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INTRODUCTION

ABSTRACT

Aims/Introduction: A younger age at menarche is associated with obesity and type 2
diabetes in adult life. The impact of early-onset menarche on obesity and glycemic control
in type 2 diabetes has not been investigated. The present study examined the relationship
between age at menarche and obesity and glycemic control in type 2 diabetes.
Materials and Methods: A total of 2,133 patients with type 2 diabetes aged

>20 years were divided into groups according to age at menarche (<11, 12, 13, 14 and
>15 years). A retrospective cohort study examined the association of menarcheal age with
adiposity and hemoglobin A;..

Results: Age at menarche was inversely associated with body mass index (BMI) and
abdominal circumference (P < 0.001). Each 1-year decrease in age at menarche was asso-
ciated with a O.25—kg/m2 and 0.6-cm increase in BMI and abdominal circumference,
respectively, using a multivariate-adjusted model. Odds ratios for obesity and abdominal
obesity significantly increased in participants with age at menarche <11 years after multi-
variable adjustments when age at menarche of 13 years was used as the reference (odds
ratio 1.95, 95% Cl 1.33-2.88, odds ratio 1.95, 95% Cl 1.32-2.87, respectively). Younger age
at menarche was significantly associated with higher hemoglobin A;. (P < 0.001); how-
ever, the association was not statistically significant after adjusting for BMI.
Conclusions: Age at menarche of <11 years was associated with obesity after adjust-
ing for confounding factors, and poor glycemic control associated with high BMI in type 2
diabetes. Age at menarche should be considered during clinical assessments.

Obesity is a global health problem. Although the preva-

There is a trend towards a younger age at which people are
reaching puberty, possibly associated with the impact of
Westernization. In Japan, the mean age at menarche
decreased from 13.2 years in 1961 to 12.2 years in 2011 in
school-aged girls'. Earlier-onset menarche is reported to be
associated with obesity”°, type 2 diabetes mellitus™® ",
cardiovascular disease™'* ', breast cancer'” and increased
all-cause mortality®'>'®"'®, It is therefore possible that age
at menarche can provide important information to help
prevent non-communicable diseases.
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lence of obesity is lower in Japan than Western populations
generally (prevalence of body mass index [BMI] >30: 3.7%
in Japan vs 38.2% in the USA'®), there has been an increase
in the level of obesity in patients with type 2 diabetes in
Japan (mean BMI increased from 24.1 kg/m2 in 2002 to
25.0 kg/m? in 2013%°).

It is reported that a younger age at menarche is associated
with obesity in later life*>. This raises the question as to the
association between age at menarche and obesity in patients
with type 2 diabetes, and whether early-onset menarche is asso-
ciated with plasma glucose levels and could be used to predict
the future onset of type 2 diabetes*®''. Against this back-
ground, the present retrospective cohort study examined the
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relationship between age at menarche and obesity and glycemic
control in Japanese patients with type 2 diabetes.

METHODS

Study participants

The Fukuoka Diabetes Registry was designed as a prospective,
multicenter, observational study to investigate the effects of
modern therapy on the prognosis of Japanese patients with dia-
betes mellitus®'. Briefly, the Fukuoka Diabetes Registry cohort
comprised patients aged >20 years who regularly attended edu-
cational research hospitals approved by the Japan Diabetes
Society or certified diabetes clinics in Fukuoka Prefecture
(UMIN Clinical Trial Registry 000002627) between April 2008
and October 2010. Exclusion criteria were people with drug-
induced diabetes mellitus or receiving corticosteroid therapy;
those who had undergone renal replacement therapy; those
with serious diseases other than diabetes, such as advanced
malignancy or decompensated liver cirrhosis; and those who
were unable to visit a diabetologist regularly. Of the 2,263
women registered, after excluding those with type 1 diabetes,
2,133 female patients with type 2 diabetes mellitus remained,
and were enrolled in the study. The study was approved by the
Kyushu University Institutional Review Board and was carried
out in accordance with the provisions contained within the
Declaration of Helsinki. All patients provided written informed
consent for participation in the study.

Clinical evaluation and laboratory measurements
Participants completed a self-administered questionnaire that
sought information on age at diagnosis of diabetes, family his-
tory of diabetes, smoking habits, alcohol intake, physical activ-
ity, maximum bodyweight before enrollment, age at menarche
and the occurrence of menopause. Smoking habits and alcohol
intake were classified as either current use or not. Metabolic
equivalent hours per week were calculated using Ainsworth’s
methods™. A dietary survey was carried out using a brief-type
self-administered diet history questionnaire (Gender Medical
Research, Inc., Tokyo, Japan) that sought information on the
frequency of consumption of 58 items to assess the participants’
dietary intakes. The dietary intake estimates for total energy
and dietary fiber were calculated using an ad hoc algorithm
developed for the brief-type self-administered diet history ques-
tionnaire based on the Standard Tables of Food Composition
in Japan®. The medical records of participants were examined
for medications including oral hypoglycemic agents and insulin
therapy. Bodyweight and height were measured, and BMI was
calculated. Obesity was defined as BMI >25 kg/m” according to
the Japan Society for the Study of Obesity criteria®*. Abdominal
circumference at the umbilical level was measured in the stand-
ing position. Abdominal obesity was defined as an abdominal
circumference of >90 c¢m according to the Japan Society for the
Study of Obesity criteria™.

Blood tests were carried out in either the fasting or postpran-
dial state. Hemoglobin A;. (HbA;.) was determined by high-
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performance liquid chromatography (Tosoh Corp., Tokyo,
Japan), and serum C-peptide was determined using chemilumi-
nescent immunoassays (Kyowa Medex, Tokyo, Japan). High-
sensitivity C-reactive protein (HS-CRP) and serum adiponectin
were determined by latex immunonephelometry (Siemens
Healthcare Diagnostics, Tokyo, Japan; Mitsubishi Chemical
Medience, Tokyo, Japan). B-Cell function (homeostatic model
assessment of B-cell [HOMA2-%p] index) and insulin resis-
tance (homeostatic model assessment of insulin resistance
[HOMA2-IR] index) were estimated based on fasting glucose
and C-peptide concentrations using a HOMA calculator (ver-
sion 2.2.2; http://www.dtu.ox.ac.uk, accessed June 2012) after
exclusion of individuals with unacceptable levels of plasma glu-
cose (<3.0 mmol/L or >25 mmol/L) or C-peptide (<0.2 nmol/L
or >3.5 nmol/L).

Statistical analysis

HOMA2-%p, HOMA2-IR, serum adiponectin and HS-CRP
were log-transformed for statistical analyses because of their
skewed distributions. They are presented with 95% confidence
intervals (95% CI) that were back-transformed. Participants
were divided into five categories according to age at menarche:
<11, 12, 13, 14 and >15 years, as reported in previous stud-
ies®®”?, Baseline characteristics by categories of age at menar-
che were explored using one-way analysis of variance and
analysis of covariance to compare means of continuous vari-
ables, and using y’-tests to compare proportions of categorical
variables. Trend associations for age at menarche were assessed
using multivariable regression analyses, and included age, dura-
tion of diabetes, current smoking, current drinking, leisure-time
physical activity, daily energy intake, oral hypoglycemic agent
use and insulin use as covariates. Associations between age at
menarche and the prevalence of obesity, history of obesity and
abdominal obesity were tested using multivariable logistic
regression analyses. All analyses were carried out using the SAS
software package (version 9.4; SAS Institute Inc., Cary, NC,
USA). A P-value <0.05 was considered statistically significant.

RESULTS

Participant characteristics

Baseline characteristics of the study participants by categories of
age at menarche are shown in Table 1. The mean age at
menarche was 13.7 + 1.8 years. Those with a younger age at
menarche were diagnosed with diabetes at a younger age, had a
shorter duration of diabetes, were more likely to be pre-
menopausal, had lower energy and dietary fiber intake, and
exercised less. These statistical differences were absent after
adjusting for age.

Associations between age at menarche and obesity

The age at menarche was inversely associated with BMI (P for
trend <0.001; Table 2). The association remained statistically
significant after multivariable adjustments including age, dura-
tion of diabetes, current smoking, current drinking, leisure-time
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physical activity, daily energy intake, oral hypoglycemic agent
use and insulin use. The increase in BMI per 1-year earlier
onset of menarche was 0.42 kg/m” in the crude and 0.25 kg/
m’ in the multivariate-adjusted models. An inverse association
between age at menarche and BMI was evident in both partici-
pants aged <65 years and >65 years. Maximum BMI was sig-
nificantly associated with age at menarche in all participants
and those aged <65 years and >65 years. The increase in maxi-
mum BMI per 1-year earlier onset of menarche was 0.43 kg/
m® in the crude and 0.33 kg/m* in the multivariate-adjusted
models. Abdominal circumference was inversely associated with
age at menarche. The association was significant in participants
aged <65 years, whereas in those aged >65 years, it was signifi-
cant after multivariate adjustments. The increase in abdominal
circumference per 1-year earlier onset of menarche was 0.5 cm
in the crude and 0.6 cm in the multivariate-adjusted models.

In all the participants, the prevalence of obesity was inver-
sely related to the age at menarche, after adjusting for con-
founding factors (Table 3). Similarly, a history of obesity and
abdominal obesity were more common in individuals who
underwent menarche at an earlier age. There was a significant
association between the prevalence of obesity and age at
menarche in participants both aged <65 years and >65 years.
Regarding a history of obesity and abdominal obesity, the
association was significant in participants aged <65 years, but
not in those aged >65 years. When 13 years-of-age was used
as the reference, odds ratios (OR) for obesity, history of obe-
sity and abdominal obesity significantly increased in those
with age at menarche <11 years after multivariable adjust-
ments (OR 1.95, 95% CI 1.33-2.88 for obesity; OR 2.01, 95%
CI 1.31-3.15 for history of obesity; and OR 1.95, 95% CI
1.32-2.87 for abdominal obesity). In participants aged
<65 years, the ORs for obesity, history of obesity and abdomi-
nal obesity were significantly higher in those who experienced
menarche at <11 years and 12 years, whereas there were no
significant differences in those aged >65 years.

Multivariate-adjusted

<0.001
<0.001
<005
<0.001
<0.001
<001
<0.001
<0.001
<005

P for trend
Unadjusted
<0.001
<0001
<0.05
<0001
<0001
<001
<0001
<0.001

NS

o~

158 (150-16.0)

234 £ 38
239+ 43
232 +£37
267 + 39
268 £ 44
267 £ 38
853+ 112
840t 1
856 £ 110

Al

139 (140-14.0)

235138
234+ 36
267 £ 38
266 £ 38
268 £ 38
848 £ 105
836 £ 109
855+ 102

234 £ 37

130 (13.0-13.0)

241+ 45
243+ 50
239+ 39
274 £ 47
274 £ 54
274+ 39
860 + 124
847 £ 130
872+ 116

13

120 (120-120)

247 + 46
252+ 47
235+ 39
282 £ 49
870+ 117
873+ 123
862 £ 103

286+ 53
274+ 39

12

Associations between age at menarche and glycemic control

Age at menarche was inversely associated with HbA,.
(P < 0.001). The increase in HbA,. per 1-year earlier onset of
menarche was 0.04% in the crude and 0.03% in the multivari-
ate-adjusted models. However, the statistical significance was
attenuated by age or multivariate adjustments, and absent with
adjustment for BMI (Table 4). Analysis of glycemic control in
participants aged <65 years yielded similar results, but there
was no association in those aged >65 years. The insulin secre-
tion parameter, HOMA2-%, did not differ among the age at
menarche categories. HOMA2-IR increased and serum adipo-
nectin decreased at earlier onset of menarche (P < 0.001),
although age adjustment removed the statistical significance.
HS-CRP, a marker of systematic microinflammation, was inver-
sely associated with age at menarche to a marginal degree in
the age- and multivariate-adjustment models. For HOMA2-%3,
HOMA2-IR, serum adiponectin and HS-CRP, similar results

107 (100-11.0)

Categories of age at menarche (years)

266 £ 63
245+ 47
297 £ 63
299 £ 65
89.0 £ 143
893 £ 148
87.1 £ 109

263161
280+ 53

VI

<65 years
years
Abdominal circumference (cm)

>65 years
Maximum BMI (kg/m?)

<65 years

>65

<65 years

>65 years

All
All
All

Data are mean + standard deviation. Numbers in parenthesis represent interquartile range. Multivariable adjustments include age, duration of diabetes, current smoking, current drinking,

Table 2 | Association of categories of age at menarche with adiposity, stratified by age in Japanese patients with type 2 diabetes
leisure-time physical activity, daily energy intake, oral hypoglycemic agent use and insulin use. BMI, body mass index; NS, not significant.

Age at menarche (years)

BMI (kg/m?)
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Table 3 | Association of categories of age at menarche with obesity in Japanese patients with type 2 diabetes

Categories of age at menarche (years) P for trend
<1 12 13 14 >15
Age at menarche (years) 10.7 (100-11.0) 120 (120-120) 130 (13.0-13.0) 139 (14.0-14.0) 158 (15.0-16.0)
Prevalence (%)
All
Obesity 550 403 350 298 283 <0.001
History of obesity 781 749 67.0 64.2 64.2 <0.001
Abdominal obesity 456 375 322 316 319 0.002
<65 years
Obesity 582 440 330 287 36.7 <0.001
History of obesity 815 753 635 624 615 <0.001
Abdominal obesity 466 395 257 293 303 <0.001
>65 years
Obesity 348 32.1 36.7 304 265 0014
History of obesity 56.5 741 702 65.2 64.7 0.1
Abdominal obesity 39.1 330 384 328 323 024
Multivariate-adjusted OR
All
Obesity 195 (1.33-2.88) 1.19 (0.88-1.59) 1.00 (ref) 085 (064-1.12) 0.79 (060-1.03) <0.001
History of obesity 201 (131-3.15) 157 (1.15-2.15) 1.00 (ref) 089 (068-1.17) 082 (063-1.07) <0.001
Abdominal obesity 195 (132-287) 1.30 (097-1.75) 1.00 (ref) 097 (0.74-1.27) 091 (069-1.19) 0.002
<65 years
Obesity 278 (1.76-441) 158 (1.07-2.32) 1.00 (ref) 085 (0.54-131) 130 (0.79-2.14) <0.001
History of obesity 298 (1.77-5.13) 181 (121-2.73) 1.00 (ref) 095 (062—144) 095 (0.58-1.55) <0.001
Abdominal obesity 2.70 (169-4.35) 193 (1.29-2.89) 1.00 (ref) 1.21 (0.77-1.90) 131 (0.78-2.20) <0.001
>65 years
Obesity 088 (034-2.17) 080 (048-1.30) 1.00 (ref) 0.77 (054-1.01) 062 (044-087) 0.022
History of obesity 0.56 (0.23-1.37) 1.24 (0.75-2.10) 1.00 (ref) 082 (057-1.17) 0.74 (052-1.03) 0.1
Abdominal obesity 106 (042-2.54) 0.78 (048-1.25) 1.00 (ref) 080 (0.56-1.13) 0.72 (0.52-1.00) 037

Data are mean % standard deviation, percentage or odds ratios (OR). Numbers in parenthesis represent interquartile range or 95% confidence inter-
val. Obesity was defined as body mass index >25 kg/m? and abdominal obesity as abdominal circumference >90 cm according to the Japan Soci-
ety for the Study of Obesity criteria®”. Multivariable adjustments include age, duration of diabetes, current smoking, current drinking, leisure-time
physical activity, daily energy intake, oral hypoglycemic agent use and insulin use.

were obtained in participants aged <65 years, whereas there
were no associations in those aged >65 years.

DISCUSSION

In the present study, age at menarche was inversely associated
with adiposity in patients with type 2 diabetes. To the best of
the authors’ knowledge, this is the first study to report on the
association between age at menarche in patients with type 2
diabetes. It is reported that earlier-onset menarche is associated
with obesity and the development of type 2 diabetes mellitus in
later life "' The present results extend the association between
age at menarche and obesity to patients with type 2 diabetes.
Although people with obesity and type 2 diabetes are strongly
urged to modify their lifestyle habits, including diet and exer-
cise, there were twice as many patients in the <11 years-of-age
at menarche group compared with the 13 years-of-age at
menarche group. It is possible that obesity contributes to wors-
ened glycemic control in those with age at menarche <11 years.

In a meta-analysis of 10 studies including 246,671 women'?,
mostly from Western populations, early menarche (<12 vs
12 years) was associated with 0.34 kg/m* higher BMIL Of
303,000 women in the China Kadoorie Biobank, increases in
BMI and abdominal circumference per 1-year earlier onset of
menarche were reported to be 0.19 kg/m? and 0.38 cm, respec-
tively’. In the current study, increases in BMI and abdominal
circumference per 1-year earlier onset of menarche were
0.25 kg/m” and 0.6 cm in the multivariate-adjusted model. It
appears that the impact of earlier-onset menarche on obesity is
greater in the current study. This difference might be explained
by the populations studied. For example, the general population
vs patients with type 2 diabetes, or Western populations vs
Asian populations, in whom those with type 2 diabetes are not
typically obese.

The association between age at menarche and BMI was
observed in both the <65 years and >65 years age groups. One
of the mechanisms that has been proposed to explain the
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association between early age at menarche and obesity is that
earlier-onset menarche might result in longer exposure to estro-
gen® and adrenal steroids®, which tend to maintain adiposity.
Furthermore, an overlap between single-nucleotide polymor-
phisms implicated in the timing of puberty and in determining
BMI in adulthood has been reported”. These single-nucleotide
polymorphisms include TCF, which was shown to be a risk fac-
tor for obesity and type 2 diabetes”, and LIN28B, which is
associated with insulin sensitivity and oxidative stress-related B-
cell apoptosis™. Individuals who have these single-nucleotide
polymorphisms tend to gain weight faster during infancy and
early childhood, and show earlier-onset menarche®.

Earlier age at menarche is associated with the future
development of type 2 diabetes in Western and Asian popula-
tions*® !, and was associated with elevated HbA,., secondary
to high BMI in the current study. These associations can be
largely explained by increased adiposity. In the current study,
earlier age at menarche was not associated with insulin secre-
tion, but was associated with increased insulin resistance,
reduced serum adiponectin and increased systemic microin-
flammation (Table 4). However, adjusting for age and BMI
removed these associations, being in line with HbA,..

Analyses stratified according to age (<65 years and
>65 years) showed that there were significant associations
between age at menarche and history of obesity or abdominal
obesity in participants aged <65 years, but not in those aged
>65 years (Table 3). This might be due to the small number of
participants who went through menarche at <11 years (n = 23)
among those aged >65 years. In addition, there were no signifi-
cant interactions between the age of the participant (<65 and
>65 years) and their age at menarche.

The present study had some limitations. First, there is the
possibility of recall bias regarding age at menarche, although
previous studies report that recalling age at menarche is reliable
over many years”. Second, we could not clarify the influence
of childhood or pubertal BMI on adulthood obesity because of
a lack of information. Finally, the conclusions of the study
should not be generalized to other ethnic populations, especially
with high BMI, without caution.

In conclusion, age at menarche of <11 years was associated
with obesity after adjusting for confounding factors, and poor
glycemic control associated with BMI in type 2 diabetes. As
obesity can accelerate the development and progression of dia-
betic complications, age at menarche should be a factor for
consideration when determining clinical management of
patients with obese type 2 diabetes.
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