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Abstract

Introduction: Women's reproductive lifespan has increased over the past two
decades. Simultaneously, female reproductive behavior has changed, with increasing
age at first birth. Early menarche has been associated with adverse health outcomes,
but research investigating the association between maternal age at childbirth and
daughter's age at menarche is, so far, inconclusive. Whether the interval between
menarche and childbirth or between childbirth and menopause among mothers is
associated with age at menarche in daughters is not known.

Material and Methods: We conducted a cohort study with retrospectively collected
data including mothers and daughters participating in the Norwegian Mother, Father
and Child Cohort Study. Within this cohort, we identified two study populations. First,
we included 14 576 mother-daughter pairs with complete information on maternal age
at menarche and childbirth and the daughter's age at menarche. Second, we included
1350 mother-daughter pairs with complete information on maternal age at childbirth
and natural menopause, and daughter's age at menarche. We calculated odds ratios
(OR) with 95% confidence intervals (Cls) in a discrete survival analysis for daughters'
age at menarche by time intervals from menarche to childbirth or from childbirth to
menopause in mothers. We adjusted for relevant covariates.

Results: We found 5% lower yearly odds (partially adjusted OR 0.95 (Cl 0.90-0.99))
of reaching menarche among daughters born by mothers <16years after menarche
compared to the reference category born 16-20years following menarche. After
additionally adjusting for maternal birth year, the effect estimate was further reduced
(fully adjusted OR 0.79 (ClI 0.74-0.84)). Among daughters born by mothers >20years
after menarche, the likelihood of early menarche was higher (fully adjusted OR 1.19 (ClI
1.13-1.27)) compared to the reference category. Regarding the childbirth-menopause
interval, our findings did not reach statistical significance in either of our models.

Abbreviations: BMI, body mass index; Cl, confidence interval; MoBa, Norwegian Mother, Father and Child Cohort Study; OR, odds ratio.
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1 | INTRODUCTION

A woman's reproductive lifespan starts at menarche and ends
at menopause. The interval between these two events has,
on average, increased in duration over the last decades.’?
Decreasing age at menarche is also seen in Norway, with a mean
age at menarche of 12.9 years in 2020 compared to 13.3years in
2006.% A concurrent increase in age at menopause has also taken
place, as the mean age was 50.3years for Norwegian women
born in the 1930s and 52.7 years for those born in the 1960s.!
Female reproductive behavior has also changed in recent decades,
notably with older age at first childbirth.* The mean age at first
birth in Norwegian mothers was 30.3years in 2023, an increase
from 26.0years in 1993.°

Early menarche (<11years) is associated with adverse health
outcomes such as reduced fecundability and a higher risk of car-
diovascular disease and breast cancer.®® Since the age at men-
arche keeps declining, the identification of modifiable risk factors
and predictors of age at menarche is important. To date, the
most accurate predictor of a daughter's age at menarche is the
age at menarche in her mother, and the same applies to meno-
pause where heritability for these events is around 25%-50%.1071%
Environmental factors such as high body mass index (BMI), expo-
sure to cigarette smoking in utero, and paternal absence in child-
hood have also been associated with early menarche in some
studies.’'® The association between maternal age at childbirth
and age at menarche in the offspring was addressed in two pre-
vious studies.*”*® Thomsen and co-authors found no association,
while Shrestha and co-workers found a slightly reduced age at
menarche with increasing maternal age at childbirth. Neither of
these studies included maternal reproductive lifespan in their
analyses. This is an important omission since a woman who gives
birth at 30years of age could have a long or short interval from
menarche to childbirth, and similarly, a long or short interval from
childbirth to menopause.

Variation in the menarche-childbirth interval affects the du-
ration of the post-pubertal ovary's exposures to different envi-
ronmental factors such as endocrine disruptive chemicals (EDCs)
and cigarette smoke.’ Environmental exposures may influence
a woman's oocytes, and the accumulated exposure level before
pregnancy could in turn affect the developing oocytes in her

Conclusions: Daughters born to mothers with a shorter time interval (<16years)
between menarche and childbirth have a lower likelihood of experiencing early
menarche compared to the reference category (16-20years), and daughters born to
mothers with a longer time interval from menarche to childbirth (>20years) have a

higher likelihood of reaching early menarche.

age at childbirth, age at menarche, age at menopause, father and child cohort study, MoBa,

Key message

Early menarche is associated with negative health
outcomes, and investigating preventive measures is of
importance. In this study, we found that mothers who give
birth shortly after their own menarche have daughters

with a reduced likelihood of early menarche.

daughter during fetal development.?%2! Similarly, the time left to
menopause for women who give birth at 30 years of age varies be-
tween individuals, and although female chronological age is asso-
ciated with ovarian age, they are not identical measures of aging.??
The childbirth-menopause interval is mainly determined by the
number of oocytes a woman has left in her ovaries at the time of
giving birth and the rate of depletion of this ovarian reserve after
childbirth. Both factors show considerable inter-individual varia-
tion,?® and it is hypothesized that maternal ovarian age at preg-
nancy may have effects on the daughter's oocyte pool,?®> which
again can be associated with age at menarche.

To increase the understanding of maternal influences on their
daughters' age at menarche, a more complete perspective might
result from investigating the time interval between the maternal
reproductive milestones of menarche and menopause in addition
to maternal chronological age at childbirth. Currently, studies in-
vestigating these associations are lacking. Here we investigate
whether intervals between menarche and childbirth, or childbirth
and menopause, in mothers are associated with age at menarche
in daughters.

2 | MATERIAL AND METHODS

2.1 | Study population

The Norwegian Mother, Father, and Child Cohort Study (MoBa) is a
cohort study conducted by the Norwegian Institute of Public Health.
In this population-based pregnancy cohort, pregnant women from
across Norway were invited, and 41% of the invited women took part
in the study.?* The recruitment period was between 1999 and 2008,



WARP ET AL.

and about 95200 mothers, 75200 fathers, and 114 500 children were

included. Women in MoBa could either be nulliparous or parous at

pregnancies. We defined two separate study populations (Figure 1). In
the first study population, we included MoBa mothers with informa-
baseline. Additionally, if they became pregnant multiple times during tion on their menarche-childbirth interval and daughters' age at me-

the inclusion period, they were eligible to participate with subsequent narche (N=14576). In the second study population, we included MoBa

Mothers Children
participating in participating in
MoBa MoBa
N=95124 N=114 479
N::ssn:g a:s:er < | Missing answer
- _—> -
'a out puberty v about puberty in
in mothers -
N=9 931 children
- _ . N=89 235
Mothers answering Mothers answering
questions about question about Children
menopause in puberty in answering
questionnaire at > 45 questionnaire question about
years old during pregnancy puberty
N=25 850 N=85 193 N=25 154
Missing < Unmatched ____» Daughters
information on mother- Mother—vdaughtef pairs with with missing
menopause or daughter complete mformatl?n on age at information
menarche and childbirth in
not yet pairs th d t hei on age at
reached mothers and age a n':enarc ein menarche
daughters N=9 945
N=20 380 N=14 576
v
Mothers with Daughters with
f——> complete information complete information
on age at menopause on age at menarche
N=S 470 N=15 209
Mother-daughter pairs with
Unmatched complete information on age at
mother- < childbirth and menopause in
daughter mothers and age at menarche
pairs in daughters®
N=1 350

FIGURE 1 Flow chart of participants included in our study based on the Norwegian Mother Father and Child Cohort Study (MoBa).

414 576 mother-daughter pairs with complete data on the exposure (maternal menarche-childbirth interval) and outcome (daughter's age
at menarche). The mothers' age at menarche was obtained from a questionnaire completed during pregnancy, while the age at childbirth
was sourced from the Medical Birth Registry of Norway. Their daughters' age at menarche was collected from questionnaires submitted

at 214 years old, and if the question about menarche was not answered or not yet reached menarche, information was gathered from
questionnaires submitted 218 years old. 51350 mother-daughter pairs with complete data on the exposure (maternal childbirth-menopause
interval) and outcome (daughter's age at menarche). Age at childbirth was sourced from the Medical Birth Registry of Norway. Information
on age at menopause was gathered from a questionnaire submitted at 245years old. Their daughters' age at menarche was collected from
qguestionnaires submitted at 214 years old, and if the question about menarche was not answered or if menarche had not yet been reached
information was gathered from questionnaires submitted at 218years old.
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mothers with information on the childbirth-menopause interval and

daughters' age at menarche (N=1350).

2.2 | Maternal menarche-childbirth and
childbirth-menopause intervals

The first MoBa questionnaire was handed out at recruitment and
asked the MoBa mothers to provide their age (in whole years) at
their first menstruation. Information on whether the MoBa mothers
had experienced a period in the past year, the main reason for not
having had a period, and the year and month of their last period was
obtained through a follow-up questionnaire administered to all MoBa
mothers who had reached 45years or older. Natural menopause
was defined as not having menstruated in the past 12months due
to menopause. Information about the mothers' age at delivery was
obtained from the Medical Birth Registry of Norway (MBRN) which
contains information about all births in Norway.

The interval between maternal menarche and the birth of her
daughter in the study was calculated by subtracting age (in years)
at maternal menarche from age at childbirth. Similarly, the interval
between childbirth and natural menopause was calculated by sub-
tracting age (in years) at childbirth from age at menopause.

2.3 | Age at menarche in MoBa daughters

Daughters in MoBa were asked to indicate when they got their
first menstrual period in whole years through questionnaires
administered to all MoBa offspring when they were 14 and 18years
of age. We also collected information about age at menarche from
MoBa daughters between 18 and 22years participating in a sub-
study. If the daughters had given their age at menarche in multiple
questionnaires, we included their answer the first time they reported
age at menarche to minimize recall bias.

2.4 | Covariates

We selected potential confounding factors a priori (Figure S1)
and adjusted for various maternal characteristics (pre-pregnancy
BMI, highest completed or ongoing education level as proxy for
socioeconomic status, and cigarette smoking during pregnancy). To
avoid bias from age effects and temporal trends, we also adjusted
for maternal age at menarche and maternal birth year (whole years;
continuous).

Self-reported information on height and pre-pregnancy weight
(used to calculate BMI; continuous), mothers' highest completed or
ongoing education level (<high school/high school/up to 4years of
college/>4years of college) and smoking status during pregnancy
(yes/no) was collected from mothers through a questionnaire at
recruitment. Information about maternal age at childbirth was col-
lected from the MBRN.

2.5 | Statistical analyses

We conducted a discrete-time survival analysis using a complementary
log-log link function to study the time until daughters’ age at menarche.
We used daughters' age at menarche as the unit of time starting at
9years and censoring after 18years. We ran two main analyses with
the duration of the two maternal reproductive intervals as exposures.

In the first analysis, the exposure was the time interval in years
from maternal menarche to childbirth. We divided the menarche-
childbirth interval into three categories according to the <25th per-
centile, 25-75 percentile, and >75th percentile: <16years, 16-20years
(reference) and >20years. In the second analysis, the exposure was
the time interval in years from maternal childbirth to menopause.
We divided the childbirth-menopause interval into three categories
based on the <25th percentile, 25-75 percentile, and >75th percentile:
<12years, 12-15years (reference) and >15years. The effect estimates
for both analyses are expressed as odds ratios (ORs) representing the
daughter's yearly likelihood of reaching menarche compared to the
reference category. An OR <1 indicates a lower yearly likelihood of
reaching menarche compared to the reference category.

The multivariable models adjusted for maternal age at menarche,
highest completed or ongoing education level as a proxy for socio-
economic status, pre-pregnancy BMI, and maternal cigarette smok-
ing during pregnancy. A second model further adjusted for maternal
birth year.

2.6 | Additional analyses

We conducted a stratified analysis to assess the robustness of
our findings. Using the menarche-childbirth interval as exposure,
we checked if associations were similar for different categories of
maternal age at menarche (<12years, 12-14years and >14years).
The three strata are according to the 25th and 75th percentiles. We
adjusted for maternal highest completed or ongoing education level,
pre-pregnancy BMI, and cigarette smoking during pregnancy, and a
second model additionally adjusted for maternal birth year.

To supplement our findings, we further explored whether mater-
nal age at childbirth was associated with daughters' age at menarche
(N=14576). This was done since previous studies showed conflict-
ing findings in this regard. Exposure categories for maternal age at
childbirth were created according to the 25th and 75th percentiles
(<29years, 29-33years (reference) and >33years). Herein, we ad-
justed for maternal age at menarche, highest completed or ongoing
education level, pre-pregnancy BMI, and cigarette smoking during
pregnancy, and additionally for maternal birth year in a second model.

Since previous studies show a strong association between age
at menarche in mothers and daughters, we explored if this associ-
ation also was present in our dataset (N=14576). Exposure cate-
gories for maternal age at menarche were created according to the
25th and 75th percentiles (<12years, 12-14years (reference) and
>14years). Daughters' age at menarche was used as the outcome
to assess if early menarche in mothers was associated with higher
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odds of early menarche in daughters and if late menarche in mothers 3 | RESULTS
was associated with lower odds of early menarche in daughters. We
adjusted for maternal characteristics such as the highest completed Table 1 shows background characteristics according to maternal repro-
or ongoing education level, pre-pregnancy BMI, cigarette smoking ductive intervals. Figure 2 shows the distributions of age at menarche
during pregnancy, and additionally for maternal birth year in a sec- for both mothers and daughters, and age at childbirth and menopause
ond model. for all mothers included. Age at menarche among mothers and daugh-
The maternal use of assisted reproductive technology (ART) to ters was normally distributed ranging from 8 to 21years, with a mean
conceive was in one large study associated with early menarche in of 12.6 (SD 1.1) years among daughters, which was four months earlier
daughters.25 To explore this effect on the mode of conception in our than their mothers who reported a mean age at menarche of 13.0 (SD
dataset, we ran a sensitivity analysis restricted to those participants 1.4) years. Only 0.6% of all daughters and 3.4% of mothers reported an
that conceived without ART. The exposure categories and adjusted age at menarche 216years. The mean age at childbirth among mothers
variables were the same as in the main analyses. was 31.6 (SD 4.4) years, while the median age at natural menopause

All analyses were conducted in STATA version 17 (Stata Corp, was 50years, and 81.4% of women (N=1099) reported an age at men-

Texas). opause between 45 and 55years.

TABLE 1 Background characteristics
for mothers with available data on two
reproductive intervals: Menarche-

childbirth (N=14576) and childbirth- Participants Missing Participants Missing
menopause interval (N=1350).

Menarche-childbirth interval Childbirth-menopause
(n=14576) interval (n=1350)

Maternal characteristics n (%) n (%) n (%) n (%)
Age at menarche 14576 (100) 0(0) n/a n/a
<12 1735(11.9)
12-14 11031 (75.7)
>14 1810 (12.4)
Age at childbirth 14576 (100) 0(0) 1350 (100) 0(0)
<29 4595 (31.6) 23(1.7)
29-33 6170 (42.3) 331 (24.5)
>33 3811 (26.1) 996 (73.8)
Age at menopause? n/a n/a 1350 (100) 0(0)
<50vyears 659 (49.0)
50-52years 469 (34.7)
>52years 222 (16.4)
Pre-pregnancy BMI 14231 (97.6) 345 (2.3) 1302 (96.5) 48 (3.5)
<18.5 386(2.7) 21(1.6)
18.5-24.9 9423 (66.2) 886 (68.0)
25-29.9 3145 (22.1) 276 (21.2)
>30 1277 (9.0) 119 (9.1)
Education level 14515 (99.6) 61 (0.4) 1325 (98.2) 25(1.8)
<High school 576 (4.0) 40 (3.0)
High school 3283 (22.6) 296 (22.3)
Up to 4years college 6631 (45.7) 579 (43.7)
>4years of college 4025 (27.7) 410 (31.0)
Smoking during 12597 (86.4) 1979 (13.6) 1084 (80.3) 266 (19.7)
pregnancy®
No 11598 (92.1) 975 (90.0)
Yes 999 (7.9) 109 (10.0)

#Menopause was identified in those who answered that they had not been menstruating for the
past 12months, indicated their last menstrual period (year), and indicated that the cause of not
menstruating was menopause.

PSmoking during pregnancy. Yes: sometimes or daily. No: never.
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REPRODUCTIVE TIMELINE

500

Age at menarche daughter

450
400
350
300

250

FREQUENCY

200

150

100

50

0 -

Age at menarche mother

Age at childbirth Age at menopause

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59

YEARS
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FIGURE 2 Distribution of age at menarche (for both mothers and daughters), age at childbirth and age at menopause for all mothers
included in our dataset (N=1350). Mean age at menarche daughters (12.6, SD 1.1), mothers (13.0, SD 1.4), mean age at menopause mothers
(48.4, SD 4.6), mean age at childbirth mothers (35.5, SD 3.2), mean interval between menarche-childbirth (22.5, SD 3.2), mean interval

between childbirth and menopause (12.8, SD 4.8).

TABLE 2 Daughters' yearly odds of reaching menarche by categories of maternal menarche-childbirth interval (N=14576) and childbirth-

menopause interval (N=1350).

Menarche-childbirth interval

Childbirth-menopause interval

Category <16 16-20 (Reference) >20 <12 12-15 (Reference) >15

n 4662 6030 3884 388 508 454

Crude 0.90(0.87-0.94) 1 1.09 (1.04-1.13) 1.04 (0.91-1.20) 1 0.88 (0.77-1.01)
OR (95% Cl)

Model 1 0.95 (0.90-0.99) 1 1.00(0.95-1.04) 1.02 (0.87-1.19) 1 0.88 (0.75-1.03)
OR (95% CI)

Model 2 0.79 (0.74-0.84) 1 1.19 (1.13-1.27) 1.05 (0.90-1.23) 1 0.88 (0.75-1.03)
OR (95% Cl)

Note: Crude and adjusted odds ratios (OR's) with 95% confidence intervals (Cls). Menarche-childbirth interval: Model 1 adjusted for maternal age

at menarche, maternal pre-pregnancy body mass index (BMI), maternal highest completed or ongoing education level as proxy for socioeconomic
status and maternal cigarette smoking during pregnancy. Model 2 adjusted for maternal age at menarche, maternal pre-pregnancy BMI, maternal
highest completed or ongoing education level, maternal cigarette smoking during pregnancy and maternal birth year. Childbirth-menopause interval:
Model 1 adjusted for maternal age at menarche, maternal pre-pregnancy BMI and maternal highest completed or ongoing education level as proxy
for socioeconomic status and maternal cigarette smoking during pregnancy. Model 2 adjusted for maternal age at menarche, maternal pre-pregnancy
BMI, maternal highest completed or ongoing education level as proxy for socioeconomic status maternal cigarette smoking during pregnancy and

maternal birth year.

3.1 | Maternal menarche-childbirth interval and
daughter's age at menarche (N= 14576)

The menarche-childbirth interval ranged from 3 to 34years with a
median of 18 years. Table S1A shows the maternal background char-
acteristics by interval from menarche to childbirth. Table 2 shows
the association between the menarche-childbirth interval in moth-
ers and age at menarche in daughters. A short (<16years) interval
was associated with a 5% lower yearly odds of daughters' reaching
menarche compared to the reference interval of 16-20years after
adjusting for maternal age at menarche, highest completed or on-
going education level, maternal pre-pregnancy BMI, and mater-
nal cigarette smoking during pregnancy (OR 0.95 (Cl 0.90-0.99)).
Additional adjustment for maternal birth year had a clear impact

on the effect estimate (OR 0.79 (Cl 0.74-0.84)). A long (>20years)
menarche-childbirth interval was not associated with daughter's age
at menarche in our partially adjusted model compared to daughters
born 16-20years after menarche. However, when additionally ad-
justing for maternal birth year, we found a 19% higher yearly odds
of reaching menarche compared to the reference category (OR 1.19
(C11.13-1.27)).

3.2 | Maternal childbirth-menopause interval and
daughter's age at menarche (N= 1350)

The time interval from childbirth to menopause ranged from O to
23years with a median of 14years. Table S1B shows the maternal
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background characteristics by interval from childbirth to menopause.
Table 2 shows the association between the childbirth-menopause
interval in mothers and age at menarche in daughters. Among
daughters born by mothers with >15years left until menopause,
we observed a 12% lower yearly odds (OR 0.88 (Cl 0.75-1.03)) of
reaching menarche compared to the daughters born by mothers in
the reference category of 12-15years, although this association did
not reach statistical significance. We adjusted for maternal age at
menarche, highest completed or ongoing education level, maternal
pre-pregnancy BMI, and smoking status during pregnancy. When ad-
ditionally adjusting for maternal birth year, the association remained
identical (OR 0.88 (ClI 0.75-1.03)). No association with daughters'
age at menarche was detected in mothers who gave birth with few
years (<12) left of their reproductive lifespan when comparing to the

reference category in either of our adjusted models.

3.3 | Additional analyses

In our stratified analyses, we found that among daughters born by
mothers with a normal age at menarche (12-14years), those born
<l6years after maternal menarche had 10% lower yearly odds
of reaching menarche compared to those born between 16 and
20years after maternal menarche (Table S2). After additionally
adjusting for maternal birth year, the effect increased (OR 0.72
(Cl 0.67-0.77)). Regarding mothers with early (<12years) or late
(<14years) menarche, their menarche-childbirth interval was not
associated with the daughter's age at menarche in the partially
adjusted model. However, after additionally adjusting for maternal
birth year, an association was detected (<12years: OR 0.88 (ClI
0.86-0.95) and >14 years: OR 0.73 (Cl 0.62-0.86)). We found in our
fully adjusted model that among daughters born by mothers with
a normal age at menarche (12-14years), those born >20years after
maternal menarche had a higher yearly odds of reaching menarche
compared to those born between 16 and 20years after maternal
menarche (OR 1.27 (Cl 1.19-1.36)).

We observed a strong association between both early and late
menarche among mothers and the odds of early and late menarche
in daughters (Table S3). The results were similar across crude and ad-
justed models. We found that daughters born to mothers with early
menarche (<12years) had 60% higher yearly odds of reaching men-
arche compared to daughters born to mothers who reached men-
arche between 12 and 14years. Daughters born to mothers with
late menarche (>14years) had a 26% lower yearly odds of reaching
menarche compared to the reference category.

Using age at childbirth in mothers as exposure (<29years,
29-33years (reference) and >33years) and age at menarche in
daughters as outcome, no association was detected in our partially
adjusted model (Table S4). After additionally adjusting for maternal
birth year, we found lower early odds of reaching menarche among
daughters born by younger mothers (<29years) and higher yearly
odds of reaching menarche among older mothers (>33 years), com-
pared to the reference category of mothers aged 29-33years.

Restricting the study population to mothers that conceived
without ART decreased the number of participants in the menarche-
childbirth interval by 387 (N=14789), and the number of partici-
pants in the childbirth-menopause interval by 67 (N=1283). As
shown in Table S5, this did not alter the results noticeably.

4 | DISCUSSION

In this population-based cohort, we found that a shorter maternal
time interval (<16 years) from menarche to childbirth was associated
with a lower yearly odds of reaching menarche in daughters, and
a longer maternal time interval (>20years) was associated with
higher yearly odds of reaching menarche in daughters compared to
the reference category (16-20years). We also found an association
between a longer maternal time interval (>15years) from childbirth
to menopause and lower yearly odds of reaching menarche in
daughters, but this association was not statistically significant.

Despite extensive research efforts, the biological mechanisms
that underpin the initiation of female puberty are not well under-
stood, and hundreds of genes have been associated with the timing
of menarche.’? Nevertheless, ovarian physiology is undoubtedly a
cornerstone in female pubertal development.?® It is estimated that
females are born with 1-2 million oocytes, and the decline of the
ovarian reserve occurs at different rates throughout women's lifes-
pan until menopause when the oocyte pool is virtually empty.?®
Recent data show that the follicular dynamics in the premenarcheal
ovary vary between individuals?’ and animal studies have indicated
that the size of the oocyte pool is likely to be determined during
embryonic development.®

Our results indicate a reduced likelihood of undergoing early
menarche in daughters when the mothers gave birth <16years after
their own menarche. One possible explanation for this could be
that the maternal post-pubertal ovary has had a shorter exposure
window to potentially harmful substances. Environmental factors
such as EDCs, including per- and polyfluoroalkyl substances (PFASs)
and cigarette smoking, have previously been shown to damage the

2930 which in turn could affect the de-

post-pubertal ovarian tissue,
velopment of the oocyte pool of a dz}ughter.20'21’31 Both early and
later ages at menarche have been reported in daughters who were
exposed to PFAS in utero,®? and maternal cigarette smoking in preg-
nancy has consistently been associated with earlier menarche in
daughters. 1433

In terms of physiology, the childbirth-menopause interval is
determined mainly by the number of oocytes a female has left in
her ovaries at the time of childbirth and the rate of depletion of this
ovarian reserve after childbirth, both of which show considerable
inter-individual variation. We found that daughters born by mothers
with >15years left until menopause had a lower likelihood of expe-
riencing early menarche. These mothers will, on average, have more
oocytes left in their ovaries at the time of conception compared to
those with a shorter time left until menopause.* In support of this,

studies have found that women with diminished ovarian reserve
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show signs of accelerated ovarian aging.> Accelerated ovarian aging
has also been suggested in women who conceived by assisted repro-
ductive technology,36 a method of conception associated with ear-
lier menarche in daughters.25 It has further been hypothesized that
offspring conceived from a near-depleted ovarian follicular reserve
may have other reproductive characteristics compared to those con-
ceived at an earlier stage of ovarian aging,®” an idea also supported
by data from animal studies.3® This effect could be mediated by low-
grade DNA damage in the oocyte, which occurs more frequently in
oocytes ovulated closer to menopause,39 or by the oocytes' mito-
chondrial content.294°

After conception, the intrauterine milieu is another possible
mechanism whereby maternal reproductive milestones could in-
fluence daughter's menarche. The size of the initial follicular pool
in daughters is influenced by intrauterine conditions in some an-
imals,** and there is speculation that the same could be the case
in humans.*? Also, there is evidence that some pregnancy compli-
cations that are more prevalent in mothers of advanced age, such
as preterm birth*® and hypertensive disorders in pregnancy** are
associated with earlier puberty in the offspring. The use of ART is
more prevalent among older mothers and is associated with both
preterm birth and low birth weight, both of which are associated
with early menarche in daughters.?>*> Smoking is also associated
with pregnancy complications,* as well as with early menopause in
mothers.*”*® On the other hand, younger mothers with premature
ovarian insufficiency were not shown to have an increased risk of
these pregnancy complications.49

Our stratified analysis showed results that were consistent with
the main analyses for mothers with a normal age at menarche (12-
14 years). As an additional finding, we confirmed a strong association
between age at menarche in mothers and daughters, which is in line
with several previous studies.>*° Based on data from The Danish
National Birth Cohort, a study from 2019 on 7088 mother-daughter
pairs reported a mean age at menarche of 13.0years in Danish girls
born between 2000 and 2003, 3.6 months earlier than their moth-
ers.”® Similarly, the Bergen Growth study found a mean age at men-
arche of 12.9 years for girls born between 2000 and 2009.%

Two Danish groups studied the association between parental
age at childbirth and age at menarche in the offspring. Thomsen and
co-workers'® used data from The Danish National Birth Cohort and
found no significant association between either of the parents' age at
childbirth and age at menarche in daughters. Like Thomsen and co-
workers, we found no association between age at childbirth in moth-
ers and age at menarche in daughters in our partially adjusted analysis.
In contrast, Shrestha and co-workers' included 3168 females born in
1984-1987 and found a 9-day earlier onset of menarche in daughters
with each year increase in maternal age. However, estimates were not
adjusted for maternal age at menarche in that study.

Strengths of our study include the large study sample, family
data, longitudinal follow-up, and few missing data on relevant co-
variates. Age at menarche in mothers and daughters in the current
study shows good agreement with previous studies on similar popu-

lations in Norway and Denmark.1*>°

A potential limitation of our study is recall bias since both age at
menarche and age at menopause were self-reported. However, re-
call time for age at menarche in daughters was short (mean 1.9 years)
and reported at maximum of 22years of age. Reproducibility of
age at menarche has previously been shown to be high.>! Age at
menopause was reported with a mean recall time of 5.4years, and a
previous study showed that women experiencing early menopause
(<45years) overestimated their age at menopause, while women
with late menopause (>55years) tended to underestimate their age
at menopause.52 In our dataset, only 24 women reported an age at
menopause >55years, while 227 women reported an age at meno-
pause <45years.

Limiting our study is the need to include mothers who have
reached menopause, which could cause selection bias by capturing
a higher proportion of women with early menopause. This can be
seen from Figure 2, where the distribution of age at menopause in
our dataset has a left tail. The mean age at menopause in some re-
cent studies is 5-52 years in Norway, and for the dataset used in our
analysis, it was 48.4years.! Also, the final study samples of 14576
and 1350 participants are considerably lower than the original MoBa
population. The necessity to include only complete mother-daughter
pairs restricted the study sample substantially, which also could in-
troduce bias. Further, we cannot rule out that misclassification bias
has been introduced as information about hormone replacement
therapy (HRT) was not available from the questionnaire that in-
quired about menopause. The use of HRT during perimenopause to
combat hot flashes could, for instance, lead to cessation of menses
as a side effect and, in this way, influence the mother's perceived
timing of menopause. Since the use of HRT could either underesti-
mate or overestimate the reported age at menopause, it could po-
tentially bias associations in both directions.

MoBa mothers were recruited between 1999 and 2008, with
maternal birth years ranging from 1956 to 1990. Due to the nature
of the data collection, our dataset includes a higher proportion of
older mothers from earlier birth cohorts and a higher proportion of
younger mothers from more recent birth cohorts. Consequently,
the age at childbirth in our dataset decreases over time, which does
not reflect the trend in the general population. Further, between
1956 and 1990, several societal changes took place that contrib-
uted to the postponement of childbearing to more advanced ages.
These changes include increased availability of hormonal contra-
ceptives and education among women, as well as advancement in
gender equality and a larger proportion of working women.>® We
aimed to account for some of these time trends when adjusting
for maternal birth year in our models, and after doing so, we ob-
served an increased effect of the menarche-childbirth interval on
daughter's age at menarche. Interestingly we observed a similar
trend when using the mothers age at childbirth as exposure. After
additionally adjusting for mother's birth year, we found that being
born to younger mothers (<29 years) gave a reduced likelihood of
early menarche in the daughters, while being born to older moth-
ers (>33years) gave an increased likelihood of early menarche.
We observed a similar pattern in our stratified analyses, where we
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stratified the menarche-childbirth interval based on maternal age at
menarche. However, this effect was not observed when using the
interval between childbirth and menopause as exposure. These find-
ings suggest that the odds of daughter's menarche vary across ma-
ternal birth cohorts, or that there may be unmeasured confounding
factors influencing the result.

Finally, we lacked data on potentially harmful chemicals that
might disturb reproductive milestones. Exposure to PFAS has, in
some studies, been shown to be associated with age at menopause

and age at menarche.>*>°

5 | CONCLUSION

In this large population-based study, we found that being born
<l1éyears after maternal menarche was associated with a lower
likelihood of experiencing early menarche in daughters. In contrast,
being born >20years after maternal menarche was associated with
a higher likelihood of experiencing early menarche compared to the
reference category of daughters born 16-20years after maternal
menarche. These associations were strongly influenced by maternal

birth year, and replication of these findings is warranted.
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