
Women with Type 1 Diabetes (T1D) Experience a Shorter 
Reproductive Period Compared with Nondiabetic Women: The 
Pittsburgh Epidemiology of Diabetes Complications (EDC) Study 
and the Study of Women's Health Across the Nation (SWAN)

Yan Yi, MPH1, Samar R. El Khoudary, PhD1, Jeanine M. Buchanich, PhD2, Rachel G. Miller, 
PhD1, Debra Rubinstein, MD1, Karen Matthews, PhD1,3, Trevor J Orchard, MBBCH1, Tina 
Costacou, PhD1

1Department of Epidemiology, Graduate School of Public Health, University of Pittsburgh, 
Pittsburgh, PA, USA

2Department of Biostatistics, Graduate School of Public Health, University of Pittsburgh, 
Pittsburgh, PA, USA

3Department of Psychiatry, University of Pittsburgh, Pittsburgh, PA, USA

Abstract

Objective: Evidence suggests that insulin deficiency and hyperglycemia may disrupt the female 

reproductive system’s normal function, leading to delayed menarche and premature ovarian aging. 

We thus compared the length of the reproductive period of women with type 1 diabetes (T1D) to 

women without diabetes.

Methods: Women with childhood-onset T1D (diagnosed in 1950-80) from the prospective 

Epidemiology of Diabetes Complications (EDC) study and non-diabetic women from the 

Pittsburgh site of the Study of Women’s Health Across the Nation (SWAN) were studied. 

Exclusion criteria comprised not having reached natural menopause, hysterectomy/oophorectomy 

before menopause, and sex hormone therapy during the menopausal transition. Reproductive 

history was self-reported. The historical and Women’s Ischemia Syndrome Evaluation hormonal 

algorithms were also used to assess menopause status.

Results: Women in the T1D cohort (n=105) were younger, more likely to be white, never 

smokers, with lower BMI and higher HDL-C levels (all p-values<0.05) compared with women 

without diabetes (n=178). After covariate adjustment, T1D women were also older at menarche 

(0.5-year delay, p=0.002) but younger at natural menopause (−2.0 years, p<0.0001). Women 

with T1D thus experienced 2.5 fewer reproductive years compared to those without diabetes 

(p<0.0001). These findings were restricted to the subgroup of women who were diagnosed with 

T1D before reaching menarche (n=80).
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Conclusion: Women with T1D onset before menarche have a shorter reproductive period 

compared with non-diabetic women, exhibiting delayed menarche and earlier natural menopause. 

Factors which may be related to a shorter reproductive period in T1D should be investigated.
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Introduction

Insulin plays a key role in regulating female reproductive function through its effects on 

both gonadotropin-releasing hormone (GnRH) neurons in the central nervous system 1 and 

the granulosa, thecal, and stromal components in the ovarian system 2, 3. The impact of 

disruption in insulin regulation and hyperglycemia on the length of the female reproductive 

period has been reported separately by assessment of the two components of reproductive 

years: menarche and menopause. Existing epidemiological studies have shown that insulin 

deficiency and hyperglycemia disrupt the normal function of the female reproductive 

system, leading to delayed menarche in women with type 1 diabetes 4-9, especially when the 

onset of type 1 diabetes precedes the onset of menarche 5, 8, 9.

The evidence regarding the effect of type 1 diabetes on age at natural menopause, however, 

is limited and conflicting 10-13. Natural menopause is the cessation of ovarian function and 

the end of a woman’s reproductive life, resulting from oocyte depletion. Studying the age 

at natural menopause has both clinical and public health significance, as the menopause 

transition brings substantial physiological and metabolic changes in the human body and 

age at menopause is considered to be a marker of body aging and health 14. First, early 

natural menopause is related to increased risk of both all-cause 15 and cardiovascular disease 

mortality 16, 17, with a 2% increase in age-adjusted mortality per year decline in age at 

natural menopause 18. In addition, early natural menopause is associated with increased risk 

of atherosclerosis 19, stroke 20, cardiovascular disease 17, osteoporosis 21, and fracture 22.

The Familial Autoimmune and Diabetes (FAD) study was the first to report that women with 

type 1 diabetes reached natural menopause at a younger age compared with their nondiabetic 

sisters or unrelated control participants (41.6, 49.9, and 48.0 years respectively) 10. However, 

this finding was based on a small number of women having reached menopause (n=15, 

21, and 15 respectively), as the average age in this study was only 42 years 10. The 

European Prospective Investigation into Cancer and Nutrition (EPIC) study also suggested 

that early-onset diabetes (onset between 10-20 years) was associated with earlier menopause 

onset (HR=1.43, 95% CI, 1.02-2.01) 11. However, the EPIC study could not distinguish the 

effect of type 1 and type 2 diabetes 11. On the contrary, mean age at natural menopause 

did not differ between women with type 1 diabetes and controls in the more recent Ovarian 

Aging in type 1 Diabetes mellitus (OVADIA) study, although the participant response rate 

was only ~50% 12. Moreover, in a study from Finland, the median age at natural menopause 

in women with type 1 diabetes (52.5 years) did not significantly differ from that of the 

general Finnish population (51 years) 13. The Finnish study used population level data rather 
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than individual level data for non-diabetic controls, and, thus, investigators were unable to 

control for confounding factors in their analysis 13.

Thus, to date, research gaps and conflicting findings persist in terms of the age at natural 

menopause in type 1 diabetes and no study has directly assessed the length of the 

reproductive period in women with this chronic disorder. Therefore, the aim of this study 

was to fill these research gaps by assessing the length of the reproductive years of women 

with type 1 diabetes from the Pittsburgh Epidemiology of Diabetes Complication (EDC) 

study and of women without diabetes from the Pittsburgh site of the Study of Women’s 

Health Across the Nation (SWAN). We hypothesized that women with type 1 diabetes 

experience a shorter reproductive period compared with non-diabetic women.

Research Design and Methods

Study population

Eligible women with type 1 diabetes were from the Pittsburgh Epidemiology of Diabetes 

Complication (EDC) study. The Pittsburgh EDC Study recruited childhood-onset (<17 

years) type 1 diabetes patients diagnosed, or seen within one year of diagnosis, at Children’s 

Hospital of Pittsburgh between 1950 and 1980. Among 658 individuals who completed 

a baseline assessment in 1986-1988, the mean baseline age and diabetes duration were 

28 years (range 8-48 years) and 19 years (range 8-37 years), respectively. These 658 

participants (325 female and 333 male) were then surveyed and reexamined biennially for 

up to 10 years. Subsequently, biennial surveys continued up to 30 years whereas additional 

exams occurred at 18, 25 and 30 years of follow-up. A more detailed EDC Study description 

can be found elsewhere 23.

Although all the biennial surveys administered to female EDC participants included a 

question on the age at which menopause began, a detailed women’s reproductive health 

questionnaire, which allowed more accurate assessment of the age at natural menopause, 

was first administered during the 22-year follow-up (2009-2011). Testing for plasma follicle 

stimulating hormone (FSH) and estradiol to help with menopausal status determination was 

also initiated at that time. Of 325 female participants, 128 did not complete the detailed 

women’s reproductive health questionnaire and sex hormone tests due to loss to follow-up 

(n=53) or death (n=75) prior to the 22-year assessment. Of the remaining 197, 37 had not 

yet reached menopause and thus did not have a corresponding age at menopause by the 

last available follow-up, 35 had a hysterectomy/oophorectomy before menopause, and 20 

received sex hormone therapy during the menopausal transition and were thus excluded from 

analyses. Thus, the analytic sample comprised 105 women. Sensitivity analyses were further 

performed including 18 EDC women who either died (n=12) prior to the 22-year assessment 

or did not partake in exams after 20 years (n=6) and thus had no hormone data available but 

had previously self-reported age at natural menopause.

Women without diabetes were from the Pittsburgh site of the Study of Women’s Health 

Across the Nation (SWAN) and formed the comparison group. SWAN is a multi-site, 

longitudinal, epidemiologic study designed to examine the health of women during their 

menopausal transitional period and was initiated in 1996-1997. A detailed study design has 
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been previously published 24. Briefly, the inclusion criteria comprised women who 1) were 

42-52 years of age, 2) had experienced a menstrual period within the past 3 months, and 

3) had at least one intact ovary. The SWAN Pittsburgh site included 463 women at baseline 

(1998), with a mean age of 45.7 years (range 44.1-47.8 years) who were followed-up 

annually for up to 20 years. The study design required that approximately 1/3 of the SWAN 

Pittsburgh cohort were black and 2/3 white. Of these 463 SWAN Pittsburgh site participants, 

women who developed diabetes before or during the annual follow-ups (n=74) or received 

hysterectomy and/or oophorectomy before menopause (n=48) were excluded from analysis. 

A given SWAN participant was defined as having diabetes if she met any of the following 

criteria: 1) using anti-diabetic medication at any visit, 2) having a fasting glucose >=126 

mg/dL (while not on steroids) on 50% of at least 3 attended visits or 2 consecutive visits, or 

3) having any two visits with self-reported diabetes and at least one visit with fasting glucose 

>=126 mg/dL (while not on steroids). Women with missing natural menopause age (n=163) 

due to missingness or hormone replacement therapy were also excluded from primary data 

analyses. Therefore, a total of 178 SWAN participants were included in the primary data 

analyses.

Covariate Assessment

Since EDC participants were younger at study entry compared with participants of the 

SWAN cohort, covariate data for women with type 1 diabetes were taken from the follow-up 

visit preceding menopause in which chronological age was closest to the mean baseline age 

(i.e., 46.0 years) in SWAN. This time point constituted the “baseline” assessment for the 

present analyses.

In the EDC study, survey questionnaires regarding demographic characteristics, medical 

history, and reproductive history were sent to participants before each clinical examination 

visit. During the clinical visits, body mass index (BMI) was recorded as weight in 

kilograms (kg) divided by height in meters squared (m2). The waist to hip ratio (WHR) 

was recorded as the circumference of the waist divided by that of the hips. A random zero 

sphygmomanometer was used to measure blood pressure after a 5-minute rest according to 

the Hypertension Detection and Follow-up Program protocol 25. Hypertension was defined 

as blood pressure ≥140/90 mm Hg or use of antihypertensive medications. High-density 

lipoprotein cholesterol (HDL-C) was measured by means of a precipitation technique 

(heparin and manganese chloride) with a modification of the Lipid Research Clinics method 
23, 26. Total cholesterol and triglycerides were measured enzymatically 23, 26. Non-HDL 

cholesterol was computed by subtracting HDL-C from total cholesterol.

In the SWAN study, demographic characteristics, medical history, and reproductive history 

were derived from questionnaires administered at the baseline assessment. Age at menarche 

was self-reported. BMI, WHR, and hypertension were measured/defined as for the EDC 

study. As in EDC, HDL-C was isolated by using heparin-2M manganese chloride27 while 

total cholesterol and triglycerides were analyzed by enzymatic methods (on a Hitachi 

747 analyzer -Boehringer Mannheim Diagnostics, Indianapolis, Indiana)27. Non-HDL 

cholesterol was computed by subtracting HDL-C from total cholesterol.
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Menopause status assessment

In the EDC study, reproductive history information, including age at menarche and 

menopause, was self-reported. Menopausal status was defined as follows: women <45 years 

reporting regular menstrual cycles were classified as pre-menopausal, whereas those >55 

years with no menstrual periods for 12 months were classified as post-menopausal. Plasma 

FSH and estradiol were measured in women falling outside this classification, in which case 

the Women’s Ischemia Syndrome Evaluation (WISE) hormonal and historical algorithms 28 

were used to assess menopausal status. Briefly, women who 1) were >50 years, 2) had no 

menstrual periods for more than 6 months, and 3) had FSH >30 IU/L were classified as 

post-menopausal. The complete WISE algorithm for determination of menopausal status can 

be found elsewhere 28. Age at natural menopause was defined as the chronological age at the 

time menopause was determined to have occurred.

In the SWAN study, annual assessments of menstrual bleeding patterns was used to define 

the following menopause transition stages: premenopausal (no change in menses regularity), 

early perimenopausal (menses within the prior 3 months but change in length of bleed 

or interbleed interval), late perimenopausal (3-11 months without menses), and natural 

postmenopausal (≥12 months without menses not due to surgery) 27. For women defined 

as postmenopausal, their age at menopause was calculated by subtracting date of birth 

from date of participants’ last menstrual period 29. For those women with missing natural 

menopause age (n=163), a multiple imputation model (10 runs) was used to estimate 

their age at natural menopause by utilizing the following variables: chorological age, race, 

BMI, smoking status, educational level, employment status, vasomotor symptoms, bleeding 

patterns, sex hormone levels, history of hormone use, and prevalent disease (diabetes, 

cardiovascular disease, osteoporosis etc.). Those women with imputed data were included in 

a sensitivity analysis.

In both the EDC study and SWAN, the length of reproductive years was determined by 

subtracting the age at menarche from the age at natural menopause.

Statistical analyses

Univariable analyses, including two sample t-test for normally distributed continuous 

variables, the Wilcoxon test for non-normally distributed continuous variables, and the 

Chi-Squared test or Fisher’s exact test for categorical variables, were performed to assess 

differences in baseline characteristics between EDC and SWAN female participants. General 

linear models and multiple imputation analyses were used to assess whether mean age 

at natural menopause differed between EDC women and SWAN women after adjusting 

for covariates. Adjustments were made for age, race, BMI, smoking status, hypertension, 

HDL-C, non-HDL, and the number of pregnancies when assessing age at natural menopause 

and the length of reproductive years. Adjustments were made for race only when assessing 

age at menarche as other covariates were measured after menarche. Sensitivity analyses 

were performed 1) including the SWAN imputed data by using multiple imputation analysis 

(PROC MIANALYZE in SAS) or 2) including 18 EDC women who provided self-reported 

age at natural menopause without sex hormone data before visit 12 thus increased the EDC 

sample size to 123. To address potential bias from excluding 37 EDC women who had not 
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yet reached menopause and whose age at menopause may be later than those partaking in 

the analyses, we conducted sensitivity analyses assigning the mean age at natural menopause 

in SWAN to these 37 women. SAS version 9.4 (SAS Institute, Cary, NC) was used for all 

analyses.

Results

Although covariate data for female EDC study participants were selected from a follow-up 

visit so that chronological age was more similar to that of non-diabetic women at SWAN 

baseline, women in the T1D cohort were statistically significantly younger (42.8±7.3 vs. 

46.0±2.4 years, p=0.002). Their mean diabetes duration was 33.5±8.0 years and their age 

at diabetes onset was 9.3±3.9 years. Differences between women with and without type 

1 diabetes were also observed in terms of race/ethnicity, with the vast majority (96.2%) 

of women in EDC being non-Hispanic white and only 3.8% being black, whereas the 

proportion of non-Hispanic white women in SWAN was statistically significantly lower by 

study design (67.4% non-Hispanic white vs. 32.6% black, p<0.0001). In addition, compared 

to women without diabetes, those with type 1 diabetes were less likely to smoke (never 

smoker: 67.3% vs. 51.4%, p=0.03), and had lower BMI (25.2 vs. 26.5 kg/m2, p=0.01), 

diastolic blood pressure (65.0 vs. 70.0 mmHg, p<0.0001), total cholesterol (181.0 vs. 

188.0 mg/dl, p=0.01), LDL cholesterol (100.9 vs. 115.0 mg/dl, p=0.002) and triglyceride 

concentrations (74.0 vs. 86.0 mg/dl, p=0.004), but higher HDL-C levels (61.0 vs. 54.0 

mg/dl, p<0.0001). No other statistically significant differences were observed (Table 1).

Compared with women without diabetes, those with type 1 diabetes had a 0.6-year delay in 

menarche (13.2±1.7 vs. 12.6±1.5 years, p=0.003). The delay in menarche was restricted to 

women who were diagnosed with type 1 diabetes before reaching menarche, (n=80), among 

whom the age at menarche was 13.6±1.7 years (p<0.0001 compared with non-diabetic 

women). The age at menarche did not statistically significantly differ between women with 

type 1 diabetes whose diabetes onset occurred after menarche (12.2±1.2 years, n=25) and 

SWAN study participants (p=0.20) (Table 1).

At the last available follow-up, the mean age of women with type 1 diabetes was 58.7±6.1 

years and of non-diabetic women was 64.0±3.6 years (p<0.0001). Women with type 1 

diabetes were also less likely to have ever used oral contraceptives (63.5% vs. 77.5%, 

p=0.011) and to have been pregnant (72.4% vs. 91.0%, p<0.0001). Among those who 

reported at least one pregnancy (n=76, 162), the mean number of pregnancies (2.4±1.3 vs. 

3.2±1.4, p=0.0001) and the mean number of live births (1.4±0.8 vs. 2.3±1.0, p<0.0001) were 

both lower in women with type 1 diabetes compared with women without diabetes (Table 2).

The unadjusted age at natural menopause was 2.6 years younger in women with type 1 

diabetes compared to women without diabetes (49.5±4.1 vs. 52.1±2.8 years, p<0.0001) 

and this finding was statistically significant both among women who were diagnosed with 

type 1 diabetes before (p<0.0001 compared with non-diabetic women) and after (p=0.037 

compared with non-diabetic women) menarche. Similarly, women with type 1 diabetes had 

3.4 years shorter unadjusted length of reproductive period compared to non-diabetic women 

(36.2±4.4 vs. 39.6±3.2 years, p<0.0001), irrespective of whether type 1 diabetes onset 
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preceded (p<0.0001) or followed (p=0.03) menarche (Table 2). Similar results were obtained 

when analyses were conducted including 1) SWAN women with imputed menopause data 

(n=338) or 2) the 18 EDC women who self-reported age at menopause (n=123) (Table 2).

In multivariable analyses, the delay in age at menarche was 0.5 years (p=0.002) after 

adjusting for race. The difference in age at natural menopause between these two 

cohorts was reduced from 2.6 years (p<0.0001, unadjusted) to 2.0 years (p<0.0001, after 

adjusting for age, race, BMI, smoking status, hypertension, HDL-C level, having ever taken 

oral contraceptives, and number of pregnancies). After adjustment, type 1 diabetes was 

associated with 2.5 fewer reproductive years (p<0.0001). When multivariable models were 

stratified by menarche onset before or after type 1 diabetes onset, differences remained 

statistically significant only among women whose onset of type 1 diabetes occurred prior to 

menarche. Age at menarche (p=0.14), age at natural menopause (p=0.08) and the length of 

women’s reproductive period (p=0.29) were not statistically significantly different between 

women whose menarche onset preceded type 1 diabetes development and non-diabetic 

women in these multivariable analyses (Table 3).

Similar results were apparent when analysis included 1) SWAN women with imputed data 

for age at menopause (n=336) or 2) 18 EDC women who provided self-reported age at 

natural menopause without sex hormone data (n=121) (Table 3). Results also did not change 

significantly when we assigned the mean age at natural menopause in SWAN to the 37 EDC 

women who had not yet reached menopause (0.4 year delay in menarche, 2.0 years earlier in 

natural menopause, and 2.4 fewer reproductive years in women with type 1 diabetes).

Discussion

In the current study, we found that the length of the reproductive period of women with 

type 1 diabetes onset prior to menarche was 2.9 years shorter (1 year delay in menarche 

and 1.8 years early in menopause) compared to women without diabetes, a difference that 

persisted after adjusting for age, race/ethnicity, BMI, smoking status, hypertension, lipid 

concentrations, number of pregnancies, and oral contraceptive use. However, no association 

between type 1 diabetes and age at menarche, age at natural menopause, and length of 

reproductive years was found when type 1 diabetes developed after menarche although 

the small sample size (n=25) may undermine the statistical power to detect a difference. 

Another possible explanation regarding these findings being restricted to women whose type 

1 diabetes onset occurred prior to menarche may be that type 1 diabetes occurring before 

menarche leads to a greater disruption of the female reproductive system compared with 

type 1 diabetes occurring after menarche.

Previously, data from the large, international, EPIC study suggested that women with 

diabetes diagnosed before the age of 20 years had an earlier menopause compared with 

non-diabetic women, whereas women with diabetes diagnosed after the age of 50 years had 

a later menopause 11. However, the EPIC study could not distinguish the effect of type 

1 and type 2 diabetes and the sequence of diabetes development and menopause onset in 

women with a late age at diabetes 11. The magnitude of the difference in age at natural 

menopause between female participants with type 1 diabetes and non-diabetic controls in 
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the present study (1.8 years) was far smaller than observed in the FDA study (~ 6.4 years) 
10. The reasons for this difference may relate to the very small sample size of women with 

type 1 diabetes in the FDA study (n=15), as well as the selection of the controls. A total 

of 96 healthy women and their mothers and female siblings were examined and served as 

controls in the FDA study, but the authors did not take into account for clustering between 

the diabetes cases and controls in their analysis 10. Furthermore, selection of controls from 

the same household may compromise the representativeness of the control sample, although 

it takes into account any genetic influences10. On the contrary, the Finnish study failed to 

detect a difference in age at natural menopause by type 1 diabetes, although only population 

level data were available for non-diabetic controls, which prohibited adjustment for potential 

confounders 13. In addition, in the Finnish study, the median age at diagnosis of type 1 

diabetes (12.8 years) was very close to the median age at menarche (13 years) which means 

that half of the study participants were diagnosed with type 1 diabetes after menarche and 

investigators did not assess whether the timing of type 1 diabetes onset relative to menarche 

affected study findings 13. It is thus possible that a small difference in the age at menopause 

was not made apparent in the entire population studied. Similarly, the OVADIA study failed 

to detect a difference as well, which could also be attributed to the proportion of women who 

were diagnosed with type 1 diabetes after menarche (mean age at diabetes onset: 28±14.2 

years) as both childhood and adult onset type 1 diabetes patients were included in the 

OVADIA study analysis 12.

A possible mechanism underlying the observed shorter length of the reproductive years 

of women with type 1 diabetes may relate to the disruption of the hypothalamus-pituitary-

ovary (HPO) axis function and premature ovarian aging caused by endogenous insulin 

deficiency, hyperglycemia and exogenous hyperinsulinemia. It is well-known that insulin 

receptors (IRs) are widely distributed in the central nervous system (CNS) 1 and the 

ovaries 2, 3. Thus, insulin plays a key role in maintaining the normal function of the 

female’s HPO axis, not only through its impact on the upstream component – neurons 

in the CNS 1 but also on the downstream component - granulosa, thecal, and stromal in 

the ovaries 2, 3. In mice with a neuron-specific destruction of the insulin receptor gene, 

INSR, female mice showed impaired ovarian follicle maturation because of dysregulation 

of luteinizing hormone (LH) resulting from hypothalamic dysregulation 1. In addition, 

restoration of the function of the IRs in the brain through genetic reconstitution experiments 

normalized the reproductive function of female INSR knockout mice 30. Moreover, studies 

have suggested the presence of direct central effects of insulin on the neuroendocrine 

system by using primary hypothalamic cell cultures and a GnRH neuronal cell line 31, 32. 

At the ovarian level, the downstream element of the HPO axis, insulin exerts influences 

by its gonadotropin-like function 33 or through enhancing steroidogenesis responses to 

gonadotropins 34-37.

Due to the important role of insulin in maintaining the normal function of the female 

HPO axis, the disruption in insulin regulation in women with type 1 diabetes may 

underlie our findings of delayed menarche and premature ovarian aging compared with 

general population. Meanwhile, elevated concentrations of advanced glycation end-products 

(AGE) caused by hyperglycemia comprise another potential mechanism for premature 

ovarian aging in women with type 1 diabetes. Existing studies have suggested that 
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the interaction between AGE and receptor for advanced glycation end-products (RAGE) 

triggers/accelerates oxidative stress (OxS) and inflammation, contributing to cell, tissue, 

and vascular damage 38, 39, and leading to the development of diabetes complications 
40 41. Although no study has directly investigated whether elevated AGE concentrations 

cause ovarian dysfunction in women with type 1 diabetes, it is logical to postulate that 

AGE/RAGE also affect the normal function of the ovaries, leading to premature ovarian 

aging in women with type 1 diabetes, based on their damaging effect on cells and tissues. 

In addition, in type 1 diabetes blood insulin levels are often increased in the systemic 

circulation as exogenous insulin does not go through an initial liver passage and thus avoids 

significant early clearance. Increased exposure of the ovary tissue to insulin might lead to 

excess follicle recruitment and thus accelerated depletion of the ovarian reserve due to the 

gonadotropic function of insulin 42.

A limitation of the present study is the different ascertainment of menopause status 

in the EDC study and SWAN. However, a previous study has suggested that the two 

algorithms (WISE and SWAN) agreed for 73% of the SWAN women for menopausal 

status determination, with especially high concordance for classifying postmenopausal status 

(30.5% of women classified as postmenopausal by SWAN algorithms and 32.7% of women 

classified as postmenopausal by WISE algorithm) 43. In addition, chronological age was 

younger among women with type 1 diabetes at the analytic baseline. Although baseline 

age was included as a covariate in multivariable models, it is still possible that residual 

confounding may have affected study findings. A third limitation of the present analysis 

was the unavailability of data on reproductive health (especially hormone levels) prior to 

the 12th follow-up visit of the EDC study. Thus, selection or survival bias may have been 

introduced given that women who did not participate in assessments post 2009 due to death, 

dropout, or other reasons, were excluded from analyses. However, early loss due to death 

or ill health would also be more likely to be associated with an earlier age at menopause, 

again confirming the main finding. Sensitivity analyses addressing some of these limitations 

confirm the main finding of a younger age at natural menopause in type 1 diabetes.

Conclusion

In conclusion, our data suggest that women with type 1 diabetes have a shorter reproductive 

period compared with non-diabetic women, exhibiting delayed menarche and earlier natural 

menopause. These findings appear restricted to women who were diagnosed with T1D 

before reaching menarche. The present study identified the subgroup of women with type 

1 diabetes who have a high likelihood of experiencing early age at natural menopause 

so that efforts to unearth the biologic rationale and target potential prevention practices 

would be better focused. Given the high likelihood of experiencing early menopause in type 

1 diabetes, and the enormous impact on health associated with early menopause, further 

studies are needed to determine modifiable factors that contribute to early menopause to 

improve reproductive health in women with type 1 diabetes.
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Table 3

Association between diabetes status and the length of reproductive period

Characteristics Type 1 diabetes
(Beta coefficient, 95%CI)

p-value

Age at menarche 
b
 (n=105, 177)

0.5 (0.2 to 1.1) 0.002

 Limiting EDC data to women with T1D onset before menarche 
b
 (n=80, 177)

1.0 (0.6 to 1.4) <0.0001

 Limiting EDC data to women with T1D onset after menarche 
b
 (n=25, 177)

−0.5 (−1.1 to 0.2) 0.14

 Data adding 18 EDC women 
b
 (n=123, 177) 

a 0.6 (0.2 to 1.0) 0.005

Age at natural menopause 
c
 (n=103, 176)

−2.0 (−2.9 to −1.0) <0.0001

 Limiting EDC data to women with T1D onset before menarche 
c
 (n=78, 176)

−1.8 (−2.7 to −1.0) <0.0001

 Limiting EDC data to women with T1D onset after menarche 
c
 (n=25, 176)

−1.0 (−2.1 to 0.1) 0.08

 Including SWAN imputed data 
c
 (n=103, 336)

−1.8 (−2.5 to −1.0) <0.0001

 Data adding 18 EDC women 
c
 (n=121, 176) 

a −1.8 (−2.5 to −1.0) <0.0001

Reproductive years 
c
 (n=103, 176)

−2.5 (−3.6 to −1.5) <0.0001

 Limiting EDC data to women with T1D onset before menarche 
c
 (n=78, 176)

−2.9 (−3.8 to −2.0) <0.0001

 Limiting EDC data to women with T1D onset after menarche 
c
 (n=25, 176)

−0.7 (−1.9 to 0.6) 0.29

 Including SWAN imputed data 
c
 (n=103, 336)

−2.3 (−3.1 to −1.5) <0.0001

 Data adding 18 EDC women 
c
 (n=121, 176) 

a −2.4 (−3.2 to −1.5) <0.0001

T1D: type 1 diabetes

a
Sensitivity analysis included 18 EDC women who provided self-reported age at natural menopause without sex hormone data prior to the 22-year 

assessment.

Models were constructed among study participants with complete covariate data

b
Model controlled for race

c
Model controlled for baseline age, race, BMI, smoking status, blood pressure, HDL-C, non-HDL-C, number of pregnancies, and having ever taken 

oral contraceptives
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