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Abstract

Purpose To evaluate whether there is an association between age at menarche (AAM) and the risk of gestational diabetes
mellitus (GDM).

Methods A retrospective cohort study was conducted, including 5390 pregnant women who were screened for GDM at
Alexandra Hospital in Athens, Greece over a 15-year period (2000-2014). Maternal age, pre-pregnancy body mass index
(BMI), height, family history of type 2 diabetes mellitus, parity, educational and smoking status, and AAM were recorded.
The results were expressed as odds ratios (OR) with a 95% confidence interval (95% CI).

Results Pregnant women with GDM experienced earlier menarche compared to normoglycemic women (12.9+1.5 vs
13.1+1.6, p<0.001, respectively). The OR for a woman with AAM <12 years to develop GDM was 1.08 (95% CI
1.03-1.14), while the OR to be obese was 1.70 (95% CI 1.50-1.90). The multivariate logistic regression analysis showed
that AAM is a risk factor for GDM. However, that effect was lost after adjusting for BMI.

Conclusion Early AAM may be associated with an increased risk of GDM. Therefore, it can be used to identify high-risk
women and implement preconception interventions for GDM prevention. Future studies should be conducted to confirm

these findings.
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Introduction

Gestational diabetes mellitus (GDM) is the most common
metabolic complication of pregnancy. GDM’s prevalence is
estimated at 9-14%, with a worldwide variation due to
several socioenvironmental factors (maternal age, weight,
nutrition, etc.) and the heterogenous diagnostic criteria that
are used [1, 2]. GDM is related to various adverse outcomes
for the mother and the offspring [3]. There are several
known risk factors for GDM, such as advanced maternal
age, maternal obesity, history of GDM in a previous
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pregnancy, and family history (FH) of diabetes mellitus.
However, current research has revealed many more risk
factors that had been underestimated in the past, while there
are still more to be assessed [4—7]. Menarche is defined as
the onset of menstruation and represents the female repro-
ductive maturation. Normally, age at menarche (AAM)
ranges between 9 and 16 years old [8]. It is influenced by
genetic, hormonal, and environmental factors, including
nutritional habits, physical activity, stressful situations, and
endocrine-disrupting chemicals (EDCs) exposure [9, 10].
Early menarche is defined as the onset of menstruation
before the age of 12 years old. It has been associated with
an increased risk of type 2 diabetes mellitus (T2DM),
obesity (body mass index, BMI >30kg/m?), and cardio-
vascular disease [11]. However, the relationship between
AAM and GDM remains inconsistent.

The onset of puberty is signaled by the stimulation of
GnRH secretion exerted by the hypothalamic pulse gen-
erator. Several neuropeptides and hormones, including
GABA, kisspeptin, and leptin, control the switch that trig-
gers the hypothalamus [12]. According to the Nurses’
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Health Study (NHS) and Nurses’ Health Study II (NHS II),
every l-year increase in menarcheal age is associated with a
6—10% reduction in T2DM risk [13]. The aim of the present
study was to investigate the relationship between age at
menarche and GDM and the possible mechanisms linking
the two conditions. There is a limited number of relevant
studies in the published literature. To our knowledge, this is
the first study investigating that relationship in the Greek
population.

Materials and methods

The present study included 5390 pregnant women, who
were screened for GDM at the Diabetes Center of Alex-
andra Hospital (University of Athens, Greece), which is a
referral tertiary hospital, over a period of 15 years
(2000-2014). All participants provided a written informed
consent, so that their blinded data could be used in the
present study. The Institutional Ethics Committee approved
the conduction of the study.

All pregnant women underwent a 3 h, 100 g oral glucose
tolerance test (OGTT) between the 24th-32nd gestational
week. The OGTT was performed after a 12h overnight
fasting, while during the preceded 3 days all women had
followed an unrestricted diet with 2150 g carbohydrates/day.
The Carpenter—Coustan diagnostic criteria were applied: (1)
fasting glucose 295mg/dl, (2) 1h 2180mg/dl, (3) 2h
>155 mg/dl, (4) 3 h 2140 mg/dl; the detection of two or more
abnormal values led to GDM diagnosis. On the test day, age,
pre-pregnancy BMI, height, FH of T2DM, parity, educational
and smoking status, and age at menarche were recorded.

Venous blood was collected in BD Vacutainer® spray-
coated K2EDTA tubes. Plasma glucose levels were deter-
mined by the glucose oxidase method (Integra/400 plus
autoanalyzer, Roche Laboratory Systems). Glycated
hemoglobin (HbAlc) was determined using high-pressure
liquid chromatography (Menarini-Arkay HA-8160). The
inter- and intra-assay coefficients of variation for all para-
meters were <5%.

Statistical analysis

Data were expressed as mean + standard deviation (SD) for
continuous variables or as absolute numbers and percentages
in parentheses for categorical variables. Logistic regression
analyses were used to calculate the odds ratios (ORs) and
95% confidence intervals (95% CI). Differences between two
continuous variables were determined using the t-test, while
the chi® test was used to test the difference between two
categorical variables. In the multivariate logistic regression
model, GDM was the dependent variable, and AAM <12
years, maternal age >25 years, BMI >30 kg/m?, and positive
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FH of T2DM were the independent variables. The level of
significance was set at 5%. The statistical analyses were
performed using the SPSS Statistics version 22.0, USA.

Results

According to the OGTT results, 2452 were diagnosed with
GDM, and 2938 women were considered normoglycemic
(45.5 vs 54.5%). The great prevalence of GDM in our
cohort is attributed to the high-risk pregnancies that are
followed up at our tertiary referral hospital. The mean
maternal age was 32.2 years old in the GDM group and 29.9
in the normoglycemic group. The mean AAM was
129+ 1.5 and 13.1 £ 1.6 in women with and without GDM,
respectively (p <0.001). The summary of participant char-
acteristics is presented in Table 1.

The OR for women with AAM <12 years to develop
GDM was 1.08 (95% CI 1.03-1.14). The association
between AAM and the risk of GDM is presented at Fig. 1.
Earlier age at menarche was associated with the positive FH
of T2DM, as its prevalence was higher in women with
AAM <12 years (39.1 vs 31.8%, p <0.001).

The multivariate logistic regression model concluded that
AAM was an independent risk factor of GDM when
adjusting for established risk factors, such as maternal age
and FH of T2DM. However, the effect was lost with the
addition of maternal BMI. The association between mater-
nal BMI and AAM is presented at Fig. 2. Women with
AAM <12 years had higher BMI compared to those with
AAM >12 years (26.4+£5.9 vs 25.1 £5.0, p<0.001). Fur-
thermore, as it is shown in Fig. 3, the prevalence of obesity
was significantly higher in women with AAM <12 years
(21.7 vs 14.1%). The OR for a woman with AAM <12 years
to be obese was 1.70 (95% CI 1.50-1.90).

Discussion

Although there are several known risk factors for GDM,
many more require investigation. The aim of the present

Table 1 Summary of participant characteristics

GDM group Normoglycemic group

n (%) 2452 (45.5%) 2938 (54.5%)
Maternal age (years) 322+12.8 299+11.6
BMI (kg/m?) 262+4.8 255+5.1
Age at menarche (years) 129+1.5 13.1+£1.6
Family history of T2DM 958 (39.1%) 934 (31.8%)
Smoking 238 (9.7%) 305 (10.3%)

BMI body mass index, 72DM type 2 diabetes mellitus
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Fig. 3 Prevalence of obesity according to the age at menarche

study was to evaluate the association between age at
menarche and GDM, as the published relevant studies are
scarce. Our study concluded that early age at menarche is
associated with an increased risk of GDM (OR 1.08, 95%
CI 1.03-1.14), after adjusting for maternal age and FH of
T2DM. The mean AAM in the present study participants
was 12.9+1.5. As the average AAM in the Greek popu-
lation is 12 years it was used as a threshold to define early
menarche [14]. Three systematic reviews and meta-ana-
lyses, published between 2018 and 2020, evaluated the
relationship between AAM and GDM; they all support a

strong association among them [15, 16]. A number of ori-
ginal studies presented below confirm our results, while one
study published by Dishi et al. [17] did not detect an
association between the two entities [17].

Chen et al. [18] proved that there is an association
between earlier menarche and the risk of GDM (OR 1.13,
95% CI 0.97-1.31) by analyzing Nurses’ Health Study II
data (n =27,482). In line with our results, that effect was
substantially attenuated when adjusting for prepregnancy
BMI. The result was attributed to prepregnancy obesity, low
levels of sex hormone-binding globulin (SHBG) and high
levels of androgens and estrogens, which predispose to
earlier menarche [18]. Shen et al. evaluated a nationally
representative sample of 5914 women from the US National
Health and Nutrition Examination Surveys (NHANES) and
concluded that there is a 1.75-fold risk of developing GDM
in women with earlier menarche. They stated that the
decreased levels of adiponectin, which characterize preg-
nancy, may contribute to metabolic dysregulation, insulin
resistance, and diabetes development. The alternative pro-
vided explanation supported that the hormonal status asso-
ciated with early menarche exerts endocrine placental
changes during pregnancy affecting glucose metabolism
[19]. Moreover, Schoenaker et al. evaluated nationally
representative data from 4749 women participating in the
Australian Longitudinal Study on Women’s Health [20].
After adjusting for several confounders, they concluded that
AAM <11 years was related to a 51% higher risk of GDM
compared to women with AAM at 13 years. The proposed
mechanisms included the mediation of childhood adiposity,
the following predisposition to adulthood obesity, and the
subsequent effect of estrogens and SHBG. Genetic predis-
position to earlier menarche was also considered [21].

Li et al. [22] proved that early AAM is an independent risk
factor for GDM (aOR 1.49, 95% CI 1.13-1.98, n = 6900)
[22]. Researchers proposed that the pre-existing insulin
resistance associated with earlier AAM becomes profound
during pregnancy with the eventual development of GDM.
Hormonal dysregulations (high estrogen, low SHBG levels)
were also identified as possible causative factors [23]. Wang
et al. [24] evaluated 70,041 women and showed that AAM
between 8-12 years was associated with increased odds of
GDM (OR 1.08, 95% CI 1.02-1.15), while the adjustment for
prepregnancy BMI attenuated the result [24]. Ergin et al.
revealed a 2.25-fold higher risk of GDM in women with
AAM < 12 years, analyzing data from 373 women. They also
proved that obesity increases the risk of GDM by three times
(OR 3.07,95% CI 1.57-5.95) [25]. The supported mechanism
includes insulin resistance characterizing early AAM, which
is further aggravated by the metabolic stress of pregnancy and
the excess insulin demand. Lu et al. using data from the UK
Biobank (n=123,579), analyzed 113 genetic variants of
estradiol, testosterone, and SHBG. Impressively, they showed
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that genetic predisposition to earlier AAM, expressed by
single nucleotide polymorphisms (SNPs) in the aforemen-
tioned hormones, had a causal relationship with a higher risk
of GDM [26].

Therefore, it seems that the relationship between age at
menarche and GDM is primarily -but not exclusively-
mediated by mechanisms related to maternal BMI. Obesity
influences menarcheal age, as well as GDM and T2DM
development, as these conditions share common pathoge-
netic pathways, mainly insulin resistance [27]. Pre-
pregnancy obesity, childhood adiposity, hormonal changes
in adiponectin, SHBG, estradiol, and testosterone, placental
involvement, and genetic predisposition were the identified
mechanisms linking the two conditions [28]. Obesity has a
downstream effect on SHBG production. As a result,
estrogen and androgen levels are higher in obese women,
leading to earlier AAM and clinical features of hyperan-
drogenism [23, 29-32].

In line with the published literature, we concluded that
maternal obesity increases the risk of GDM by almost two
times (OR 1.70, 95% CI 1.50-1.90), as well as that the
prevalence of obesity was much higher in women with ear-
lier menarche. Two suggested mechanisms that may explain
further our results involve leptin and the presence of overt or
undiagnosed polycystic ovary syndrome (PCOS) [33]. Lep-
tin is produced by the adipose cells and regulates appetite
and satiety. Its serum concentration is strongly associated
with body fat and directly reflects the body fat stores [34].
Leptin stimulates the hypothalamic-pituitary-gonadal (HPG)
axis and affects menarche by interacting with the GnRH
neurons via afferent interneurons [35]. The elevated fat stores
increase the circulating leptin levels and gradually establish
leptin resistance. Each 1 ng/ml increase in serum leptin leads
to a l-month decrease in age of menarche [36]. Con-
clusively, it seems that earlier menarche has an impact on
maternal glucose metabolism through several mechanisms
mediated by childhood and prepregnancy obesity, as well as
by several hormonal fluctuations.

The current study has several strengths and certain lim-
itations. The strengths of our study include the large sample
size and the consistent GDM diagnostic criteria that were
applied. Furthermore, the present study is the first one
conducted in the Greek population using data from the lar-
gest national GDM registry and is one of the limited pub-
lished studies evaluating the association between early AAM
and GDM. Multivariate logistic regression analysis was
performed, along with adjustment for several confounders,
including maternal age at menarche, BMI, and FH of
T2DM. Nevertheless, some limitations should be acknowl-
edged. These are owing to the study’s retrospective nature
and include the lack of information about maternal men-
strual cycle characteristics (cycle length, regularity, and
bleeding pattern) and the recall bias that may be present, as
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age at menarche was self-reported. Besides, another limita-
tion is the use of the Carpenter—Coustan criteria, which may
exclude some cases of GDM. However, the more sensitive
and specific IADPSG criteria were recommended by the
World Health Organisation in 2013 and were adopted by our
Institution in 2016, while the study’s data refer to the
2000-2014 period. Finally, regarding the study’s high GDM
prevalence (45.5%), the reproducibility of the results may be
implemented only in other tertiary referral centers which
share similar GDM prevalence in their registries.

In conclusion, early age at menarche, mediated by obesity
and hormonal fluctuations, may be associated with an
increased risk of GDM. The present study highlights the need
to evaluate early age at menarche as a useful clinical infor-
mation which can guide preconception interventions for
GDM prevention. Future prospective studies are required to
confirm our findings and expand our observations on the
underlying mechanisms. The recall bias could be limited with
the broader use of official registries incorporating the age at
menarche and other relevant data from pediatric care, brid-
ging the transition from childhood to the reproductive age.
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