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Abstract: Background and Objectives: Age at menarche is related to various biological and socioeco-
nomic factors in childhood. The aim of the study was to examine the association of age at menarche
with general and abdominal obesity in young women. Materials and Methods: A transversal anthro-
pometric survey was conducted with 102 females from 21 to 25 years of age. The surveyed traits
included height, weight, waist circumference (WC) and hip circumference (HC). General obesity was
assessed using the body mass index (BMI) and abdominal obesity by WC, waist-to-hip ratio (WHR)
and waist-to-height ratio (WHtR). A retrospective method was used for collecting age at menarche
data. Results: The average age at menarche is 12.80 years. Early menarcheal age (<12 years) is detected
in 25.5% of young females, while late onset of menarche (>14 years) is recorded for 20.6% of subjects.
Early menarche age subjects exhibit significantly higher BMI, WC and WHtR in comparison with
their late menarche age peers. There is a significant negative correlation between BMI, WC and
WHtR values and menarcheal age. Late age at menarche is associated with higher probability of
underweight status (BMI < 18.5 and/or WHtR < 0.4). Conclusions: Age at menarche has a negative
correlation with general and abdominal obesity. Young women with early age at menarche show
statistically higher values of BMI, WC and WHtR, while those with late menarcheal age show greater
susceptibility to becoming underweight.

Keywords: age at menarche; general obesity; abdominal obesity; young women

1. Introduction

Menarche is one of the major events in the reproductive part of a woman’s life. Age at
menarche is taken as an indicator of life quality of a population as, among other factors, it
is influenced by living conditions, nutrition and socioeconomic status. Although menarche
usually occurs between the ages of 10 and 15, age at menarche is variable [1]. Due to
recorded discrepancies among populations, there are no standard definitions of early and
late menarche in the relevant literature. Nevertheless, early menarche is usually considered
to be prior to the age of 12 [2], although some researchers define it as menarche appearing
before the age of 11 [3]. The normal period of menarche occurrence is usually defined
between the ages of 11 and 15 [4] or as the period between 12 and 14 years of age [5].

In recent years, menarche has become an important issue due to its possible association
with health condition in adulthood [6], particularly in cases when it occurs at an early
age [7]. Globally speaking, menarche today appears earlier than in previous decades [8].
Lower age at menarche has been reported in Europe [9], and a similar trend of a 3.6-month
decline has been recorded in the region of Vojvodina (the Republic of Serbia) in the first
two decades of the 21st century [10].

Mishra and associates state that a woman’s health condition is directly associated with
the age at menarche [11]. Early menarche is known to be associated with an increased risk of
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chronic diseases, such as cardiovascular diseases [12], rheumatoid arthritis [13] and cancer,
particularly breast cancer [14]. According to Key et al., women who experience menarche
before 12 years of age have a 23% higher risk of developing breast cancer than those who
first menstruate at 15 years of age or later [15]. Also, Won et al. indicate that women who
experience menarche before 12 years of age show a higher incidence of metabolic syndrome
and cardiovascular mortality rate [16].

Numerous longitudinal and cross-sectional studies have pointed to a potential re-
lationship between age at menarche and high body mass index (BMI) [17] and obesity
and suggest that increased adiposity in girls is associated with earlier onset of puberty
and age of menarche [18–21]. Early age at menarche thus appears as a risk factor for
obesity [2,22,23]. However, it is still unclear if early menarche leads to obesity or obesity
causes early menarche occurrence. Some evidence shows that the association between age
at menarche and body composition in adulthood is strongly related to body composition
in late childhood and therefore age at menarche would be a proxy of pre-pubertal body
composition [24].

A Mendelian study of randomization claims that early menarche triggers changes in
body composition by means of hormone activity and psychological factors [25]. The age at
menarche is associated with the level and length of estrogen exposure. Women with early
onset of menarche are exposed to larger cumulative doses of estrogen and progesterone
in their adulthood than those with later-onset menarche [26]. Higher concentrations of
androgens that are related to early menarche occurrence can also lead to obesity [25,27].
Some longitudinal studies have shown that women who experienced early menarche had a
relatively high BMI after reaching adulthood [28].

As already stated, a large number of studies have focused on the association of
menarche with obesity [28–30]. However, the relationship between age at menarche and
underweight condition also needs to be considered [5,31]. Since both the excess and lack of
fat can affect health, both of these conditions need to be taken into consideration.

In light of the current downward trend in age at menarche, the relationship between
early and late onset of menarche and obesity in young women seems crucial for the control
of obesity in older age. To the best of our knowledge, there have been no reports on the
relationship of age at menarche with general and abdominal obesity in women in the
Republic of Serbia. With this in mind, the present study aims at examining the association
of age at menarche and general and abdominal obesity in young women.

2. Materials and Methods
2.1. Study Design

A transversal anthropometric survey was conducted at the Department of Biology and
Ecology, Faculty of Sciences, University of Novi Sad, in 2023. In total, 102 female students
born between 1998 and 2002 were surveyed. The criteria for inclusion applied to third
year female undergraduates attending a human biology course as part of their bachelor’s
degree course in biology. The course curriculum covers most of the topics that the current
paper deals with. They were between 20.50 and 25.49 years old at the time of the research
and gave their consent to participate in the research. Exclusion criteria were pregnancy
and lactation. The participants anonymously filled out a questionnaire (Supplementary
Materials) that included information regarding date of birth, the date of first menstruation
and the date of the survey.

For each subject, decimal age was calculated, based on the date of the survey and date
of birth. The surveyed traits included height, weight, waist circumference (WC) and hip
circumference (HC). All anthropometric traits were measured by a trained professional.

Height was surveyed by means of an anthropometer (±1 mm; SieberHegnerMaschinen
AG Zürich Switzerland), with head position in the Frankfurt plane. Weight was assessed
by means of a portable digital weighing scale with a level of accuracy of ±0.1 kg. Waist
circumference was obtained midway between the bottom of the costal arch (arcus costalis)
and the top of the iliac crest (crista iliaca). The measurements were taken in the upright
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standing position with slightly abducted arms, while breathing calmly, and the recorded
measures were taken at the end of a normal expiration. Hip circumference was measured at
the most bulging point of the greater trochanter (trochanter major femoris). The measurements
were taken in the upright position, with arms at the sides, feet positioned close together
and with relaxed gluteal muscles.

Height and weight measurements were used for assessing BMI that serves as an
indicator of general obesity. The applied categories were based on the threshold values of
BMI for adults [32], where subjects with BMI < 18.50 kg/m2 were classified as underweight,
those with BMI range 18.50–24.99 kg/m2 as normal weight, those with BMI ranging from
25–29.99 kg/m2 as overweight, while those with BMI ≥ 30 kg/m2 were in the obese
category. Abdominal obesity was assessed on the basis of WC > 80 cm, WHR > 0.8 [32]
and WHtR ≥ 0.5. Values of WHtR < 0.4 were classified as too low and those within the
0.40–0.49 range as normal [33].

The retrospective method was applied for assessing menarcheal age. The subjects
were asked about the date of their first menstruation. The age at menarche was assessed
by subtracting the date of birth from the date of menarche onset. In cases when subjects
were not sure about the exact date of menarche and reported only the month and the year,
the 15th day of the month was taken for calculation. If only the year of menarche was
reported, the age at menarche was obtained by dividing the difference in the birth date and
July 1st of the reported year by 365.25. The age at menarche categorization included early
age (<12 years), average (12–14 years) and late age (>14 years), complying with the vast
number of literature reports [5,34].

2.2. Statistical Analysis

The results are presented as means± standard deviation (SD) or median (standard
error) for numerical variables and as absolute frequencies with the set percentage values
for the category variables. The effect of age at menarche categories on BMI, WC, WHR
and WHtR was assessed by linear regression analysis. Logistic regression was applied for
assessing the probability of obesity in relation to the age at menarche. A Mann–Whitney U
test was used for determining the significance of differences between two groups.

Data processing was performed using IBM Statistics SPSS, version 23.0. Statistically
significant difference was set as p < 0.05.

3. Results

The average age of subjects is 22.56 ± 0.81 years. The assessed anthropometric traits
and indicators of general and abdominal obesity are within the range of normal values
(Table 1).

Table 1. Demographic and anthropometric characteristics.

Mean SD Minimum Maximum

Age (years) 22.56 0.81 21.00 25.10
Height (cm) 166.91 6.86 155.00 184.50
Weight (kg) 63.57 9.45 46.70 89.50
WC (cm) 74.74 8.46 60.00 105.50
HC (cm) 99.61 11.18 75.60 128.70
BMI (kg/m2) 22.86 3.50 16.63 32.97
WHR 0.75 0.06 0.62 0.90
WHtR 0.45 0.06 0.34 0.64

SD: standard deviation; BMI: body mass index; WC: waist circumference; HC: hip circumference; WHR: waist-to-
hip ratio; WHtR: waist-to-height ratio.

Table 2 indicates that young women with early age at menarche exhibit smaller height
but higher BMI and greater indicators of abdominal obesity (WC, WHR and WHtR), while
those with later menarcheal age show smaller values of these indicators. On average, the
height value is 1.1 cm lower in early age menarche females and 2.9 cm higher in those with



Medicina 2024, 60, 1711 4 of 10

late age menarche onset. The BMI values in early menarcheal age subjects are 2.63 kg/m2

higher than in other subjects. Opposite to them, females with late age at menarche have
1.86 kg/m2 lower BMI values in comparison with other subjects. As for waist circumference,
the values are 6.23 cm higher in subjects with early menarche and 6.11 cm smaller in females
with later menarcheal age. Early menarche age subjects exhibit significantly higher BMI
(Z = −2.587; p = 0.010), WC (Z = −2.785; p = 0.005) and WHtR (Z = −2.111; p = 0.035) and
smaller height (Z = −1.997; p = 0.045) in comparison with their late menarche peers. The
WHR values are also higher in females with early age at menarche, but the difference is not
statistically significant.

Table 2. Mean values of indicators of general and abdominal obesity and height in relation to early
and late age at menarche.

<12 Years
(n = 26) #

≥12 Years
(n = 76) Difference ≤14 Years

(n = 80)
>14 Years
(n = 22) # Difference

Height 166.16 ± 6.05 167.17 ± 6.93 1.1 cm 166.28 ± 6.86 169.21 ± 5.65 2.92 cm
Height 166.38 ± 4.97 167.09 ± 7.41 0.7 cm 166.82 ± 7.06 167.24 ± 6.21 0.4 cm
BMI (kg/m2) 24.83 ± 4.64 a 22.20 ± 2.73 2.63 kg/m2 23.26 ± 3.53 21.40 ± 3.01 1.86 kg/m2

WC (cm) 79.38 ± 11.80 a 73.15 ± 6.21 6.23 cm 76.06 ± 8.41 69.95 ± 6.51 6.11 cm
WHR 0.76 ± 0.07 0.75 ± 0.05 0.01 0.76 ± 0.06 0.74 ± 0.06 0.02
WHtR 0.48 ± 0.08 b 0.44 ± 0.04 0.04 0.46 ± 0.06 0.42 ± 0.05 0.04

# Mann–Whitney U test of early and late age at menarche; a: p < 0.01; b: p < 0.05; BMI: body mass index; WC: waist
circumference; WHR: waist-to-hip ratio; WHtR: waist-to-height ratio.

The distribution of general and abdominal obesity prevalence within early and late
age at menarche groups (Table 3) shows that more than a fifth of the sample (22.55%) shows
values of BMI ≥ 25 kg/m2. As for early age at menarche subjects, there is a significantly
higher prevalence of BMI ≥ 25 kg/m2 in comparison with those who show BMI < 25 kg/m2

values (52.17% as opposed to 17.72%, p = 0.000, respectively). In the second group of
respondents, only two women (9.09%) have a BMI ≥ 25 kg/m2, and five respondents with
late menarche were classified as undernourished (22.73%). The prevalence of subjects of
normal weight is 68.63%, 17.65% of them are overweight, 4.90% are obese and 8.82% are
underweight. Considering overweight females, 38.89% of these subjects had menarche at
an early age. Early menarcheal age is also reported by all subjects within the obese group.
As for underweight subjects, one of them (11.11%) reported early age at menarche, and
five of them (55.56%) late menarcheal age. Considering abdominal obesity, normal weight
status based on WC and WHR values equals 77.45% and 78.43%, respectively. Based on
the values WC > 80 cm, WHR > 0.80 and WHtR ≥ 0.50, the percentage of obese subjects
is 22.54%, 21.57% and 18.63%, respectively. Within this category, early age at menarche is
present in 56.52%, 40.91% and 47.37%, respectively. The percentage of subjects with values
WHtR < 0.4 equals 13.73%, out of which 21.43% had early menarche and 50% late menarche.
The average age at menarche is 12.80 ± 1.53 years, and the median equals 12.62 years (0.15).
Early menarche onset is present in 25.5% of subjects, while late age at menarche is recorded
in 20.6% of females.

There are significant differences between the average age at menarche and the cate-
gories of WC (Z = −2.891; p = 0.004), BMI < 25 and BMI ≥ 25 kg/m2 (Z = −3.087; p < 0.002)
and WHtR < 0.5 and WHtR ≥ 0.50 (Z = −2.536; p = 0.011).

Linear regression analysis points to a significant inverse relationship between the age
at menarche and BMI, WC and WHtR values. Subjects with early age at menarche exhibit
significantly higher values of general and abdominal obesity, except for WHR values, where
the relationship is not statistically significant. Height is directly related to age at menarche,
but the relationship is not statistically significant (Table 4).

As observed in Table 5 where logistic regression results are presented, there is a
significant negative relationship of age at menarche with BMI, WC and WHtR, i.e., there is
a significantly higher probability of exhibiting obesity (BMI ≥ 25) and abdominal obesity
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(WC > 80 cm and WHtR ≥ 0.50) for early menarcheal age women than in other subjects. A
negative association is observed in the value WHR > 0.80, but the level of probability is
insignificant. In relation to later age at menarche, the BMI and WC values show an increase
of 0.70 kg/m2 and 0.66 cm, respectively.

Table 3. Age at menarche in relation to general and abdominal obesity ((n (%)).

Age at Menarche (n (%))

Early Late Mean (SD) Median (SE)

BMI < 18.50 kg/m2 (n = 9) 1 (11.11) 5 (55.56) 13.84 (1.31) 14.10 (0.44)
BMI (18.50–24.99 kg/m2) (n = 70) 13 (18.57) 15 (21.43) 12.86 (1.58) 12.69 (0.19)
BMI (25–30 kg/m2) (n = 18) 7 (38.89) 2 (11.11) 12.45 (1.16) 12.16 (0.27)
BMI > 30 kg/m2 (n = 5) 5 (100) - 11.39 (0.60) 11.79 (0.27)
WC ≤ 80 cm kg/m2 (n = 79) 13 (16.46) 20 (25.32) 13.00 (1.47) 12.75 (0.16)
WC > 80 cm (n = 23) 13 (56.52) 2 (8.70) 12.12 (1.53) 11.85 (0.32)
WHR ≤ 0.80 (n = 80) 17 (21.25) 18 (22.5) 12.89 (1.50) 12.64 (0.17)
WHR > 0.80 (n = 22) 9 (40.91) 4 (18.18) 12.48 (1.60) 12.60 (0.34)
WHtR < 0.40 (n = 14) 3 (21.43) 7 (50.00) 13.70 (1.78) 13.91 (0.48)
WHtR (0.40–0.49) (n = 69) 14 (20.29) 14 (20.29) 12.82 (1.42) 12.65 (0.17)
WHtR ≥ 0.50 (n = 19) 9 (47.37) 1 (5.26) 12.09 (1.38) 12.10 (0.32)
Total (N = 102) 26 (25.49) 22 (20.57) 12.80 (1.53) 12.62 (0.15)

SD: standard deviation; SE: standard error; BMI: body mass index; WC: waist circumference; WHR: waist-to-hip
ratio; WHtR: waist-to-height ratio.

Table 4. The effect of age at menarche on height, BMI, WC, WHtR and WHR.

R2 BETA p-Value
95% CI

Lower Upper

Height 0.151 0.151 0.131 −0.444 3.377
BMI 0.0.97 −0.312 0.001 −0.305 −0.075
WC 0.150 −0.387 <0.000 −6.955 −2.490
WHR 0.021 −0.146 0.143 −0.029 0.004
WHtR 0.109 −0.331 0.001 −0.044 −0.012

R2 correlation coefficient; BETA: regression coefficients; p: significance level; p-value in italics: statistically
significant values; 95% CI: 95% confidence interval; BMI: body mass index; WC: waist circumference; WHR:
waist-to-hip ratio; WHtR: waist-to-height ratio.

Table 5. The effect of age at menarche on general and abdominal obesity.

B Wald p-Value OR
95% CI for OR

Lower Upper

BMI −0.355 4.483 0.034 0.701 0.505 0.974
WC −0.418 5.700 0.016 0.658 0.469 0.925
WHR −0.194 1.254 0.226 0.824 0.601 1.128
WHtR −0.385 4.625 0.032 0.680 0.479 0.966

B: coefficient; OR: odds ratio; p: significance level; p-value in italics: statistically significant values; 95% CI:
95% confidence interval; BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; WHtR:
waist-to-height ratio.

4. Discussion

The results of the present study point to a significant inverse relationship between the
age at menarche and BMI, WC and WHtR in young women. The findings also point to a
higher probability of general and abdominal obesity (BMI ≥ 25, WC > 80 and WHtR ≥ 0.5,
respectively) among women with early menarcheal age. Contrary to this, in subjects with later
age at menarche the probability of underweight status is greater (BMI < 18.5; WHtR < 0.4).

The current study reports the average menarcheal age of 12.80 years, which is lower
than the reported value of 13.1 years in Saudi Arabia [30] and 15.4 years in China [35].
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However, the value is greater in comparison with the average menarcheal age reported
in other countries such as Italy (12.4 years [36] and 10.07 years [37]), the United Kingdom
(12.5 years), [38] Kuwait (12.41 years) [39] and Australia (12.7 years) [40].

Early age at menarche prevalence is 25.5%, which is in line with the results obtained
in Croatia (25%) [41], but lower in comparison with other reported studies, for example,
in Brazil (35.2%) [2] and Saudi Arabia (35.6%) [30]. However, in comparison with China
where the reported early age at menarche prevalence is 5.4% [35] the obtained results are
considerably higher. Further, in the current study the percentage of normal age at menarche
(12–14 years of age) is 52.9%, while late menarcheal age appears in 21.6% of cases, the
latter value being much higher than the one recorded in Saudi Arabia where the late age at
menarche prevalence equals 6% [30].

Height is directly associated with age at menarche and in this research the height value
is 3 cm lower in early menarcheal age females than in their peers with late age menarche
onset (166.16 as opposed to 169.21 cm). A direct association of height and age at menarche
has been reported in previous studies as well [42]. Pai et al. report that early timing of
puberty directly affects adult height [43]. A possible explanation is that menarche does not
occur until peak height velocity has been reached [44,45]. This is the period within puberty
when the growth spurt peaks and begins to decelerate. The pubertal growth spurt starts at
the beginning of puberty and is caused by an increase in sex hormones, such as estrogens
and androgens [46]. The cessation of growth of long bones occurs at the end of the decline
in the pubertal growth spurt and is caused partly by low concentrations of estrogen [47].
Girls who reach puberty early lose pre-pubertal growth and hit peak height velocity at
a younger age, which sets in motion an early stoppage of long bone growth. Girls who
are late to mature experience extra pre-pubertal growth and a delayed age of peak height
velocity, leading to an extended period of long bone growth.

Within the group of subjects with early menarche onset, there is a significantly higher
percentage of females with values of BMI ≥ 25 kg/m2 than those with BMI < 25 kg/m2

(52.17% as opposed to 17.72%, p = 0.000). Out of 22.55% of subjects with BMI ≥ 25 kg/m2

values, 52.17% are characterized with early menarcheal age and this trend is in line with
recently reported findings where out of 21.7% females with BMI ≥ 25 kg/m2 values,
45.6% had early menarche [30]. Each one-year increase in menarcheal age in this study is
associated with a decrease in BMI value by 0.70 kg/m2 and waist circumference by 0.66 cm.
This points to an increase in BMI and waist circumference values in early age at menarche.
Sumi et al. report that each one-year drop in age at menarche is associated with an increase
in BMI and waist circumference by 0.25 kg/m2 and 0.6 cm, respectively [48]. Other studies
on young females aged 17–20 years [40] point to a decrease in BMI by 0.75 kg/m2 in each
successive menarcheal age reported. In adults, the ratio between the presence and absence
of obesity is 0.82 [29] and 0.89 [49].

A previous comprehensive meta-analysis also points to a greater association of age
at menarche with BMI values of young women [28]. This also supports the hypothesis
that early menarche can lead to obesity in young adult women [3]. A large number of
studies have reported a significant relationship between early age at menarche and greater
obesity in later years in life [23,28–30]. However, Pierce and Leon’s study [49] points
to a different role of BMI in childhood. There are also other reports on an insignificant
relationship between BMI and age at menarche [50]. In our study, the age at menarche
is inversely related to the BMI values in the early adulthood period, which corroborates
previous research [5,23,30,51,52]. In an earlier meta-analysis the average difference in BMI
in young women with early menarche onset (<12 years) in relation to the ≥12 years group
was 0.34 kg/m2 [28], and in a recently published study [51] it equals 1.13 kg/m2. Yang and
associates have recorded a difference of 0.7 kg/m2 in BMI and 1.5 cm in WC [35]. These values
are lower than those obtained in the present study, with differences in BMI of 2.63 kg/m2

(24.83 as opposed to 22.20 kg/m2) and 6.23 cm regarding WC (79.38 as opposed to 73.15 cm).
A question that is raised regarding the current topic is whether greater weight pre-

disposes earlier puberty in girls, or early puberty with its physical and hormone changes
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contributes to weight (fat) increase in older age [53]. Some findings suggest that overeating
and obesity in early childhood can lead to early age at menarche [52,54]. There is also
evidence to support the effects of higher childhood BMI on the onset and development of
puberty in both boys and girls [21]. As reported by Perry et al. a genome-wide association
study (GWAS) in humans identified multiple BMI-increasing alleles that are also associated
with earlier age of menarche, further confirming genetic coregulation of childhood obesity
and early menarche [55].

On the other hand, overweight condition in childhood and early menarcheal age
increase the chances of becoming obese in young adults [56], which is indicated by the
results of this investigation. Early menarche in women causes a higher incidence of obesity
owing to the continuous fat accumulation induced by prolonged exposure to estrogen and
adrenal steroids [57]. Nevertheless, McTique and associates claim that later age obesity
is not an unusual phenomenon [22]. Some authors state that the inverse relationship of
age at menarche with BMI and abdominal obesity in middle age cannot be associated with
BMI values in early childhood [49]. Still, studies that predict obesity in adulthood based on
childhood health status are of a limited scope and scarce.

A literature review suggests that females with late age at menarche exhibit significantly
lower BMI in comparison with their peers characterized by early onset of menarche [28,30,31].
The present study also indicates that the majority of underweight subjects have menarche
at a late age, and none of them reported early menarcheal age. Our findings also suggest
that the probability of general and abdominal obesity is lower in women with late age at
menarche. This is congruent with recent findings of Żurawiecka and Wronka [5]. Under-
weight condition is also concerning, as it can be related to a number of health problems,
such as osteoporosis, menstrual disorders, reproductive problems and a weakened im-
mune system [58,59]. Both early and later age at menarche females have a higher risk of
developing diseases related to abnormal (insufficient or excessive) fat [28].

Although a number of studies have focused on the association of early menarche
with BMI values in adult age, only a few of them have included indicators of abdominal
obesity such as WC and WHR and WHtR indexes [60–62]. The present results point to
a significant inverse correlation between the age at menarche and the current BMI, WC
and WHtR values. This is in line with recent research [2] that reports on a significant
inverse correlation between the age at menarche and the values of BMI and WC. Earlier
research has shown that the measures reflecting abdominal obesity are significantly more
common in women with early menarcheal age [63] and that early age at menarche is
related to visceral subcutaneous deposits of abdominal fat in adult age [64]. The current
findings support previously published results on the inverse relationship of early age at
menarche with waist circumference [5,65]. The study shows no significant correlation
between WHR and menarcheal age, which is in line with previous literature reports [5,50].
The results of this study suggest that females with early menarche could potentially be at
increased risk for obesity in adulthood and thus represent a more vulnerable group in the
population. However, considering that obesity in adulthood can be caused by other factors,
and not only early menarche, one should be very careful in the application of possible
exogenous interventions aimed at preventing early menarche. Therefore, the promotion
of healthy lifestyle, proper nutrition and regular physical activity should be aimed at the
entire population, and particularly at this group of females. Timely detection, monitoring
and prevention could be the key to this potential problem. Therefore, future studies should
be focused on obtaining data on BMI in childhood at the time of menarche as well as
obesity-related comorbidities in adulthood.

Limitations

The findings of the present study need to be seen in light of several limitations.
First and foremost, this was a cross-sectional and not a population-based survey with a
representative sample. The obtained results, therefore, should be extrapolated with caution.
Other limitation factors also need to be stressed: self-reported age at menarche of the study
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participants, the lack of data on childhood obesity and the impossibility of explaining the
effect of BMI in childhood and puberty on obesity in adult age. The association between
BMI and obesity-related comorbidities was also excluded from the analysis.

5. Conclusions

Although the average age at menarche in young females in the region of Vojvodina
falls within the category of normal menarcheal age and is comparable with internationally
reported values, the study findings are worrying as more than a quarter of females had
menarche at an early age and more than a fifth of them reported a late menarche onset.
Overall, the obtained results point to a significant negative association between the age
at menarche and general and abdominal obesity, which is congruent with the reports of
other similar studies. However, obesity in adult women who experienced early menarche is
associated with various other factors and the identification of these factors is very important
from both individual and public health aspects. The results of this research highlight the
need to monitor the health of women who experienced early menarche right from childhood
or adolescence and to work on the education on healthy lifestyle and obesity prevention.
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5. Żurawiecka, M.; Wronka, I. Association between age at menarche and body mass index, waist circumference, waist to hip ratio,

and waist to height ratio in adult women. Am. J. Hum. Biol. 2021, 33, e23523. [CrossRef]
6. Charalampopoulos, D.; Mcloughlin, A.; Elks, C.E.; Ong, K.K. Age at Menarche and Risks of All-Cause and Cardiovascular Death:

A Systematic Review and Meta-Analysis. Am. J. Epidemiol. 2014, 180, 29–40. [CrossRef]
7. Ersoy, B.; Balkan, C.; Guay, T.; Onag, A.; Egemen, A. Effects of different socioeconomic conditions on menarche in Turkish female

students. Early Hum. Dev. 2004, 76, 115–125. [CrossRef]
8. Krieger, N.; Kiang, M.V.; Kosheleva, A.; Waterman, P.D.; Chen, J.T.; Beckfield, J. Age at menarche: 50-year socioeconomic trends

among US-born black and white women. Am. J. Public Health 2015, 105, 388–397. [CrossRef] [PubMed]
9. de Keiser-Schrama, S.M.P.F.M.; Mul, D. Trends in pubertal development in Europe. Hum. Reprod. Update 2001, 7, 287–291.

[CrossRef]
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