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Aims: Reproductive factors (reproductive period, age at menarche, and age at menopause) are associated with a
risk of cardiovascular disease (CVD) and death in individuals without focusing on comorbid diabetes. However, it
remains unclear whether this association also applies to individuals with diabetes. This study investigated the
relationship between reproductive factors and the risk of CVD and death in postmenopausal Japanese women
with type 2 diabetes.

Methods: 1,592 postmenopausal women with type 2 diabetes without pre-existing CVD were subclassified based
on reproductive period (age at menopause minus age at menarche). The primary outcome was a composite of
CVD incidence and all-cause death.

Results: The risk of the outcome decreased with a longer reproductive period. Compared with a reproductive
period of < 29 years, the multivariable-adjusted hazard ratios (95 % CI) were 0.80 (0.39-1.66), 0.73 (0.37-1.43),
and 0.43 (0.19-0.99) for reproductive periods of 30-34, 35-39, and > 40 years, respectively (p for trend =
0.046). Earlier age at menarche and later age at menopause were also associated with a decreased risk of the
outcome.

Conclusions: Evaluating reproductive factors may help predict the risks of CVD and death in postmenopausal
women with type 2 diabetes.

1. Introduction

Atherosclerotic cardiovascular diseases (CVDs), including coronary
heart disease, cerebrovascular disease, and peripheral arterial disease,
are the primary cause of morbidity and mortality in individuals with
diabetes [1]. Recent large-scale meta-analyses have shown that the
diabetes-related excess risk of CVD such as stroke [2], coronary heart
disease [3], and heart failure [4] is greater in women than in men. The
greater risk of CVD conferred by diabetes in women (i.e., the female
disadvantage from diabetes) meant that the female advantage in CVD
risk was diminished when women had diabetes [5], and highlights the
importance of a sex-specific approach in diabetes management for pre-
venting CVD [6].

Several possible mechanisms have been suggested to explain the sex

differences in CVD risk conferred by diabetes. Worse control of cardio-
vascular risk factors including glycemic level [7-10] and a longer
exposure to hyperglycemia during prediabetes [11] in women compared
with men may contribute to the sex differences. In addition, loss of
protection after menopause may play a role in female disadvantage from
diabetes [12]. Actually, female-specific reproductive factors have been
associated with an increased risk of CVD; a shorter reproductive period,
defined as the period from menarche to menopause, has been associated
with an increased risk of CVD [13,14]. Both earlier and later age at
menarche and later age at menopause have also been associated with the
risk of CVD [13]. However, most previous studies have been conducted
in Western countries, and scant evidence in Japan was available despite
the existence of racial, ethnic, and regional variations in reproductive
events [15] and the incidence of CVD [16]. In addition, although
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diabetes is associated with reproductive dysfunction [17] and ovarian
aging [18], few studies to date have examined the association of female
reproductive factors with the long-term risk of CVD and death in in-
dividuals with diabetes who are at high risk of CVD.

The objective of this study was to investigate the association of fe-
male reproductive factors—such as reproductive period, age at
menarche and menopause, and years after menopause—and the risk of
CVD and premature death in Japanese postmenopausal women with
type 2 diabetes.

2. Material and methods
2.1. Study design and population

The Fukuoka Diabetes Registry is a multicenter prospective study
that was designed to evaluate the effects of modern treatments on the
prognosis of individuals with diabetes who regularly visited 16 teaching
hospitals or diabetes clinics certified by the Japan Diabetes Society in
Fukuoka Prefecture, Japan (UMIN Clinical Trial Registry 000002627). A
total of 5,131 individuals aged 20 years or more were registered be-
tween April 2008 and October 2010. Exclusion criteria were 1) in-
dividuals with drug-induced diabetes or taking corticosteroid therapy,
2) individuals under dialysis, 3) individuals with serious disease, such as
advanced malignancies and decompensated liver cirrhosis, and 4) in-
dividuals unable to regularly visit a diabetologist. Among 5,131 par-
ticipants included in the registry, 2,263 women were included in the
present analyses. After excluding 130 individuals with type 1 diabetes,
165 premenopausal women, 364 individuals who had a prior history of
ischemic heart disease or stroke, and 12 individuals whose follow-up
information on CVD (i.e., myocardial infarction, stroke, or cardiovas-
cular death) or death was not available, a total of 1,592 individuals were
enrolled in the study. The study was approved by the Kyushu University
Institutional Review Board, and written informed consent was obtained
from all individuals.

2.2. Clinical evaluation at baseline

The participants completed a self-administered questionnaire that
gathered information on age at menarche and menopause, duration of
diabetes, smoking habits, alcohol intake, leisure time physical activity
(LTPA), and exogenous female hormone use. Age at menarche was
defined as age at the first menstrual period. The participants were
regarded as postmenopausal when menstrual bleeding was not observed
for a year or more and the reason for menopause (natural or surgical)
was determined. The reproductive period was calculated by subtracting
the age at menarche from the age at menopause. The study participants
were classified by duration of reproductive period (<29, 30-34, 35-39,
and >40 years), age at menarche (<12, 13-14, and >15 years), age at
menopause (<47, 48-50, 51-53, and >54 years), and years after
menopause (<10 and >10 years). Body mass index (BMI) was calculated
using each participant’s height and weight. Blood pressure was
measured in the sitting position. Hypertension is defined as systolic
blood pressure >140 mmHg, diastolic blood pressure >90 mmHg or the
use of antihypertensive drugs.

2.3. Laboratory measurements

Blood samples were collected by venipuncture. Hemoglobin A;.
(HbA;.) was determined using high-performance liquid chromatog-
raphy (Tosoh Corp., Tokyo, Japan). Serum low-density lipoprotein
(LDL)-cholesterol, high-density lipoprotein (HDL)-cholesterol, creati-
nine, and urinary creatinine concentrations were measured using
enzymatic methods. Elevated LDL-cholesterol was defined as LDL-
cholesterol >3.1 mmol/L or current use of statin. The estimated
glomerular filtration rate (eGFR) was calculated using the Japanese
Society of Nephrology equation [19]. Urinary albumin was measured
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using the immunonephelometry method. The urinary albumin-
creatinine ratio (UACR) was calculated by dividing the urinary albu-
min values by the urinary creatinine concentrations, based on a single
urine sample.

2.4. Follow-up survey and assessment of outcome

The primary outcome of this study was a composite of the incidence
of CVD (i.e., myocardial infarction, stroke, or cardiovascular death) and
all-cause death. The secondary outcomes were each component of the
primary outcome. Details of the follow-up and outcomes have been
published previously [20-22]. In brief, the participants underwent an
annual follow-up that consisted of interviews, a review of medical re-
cords, letters, telephone calls, and the municipal registration of resi-
dence. Information on death was collected based on medical records or
death certificates and was coded in accordance with the International
Classification of Diseases, 10th revision (ICD-10). Cardiovascular death
was defined as death due to stroke, myocardial infarction, heart failure,
and other cardiovascular causes (ICD-10: 100-99) or death occurring less
than 24 h from the onset of symptoms that were not otherwise explained
(ICD-10: R96.1). The incidence of CVD was assessed using self-
administered questionnaires, confirmed by contacting the participants’
attending specialists and reviewing medical records, and subsequently
assessed by the outcome adjudication committee. The follow-up period
was the time from enrollment to the first diagnosis of CVD, death, or the
planned study ending.

2.5. Statistical analysis

Continuous variables were presented as mean with standard devia-
tion for variables that were approximately symmetrically distributed or
median with interquartile range for variables with skewed distribution.
Categorical variables were presented as numbers with percentages.
Linear trends in the mean values or proportions of the variables across
categories were tested wusing the Jonckheere-Terpstra or
Cochran-Armitage tests, as appropriate. The incidence of the outcome
was calculated by the person-year method. Cox proportional hazards
models were used to estimate hazard ratios (HRs) and their 95% ClIs for
the association between the duration of the reproductive period and the
risk of outcomes. Multivariable adjustments were made for age, BMI,
diabetes duration, HbA;., LTPA, current smoking habits, current
drinking habits, hypertension, elevated LDL-cholesterol, eGFR, log-
transformed UACR, exogenous female hormone use, and reason for
menopause. The associations of duration of reproductive period, age at
menarche, and age at menopause as continuous variables with the pri-
mary outcome were also assessed by restricted cubic spline models. The
heterogeneity in the association between the duration of the reproduc-
tive period and the primary outcome by baseline characteristics, such as
age, BMI, duration of diabetes, HbA;., and ages at menarche and
menopause, was investigated by adding interaction terms to the relevant
models. The population attributable fraction (PAF) for the primary
outcome due to risk factors included in the multivariable model was
calculated as PAF = PD (HR—1) / HR. PD represents the percentage of
the exposed group among the participants who experienced the primary
outcome, and HR is the multivariable-adjusted HR of each risk factor
compared with that of the risk-free individuals [23]. All statistical an-
alyses were conducted using Statistical Analysis Software version 9.4
(SAS Institute Inc., Cary, NC, USA) and Stata software (release 16.1,
StataCorp, College Station, TX). P values <0.05 were considered sta-
tistically significant in all analyses.

3. Results
The study participants’ baseline characteristics by duration of

reproductive period are shown in Table 1. The mean age and duration of
diabetes decreased, whereas LDL-cholesterol increased with a longer
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Table 1
Participants’ clinical characteristics by duration of the reproductive period.
Reproductive period (years) p for
trend
<29 30-34 35-39 > 40
N 192 314 726 360
Age at menarche 14.5 + 14.2 + 13.7 £ 13.0 £ <0.001
(years) 2.1 1.9 1.4 1.5
Age at menopause 39.2 + 46.5 + 50.6 + 549 + <0.001
(years) 4.8 2.3 1.7 2.5
Age (years) 68.8 + 67.8 + 66.9 + 65.8 + <0.001
8.4 8.2 7.9 7.7
Duration of diabetes 15.6 + 14.4 + 14.1 £ 12.8 + 0.002

(years) 10.2 9.6 9.2 9.1

BMI (kg/mz) 23.6 £ 23.7 £ 23.6 + 241 + 0.14
4.0 4.2 4.1 3.9

Current smoker (n, %) 8(4.2) 21 (6.7) 48 (6.6) 19 (5.3) 0.79

Current drinker (n, %) 27 58 119 49 0.49
(14.1) (18.5) (16.4) (13.6)

LTPA (METs h/week) 8.8 + 10.1 + 9.8 + 9.9 + 0.17
11.1 15.3 12.7 11.8

HbA;. (%) 7.5+ 7.5+ 7.5+ 7.5+ 0.76
0.9 1.1 1.0 1.1

(mmol/mol) 58.1 + 58.9 + 58.7 + 58.8 +
10.3 12.0 10.9 11.9

Insulin therapy (n, %) 52 100 206 83 0.10
(27.1) (31.9) (28.4) (23.1)

Oral hypoglycemic 120 202 466 247 0.16

agent use (n, %) (62.5) (64.3) (64.2) (68.6)

Systolic blood pressure 131 + 132 + 132 + 131 + 0.66

(mmHg) 17 16 18 17

Diastolic blood 73 +11 724+10 73 +10 73+10 0.51

pressure (mmHg)

Antihypertensive drug 105 175 384 181 0.18

use (n, %) (54.7) (55.7) (52.9) (50.3)

Hypertension (n, %) 121 203 459 216 0.35
(63.0) (64.7) (63.2) (60.0)

LDL-cholesterol 3.0+ 29+ 3.0+ 3.0+ 0.04

(mmol/L) 0.7 0.6 0.7 0.7

HDL-cholesterol 1.6 £ 1.6 £ 1.6 + 1.6 + 0.31

(mmol/L) 0.4 0.4 0.4 0.4

Statin use (n, %) 91 176 378 202 0.20
(47.4) (56.1) (52.1) (56.1)

Elevated LDL- 137 249 581 294 0.01

cholesterol (n, %) (71.4) (79.3) (80.0) (81.7)

eGFR (mL/min/1.73 77.4 + 75.9 + 76.4 + 78.9 + 0.10

m?) 22.2 20.3 19.5 21.1

UACR (mg/gCr) 17.9 19.8 18.6 20.9 0.73
9.5, 9.9, 9.3, 9.4,
53.1) 48.8) 51.8) 51.2)

Menopause by surgery 116 77 53(7.3) 17 (4.7) <0.001

or medication (n, %) (60.4) (24.5)

Exogenous female 2(1.0) 3(1.0) 5(0.7) 3(0.8) 0.71

hormone use (n, %)

Values were presented as means + standard deviation or number (percentages).
The UACR is presented as a median (interquartile range).

Abbreviations: BMI, body mass index; LTPA, leisure-time physical activity; METs
h/week, metabolic equivalent, hours per week; HbA;., hemoglobin A, LDL,
low-density lipoprotein; HDL, high-density lipoprotein; eGFR, estimated
glomerular filtration rates; UACR, urinary albumin-creatinine ratio.

reproductive period. Individuals with longer reproductive periods
experienced menarche at an earlier age and menopause at a later age
compared with those with shorter reproductive periods. The proportion
of individuals who experienced menopause caused by surgery or
medication was higher in those with shorter reproductive periods.
Exogenous female hormone use did not differ among groups.

During the follow-up period (median, 5.3 years; follow-up rate,
99.9%), 87 participants experienced the primary outcome of the com-
posite of CVD and all-cause death. The outcome’s incidence decreased
with a longer reproductive period, with incidence rates of 13.9, 12.1,
10.8, and 6.3 per 1,000 person-years for those with reproductive periods
of <29, 30-34, 35-39, and >40 years, respectively (Fig. 1). Compared
with the participants with a reproductive period of <29 years,
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multivariable-adjusted HRs (95% CIs) for the outcome were 0.80
(0.39-1.66), 0.73 (0.37-1.43), 0.43 (0.19-0.99) for those aged 30-34
years, 35-39 years, and >40 years, respectively (p for trend = 0.046).
Similar findings were observed when CVD and all-cause death were
analyzed separately. These trends remained unchanged after excluding
the participants with a history of surgical menopause (Supplementary
Fig. 1), after excluding exogenous female hormone use (Supplementary
Fig. 2), or after including participants with a prior history of ischemic
heart disease or stroke in addition to those without (Supplementary
Fig. 3).

Subgroup analyses for the association between the reproductive
period and the primary outcome by baseline characteristics are shown in
Supplementary Figure 4. Overall, each 5-year increase in the repro-
ductive period was associated with a 18% decreased risk of the primary
outcome (HR 0.82; 95% CI 0.67-0.999). No evidence of heterogeneity
was observed in the association between the reproductive period and the
outcome across subgroups based on baseline age, BMI, duration of dia-
betes, HbA;, age at menarche, and age at menopause.

PAFs were calculated for the risk of the primary outcome by clinical
risk factor (Supplementary Figure 5). The contribution of the duration of
the reproductive period <35 years (PAF 12.2%) was smaller than that of
age >65 years (37.3%), albuminuria (34.4%), decreased LTPA (19.6%)
and elevated HbA;. (18.4%), but was greater than that of other tradi-
tional risk factors such as decreased eGFR (11.2%), hypertension
(10.4%), obesity (9.8%), current drinking habits (6.6%), current
smoking habits (1.9%), and exogenous female hormone use (1.7%).

The association of age at menarche or menopause with the risk of
outcomes was assessed (Fig. 2). Compared with women with age at
menarche >15 years, those with an earlier age at menarche were at a
lower risk of the primary outcome (p for trend = 0.09), although the
difference did not reach statistical significance. In contrast, later age at
menopause was associated with a lower risk of the primary outcome (p
for trend = 0.10). Similar trends were observed for CVD and all-cause
death. These trends remained unchanged when participants were
divided based on age at menopause of <45, 45-49, 50-54, and >55
years (Supplementary Figure 6). The associations of duration of repro-
ductive period, age at menarche, and age at menopause with the pri-
mary outcome were broadly similar, when the exposure variables were
assessed as continuous variables (Supplementary Figure 7). More years
after menopause were associated with an increased risk of the primary
outcome (Fig. 3). Compared with women with a duration of <10 years
after menopause, the HR for those with >10 years after menopause was
5.31 (95% CI 2.27-12.40). The association remained significant after an
additional adjustment for age (2.57; 95% CI 1.01-6.56). Almost iden-
tical findings were found when CVD and all-cause death were analyzed
individually; although they did not reach statistical significance, the
point estimates of the association were broadly similar.

4. Discussion

In this prospective study of postmenopausal women with type 2
diabetes, a longer reproductive period was associated with a decreased
risk of CVD and all-cause death, even after adjustments for potential
confounders. In addition, when age at menarche and age at menopause
were examined separately, younger age at menarche and older age at
menopause were associated with a lower risk of the outcomes, which
may support the main finding of an association between a longer
reproductive period and the decreased risk of the outcome. The PAF of a
reproductive period <35 years for the composite outcome of CVD and
all-cause death was greater compared with other traditional risk factors,
such as decreased kidney function, hypertension, overweight, current
drinking, current smoking, and exogenous female hormon use. More-
over, the risk of the outcome increased as the years after menopause
increased. To the best of our knowledge, this is the first study that shows
a significant association between the duration of the female reproduc-
tive period and the risk of CVD and death in individuals with type 2
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Reproductive No. of event Incidence
period (years) [ atrisk (/1000PY) HR (95% CI) p for trend
Combined CVD and all-cause death
<29 147192 13.9 2 1.00 (reference)
30-34 20/314 12.1 — T 0.80 (0.39-1.66) 0046
35-39 41/726 10.8 —— 0.73 (0.37-1.43) ’
240 12 /360 6.3 —_—— 0.43 (0.19-0.99)
CVvD
<29 8/192 7.9 4 1.00 (reference)
30-34 10/314 6.0 L 4 0.51(0.19-1.35)
35-39 231726 6.0 = 050 (0.21-1.21) 006
240 817360 42 0.32 (0.11-0.93)
All-cause death
<29 10/192 9.8 * 1.00 (reference)
30-34 12/314 7.2 * 0.85 (0.35-2.07) 0.07
35-39 251726 6.5 — T 0.79 (0.34-1.80) '
240 47360 2.1 0.30 (0.09-1.01)

0.125 0.25

05 1 2 4
HR (95% Cl)

Fig. 1. Multivariable-adjusted hazard ratios and 95% CIs for combined CVD and all-cause death and its components by the duration of the reproductive
period. Multivariable adjustments were conducted for age, body mass index, diabetes duration, hemoglobin A;., leisure-time physical activity, current smoking
habits, current drinking habits, hypertension, elevated low-density lipoprotein-cholesterol, estimated glomerular filtration rates, log-transformed urinary albumin-
creatinine ratio, exogenous female hormone use, and reason for menopause. Abbreviations: CI, confidence interval; CVD, cardiovascular disease; PY, person-year;

HR, hazard ratio.

diabetes. These findings may help clinicians identify individuals at high
risk of CVD and death, allowing aggressive interventions to improve the
long-term prognosis in postmenopausal women with type 2 diabetes.
Several previous studies have examined the association between the
duration of the female reproductive period and the risk of CVD
[13,14,24]. However, few studies have examined this issue among in-
dividuals with diabetes. A pooled analysis of 12 studies showed that a
shorter reproductive life span was associated with a higher risk of
incident CVD events [13]. Compared with women with a reproductive
life span of 36-38 years, those with a reproductive lifespan of <30 years
had a 71% increased risk and those with a reproductive period of >45
years had a 38% decreased risk of CVD [13]. The Nurses’ Health Study
also reported a decrease in the risk of CVD that was associated with an
increase in the reproductive life span. The study showed a relative risk of
1.32 (95% CI 1.16-1.49) in women with a reproductive life span of <30
years compared with those with a reproductive period of >42 years
[14]. This inverse association between the duration of the female
reproductive period and the risk of CVD was also observed for the risk of
death [25,26]. The Women’s Health Initiative reported that the odds of
longevity were 13% (3%-25%) higher in women with a reproductive life
span >40 years compared with those with a reproductive period of <33
years [25]. Similarly, the risk of death was 18% higher in women with a
reproductive period of <28 years compared with those with a repro-
ductive life span of >35 years in a population-based study in Japan [26].
However, most previous studies have been conducted in the general
population; therefore, whether these associations are observed in in-
dividuals with diabetes remains unclear. In our study of Japanese in-
dividuals with type 2 diabetes, a longer reproductive period was
associated with a lower risk of CVD and death. Specifically, the HRs for
CVD in women with a reproductive period of <29 years were 3.13
(1.08-9.09) compared with those in women with a reproductive period
of >40 years (Fig. 1); the magnitudes of the relative risk differences were
greater than in the previous studies, as mentioned above. The reasons for
the observed differences in outcomes based on the duration of the
reproductive period are unclear but may be due to diabetes-associated
reproductive dysfunction [17] and ovarian aging [18], which may

enhance the adverse effects of a shorter reproductive period. This study
extends previous findings in cohorts that have mainly consisted of the
general population to individuals with diabetes who are at high risk of
both reproductive dysfunction [17] and CVD [1]. In addition, we
showed that the PAF for the composite outcome of CVD and death that is
associated with a shorter reproductive period was comparable to or
greater than that associated with traditional risk factors. These findings
highlight the importance of considering the duration of the female
reproductive period, in addition to known traditional risk factors, as a
risk factor for CVD and death.

Age at menarche is also associated with a risk of CVD and death
[13,14,26-29]. Most previous studies have shown the association be-
tween early age at menarche and the increased risk of CVD [14] and
death [29]. Later age at menarche has also been associated with an
elevated risk of outcomes [13,27,28]; a U-shaped association has been
observed. In contrast, another population-based study in Japan [26]
showed that earlier age at menarche was associated with a lower risk of
premature death or CVD. Compared with women <13 years of age at
menarche, HRs in those >16 years of age at menarche were 1.16 (95% CI
1.06-1.27) for death, 1.11 (95% CI 0.85-1.44) for heart disease, and
1.31 (95% CI 0.99-1.73) for cerebrovascular disease [26]; our results
were consistent with these findings. The reasons for the inconsistency in
results across studies are unclear, but regional and racial differences or
differences in confounding factors across studies may be involved.

Earlier age at menopause has been consistently linked with a higher
risk of long-term clinical outcomes, including CVD [13,14,24,30,31] and
death [26]; our findings were consistent with these results. Although the
associations of age at menopause, as well as age at menarche, with the
risk of outcomes did not reach statistical significance and were
marginally significant, it may be due to insufficient statistical power
imposed by limited sample sizes. In addition to age at menopause, longer
duration since the onset of menopause was associated with an increased
risk of CVD in this and previous studies [24]. Furthermore, we observed
that the elevated risk of outcomes that were associated with longer time
since menopause persisted after additional adjustment for age, sug-
gesting that years after menopause may be a risk that is independent of
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No. of event Incidence
/ at risk (/1000PY) HR (95% CI) p for trend
Age at menarche (years)

Combined CVD and all-cause death
<12 12 /355 6.4 — 0.62 (0.31-1.26)
13-14 36/785 87 — 0.67 (0.42-1.07) 0.09
215 397452 16.4 < 1.00 (reference)

CVD
<12 71355 3.7 e 0.47 (0.19-1.19)
13-14 19/785 46 —— 0.56 (0.30-1.05) 0.06
215 23/452 9.7 * 1.00 (reference)

All-cause death
<12 6 /355 32 — 0.76 (0.29-2.02)
13-14 221785 53 — 0.78 (0.43-1.43) 0.45
215 23 /452 9.6 LS 1.00 (reference)

Age at menopause (years)

Combined CVD and all-cause death
<47 25/405 11.7 * 1.00 (reference)
48-50 29/521 10.6 — 0.74 (0.42-1.30)
51-53 23/379 11.5 — o 0.92 (0.50-1.70) 0.10
=54 10/287 6.6 — —— 0.45 (0.21-0.95)

cvD
<47 16/405 75 * 1.00 (reference)
48-50 137521 47 — 0.47 (0.22-1.01)
51-53 141379 7.0 — 0.77 (0.36-1.62) L
>54 6 /287 39 —_—————— 0.35(0.13-0.92)

All-cause death
<47 13/405 6.0 * 1.00 (reference)
48-50 22 /521 8.0 r— 1.21 (0.57-2.53)
51-53 121379 5.9 — 1.00 (0.42-2.35) 0.16
>54 41287 26 . 0.43 (0.14-1.38)

0.125 025 05 1 2 4

HR (95% Cl)

Fig. 2. Multivariable-adjusted hazard ratios and 95% CIs for combined CVD and all-cause death and its components by age at menarche and age at
menopause. Multivariable adjustments were conducted for age, body mass index, diabetes duration, hemoglobin A;, leisure-time physical activity, current smoking
habits, current drinking habits, hypertension, elevated low-density lipoprotein-cholesterol, estimated glomerular filtration rates, log-transformed urinary albumin-
creatinine ratio, exogenous female hormone use, and reason for menopause. Abbreviations: CI, confidence interval; CVD, cardiovascular disease; PY, person-year;

HR, hazard ratio.

chronological aging.

Estrogen exposure is considered to underlie the association between
a longer reproductive period and the decreased risk of CVD and death.
Endogenous estrogen secretion increases during the reproductive life-
span and decreases after menopause [32]. Estrogen is considered to
maintain endothelial homeostasis and enhance vasodilation by nitric
oxide production, increased angiogenesis [33], and reduction in vaso-
constriction after the inhibition of calcium currents and the activation of
potassium channels [34]. Estrogen also improves lipoprotein meta-
bolism by decreasing LDL-cholesterol and increasing HDL-C [35]. In
addition, the lower risk of diabetes associated with a longer reproduc-
tive period [36] may be attributable to the association. Estrogen protects
pancreatic B cells against apoptosis [37], increases insulin secretion, and
subsequently maintains glucose homeostasis in animal models [38].
However, the significant association between a longer reproductive
period and the lower risk of the outcomes in our study did not change
after adjustment for HbA;. and duration of diabetes. These findings
suggest the direct beneficial effects of estrogen exposure on mortality
and CVD even in a hyperglycemic milieu.

It is a study strength that this is the first investigation in individuals
with diabetes to comprehensively evaluate the association of female
reproductive factors, including total reproductive lifespan, age at
menarche, age at menopause, and years after menopause with the long-
term risk of CVD and death. No missing values were observed in the
information on age at menarche and menopause, history of surgical

menopause, and exogenous female hormone use. Moreover, to mitigate
potential confounding factors, we made multiple adjustments such as for
diet and physical activity that were not adopted as covariates in previous
studies. However, our study has several limitations. First, the ages at
menarche and menopause were obtained using self-reported question-
naires; therefore, the possibility of recall bias cannot be ruled out.
However, a small difference between the actual and memorized ages of
menarche and menopause has been reported [39,40]. Second, infor-
mation on the number of pregnancies, deliveries, and breastfeeding that
may be related to estrogen exposure, CVD, and death was not available
in this study. Third, our study was conducted in Japan, and thus the
generalizability of the current findings to other ethnic populations may
be limited. Notably, the incidence of CVD is considerably lower in Japan
than in Western countries [16]. Fourth, socioeconomic status, which
may be a possible confounding factor, was not evaluated in the present
study. Finally, the possible existence of residual confounding factors that
were not included in the analyses cannot be disregarded.

5. Conclusions

In conclusion, a longer reproductive period was associated with
lower risks of CVD and death. Earlier age at menarche and later age at
menopause were also associated with a lower risk of these outcomes.
These findings suggest that evaluating female reproductive factors may
help clinicians predict the risks of CVD and premature death in women
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Years after No. of event Model 1 Model 1 + age-adjusted
) p value p value
menopause /atrisk HR (95% ClI) HR (95% ClI)
Combined CVD and
all-cause death
<10 6/381 4 1.00 (reference) 2 1.00 (reference)
<0.001 0.048
>10 8171211 — 5.31 (2.27-12.40) —— 2.57 (1.01-6.56)
CVvD
<10 5/381 L 2 1.00 (reference) 0.004 * 1.00 (reference) 018
>10 44 /1211 — 4.08 (1.57-10.63) . -T—— 2.10 (0.71-6.25) .
All-cause death
<10 217381 L 4 1.00 (reference) * 1.00 (reference)
0.006 0.16
>10 49/1211 ——> 7.34(1.75-30.76) —T——— 297 (0.65-13.66)

05 1.0 20 4.0 80 16.0
HR (95% Cl)

05 1.0 20 4.0 80 16.0
HR (95% Cl)

Fig. 3. Multivariable-adjusted hazard ratios and 95% CIs for combined CVD and all-cause death and its components by year after menopause. Multi-
variable adjustments were conducted for body mass index, diabetes duration, hemoglobin A, leisure-time physical activity, current smoking habits, current drinking
habits, hypertension, elevated low-density lipoprotein-cholesterol, estimated glomerular filtration rates, log-transformed urinary albumin-creatinine ratio, exogenous
female hormone use, and reason for menopause. Abbreviations: CI, confidence interval; CVD, cardiovascular disease; PY, person-year; HR, hazard ratio.
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