

menarche to understand the potential impact of these

environmental and lifestyle factors on the induction of

breast cancer susceptibility. A questionnaire was obtained

from 1146 girls of 10 schools in Belgian Limburg, attending

the second year of secondary school. Their mean age was

about 13 years. The analyses of the data were performed

with ‘survival analysis’, in particular with the ‘Cox

regression’ model for menarche. This project was

conducted in the school year of 1999–2000. In the

univariate and multivariate analysis investigating the most

important variables of the period from birth to the age of

menarche, there was clear evidence that lifestyle factors,

including nutrition, have an effect on breast development

and menarche. The following variables were significantly

related to breast development and menarche: body mass

index, drinking high-carbohydrate drinks, i.e. soft drinks,

height of the father and the mother, weight of the mother at

the start of pregnancy, history of mononucleosis, origin

and education of the parents and physical activity.

Lifestyle factors, including nutrition (i.e. soft drinks), affect

the age at puberty and menarche. The same factors are

known to be related to breast cancer risk. Better control of

these variables during puberty might reduce breast cancer

risk later in life. European Journal of Cancer Prevention
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Introduction
Breast cancer causes the highest mortality of cancer in

women in developed countries (Janssens, 1999b; Bray

et al., 2002). Between 1960 and 2000, breast cancer

incidence doubled in most areas and mortality continued

to increase slightly despite huge efforts to treat the

disease (Coebergh et al., 2001).

Numerous scientific data support the hypothesis that the

susceptibility for breast cancer originates during the

organogenesis of the breast. Early menarche (the first

menstruation), late first full-term pregnancy, increased

height and weight, are known to be important determi-

nants for breast cancer (Korenman, 1980; Baanders

and de Waard, 1992; Koprowski et al., 1999). This can

hardly be surprising as the growth, development and

maturation of the breast is maximal at the onset of

puberty and remains throughout puberty and adolescence

up to the first full-term pregnancy or the age of about

24 (Janssens, 1999a). Earlier menarche in the Western

hemisphere is usually associated with earlier onset of

hyperinsulinaemia, and numerous case–control studies

report that fasting hyperinsulinaemia is also a marker

of increased breast cancer risk (Stoll et al., 1994; Stoll,

1998).

Little is known about the sequence of endocrine events

early in life. Early puberty, breast development and

menarche seem to follow a naturally occurring process

determined by a biological clock that, once initiated,

turns on a rather independent process of senological

(breast) and gynaecological (primary sexual organs)

development and maturation (Apter and Sipilä, 1993;

Apter, 1996). The age at menarche, however, seems to be

affected by nutrition also because ovulation and men-

struation need a critical weight. Furthermore, children

with an intense physical life, like ballerinas or young

athletes, will have a retarded menarche. Thus, the

biological clock can be influenced by sociocultural,

environmental and nutritional factors altering the timing

of the involved neuroendocrine mechanisms (Wheeler,

1991; Apter and Sipilä, 1993; Apter, 1996).

In view of the importance of pubertal development

and breast cancer risk and the possible influence of

lifestyle factors on pubertal development, a study was

initiated to correlate lifestyle risk factors with the onset

of puberty, breast development and menarche. In this

way, pubertal development could possibly be used as

an intermediate biological marker to predict breast

cancer risk.
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Material and methods
Methodology

A questionnaire on lifestyle factors and physical develop-

ment was given to 1150 girls of Belgian Limburg,

attending the second year of secondary school. Their

mean age was about 12.8 years. This age was chosen,

because about 80% of the girls experienced some degree

of breast development at this point and about 50% of the

girls reached menarche. All these girls were followed

from birth onwards with regular (approximately 2 yearly)

physical examinations before the completion of the

questionnaire and final physical examination. After

exclusion of four questionnaires (incomplete data),

1146 study cases were taken up in the analysis.

Study population

All girls were recruited in 10 geographically well-

distributed centres of Medical School Supervision

(MSS) in Belgian Limburg. Care was taken also to invite

different types of schools to balance socioeconomic

characteristics. In each centre, the first 115 children

attending the second year of secondary school were

selected. The other selection criterion was the absence of

obvious disease. Informed consent was given by the

children and the parents through written and oral

information. The participation was almost 100% and after

1150 questionnaires were collected, the inclusion was

terminated. Three questionnaires were not taken into

account because of poor quality, probably owing to

language problems. Another girl was included but left

the province before finishing the study. So the study

includes 1146 data sets.

All the girls had a record with clinical data in MSS and

had been followed from birth onwards with physical

examinations at regular intervals (mostly every 2 years).

Each girl received a questionnaire on lifestyle and

nutritional factors that was completed by the help of

one of the parents and the school nurse or physician.

After completion of the questionnaire, the children had a

complete physical examination. Using all these data, we

constructed a database with 272 variables.

Validation

To evaluate the representativity of the study group in

relation to the general Flemish population, we compared

the growth curves of length, weight and body mass index

(BMI) with those of the official statistics ‘Health

Indicators 1998’ of the ‘Ministry of Health of the Flemish

Community in Belgium’ (Aelvoet et al., 2000).

Questionnaire

The questionnaire was prepared in cooperation with the

MSS, physicians, representatives of the ‘European Cancer

Prevention Organization’ and cooperators of the ‘Centre

for Statistics of Limburgs Universitair Centrum’. The

questionnaire was a compromise between the demands of

the investigators and the feasibility of data retrieval from

the school. No interventional procedures (e.g. blood

withdrawal) and no technical examinations were allowed.

The questionnaire was partially completed by the

medical team, that is, nurse or physician in the presence

of the child. It was the part where all the medical data

from birth until the age at final visit were recorded.

The second part including familial, social and environ-

mental variables was completed by the girls and one of

the parents and was supervised by one of the nurses or

physician.

The questionnaire was divided into four chapters each

corresponding to a period of life: the perinatal period

(from birth to 3 years); the period from 3 to 6 years; the

period of early puberty from 6 years to menarche and the

period after the menarche. Only the girls who had

menarche completed the latter chapter of the ques-

tionnaire.

Puberty, menarche and early puberty endpoints

In this study, puberty is defined as the period between

the first appearance of breast growth or pubic hair

(Tanner and Whitehouse, 1976). Usually breast develop-

ment appears first and at the age of 7–8 years. In our

study, early puberty coincides with stage 2 or more of

breast development. Early puberty ends with menarche.

Food and drink groups

We stratified groups of excessive intake either towards

low-energy food, food with high-fat content and food with

high-carbohydrate (sugar) contents. The fourth group

had no excess and was considered as mixed. The same

was done for drinks. To classify children into one of the

groups, the preference of food class or drink was selected

at each meal during the day: morning, 11 h, noon, 16 h,

supper and late snack. The noon and supper counted for

two to balance the quantity of these meals. When the

total preference rates (weighed sum of preference of the

different meals) more than 6 on a scale of eight in any

direction (fat, carbohydrate or low energy), the child was

allocated to that group. In the other cases, the meal or

drink was considered mixed.

Body mass index for children

As weight growth for children (until 18 years) is

disproportionate to length growth, it was not obvious

to use the normal Quetelet index or BMI index

(BMI = weight/length2). We can value weight by expres-

sing weight in percent of the 50th percentile (Vervaet

et al., 1997; Van Winckel and Braet, 2000) resulting in a

weight length index (WLI). This index is also called the

‘percentile-BMI’. Weight of the girls was evaluated thus

by using the ‘body mass index percentile curves’ (Aelvoet

et al., 2000).
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Statistical methods

The endpoints of interest are time to event outcomes,

for example, time to start of breast development and

time to menarche. The most important covariates of the

three different periods of the questionnaire, namely

the perinatal period (from childbirth to 3 years), the

prepubertal period (3–6 years) and the period of early

puberty (6 years to age at menarche), were related to one

of the dependent variables of the statistical model, for

example, breast development.

We started by investigating the relations between these

covariates in a univariate analysis first to the age of the

onset of breast development, second to the age at

menarche and later to the interval between breast

development and age of the first menstruation. In the

second phase, all explanatory variables were considered

together in a multivariate model.

Results
In the study group, breast development started at the age

of 7–8 years, closely followed by the appearance of pubic

hair. Axillary hair growth followed later. For the girls who

attained menarche during the study, the mean age for

menarche was 11.9 ± 0.8 years. For the whole group,

statistical analysis projected the mean age for menarche

as: 12.3 ± 0.8 years. In this study group of 1146 girls,

535 (46.7%) reached menarche at the time of the final

physical examination.

Early puberty

In the univariate analysis with regard to the onset

of breast development, the following relations were

significant (Table 1):

Nutrition did not attribute any significant relation to the

onset of breast development, except for ‘high-carbohy-

drate drinks’. The latter seems to be an important

variable, not only for the period 3–6 years (P = 0.028) but

also for the period of 6 years to menarche (P = 0.052). For

the period 6 years to menarche, ‘mixed drinks’ lay a role

as well (P = 0.042). Girls who had a substantial increased

consumption of high-carbohydrate drinks, that is, soft

drinks, had an earlier breast development (Table 1).

The variable WLI was divided into four groups: under-

weight (WLIr 90), normal weight (90 < WLIr 120),

overweight moderate (120 < WLIr 140) and explicit

overweight (WLI > 140). The association between the

BMI of the children and the onset of breast development

was very significant (P < 0.001). Underweight girls

started significantly later in time with breast develop-

ment. For example, at the age of 11 years about 40% of

the underweight girls reached breast development,

whereas 60% of the normal weighed and almost 65% of

the overweight girls reached breast development. The

fate of moderate and explicit overweight girls coincided

(Table 1).

The continuous covariates, ‘skin thickness, waist contour

and hip contour’ turned out also to be very important

variables. Collectively, they are a measure of obesity. The

higher the values of skin thickness, waist contour and hip

contour, the earlier the breast development, with skin

thickness (P = 0.014), waist contour (P < 0.001) and hip

contour (P < 0.001). In the multivariate analysis ‘hip

contour’ also remained very significant (P < 0.001)

(Table 1).

Higher weight of the mother at the beginning of

pregnancy induced earlier breast development of the

daughter (P = 0.001). The higher the weight of

the mother at the beginning of pregnancy, the earlier

the breast development of the daughter started

(R = 1.013) (Table 1).

Table 1 Significant relations with regard to the onset of early
puberty

Dependent variable: onset of early puberty (breast development)

Independent variables

Risk ratio (95% CI) P-value P-overall

Univariate analysis
Weight of mother at the beginning of

pregnancy
1.013 [1.006; 1.021] 0.001

Education of father 0.045
1. Lower school 0.953 [0.579; 1.567] 0.848
2. Lower secondary school 0.910 [0.596; 1.389] 0.661
3. Higher secondary school 0.891 [0.588; 1.349] 0.586
4. High school and university 0.728 [0.478; 1.110] 0.140
5. Others 1.515 [0.724; 3.169] 0.270
6. No certificate

Walking age 0.969 [0.939; 1.001] 0.052
Chemicals at home (3–6 years)

(ref = chem)
0.819 [0.706; 0.950] 0.008

Chemicals at home (6–menarche)
(ref = chem )

0.789 [0.681; 0.913] 0.002

Mononucleosis (3–6 years)
(ref = mononuc.)

0.423 [0.253; 0.705] 0.001

High-carbohydrate drinks
(3–6 years)

1.041 [1.004; 1.079] 0.028

High-carbohydrate drinks
(6 to menarche)

1.033 [1.000; 1.067] 0.052

Mixed drinks (6 to menarche) 0.941 [0.888; 0.998] 0.042
Length of the girl (6 to menarche) < 0.001

1. Tall 1.725 [1.413; 2.107] 0.000
2. Normal 1.364 [1.133; 1.643] 0.001
3. Small

Weight length index (WLI) < 0.001
1. Underweight WLIr90 0.498 [0.367; 0.676] 0.000
2. Normal 90 < WLIr120 0.765 [0.581; 1.007] 0.056
3. Overweight moderate
120 < WLIr 140

1.019 [0.745; 1.395] 0.904

4. Overweight explicit
WLI > 140

Skin thickness 1.001 [1.000; 1.002] 0.014
Waist contour 1.025 [1.017; 1.033] < 0.001
Hip contour 1.026 [1.019; 1.033] < 0.001
Multivariate analysis
Hip contour 1.033 [1.022; 1.043] < 0.001
Mononucleosis (3–6 years)

(ref = mononuc.)
0.382 [0.203; 0.717] 0.003
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The ‘education of the father’ also seemed to be another

important variable. Girls who had a father with higher

education started their breast development later in

time than the ones for whom the father had no

certificate; that is, a negative correlation. Higher educa-

tion of the father predicted delayed breast development

(P = 0.045) (Table 1).

Considering the period of development of the child, we

found that later age at starting of walking implied later

breast development. The P-value for this covariate was

0.052 (Table 1).

To study the variable ‘chemicals at home’, two categories

were formed namely: ‘chemicals at home, yes or no’, the

former being the reference group. With ‘chemicals at

home’ we meant insecticides, weed-killers, pesticides,

paint products and glue products. Chemicals at home

induced earlier breast development not only for the

period 3–6 years (P = 0.008) but also for the period

6 years to menarche (P = 0.002) (Table 1).

Presence of ‘mononucleosis’ in the period 3–6 years was

described in the survival analysis as a categorical variable;

namely having had mononucleosis: yes (reference group)

or no. Not only in the univariate (P = 0.001) but also in

the multivariate analysis (P = 0.003), we concluded that

mononucleosis in the period 3–6 years induced earlier

breast development (Table 1).

To study the variable ‘length of the girl’, this parameter

was recoded into three subgroups namely: tall, normal

and small girls. We found that girls who were tall in the

period 6 years to menarche had earlier breast develop-

ment than children who had a normal length or the small

girls (P < 0.001) (Table 1).

Age at menarche

In the univariate analysis with regard to the age at

menarche, the following relations were significant (Table 2).

A statistically significant relationship was found between

WLI and age at menarche (P < 0.001) (Table 2). The

explicit overweight girls (WLI > 140) and the moderate

overweight (120 < WLIr 140) children had their me-

narche much earlier than the underweight girls. For

example, at the age of 12 years only 10% of the

underweight girls had their menarche, whereas 40% of

the normal girls and 60% of the moderate and explicit

overweight girls experienced their first menstruation.

Moderate and explicit overweight girls showed no

difference.

For the continuous variables ‘skin thickness, waist

contour and hip contour’, we found a positive relationship

with regard to the age at menarche. The higher the values

for these covariates were the earlier the girl reached

menarche (P < 0.05) (Table 2).

Daughters of tall fathers and mothers had later menarche.

We found a significant P-value for these covariates

namely: length father (P = 0.010) and length mother

(P = 0.044) (Table 2).

Higher weight of the mother at the beginning of

pregnancy predicted earlier menarche (P = 0.002). In

Table 2, we observed a risk ratio-value more than 1

(R = 1.015), which means that there was more risk to

reach the age at menarche earlier.

Girls of parents who had only an education of lower school

and lower secondary school had their menarche much

earlier than girls from parents with an education of higher

secondary school, high school or university (P = 0.005).

For example, at the age of 12 years only 30% of the girls of

mothers of higher education had their menarche in

contrast to, approximately 50% of the girls of mothers

with lower education. For the parents with higher

education or university, we observed a significant P-value

for the variable ‘education of the father’ (P = 0.003) and

for the variable ‘education of the mother’ (P = 0.017)

(Table 2).

We found a trend that girls of parents who lived in the

city or village in the period from birth to 3 years

(P = 0.084) and in the period from 6 years to menarche

(P = 0.090) had an earlier menarche. The P-values for

these variables were, however, borderline (Table 2).

Girls whose parents were born outside of Europe or in the

rest of Europe had their menarche much earlier than girls

whose parents were locally born (in Belgium or the

Netherlands) (P < 0.001). We observed that at the age of

12 years not even 40% of the girls from local parents in

contrast to approximately 60% of the children of parents

were born outside Europe (Table 2).

In the present study we also found that tall girls at birth

had a trend to later menarche (R = 0.974). The P-value

for this variable was, however, borderline (P = 0.086)

(Table 2). Girls who had breast feeding had a trend to

later menarche. The P-value for this covariate was

borderline (P = 0.107) (Table 2). The fact that mother

cooked fresh vegetables instead of using industrial

preparations seemed to have also an influence on the

age at menarche. We found that girls that ate industrial

prepared vegetable meals had an earlier menarche

(R = 1.743). The P-value for this relation was significant

(P = 0.041) (Table 2).

Considering the results of present study with regard to

nutrition in the period 6 years to menarche, we found an
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Table 2 Significant relations with regard to the age at menarche

Dependent variable: menarche

Independent variables

Risk ratio (95% CI) P-value P-overall

Univariate analysis
Length of father 0.981 [0.967; 0.995] 0.010
Length of mother 0.983 [0.967; 0.999] 0.044
Weight of mother at the beginning of pregnancy 1.015 [1.006; 1.025] 0.002
Education of father 0.005

1. Lower school 0.816 [0.470; 1.418] 0.470
2. Lower secondary school 0.727 [0.454; 1.164] 0.184
3. Higher secondary school 0.610 [0.384; 0.969] 0.036
4. High school and university 0.486 [0.301; 0.783] 0.003
5. Others 0.493 [0.168; 1.442] 0.196
6. No certificate

Education of mother 0.005
1. Lower school 0.986 [0.579; 1.678] 0.959
2. Lower secondary school 0.874 [0.550; 1.387] 0.567
3. Higher secondary school 0.748 [0.475; 1.178] 0.210
4. High school and university 0.568 [0.357; 0.903] 0.017
5. Others 0.770 [0.264; 2.245] 0.633
6. No certificate

Living area of father and mother (0–3 years) 0.084
1. City or village 1.064 [0.847; 1.338] 0.592
2. Country 0.849 [0.668; 1.079] 0.181
3. Between 1 and 2

Living area of father and mother (6 to menarche) 0.090
1. City or village 1.140 [0.808; 1.608] 0.454
2. Country 0.784 [0.538; 1.143] 0.206
3. Between 1 and 2

Country of birth of father < 0.001
1. Belgium 0.495 [0.325; 0.753] 0.001
2. The Netherlands 0.683 [0.390; 1.198] 0.184
3. Rest of Europe 0.810 [0.496; 1.325] 0.402
4. Outside Europe

Country of birth of mother < 0.001
1. Belgium 0.433 [0.282; 0.665] 0.000
2. The Netherlands 0.455 [0.250; 0.828] 0.010
3. Rest of Europe 0.651 [0.392; 1.083] 0.098
4. Outside Europe

Length at birth 0.974 [0.945; 1.004] 0.086
Breast feeding (ref = breast feeding) 1.152 [0.970; 1.369] 0.107
Breast growth (3–6 years) (ref = breast growth) 0.514 [0.317; 0.834] 0.007
Vegetables self-made (0–3 years) (ref = self m) 1.743 [1.023; 2.970] 0.041
High-carbohydrate food (6 to menarche) 0.942 [0.877; 1.012] 0.102
Low-energy food (6 to menarche) 1.091 [0.994; 1.197] 0.068
Sport (6 to menarche) (ref = sport) 1.288 [1.054; 1.573] 0.013
Length of the girl (6 to menarche) < 0.001

1. Tall 3.666 [2.620; 5.128] 0.000
2. Normal 2.480 [1.783; 3.449] 0.000
3. Small

Weight length index (WLI) < 0.001
1. Underweight WLIr 90 0.130 [0.085; 0.200] 0.000
2. Normal 90 < WLIr 120 0.523 [0.390; 0.701] 0.000
3. Overweight moderate 120 < WLIr 140 0.949 [0.683; 1.319] 0.755
4. Overweight explicit WLI > 140

Skin thickness 1.001 [1.000; 1.003] 0.043
Waist contour 1.048 [1.039; 1.057] < 0.001
Hip contour 1.055 [1.047; 1.064] < 0.001
Multivariate analysis
Forward stepwise < 0.001
Length of father 0.979 [0.957; 1.001] 0.060
Length of mother 0.970 [0.943; 0.997] 0.028
Hip contour 1.032 [1.004; 1.061] 0.025
Country of birth of father 0.036

1. Belgium 0.559 [0.292; 1.069] 0.079
2. The Netherlands 0.583 [0.239; 1.423] 0.236
3. Rest of Europe 1.199 [0.534; 2.692] 0.659

Breast feeding (ref = breast feeding) 1.435 [1.068; 1.928] 0.017
Length of the girl (6 to menarche) < 0.001

1. Tall 3.280 [1.853; 5.807] < 0.001
2. Normal 1.970 [1.183; 3.282] 0.009

Effects of lifestyle on onset of puberty Vandeloo et al. 21

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



association between the ‘high-carbohydrate food’ group

and the ‘low-energy food’ and the age at menarche. Girls

who ate more of high-carbohydrate food in the period

from 6 years to menarche had a trend to later menarche

(P = 0.102). In contrary, girls who ate more of low-energy

food seemed to have a trend to earlier age at menarche

(P = 0.068). These correlations were, however, borderline

(Table 2).

Physical activity delayed the age at menarche. Girls who

did some sport in the period from 6 years to menarche

had their first menstruation later in time than girls who

did not (P = 0.013) (Table 2).

Looking at the development of the child, we found that

girls who had breast growth in the period 3–6 years

experienced earlier menarche (R = 0.514). The P-value

for this significant association was 0.007 (Table 2). With

regard to the age at menarche, the length of the girl was

also a key variable. Small girls developed their first

menstruation much later in time than the tall girls of the

same age. For example, at the age 12 years about 50% of

the tall girls reached menarche whereas only 40% of the

normal ones and not even 20% of the small girls. We

observed a reverse relationship; the taller the girl, the

earlier the age at menarche. The correlation was

significant (P < 0.001) (Table 2).

After the forward stepwise procedure in multivariate

analysis, we concluded that the taller the father and

mother, the later the age at menarche of the girl (R < 1).

For the continuous variable ‘hip contour’, we observed a

reverse relationship, that means the higher the value for

hip contour, the earlier the age at menarche (R = 1.032).

For the variable ‘country of birth of the father’, we found

that girls whose father was born local had their first

menstruation later in time than girls whose father was

born outside Europe. Girls who had ‘breast feeding’ early

in life, however, experienced later menarche in the

multivariate analysis. The variable was more highlighted

in the multivariate model than in the univariate model

(P = 0.017). For the variable ‘length of the girl’ in the

period from 6 years to menarche, we concluded that tall

and normal girls have an earlier age at menarche than the

small girls. We observed in Table 2 a risk ratio more than 1

namely: for the tall girls (R = 3.280) and the normal girls

(R = 1.970), that means that they had more risk to reach

menarche than the small girls who were the reference

group. In this final model, we also found that under-

weight girls had a later menarche than normal and

overweight girls. As noted in Table 2, the relations for all

these covariates in this final model were very significant

(P < 0.001). In the backward procedure of this multi-

variate analysis, we observed the same relations as

described in the forward procedure.

Discussion
The familial predisposition is an important risk factor for

breast cancer (Kuschel et al., 2002). Nevertheless, breast

cancer is largely caused by nongenetic factors that act

Dependent variable: menarche

Independent variables

Risk ratio (95% CI) P-value P-overall

Weight length index < 0.001
1. Under weight WLIr90 0.793 [0.259; 2.426] 0.685
2. Normal 90 < WLIr120 1.758 [0.731; 4.228] 0.208
3. Overweight moderate 120 < WLIr140 3.076 [1.376; 6.879] 0.006

Backward stepwise < 0.001
Length of father 0.978 [0.957; 1.000] 0.054
Length of mother 0.971 [0.944; 0.998] 0.034
Hip contour 1.033 [1.005; 1.062] 0.020
Living area of father and mother (0–3 years) 0.067

1. City or village 0.889 [0.604; 1.309] 0.550
2. Country 0.660 [0.449; 0.970] 0.034
3. Between 1 and 2

Country of birth father 0.052
1. Belgium 0.576 [0.301; 1.101] 0.095
2. The Netherlands 0.565 [0.229; 1.398] 0.217
3. Rest of Europe 1.183 [0.525; 2.664] 0.686
4. Outside Europe

Breast feeding (ref = breast feeding) 1.482 [1.101; 1.994] 0.009
Length of the girl (6 to menarche) < 0.001

1. Tall 3.377 [1.905; 5.987] < 0.001
2. Normal 1.984 [1.191; 3.304] 0.008
3. Small

Weight length index < 0.001
1. Under weight WLIr90 0.838 [0.273; 2.571] 0.757
2. Normal 90 < WLIr120 1.853 [0.766; 4.486] 0.171
3. Overweight moderate 120 < WLIr140 3.260 [1.446; 7.349] 0.004

Table 2 (Continued)
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primarily at young ages (Lichtenstein et al., 2002).

In previous decennia, there has been an intensive

research with regard to lifestyle factors. Recent cohort

and case–control studies, however, are less convincing

probably because in these epidemiological studies only

adults were included. No attention was focused on

children up to now. This is remarkable because most

recognized determinants for breast cancer risk seem to

act early in life; at the time of breast development and

maturation and before breast involution (Apter, 1996;

Janssens, 1999b).

The results of present study showed that the BMI of the

children was one of the important variables with regard to

the onset of puberty. Overweight girls had earlier onset of

puberty and menarche. It is known that the age at

menarche is influenced by nutrition because ovulation

and menstruation need a critical weight. The sooner this

weight is acquired, the earlier a regular bleeding pattern

starts (Janssens, 1999a). Early menarche, increased

height and weight are recognized as important determi-

nants for breast cancer (Hsieh et al., 1990; Petridou et al.,
1996). Both earlier menarche and adult tallness are

markers of increased risk to breast cancer (Baanders and

de Waard, 1992). The age of puberty appeared more to be

related to body weight than to chronological age (Baker,

1985). The higher the weight of the children, the earlier

the onset of early puberty and menarche.

In our study investigating the lifestyle of children, there

seemed to be no association between the different food

groups to the onset of breast development and menarche.

This finding is in line with the results of a recent study of

Trichopoulou et al. (1995); which concluded that major

categories of macronutrients did not show significant

associations with breast cancer risk. Vegetables and fruits

were inversely significantly and strongly associated with

the risk. Evidence also exists that olive oil consumption

might reduce the risk of breast cancer (Trichopoulou

et al., 1995, 2000). In the present study, we found an

association for the ‘high-carbohydrate food’ group and the

‘low-energy food’ group for the period 6 years to

menarche with regard to the age at menarche. These

correlations were borderline.

Investigating the lifestyle and nutrition habits of

children, we found that the more the soft drinks were

consumed, the earlier the onset of breast development

occurred. No relationship was found with the age at

menarche. The results might be meaningful considering

the high intake of carbohydrate drinks in youngsters

(Ludwig et al., 2001; French et al., 2003). Besides,

carbohydrates in food tend to have a slower digestion

and metabolization than the high glycaemic sugars in

drinks. The data confirm earlier studies of soft drinks in

children (Janssens et al., 1999c).

During the growth of the human breast in childhood, the

breast is extremely vulnerable for toxic influences such as

radiation, unbalanced hormones and nutrition (Baanders

and de Waard, 1992). Insulin is important in the

development of the breasts and interacts with both

oestrogen and progesterone. Therefore, insulin is one of

the key factors in a normal development of the human

breast and inappropriate secretion of insulin might induce

lesions in the breast cells leading to breast cancer later in

life. Although the association of regular soft drinks and

breast cancer is far from established, care should be taken

to the biological role of soft drinks in the origin of breast

cancer and other chronic diseases later in life (Janssens

et al., 1999c; Ten and Maclaren, 2004).

The rising prevalence of obesity in children, that has

been linked in part to the consumption of sugar-

sweetened drinks, was extensively studied by others

(Ludwig et al., 2001; Giammattei et al., 2003; Gillis and

Bar-Or, 2003; St-Onge et al., 2003). Ethnically diverse

schoolchildren (n = 548, age 11.7 years, SD 0.8) from

public schools in four Massachusetts communities were

prospectively studied for 19 months from October 1995

to May 1997. The association between baseline and

change in consumption of sugar-sweetened drinks and

difference in measures of obesity was examined. The

investigators concluded that for each additional serving of

sugar-sweetened drink consumed, both BMI and fre-

quency of obesity increases after adjustment for anthro-

pometric, demographic, dietary and lifestyle variables.

Consumption of sugar-sweetened drinks was associated

with obesity in children (Ludwig et al., 2001). In a recent

longitudinal study of children aged 6–13 years Mrdjenovic

and Levitsky (2003) also noted that excessive sweetened

drink consumption was associated with higher daily

energy intake and greater weight gain (Mrdjenovic and

Levitsky, 2003). In addition, consumption of fast food

among children in the United States and, increasingly,

throughout the world seemed to have an adverse effect

on dietary quality in ways that plausibly could increase

risk for obesity (Bowman et al., 2004).

The percentage of children who are overweight or at-risk

of overweight has increased over the past 20 years.

Policies that revitalize physical activity and physical

education programmes for all children and educational

efforts that encourage sedentary behaviour will be more

successful in combating overweight than an undue focus

on beverage consumption (Forshee et al., 2004).

Physical activity delays the age at menarche. It appears

that an alteration of energy balance in early life through

increased physical activity could delay age at menarche

and reduce the risk for breast cancer in later life

(Petridou et al., 1996). In relation to the onset of breast

development there seems no correlation, probably
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because the onset of puberty is determined already much

earlier in life. The data are in line with earlier work

(Baker, 1985; Moisan et al., 1991; Sharma and Shukla,

1992; Giammattei et al., 2003).

In our study, we found clear evidence that the ‘education

of the parents’ has an important role in relation to the

onset of breast development and also to the age at

menarche. That means that girls of fathers or mothers

with higher education reached their onset of breast

development or the age at menarche later in time than

girls of parents with lower education or no certificate.

Rogers et al. (2003) found that children of nonsmokers

and more highly educated mothers consumed a diet that

conformed more closely to current guidelines on healthy

eating. It was also noted that children of smokers were

more likely to drink sugar-sweetened soft drinks (Rogers

et al., 2003). In our study, the smoking status of the

mother during pregnancy was also inquired but no

relationship was found with the onset of puberty. In a

recent study, Grimm et al. (2004) identified factors

associated with nonalcoholic carbonated beverage (soft

drink) consumption in children and suggested that

several factors might be associated with soft drink intake

in school-aged children, most notably taste preferences,

soft drink consumption habits of parents and friends, soft

drink availability in the home and school, and television

viewing (Grimm et al., 2004). The home environment

remained the largest source of children’s soft drink

access, an increasing share was obtained from restaurants

and fast food establishments, vending machines and other

sources. Away-from-home sources of soft drink are an

important factor for dieticians to consider when evaluat-

ing the dietary intake and nutritional status of youth

(French et al., 2003).

Vereecken et al. (2004) suggested that differences in

children’s food consumption by mother’s educational

level were completely explained by mother’s consump-

tion and other food parenting practices for fruit and

vegetables but not for soft drinks. They also noted in

another recent study a considerable variation between

secondary schools in the consumption of soft drinks,

sweets and crisps (but not fruit). The results indicated

that school food policy can have an impact on children’s

food habits (Vereecken et al., 2005). A targeted, school-

based education programme produced a modest reduc-

tion in the number of carbonated drinks consumed, which

was associated with a reduction in the number of

overweight and obese children (James et al., 2004).

The cause of overweight in children, as well as its

prevention, may lie in the hands of the caregiver

(Mrdjenovic and Levitsky, 2005). Nutrition education

messages targeted to children and/or their parents should

encourage limited consumption of soft drinks. Policies

that limit children’s access to soft drinks at day-care

centres and schools should be promoted (Harnack et al.,
1999; American Academy of Pediatrics Committee on

School Health, 2004).

In conclusion, the present study supports the hypothesis

that lifestyle factors, including nutrition (i.e. soft drinks)

affect the age at puberty and menarche. The same factors

are known to be related to breast cancer risk. Better

control of these variables during puberty may reduce

breast cancer risk later in life. This observation can have

major implications in breast cancer prevention.
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