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ABSTRACT

Aim: This study evaluated the correlations between metabolic parameters and reproductive 
health data in women with type 2 diabetes mellitus (T2DM). Material and methods: In this ob-
servational retrospective study, data from the medical records of 324 adult women with T2DM 
attending their regular diabetes check-ups (i.e., anthropometric parameters at first outpatient 
visit and yearly thereafter, first recorded HbA1c and all HbA1c for the entire follow-up duration, 
as well as obstetrical/gynecological information) were collected and analyzed. Results: Age at 
the diagnosis of T2DM correlated positively with age at menarche (0.21, [95% CI: 0.09, 0.31], p = 
0.0002) and age at menopause (0.18 [95% CI: 0.07, 0.29], p <0.01). Age at menarche correlated 
negatively with mean weight (–0.21 [95% CI: –0.31, –0.10], p: 0.0002) and mean BMI (–0.22 
[–0.32, –0.11], p <0.0001) over the follow-up time. Patients with shorter time difference between 
age at menarche and age at onset of T2DM (≤45 years) had higher mean weight (83.8 ± 14.5 kg 
vs. 78.4 ± 16.0 kg, p = 0.0001), BMI (33.2 ± 5.6 kg/m2 vs. 31.8 ± 5.7 kg/m2, p <0.05), and HbA1c over 
time (6.9 ± 0.8% vs. 6.6 ± 0.9%, p <0.0001). Women with T2DM with earlier menarche (<12 years 
old), with irregular menses during their reproductive life, and ≥3 pregnancies had higher overall 
BMI, but mean HbA1c were not significantly different. However, women diagnosed with T2DM 
before menopause had a higher mean HbA1c over time (7.1 ± 0.8% vs. 6.7 ± 0.9%, p <0.01). Con-
clusion: The BMI correlated with several indicators of reproductive health (earlier menarche, 
irregular menses, and higher number of pregnancies), while earlier onset of T2DM influenced 
metabolic control in women with T2DM.
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INtROduCtION

Over the past decades, the worldwide prevalence of diabetes mellitus has in-
creased, and it is estimated to affect 578 million adults by 2030 and 700 mil-
lion by 2045.1 Moreover, the increasing prevalence of type 2 diabetes mellitus 
(T2DM) has emerged in parallel with a secular decrease in the average age at 
menarche.2,3 Thereby, the association between puberty onset and T2DM could 
relate not only to changes in lifestyle and environment, but also to the associ-
ated biological processes.2 On the other hand, sexual dysfunction occurs in a 
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large proportion of diabetic women, which poses further 
burden on their reproductive lifespan.4 Therefore, it is im-
portant to acknowledge the correlations between repro-
ductive health and T2DM.

Some data show that women with a younger age at men-
arche have a greater risk to develop T2DM later in life, but 
not all studies agree.5,6 Part of the explanation may be re-
lated to body adiposity, translated by a higher adult body 
mass index (BMI).2 However, the association between 
early onset of puberty and adult BMI remains debated be-
cause girls with a younger age at menarche already have a 
higher BMI at that time.7 Results from the EPIC-Norfolk 
cohort study indicate that the risk of diabetes is 10% low-
er with every year of delay in the age at menarche.6 The 
study has also shown that age-adjusted adult BMI is lower 
by 0.43 kg/m2 per year, while the waist circumference is 
lower by 0.74 cm per year for each year of delay in the on-
set of menarche.8

On the other hand, some studies have demonstrated 
that women with T2DM have an earlier onset of meno-
pause, and metabolic disorders, such as T2DM, accelerate 
reproductive ageing with premature ovarian failure.9,10 A 
study from 11 Latin American countries has shown that 
the presence of T2DM triples the risk of early menopause 
in women under the age of 45.11

There is, however, relatively scarce data regarding the 
correlations between long-term glycemic control and age 
at menarche/menopause, as well as other aspects of repro-
ductive health in women with T2DM.

We therefore aimed to evaluate the correlations between 
metabolic data and age at menarche/menopause and other 
indicators of reproductive health in women with T2DM.

MAtERIAL ANd MEtHOdS 

This was an observational retrospective study, in which 
data from the medical records of adult women with T2DM, 
attending the Diabetes Outpatient Unit of the Emergency 
Clinical County Hospital of Târgu Mureș, were collected. 
The study has been approved by the Ethics Committee of 
the Emergency Clinical County Hospital of Târgu Mureș. 
The patients attended the outpatient clinic for regular 
check-ups between February and August 2019. They have 
been diagnosed with diabetes mellitus according to the di-
agnostic criteria of the American Diabetes Association.12 
The following data were recorded: date of birth, age when 
diagnosed with diabetes, duration of diabetes, weight and 
height at first outpatient visit, weight (yearly thereafter, 
for the entire duration of follow-up), first recorded HbA1c 
and every HbA1c thereafter (for the entire duration of 

follow-up). The BMI was calculated at the first visit and 
once a year thereafter, for the entire duration of follow-
up, based on the formula: BMI = weight/height2 (kg/m2). 
Mean weight, BMI, and HbA1c for the follow-up duration 
were calculated.

In addition, the following obstetrical/gynecological 
(Ob/Gyn) information was collected from the medical 
charts: age at menarche, number of pregnancies, number 
of births, age at menopause onset, regularity of menses, 
and age at which hysterectomy was performed (if applica-
ble). For women who have reached menopause, the repro-
ductive lifespan was calculated as the difference between 
age at menopause and age at menarche.   

Statistical analysis was performed using descriptive and 
inferential statistics. Continuous variables with normal 
distribution were expressed as mean ± SD and those with 
non-gaussian distribution as median (min–max) (continu-
ous variables), while categorical variables were presented 
as frequency (%). Means and medians of different groups 
were compared using Student’s t-test or the Mann-Whit-
ney test, as well as ANOVA or the Kruskal-Wallis test, 
respectively. Fisher’s exact test was employed to analyze 
categorical variables. The correlations between variables 
of interest were tested using the Pearson’s or Spearman’s 
tests, respectively, and data is presented as r (95% confi-
dence interval [CI]). All tests were two-tailed, and statisti-
cal significance was set at p <0.05. 

RESuLtS

Data from 324 female patients with T2DM were collected 
and analyzed, and are presented in Table 1.

The correlations between metabolic and Ob/Gyn data 
were analyzed. Age at diagnosis of diabetes correlated pos-
itively with age at menarche (r = 0.21 [95% CI: 0.09, 0.31], 
p = 0.0002, Figure 1) and age at menopause (r = 0.18 [95% 
CI: 0.07, 0.29], p <0.01), but not with the number of preg-
nancies (r = 0.09 [95% CI: –0.03, 0.20], p = 0.12), num-
ber of births (r = 0.05 [95% CI: –0.06, 0.16], p = 0.36), or 
the presence of regular menses (r = –0.09 [95% CI: –0.20, 
0.02], p = 0.11). On the other hand, age at diagnosis of dia-
betes correlated negatively with mean BMI over time (r = 
–0.24 [95% CI: –0.35, –0.14], p <0.0001) and mean HbA1c 
over time (r = –0.26 [95% CI: –0.36, –0.15], p <0.0001).

Age at menarche correlated negatively with mean 
weight over time (r = –0.21 [95% CI: –0.31, –0.10], p = 
0.0002), first recorded weight (r = –0.21 [95% CI: –0.31, 
–0.10], p = 0.0002), mean BMI over time (r = –0.22 [95% 
CI: –0.32, –0.11], p <0.0001), and first recorded BMI (r = 
–0.22 [95% CI: –0.33, –0.11], p <0.0001, Figure 2). How-
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ever, it did not correlate with HbA1c at first visit (r = –0.02 
[95% CI: –0.13, 0.09], p = 0.69) or overall HbA1c (r = –0.04 
[95% CI: –0.15, 0.07], p = 0.47).

We have further analyzed the correlations between age 
at menarche and T2DM. The study group was therefore 
divided into two subgroups based on the time difference 

between age at menarche and age of T2DM onset (≤45 and 
>45 years, 45 years being the median value). Patients with 
a shorter time difference (≤45 years) had higher weight 
(83.8 ± 14.5 kg vs. 78.4 ± 16.0 kg, p = 0.0001), higher 
BMI (33.2 ± 5.6 kg/m2 vs. 31.8 ± 5.7 kg/m2, p <0.05), and 
higher mean HbA1c over time (6.9 ± 0.8% vs. 6.6 ± 0.9%, 
p <0.0001). 

Finally, we have divided the study group into three sub-
groups based on age at the onset of menarche: early- (<12 
years old; n = 23), normal- (12–16 years old; n = 263), and 
late-onset menarche (≥16 years old; n = 38). The earlier the 
menarche, the higher was the overall weight (84.8 ± 2 kg  
vs. 81.8 ± 15.3 kg vs. 75.3 ± 11.1 kg, p <0.05) and BMI (Fig-
ure 3), but the mean overall HbA1c was not significantly 
different between the groups (6.5 ± 0.5% vs. 6.8 ± 0.8% vs. 
6.8 ± 1.4%, p = 0.23).

Women with T2DM who have self-reported to have had 
irregular menses during their reproductive lifespan had 
higher overall BMI (34.5 ± 6.0 kg/m2 vs. 32.2 ± 5.6 kg/m2, 
p <0.05) compared to women with regular menses, but 
there was no difference between their metabolic control 
(HbA1c: 6.7 ± 0.5% vs. 6.8 ± 0.9%, p = 0.87). 

Women with T2DM with higher than median number of 
pregnancies (≥3) had higher overall BMI (33.1 ± 5.4 kg/m2  
vs. 32.1 ± 5.9 kg/m2, p <0.05), but no different mean 
HbA1c (6.8 ± 0.7% vs. 6.8 ± 1.0%, p = 0.44) compared with 
women with <3 pregnancies. The same trend was seen for 
the number of births (≥3 versus < 3 births), but it did not 

TABLE 1. Ob/Gyn and metabolic data of the study population. 

Data are presented as mean ± SD or median (min–max); *calcu-

lated for women who have reached menopause 

Women with T2DM
n = 324

Age (years) 65.3 ± 8.8

Age at menarche (years) 14.0 (9.0–20.0)

Number of pregnancies 2.0 (0–14.0)

Number of births 2.0 (0–8.0)

Regular menses (n/%) 284/87.6

Age at menopause (years) 49.0 (26.0–59.0)

Reproductive lifespan* (years) 35.0 (13.0–44.0)

Menopause due to hysterectomy (n/%) 38/11.7

Age at hysterectomy (years) 43.0 ± 7.1

Age at diagnosis of diabetes (years) 59.0 (24.0–82.0)

Duration of diabetes (years) 7.0 (0–31.0)

First recorded weight (kg) 79.7 (49.0–134.0)

Overall weight (kg) 78.7 (49.8–136.7)

First recorded BMI (kg/m2) 32.3 (20.1–52.7)

Overall BMI (kg/m2) 31.9 (20.2–51.4)

First recorded HbA1c (%) 6.6 (3.9–14.0)

Overall HbA1c (%) 6.7 (5.2–13.12)

FIGURE 1. Correlations between age at menarche and age at diagnosis of T2DM (data are r [95% CI])
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reach statistical significance (mean BMI: 33.2 ± 5.4 kg/m2 
vs. 32.3 ± 5.8 kg/m2, p = 0.08; mean HbA1c: 6.8 ± 0.7% vs. 
6.7 ± 0.9%, p = 0.09). 

Age at menopause did not correlate with the first re-
corded BMI (r = 0.01 [95% CI: –0.10, 0.12], p = 0.85), 
mean overall BMI (r = 0.01 [95% CI: –0.11, 0.12], p: 0.90), 
first recorded weight (r = 0.01 [95% CI: –0.10, 0.13], p = 
0.82), or overall weight (r = 0.002 [95% CI: –0.11, 0.12], 
p = 0.97). The same was true for mean overall HbA1c (r = 

0.06 [95% CI: –0.06, 0.17], p = 0.30), or HbA1c at first visit 
(r = 0.08 [95% CI: –0.04, 0.19], p = 0.18).

There was no difference in BMI between the group that 
developed T2DM before/at the same time with meno-
pause and the group that was diagnosed with T2DM af-
ter the menopause (32.9 ± 6.7 kg/m2 vs. 32.5 ± 5.6 kg/m2,  
p = 0.80), and the same was true for weight (84.1 ± 16.8 kg 
vs. 80.9 ± 15.2 kg, p = 0.26). However, women who were 
diagnosed with T2DM before the onset of menopause had 

FIGURE 3. Overall mean BMI in the three subgroups divided based on age at the onset of 

menarche (EM – early menarche, <12 years old; NM – normal menarche, 12–16 years old; LM 

– late menarche, >16 years old)

FIGURE 2. Correlations between age at menarche and mean overall BMI (data are r [95% CI])
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a higher mean HbA1c over time (7.1 ± 0.8% vs. 6.7 ± 0.9%, 
p <0.01). 

dISCuSSIONS

The first finding of this study was the positive association 
between age at menarche and age at the onset of T2DM, 
which was in agreement with reported data showing that 
pubertal timing in younger ages is associated with a higher 
risk of T2DM.2 In our study, women with early menarche 
(<12 years old) had higher overall weight and BMI, which 
may explain the onset of T2DM later in life. According to 
the (EPIC)-InterAct case-cohort study, women with an 
early menarche (8–11 years old) had a 70% higher risk of 
T2DM compared to those with age at menarche between 
12–16 years.2 Apart from body adiposity, there are other 
suggested explanations for the link between puberty tim-
ing and diabetes. One of them is that low serum sex hor-
mone-binding globulin (SHBG) levels associated with 
high plasma sex hormones (estradiol and testosterone) 
induced by earlier menarche could influence the glycemic 
status and correlate with higher risks of diabetes.13,14

T2DM patients with a shorter duration between age 
at menarche and age at the onset of diabetes had higher 
mean HbA1c, but age at the onset of puberty was not cor-
related with later glycemic control. Contrary to our find-
ings, a large study from China has indicated that early age 
at menarche was associated with worse metabolic control 
(HbA1c >7%).15 However, the thresholds for menarche 
age used to separate the subgroups in this study were dif-
ferent (<15 years old, 15–18 years old, and >18 years old, 
respectively).15 Moreover, the mean HbA1c in these sub-
groups were similar (p = 0.37), which is in concordance 
with our study. 

Another finding of this study is that there was a weak 
positive correlation between age at the diagnosis of T2DM 
and age at menopause. A South Indian study found a sig-
nificant difference between age at menopause in women 
with and without diabetes (p <0.01) and that in women 
with diabetes, the average age at menopause is 4 years 
younger than that of the general population.10 The process 
of premature ovarian failure and progressive reproduc-
tive ageing could be partially explained by the presence of 
diabetes.10 However, the literature is not completely con-
cordant, as an earlier study did not indicate a significant 
difference between age at menopause in women with or 
without T2DM.16 There is limited data regarding metabol-
ic control and age at menopause in women with T2DM. 
A study by Shen et al. indicated that Chinese women with 
T2DM with early and late menopause had worse glycemic 

control.15 We found no correlation between age at the on-
set of menopause and overall glycemic control, but women 
who were diagnosed with diabetes before menopause had 
higher overall HbA1c, although there were no differences 
between BMIs. This implies that poorer glycemic control 
was not mediated by body adiposity, and other factors may 
have a role.

Additionally, the frequency of irregular menses and 
oligomenorrhea is much higher in both type 1 and type 
2 diabetic patients compared to healthy subjects.17 The 
prevalence of irregular menstrual cycles varies from 5% to 
35.6% in different studies depending on age, occupation, 
and residence.18 In our study, this prevalence was 12.4%. 
One small study in Korean women reported that the fre-
quency of oligomenorrhea was about two-fold higher in 
women with T2DM vs. controls (16.1% vs. 8.5%).19 Simi-
lar results were shown in a North Indian study report-
ing that the prevalence of oligomenorrhea was higher in 
obese vs. non-obese women with T2DM vs. healthy con-
trols (16.4% vs. 8.8% vs. 0%; p = 0.014).20 It seems that 
there is a bidirectional relationship between T2DM and 
menstrual cycle irregularities, as several studies have 
shown that women with irregular menstrual cycles have a 
significantly higher risk for developing T2DM.21 In a more 
recent report from the Treatment Options for Type 2 Dia-
betes in Adolescents and Youth (TODAY) study, menstru-
al dysfunction was more frequent in girls with recently di-
agnosed T2DM (21%) and was associated with alterations 
in sex steroids and SHBG levels, but not in β-cell function 
or insulin sensitivity.22 This apparently did not improve 
significantly after two years of antihyperglycemic ther-
apy, but it was slightly lower at 12 and 24 months (15% 
and 11%, respectively).22 Similarly, our data indicate that 
women with self-reported irregular menses during their 
reproductive life had higher BMI, but not a significantly 
different metabolic control. A cross-sectional study in 220 
young women indicated a significant association between 
overall and central obesity with menstrual cycle irregular-
ity, while an earlier report of the Nurses' Health Study II 
showed that women with long/highly irregular menses 
present a higher risk of T2DM not entirely explained by 
obesity.23,24 Thus, the complex association between obe-
sity, T2DM, and menstrual cycle irregularities needs fur-
ther research.

In our study, a shorter duration between menarche and 
onset of T2DM (≤45 years) was associated with worse out-
comes in terms of glycemic control over time compared 
with women with longer duration, and also with higher 
body adiposity, but this could be rather related with earlier 
onset of T2DM. 
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CONCLuSIONS

In our study, age at the diagnosis of T2DM correlated 
positively with age at menarche and age at menopause. 
The BMI correlated with several indicators of reproduc-
tive health (earlier menarche, irregular menses, and higher 
number of pregnancies), while earlier onset of T2DM in-
fluenced metabolic control in women with T2DM.
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