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Abstract

:

Background: Studies have assessed the effects of menstrual irregularities and menopause on diabetes, but no definitive conclusion has been reached. This study investigated for the first time the relationship between menstrual irregularity and diabetes before and after menopause. Methods: This population-based cross-sectional study included 9043 participants from the Korea National Health and Nutrition Examination Survey (KNHANES) V (2010–2012). Multivariate logistic regression was used to assess the effect of menstrual irregularities on impaired fasting glucose (IFG) and diabetes incidence in women before and after menopause. Results: After adjustment for age and other diabetes-related factors, both menopause (OR = 1.51, 95% CI = 1.101–2.27, p = 0.047) and menstrual irregularities (OR = 1.51, 95% CI = 1.1–2.07, p = 0.011) were found to increase the risk of diabetes. Menstrual irregularities were significantly related to diabetes in the postmenopausal group (OR = 1.65, 95% CI  =  1.12–2.42, p = 0.012) but not in the premenopausal group (OR = 1.22, 95% CI  =  0.64–2.32, p = 0.555). Conclusions: In this study, menopausal status appeared to independently affect diabetes risk; menstrual irregularities were found to be a risk factor for postmenopausal diabetes. This study emphasizes the need for monitoring and early prevention, along with medical advice on menstrual irregularities, to reduce the prevalence of diabetes and improve the quality of life of postmenopausal women.
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1. Introduction


Diabetes is a widespread public health issue with increasing prevalence, and causes microvascular and macrovascular diseases [1]. According to the 2017 Global Disease Control Study (GBD), approximately 462 million people are affected by diabetes, accounting for 6.28% of the world’s population [2]; the prevalence of diabetes worldwide is expected to increase to 552 million by 2030 [3]. Accordingly, efforts to understand the risk factors for diabetes, along with public health and clinical precautionary measures designed to lower the risk of diabetes, are important. One of the risk factors for diabetes is obesity [4], and menopause is expected to be associated with diabetes in women, as it is accompanied by changes in body composition, glucose metabolism, and insulin sensitivity [5].



Menstrual irregularities are considered an important indicator of women’s health. In particular, they are closely related to pathological conditions, including polycystic ovarian syndrome (PCOS), and to reproductive dysfunction and metabolic imbalance. PCOS has a prevalence of 4.8–8% in the general population [6], and the prevalence of menstrual irregularities is reported to be 11–27% [7,8,9]. However, the effects of PCOS and menstrual irregularities on individuals and healthcare providers remain underestimated.



The association between irregular menstrual cycles and various diseases has been demonstrated previously [10,11,12]. Highly irregular menstrual cycles are associated with an increased risk of rheumatoid arthritis, breast cancer, cardiovascular disease, metabolic disease, and diabetes. Several studies have reported the association between diabetes and menstrual irregularities. An investigation involving nurses in their 20s and 40s in the United States reported that menstrual irregularities increased the risk of developing type 2 diabetes [12,13], and another report indicated that menstrual irregularities in adolescents younger than 19 years of age were associated with type 1 diabetes [14]. On the other hand, a prospective study of women in their 20s and 30s found that there was no association between menstrual irregularities and diabetes among adults [15]. Furthermore, research on women in their 50s and 70s also revealed that previous menstrual irregularities were not associated with type 2 diabetes [16]. As such, the correlation between menstrual irregularities and diabetes has been inconsistent depending on the subjects involved. No studies have investigated the effect of menstrual irregularities on diabetes before and after menopause, which is considered to be related to the onset of diabetes.



The aim of this study was to investigate whether menstrual irregularities and menopause are related to diabetes risk, and to identify the association between menstrual irregularities and impaired fasting glucose (IFG) or diabetes in women before and after menopause, using nationally representative data.




2. Materials and Methods


2.1. Study Participants and Design


This study employed a cross-sectional design. All data are available in the Korea National Health and Nutrition Examination Survey (KNHANES) database (http://knhanes.cdc.go.kr (accessed on 8 December 2021)). This study was based on 3-year data (2010–2012) obtained from the KNHANES V. The KNHANES is a representative survey established in 1998 that periodically evaluates the health and nutritional status of Korean individuals and investigates health risk factors. Approximately 10,000 new samples are collected every year. Participants are selected using proportional allocation systematic sampling with multistage stratification.



A total of 25,534 persons participated in the KNHANES 2010–2012. The participants included 11,016 women over the age of 20, of whom 9143 had provided information on menstrual irregularities and diabetes risk. We therefore analyzed 9043 women over 20 years old, with complete data on reproductive factors and clinical variables (Figure 1). Each participant provided written informed consent.



Participants were divided into normal, IFG, and diabetes groups according to their diabetes status, and each variable was compared among these groups.



In addition, we compared these variables between premenopausal and postmenopausal women in the diabetes status groups.



In the premenopausal and postmenopausal groups, the association between menstrual irregularities and IGT or diabetes was determined using multivariate logistic regression analysis.




2.2. Study Variables


2.2.1. Menstrual Irregularity


In the health survey, the participants were asked, “Is your menstruation regular?” Responses were either “yes” (regular menstrual cycles) or “no” (missing three or more periods in a row). The response was dichotomized for subsequent analysis. “No” responses were taken to indicate menstrual irregularities.




2.2.2. Menopause


Premenopausal women were defined as having no changes in menstrual cycles, and postmenopausal women were defined as having experienced a permanent discontinuation of menstruation for at least 12 consecutive months.




2.2.3. Diabetes Status


This analysis focused on the risks of IFG and diabetes as outcomes. Participants were divided into three subgroups according to their diabetes status: the normal, IFG, and diabetes subgroups. Diabetes was defined as a previous diagnosis of diabetes or the use of medication for diabetes based on self-reports or the survey results of fasting plasma glucose (FPG) levels ≥126 mg/dL (7.0 mmol/L) and/or an HbA1c level ≥6.5%. Impaired fasting glucose was defined as an FPG level of 100–125 mg/dL (5.6–6.9 mmol/L) and an HbA1c level <6.5%. Normal glucose was defined as an FPG level <100 mg/dL (5.6 mmol/L). All participants fasted for at least 8 h before blood samples were collected. Plasma glucose was directly measured using a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan)




2.2.4. Covariates


We collected data on demographic and health-related variables, including age, waist circumference (WC), body mass index (BMI), smoking status, blood pressure, type of exercise, number of pregnancies and history of oral contraceptive use.



Trained medical staff performed anthropometric measurements following a standardized procedure. Waist circumference was measured to the nearest 0.1 cm at the narrowest point between the lower border of the rib cage and iliac crest after normal expiration. Height and body weight were measured to the nearest 0.1 cm and 0.1 kg, respectively, with the participants wearing light clothing after removing their shoes. BMI was calculated as weight (kg) divided by the square of height (m2), and participants were subsequently categorized as underweight (<18.5 kg/m2), normal weight (≥18.5 and < 25 kg/m2), overweight (≥25 and < 30 kg/m2), or obese (≥30 kg/m2). Blood pressure was measured 3 times by trained nurses using a mercury sphygmomanometer (Baumanometer; Baum Co., Copiague, NY, USA); during measurements, participants were in a seated position with the arm supported at heart level after 5 min of rest. Patients were divided into 3 groups according to their hypertensive status. Hypertension was defined as systolic blood pressure (SBP) ≥ 140 mmHg, diastolic blood pressure (DBP) ≥ 90 mmHg or the use of an antihypertensive medication. Prehypertension was defined as 120 mmHg ≤ SBP < 140 mmHg or 80 mmHg ≤ DBP < 90 mmHg. Normal blood pressure was defined as SBP < 120 mmHg and DBP < 80 mmHg.



Demographic and health-related variables were obtained from self-report questionnaires and personal interviews conducted by trained staff. Participants were categorized as current smokers or nonsmokers, regardless of past smoking history. Types of exercise included aerobic and muscle exercises. Aerobic exercise was defined as exercise that met the standards for aerobic activity recommended by the World Health Organization (WHO) guidelines [17], and muscle exercise was defined as strength-training exercise at least twice a week. The total number of pregnancies was provided as an integer. Participants were also categorized into two groups based on oral contraceptive use: OC use for ≥1 month during a lifetime or not.





2.3. Statistical Analysis


To integrate the 3 years of data, sampling weights were applied, and one data point was produced. Differences in the variable distributions by the three glucose status groups were assessed by Rao–Scott X2 tests (function svychisq in the R package survey) for categorical variables and linear regression models (function svyglm in the R package survey) for continuous variables. To analyze the risk of impaired fasting glucose and diabetes with reference to the normal controls, univariate analysis was performed for each investigated variable. Then, multivariate logistic regression analysis was performed to evaluate the risk of impaired fasting glucose and diabetes according to menstrual irregularities. Variables with statistically significant associations in the univariate analysis were included in the multivariate logistic regression analysis. We adjusted for 7 confounder variables (age, smoking status, BMI, hypertension, number of pregnancies, oral contraceptive use, and exercise) in the regression analysis. In addition, the risk of impaired-fasting blood glucose and diabetes according to menstrual irregularities was also analyzed. All analyses were conducted using R software version 4.0.3 (R Core Team, R Foundation for Statistical Computing, Vienna, Austria, 2020). For all analyses, p values < 0.05 were considered indicative of statistical significance.




2.4. Ethics


The data from the KNHANES were anonymized prior to release to the public from the Korea Centers for Disease Control and Prevention. This study was approved by the Korea Centers for Disease Control and Prevention Institutional Review Board (IRB Nos. 2010-02CON-21-C, 2011-02CON-06-C, and 2012-01EXP-01-2C).





3. Results


The mean age of the participants (N = 9043) was 46.6 ± 15.8 years. Menstrual irregularities were experienced by 1003 (12.5%) participants, and 4638 (40.7%) participants were postmenopausal. The baseline characteristics of the study participants, grouped by diabetes status, are shown in Table 1. In total, 811 (9%) participants had diabetes, and 1436 (15.9%) had impaired fasting glucose. In addition to menstrual irregularities, our analysis included the following baseline characteristics: age, waist circumference (WC), body mass index (BMI), smoking status, blood pressure status, exercise level, menopause, number of pregnancies, and oral contraceptive use. Except for menopause and smoking status, all variables showed significant differences across the three diabetes status groups, including significant differences in menstrual irregularities.



In addition, Table 2 shows the variable values when the diabetes status groups were subgrouped according to menopausal status (premenopausal or postmenopausal). There were no significant differences in smoking status, menstrual irregularities, or oral contraceptive use between these subgroups, but other variables showed significant differences depending on menopausal status.



We estimated the risk of IFG and diabetes according to menstrual irregularities and menopausal status using an adjusted odds ratio (Table 3). Overall, the risk of diabetes was higher in the postmenopausal group (adjusted OR = 1.51, 95% CI = 1.01–2.27, p = 0.047) than in the premenopausal group. The risk of diabetes was also higher in the menstrual-irregularity group (adjusted OR = 1.51, 95% CI = 1.1–2.07, p = 0.011) than in the regular menstrual cycle group. Within the postmenopausal group, the risk of diabetes was higher for women with menstrual irregularities (adjusted OR = 1.62, 95% CI = 1.12–2.42, p = 0.012) than for women with regular menstrual cycles. Within the premenopausal group, menstrual irregularities were not significantly associated with the risk of diabetes (adjusted OR = 1.22, 95% CI = 0.64–2.32, p = 0.555). There was no significant association between the occurrence of IFG and menopausal status or menstrual irregularity.




4. Discussion


We reported an association between menstrual irregularities and diabetes among adult women before and after menopause based on data from the KNHANES V database (from 2012 to 2015). Our main results are that after adjustment for factors such as age and obesity, postmenopausal women had a 51% higher risk of diabetes than premenopausal women, and that for postmenopausal women, previous menstrual irregularities increased the risk of developing diabetes by 65%. To our knowledge, this is the first investigation to examine the relationship between menstrual irregularities and diabetes before and after menopause.



Our results showed that 12.5% of adult women had experienced or were currently experiencing menstrual irregularities. According to the literature, the prevalence of menstrual irregularities varies from 5% to 27% depending on age, occupation, and ethnicity [7,8,9]. This variability may be due to the different criteria for menstrual irregularities used by researchers and the different age distributions of participants. Additionally, data about menstrual irregularities are obtained only from self-reports.



Whether or not menopause is related to the development of diabetes is controversial. A prospective study involving 8099 participants reported that menopause did not increase the risk of diabetes after adjustments for age, BMI, waist circumference, and smoking status, which were found to be risk factors for diabetes [18]. In contrast, the odds ratios (ORs) of type 2 diabetes and prediabetes were found to increase significantly among postmenopausal women, regardless of age, compared to those of premenopausal women [19]; moreover, surgical menopause [20] and early menopause [16,21] have been reported to increase the risk of diabetes. Our results indicated that, after adjustments for age, BMI, smoking status, high blood pressure, and physical activity—which are risk factors for diabetes—postmenopausal women had a 51% higher risk of diabetes than premenopausal women. Possible explanations for the inconsistent outcome are that the assessment of menopausal status is usually based on self-reported responses or interviews, and that participant race and characteristics vary across studies. Additionally, our data did not distinguish between natural and surgical menopause. We also lacked oral glucose tolerance test (OGTT) data, which are typically used to diagnose diabetes.



We found that women who reported irregular menstrual cycles had an increased risk of developing diabetes. This is in line with previous research that observed an association between menstrual irregularities and the development of diabetes [12,13,22,23]. Previous studies have found that irregular menstrual cycles were associated with a higher risk of insulin resistance [24] and gestational diabetes [25]. However, other studies have reported no association between irregular menstrual cycles and the risk of type 2 diabetes [15,16]. Notably, one of these studies [16] examined menopause only between the ages of 50 and 79. As the authors noted, an increased risk of diabetes occurs earlier in women with PCOS (in their 30s and 40s) than in the general population (60s and 70s). The authors assumed that there was no correlation between menstrual irregularities and diabetes because of the age of the participants in their study. However, the fact that PCOS—which is characterized by irregular and long menstrual cycles—is explained by impaired glucose tolerance, insulin resistance, and obesity, supports our results and the preponderance of evidence.



As mentioned above, debates persist as to whether menopause independently influences the development of diabetes [18,19]. However, the association between menopause and changes in body composition related to adverse insulin sensitivity and glucose metabolism [26,27], as well as the finding that hormone therapy helps control glucose levels in postmenopausal women diagnosed with diabetes [28], suggest that there is an association between menopause and diabetes. Thus, although we did not find a significant association between menstrual irregularities and premenopausal diabetes, there was a significant association of menstrual irregularities with postmenopausal diabetes. A possible reason for this result is that the contribution of factors influencing the development of diabetes may differ between perimenopausal and postmenopausal women [29,30]. It is postulated that the long-term effects of estrogen on insulin secretion and glucose homeostasis [31] may have contributed to these results.



The main strengths of this study are that it is based on a nationally representative population and has a large sample size. In previous reports [12,13,15,16,22,23], the association between menstrual irregularities and diabetes appeared inconsistent depending on the age and menopausal status of the sample group. In this study, the group was divided into premenopausal women and postmenopausal women. In addition, the results of our multivariate analysis were adjusted for potential factors that influence diabetes.



This study has some limitations. Firstly, because of the cross-sectional design, the causal relationships of menstruation irregularities and menopausal status with diabetes could not be determined. Secondly, data on menstrual characteristics were limited and obtained from individuals’ responses to one question about menstrual regularity, which could be influenced by potential recall bias and misclassification. In addition, misclassification could have occurred because menopause was defined as a lack of menstruation for more than 12 months without specific endocrine parameters related to the diagnosis of menopause, the differences in symptoms or duration [32], and/or because the information used to categorize subjects according to menopausal status was obtained only from self-reported information on the questionnaire. In other words, it is not clear whether the cause of irregular menstrual cycles for women in their 40s is related to menopausal transition or an enduring irregular menstrual pattern. Data from tests such as the OGTT, which are used to assess beta-cell function and insulin resistance [33], were not included, and with the available information, we could not identify a family history of diabetes or a history of gestational diabetes, which are closely related to the development of diabetes. Although type 1 diabetes and type 2 diabetes have different etiologies [34], we could not distinguish the type of diabetes in this study.



Despite these limitations, our study’s strengths are that it analyzed data from a large, nationally representative sample, and adjusted for confounding factors related to diabetes. Our findings highlight the importance of screening for diabetes in individuals with irregular menstrual cycles, and we are confident that they will facilitate the establishment of policies to reduce the risk of developing diabetes in women with irregular menstrual cycles.




5. Conclusions


This nationally representative, population-based cross-sectional study found that previous menstrual irregularities were highly associated with the occurrence of diabetes in women, and that the risk was higher among postmenopausal women. In addition, menopause itself was related to the occurrence of diabetes in women even after adjustment for age and other risk factors for diabetes. However, since this is a cross-sectional study involving a survey, future studies are needed to confirm our observations and/or extend our findings. Well-designed prospective long-term follow-up studies or mechanistic studies are needed to clarify the causal relationship; based on their findings, stronger suggestions and guidelines can be presented. Nevertheless, our findings support the need for ongoing diabetes-related monitoring and screening among women with a history of menstrual irregularities, along with medical advice on menstrual irregularities, to reduce the prevalence of diabetes and improve the quality of life of postmenopausal women.







Author Contributions


Conceptualization, J.-E.P. and B.-S.K.; data curation, J.-E.P., S.-C.K., H.-C.J., J.-C.B. and B.-S.K.; formal analysis, J.-E.P., S.-C.K., H.-C.J., J.-C.B. and B.-S.K.; writing—original draft preparation, J.-E.P. and B.-S.K.; writing—review and editing, J.-E.P. and B.-S.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Korea Centers for Disease Control and Prevention Institutional Review Board (IRB Nos. 2010-02CON-21-C, 2011-02CON-06-C, and 2012-01EXP-01-2C).




Informed Consent Statement


Informed consent was waived by the board.




Data Availability Statement


The data evaluated in this study cannot be uploaded publicly due to legal restrictions, concerns for patient privacy, and third-party ownership of the data by the Korea National Health & Nutrition Examination Survey (KNHANES). However, the data are directly obtainable upon request, either by accessing https://knhanes.cdc.go.kr/knhanes/eng/index.do (accessed on 8 December 2021) or by emailing knhanes@korea.kr.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Danaei, G.; Finucane, M.M.; Lu, Y.; Singh, G.M.; Cowan, M.J.; Paciorek, C.J.; Lin, J.K.; Farzadfar, F.; Khang, Y.H.; Stevens, G.A.; et al. National, regional, and global trends in fasting plasma glucose and diabetes prevalence since 1980: Systematic analysis of health examination surveys and epidemiological studies with 370 country-years and 2·7 million participants. Lancet 2011, 378, 31–40. [Google Scholar] [CrossRef]

	



Khan, M.A.B.; Hashim, M.J.; King, J.K.; Govender, R.D.; Mustafa, H.; Al Kaabi, J. Epidemiology of type 2 diabete—Global burden of disease and forecasted trends. J. Epidemiol. Glob. Health 2020, 10, 107–111. [Google Scholar] [CrossRef] [PubMed]

	



Whiting, D.R.; Guariguata, L.; Weil, C.; Shaw, J. IDF diabetes atlas: Global estimates of the prevalence of diabetes for 2011 and 2030. Diabetes Res. Clin. Pract. 2011, 94, 311–321. [Google Scholar] [CrossRef]

	



Smyth, S.; Heron, A. Diabetes and obesity: The twin epidemics. Nat. Med. 2006, 12, 75–80. [Google Scholar] [CrossRef] [PubMed]

	



Szmuilowicz, E.D.; Stuenkel, C.A.; Seely, E.W. Influence of menopause on diabetes and diabetes risk. Nat. Rev. Endocrinol. 2009, 5, 553–558. [Google Scholar] [CrossRef]

	



Ding, T.; Hardiman, P.J.; Petersen, I.; Baio, G. Incidence and prevalence of diabetes and cost of illness analysis of polycystic ovary syndrome: A Bayesian modelling study. Hum. Reprod. 2018, 33, 1299–1306. [Google Scholar] [CrossRef]

	



Bonnesen, B.; Oddgeirsdóttir, H.L.; Naver, K.V.; Jørgensen, F.S.; Nilas, L. Women with minor menstrual irregularities have increased risk of preeclampsia and low birthweight in spontaneous pregnancies. Acta Obstet. Gynecol. Scand. 2016, 95, 88–92. [Google Scholar] [CrossRef]

	



Toffol, E.; Koponen, P.; Luoto, R.; Partonen, T. Pubertal timing, menstrual irregularity, and mental health: Results of a population-based study. Arch. Womens Ment. Health 2014, 17, 127–135. [Google Scholar] [CrossRef]

	



Rafique, N.; Al-Sheikh, M.H. Prevalence of menstrual problems and their association with psychological stress in young female students studying health sciences. Saudi Med. J. 2018, 39, 67–73. [Google Scholar] [CrossRef]

	



Karlson, E.W.; Mandl, L.A.; Hankinson, S.E.; Grodstein, F. Do breast-feeding and other reproductive factors influence future risk of rheumatoid arthritis? Results from the Nurses’ Health Study. Arthritis Rheum. 2004, 50, 3458–3467. [Google Scholar] [CrossRef]

	



Jukic, A.M.; Weinberg, C.R.; Wilcox, A.J.; McConnaughey, D.R.; Hornsby, P.; Baird, D.D. Accuracy of reporting of menstrual cycle length. Am. J. Epidemiol. 2008, 167, 25–33. [Google Scholar] [CrossRef] [PubMed]

	



Solomon, C.G.; Hu, F.B.; Dunaif, A.; Rich-Edwards, J.; Willett, W.C.; Hunter, D.J.; Colditz, G.A.; Speizer, F.E.; Manson, J.E. Long or highly irregular menstrual cycles as a marker for risk of type 2 diabetes mellitus. JAMA 2001, 286, 2421–2426. [Google Scholar] [CrossRef]

	



Wang, Y.X.; Shan, Z.; Arvizu, M.; Pan, A.; Manson, J.E.; Missmer, S.A.; Sun, Q.; Chavarro, J.E. Associations of menstrual cycle characteristics across the reproductive life span and lifestyle factors with risk of type 2 diabetes. JAMA Netw. Open 2020, 3, e2027928. [Google Scholar] [CrossRef] [PubMed]

	



Gaete, X.; Vivanco, M.; Eyzaguirre, F.C.; López, P.; Rhumie, H.K.; Unanue, N.; Codner, E. Menstrual cycle irregularities and their relationship with HbA1c and insulin dose in adolescents with type 1 diabetes mellitus. Fertil. Steril. 2010, 94, 1822–1826. [Google Scholar] [CrossRef] [PubMed]

	



Cooper, G.S.; Ephross, S.A.; Sandler, D.P. Menstrual patterns and risk of adult-onset diabetes mellitus. J. Clin. Epidemiol. 2000, 53, 1170–1173. [Google Scholar] [CrossRef]

	



LeBlanc, E.S.; Kapphahn, K.; Hedlin, H.; Desai, M.; Parikh, N.I.; Liu, S.; Parker, D.R.; Anderson, M.; Aroda, V.; Sullivan, S.; et al. Reproductive history and risk of type 2 diabetes mellitus in postmenopausal women: Findings from the Women’s Health Initiative. Menopause 2017, 24, 64–72. [Google Scholar] [CrossRef]

	



World Health Organization. WHO Guidelines on Physical Activity and Sedentary Behaviour: Web Annex: Evidence Profiles; World Health Organization: Geneva, Switzerland, 2020. [Google Scholar]

	



Brand, J.S.; Van der Schouw, Y.T.; Onland-Moret, N.C.; Sharp, S.J.; Ong, K.K.; Khaw, K.T.; Ardanaz, E.; Amiano, P.; Boeing, H.; Chirlaque, M.D.; et al. Age at menopause, reproductive life span, and type 2 diabetes risk: Results from the EPIC-InterAct study. Diabetes Care 2013, 36, 1012–1019. [Google Scholar] [CrossRef]

	



Heianza, Y.; Arase, Y.; Kodama, S.; Hsieh, S.D.; Tsuji, H.; Saito, K.; Shimano, H.; Hara, S.; Sone, H. Effect of postmenopausal status and age at menopause on type 2 diabetes and prediabetes in Japanese individuals: Toranomon Hospital Health Management Center Study 17 (TOPICS 17). Diabetes Care 2013, 36, 4007–4014. [Google Scholar] [CrossRef]

	



Appiah, D.; Winters, S.J.; Hornung, C.A. Bilateral oophorectomy and the risk of incident diabetes in postmenopausal women. Diabetes Care 2014, 37, 725–733. [Google Scholar] [CrossRef]

	



Monterrosa-Castro, A.; Blümel, J.E.; Portela-Buelvas, K.; Mezones-Holguín, E.; Barón, G.; Bencosme, A.; Benítez, Z.; Bravo, L.M.; Calle, A.; Chedraui, P.; et al. Type II diabetes mellitus and menopause: A multinational study. Climacteric 2013, 16, 663–672. [Google Scholar] [CrossRef]

	



Yencilek, F.; Attar, R.; Erol, B.; Narin, R.; Aydın, H.; Karateke, A.; Sarıca, K. Factors affecting sexual function in premenopausal age women with type 2 diabetes: A comprehensive study. Fertil. Steril. 2010, 94, 1840–1843. [Google Scholar] [CrossRef] [PubMed]

	



Gast, G.C.; Grobbee, D.E.; Smit, H.A.; Bueno-de-Mesquita, H.B.; Samsioe, G.N.; Van der Schouw, Y.T. Menstrual cycle characteristics and risk of coronary heart disease and type 2 diabetes. Fertil. Steril. 2010, 94, 2379–2381. [Google Scholar] [CrossRef] [PubMed]

	



Brower, M.; Brennan, K.; Pall, M.; Azziz, R. The severity of menstrual dysfunction as a predictor of insulin resistance in PCOS. J. Clin. Endocrinol. Metab. 2013, 98, E1967–E1971. [Google Scholar] [CrossRef] [PubMed]

	



Dishi, M.; Enquobahrie, D.A.; Abetew, D.F.; Qiu, C.; Rudra, C.B.; Williams, M.A. Age at menarche, menstrual cycle characteristics and risk of gestational diabetes. Diabetes Res. Clin. Pract. 2011, 93, 437–442. [Google Scholar] [CrossRef]

	



Sites, C.K.; Calles-Escandón, J.; Brochu, M.; Butterfield, M.; Ashikaga, T.; Poehlman, E.T. Relation of regional fat distribution to insulin sensitivity in postmenopausal women. Fertil. Steril. 2000, 73, 61–65. [Google Scholar] [CrossRef]

	



Campbell, A.J.; Busby, W.J.; Horwath, C.C.; Robertson, M.C. Relation of age, exercise, anthropometric measurements, and diet with glucose and insulin levels in a population aged 70 years and over. Am. J. Epidemiol. 1993, 138, 688–696. [Google Scholar] [CrossRef]

	



Kanaya, A.M.; Herrington, D.; Vittinghoff, E.; Lin, F.; Grady, D.; Bittner, V.; Cauley, J.A.; Barrett-Connor, E. Glycemic effects of postmenopausal hormone therapy: The Heart and Estrogen/progestin Replacement Study. A randomized, double-blind, placebo-controlled trial. Ann. Intern. Med. 2003, 138, 1–9. [Google Scholar] [CrossRef]

	



De Pergola, G.; Maldera, S.; Tartagni, M.; Pannacciulli, N.; Loverro, G.; Giorgino, R. Inhibitory effect of obesity on gonadotropin, estradiol, and inhibin B levels in fertile women. Obesity 2006, 14, 1954–1960. [Google Scholar] [CrossRef]

	



Nelson, L.R.; Bulun, S.E. Estrogen production and action. J. Am. Acad. Dermatol. 2001, 45, S116–S124. [Google Scholar] [CrossRef]

	



Cignarella, A.; Bolego, C. Mechanisms of estrogen protection in diabetes and metabolic disease. Horm. Mol. Biol. Clin. Investig. 2010, 4, 575–580. [Google Scholar] [CrossRef]

	



Harlow, S.D.; Gass, M.; Hall, J.E.; Lobo, R.; Maki, P.; Rebar, R.W.; Sherman, S.; Sluss, P.M.; De Villiers, T.J. Executive summary of the stages of reproductive aging workshop + 10: Addressing the unfinished agenda of staging reproductive aging. J. Clin. Endocrinol. Metab. 2012, 97, 1159–1168. [Google Scholar] [CrossRef] [PubMed]

	



Stumvoll, M.; Mitrakou, A.; Pimenta, W.; Jenssen, T.; Yki-Järvinen, H.; Van Haeften, T.; Renn, W.; Gerich, J. Use of the oral glucose tolerance test to assess insulin release and insulin sensitivity. Diabetes Care 2000, 23, 295–301. [Google Scholar] [CrossRef] [PubMed]

	



Taylor, R. Type 2 diabetes: Etiology and reversibility. Diabetes Care 2013, 36, 1047–1055. [Google Scholar] [CrossRef] [PubMed]








[image: Healthcare 10 00649 g001 550] 





Figure 1. Participant flow diagram for final analysis. 
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Table 1. Characteristics of the study participants by glucose status.
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Total (n = 9043)

	
Normal (n = 6796)

	
Impaired Fasting Glucose (n = 1436)

	
Diabetes (n = 811)

	
p Value






	
Age (years), mean (SD)

	
46.6 ± 15.8

	
43.7 ± 15.1

	
54.6 ± 13.7

	
60.7 ± 13.2

	
<0.001




	
Waist circumference

	
78 ± 10.1

	
76 ± 9.2

	
83.7 ± 9.4

	
87 ± 10.6

	
<0.001




	
BMI

	

	
23.3 ± 3.6

	
22.7 ± 3.3

	
25.2 ± 3.6

	
25.8 ± 4.4

	
<0.001




	
BMI (categorical)

	

	

	

	

	




	

	
BMI < 18.5

	
502 (6.6)

	
469 (8.0)

	
18 (1.5)

	
15 (1.8)

	
<0.001




	

	
18.5 ≤ BMI < 25.0

	
5872 (65.1)

	
4781 (69.9)

	
729 (50.3)

	
362 (43.3)

	




	

	
25.0 ≤ BMI < 30.0

	
2277 (23.6)

	
1362 (19.0)

	
577 (39.3)

	
338 (41.0)

	




	

	
30.0 ≤ BMI

	
392 (4.7)

	
184 (3.0)

	
112 (8.9)

	
96 (13.9)

	




	
Smoking

	

	

	

	

	




	

	
nonsmoker

	
8561 (92.9)

	
6421 (92.6)

	
1372 (94.3)

	
768 (94.2)

	
0.107




	

	
smoker

	
482 (7.1)

	
375 (7.4)

	
64 (5.7)

	
43 (5.8)

	




	
Hypertension status

	

	

	

	

	




	

	
normal

	
4470 (55.5)

	
3935 (63.7)

	
416 (31.1)

	
119 (17.9)

	
<0.001




	

	
prehypertension

	
1864 (20.0)

	
1369 (18.9)

	
338 (25.1)

	
157 (21.5)

	




	

	
hypertension

	
2709 (24.5)

	
1492 (17.3)

	
682 (43.8)

	
535 (60.6)

	




	
Glucose

	

	
95.1 ± 20.1

	
88.4 ± 5.9

	
106.8 ± 6.4

	
141.5 ± 45.2

	
<0.001




	
HbA1C

	

	
5.7 ± 0.9

	
5.5 ± 0.3

	
5.9 ± 0.5

	
7.5 ± 1.5

	
<0.001




	
Exercise, n (%)

	

	

	

	

	




	

	
muscle and aerobic

	
746 (8.4)

	
581 (8.6)

	
121 (9.0)

	
44 (4.9)

	
0.027




	

	
aerobic exercise only

	
3265 (36.3)

	
2461 (36.6)

	
516 (35.5)

	
288 (34.5)

	




	

	
muscle exercise only

	
454 (4.7)

	
351 (4.8)

	
69 (4.4)

	
34 (3.4)

	




	

	
no exercise

	
4578 (50.7)

	
3403 (50.0)

	
730 (51.2)

	
445 (57.2)

	




	
Menopausal state

	

	

	

	

	




	

	
premenopausal

	
4405 (59.3)

	
6039 (87.3)

	
1285 (88.7)

	
716 (86.4)

	
0.421




	

	
postmenopausal

	
4638 (40.7)

	
757 (12.7)

	
151 (11.3)

	
95 (13.6)

	




	
Menstrual regularity

	

	

	

	

	




	

	
regular

	
8040 (87.5)

	
3872 (67.2)

	
419 (37.0)

	
114 (21.1)

	
<0.001




	

	
irregular

	
1003 (12.5)

	
2924 (32.8)

	
1017 (63.0)

	
697 (78.9)

	




	
Number of pregnancies

	
3.2 ± 2.5

	
2.9 ± 2.4

	
4.1 ± 2.3

	
4.8 ± 2.7

	
<0.001




	
Oral contraceptive use

	

	

	

	

	




	

	
no

	
7622 (86.0)

	
5843 (87.3)

	
1165 (82.8)

	
614 (78.9)

	
<0.001




	

	
yes

	
1421 (14.0)

	
953 (12.7)

	
271 (17.2)

	
197 (21.1)

	








Note: Values are presented as weighted means ± standard deviations for continuous variables and unweighted sample size n (with weighted %) for categorical variables; BMI, body mass index; n, number of participants; %, percentage. The bold values indicate significant differences (p < 0.05).
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Table 2. Characteristics of study participants by glucose status in each menopausal subgroup.
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Premenopausal

	

	
Postmenopausal




	
Normal (n = 3872)

	
Impaired Fasting Glucose (n = 419)

	
Diabetes (n = 114)

	
p Value

	
Normal (n = 2924)

	
Impaired Fasting Glucose (n = 1017)

	
Diabetes (n = 697)

	
p Value






	
Age (years), mean (SD)

	
60.9 ± 9.5

	
62.9 ± 9.2

	
65.7 ± 9.3

	
<0.001

	
35.3 ± 8.9

	
40.6 ± 7.5

	
42 ± 7.6

	
<0.001




	
Waist circumference

	
80.3 ± 8.6

	
84.7 ± 9

	
86.8 ± 10.5

	
<0.001

	
73.9 ± 8.8

	
82 ± 9.8

	
87.7 ± 11

	
<0.001




	
BMI

	

	
23.7 ± 3

	
25.1 ± 3.4

	
25.5 ± 4.4

	
<0.001

	
22.2 ± 3.4

	
25.2 ± 3.8

	
26.9 ± 4.3

	
<0.001




	
BMI (categorical)

	

	

	

	

	

	

	

	




	

	
BMI < 18.5

	
394 (2.3)

	
7 (1.1)

	
2 (1.9)

	
<0.001

	
75 (10.9)

	
11 (2.2)

	
13 (1.5)

	
<0.001




	

	
18.5 ≤ BMI < 25.0

	
2810 (67.4)

	
216 (51.1)

	
40 (45.6)

	

	
1971 (71.2)

	
513 (49.0)

	
322 (34.6)

	




	

	
25.0 ≤ BMI < 30.0

	
566 (27.4)

	
147 (40.4)

	
48 (41.1)

	

	
796 (14.9)

	
430 (37.3)

	
290 (40.6)

	




	

	
30.0 ≤ BMI

	
102 (2.9)

	
49 (7.4)

	
24 (11.4)

	

	
82 (3.1)

	
63 (11.4)

	
72 (23.3)

	




	
Smoking status

	

	

	

	

	

	

	

	




	

	
nonsmoker

	
3599 (95.2)

	
397 (94.5)

	
106 (94.1)

	
0.647

	
2822 (91.3)

	
975 (93.9)

	
662 (94.7)

	
0.18




	

	
smoker

	
273 (4.8)

	
22 (5.5)

	
8 (5.9)

	

	
102 (8.7)

	
42 (6.1)

	
35 (5.3)

	




	
Hypertension status

	

	

	

	

	

	

	

	




	

	
normal

	
2989 (35.3)

	
227 (18.9)

	
49 (11.3)

	
<0.001

	
946 (77.6)

	
189 (51.8)

	
70 (42.7)

	
<0.001




	

	
prehypertension

	
642 (24.1)

	
118 (22.1)

	
35 (19.3)

	

	
727 (16.4)

	
220 (30.1)

	
122 (29.8)

	




	

	
hypertension

	
241 (40.6)

	
74 (58.9)

	
30 (69.4)

	

	
1251 (6.0)

	
608 (18.1)

	
505 (27.6)

	




	
Glucose

	

	
89.9 ± 5.6

	
107.3 ± 6.6

	
137 ± 40.9

	
<0.001

	
87.7 ± 5.8

	
105.8 ± 6

	
158.3 ± 55.4

	
<0.001




	
HbA1C

	

	
5.6 ± 0.3

	
6 ± 0.5

	
7.4 ± 1.4

	
<0.001

	
5.4 ± 0.3

	
5.7 ± 0.4

	
7.8 ± 1.9

	
<0.001




	
Exercise, n (%)

	

	

	

	

	

	

	

	




	

	
muscle and aerobic

	
331 (8.7)

	
48 (7.3)

	
6 (4.7)

	
0.017

	
250 (8.6)

	
73 (11.9)

	
38 (5.7)

	
0.455




	

	
aerobic exercise only

	
1431 (34.9)

	
152 (35.7)

	
39 (34.8)

	

	
1030 (37.4)

	
364 (35.0)

	
249 (33.3)

	




	

	
muscle exercise only

	
181 (5.5)

	
20 (4.5)

	
7 (3.2)

	

	
170 (4.5)

	
49 (4.2)

	
27 (4.2)

	




	

	
no exercise

	
1929 (50.8)

	
199 (52.5)

	
62 (57.3)

	

	
1474 (49.5)

	
531 (48.9)

	
383 (56.8)

	




	
Menstrual regularity

	

	

	

	

	

	

	

	




	

	
regular

	
3344 (91.7)

	
363 (89.9)

	
87 (88.7)

	
0.122

	
2695 (85.2)

	
922 (86.7)

	
629 (77.6)

	
0.135




	

	
irregular

	
528 (8.3)

	
56 (10.1)

	
27 (11.3)

	

	
229 (14.8)

	
95 (13.3)

	
68 (22.4)

	




	
Number of pregnancies

	
4.6 ± 2.3

	
4.8 ± 2.3

	
5.3 ± 2.7

	
<0.001

	
2 ± 1.9

	
2.8 ± 1.7

	
3.1 ± 2

	
<0.001




	
Oral contraceptive use

	

	

	

	

	

	

	

	




	

	
no

	
3556 (79.5)

	
382 (78.2)

	
108 (75.4)

	
0.144

	
2287 (91.1)

	
783 (90.5)

	
506 (91.9)

	
0.915




	

	
yes

	
316 (20.5)

	
37 (21.8)

	
6 (24.6)

	

	
637 (8.9)

	
234 (9.5)

	
191 (8.1)

	








Note: Values are presented as weighted means ± standard deviations for continuous variables and unweighted sample size n (with weighted %) for categorical variables; BMI, body mass index; n, number of participants; %, percentage. The bold values indicate significant differences (p < 0.05).
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Table 3. Multivariate logistic regression analysis results of risk for impaired fasting glucose and diabetes according to menopausal status and menstrual irregularities.
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Risk for Impaired Fasting Glucose Compared to Normal

	
Risk for Diabetes Compared to Normal




	
OR

	
95% CI

	
p Value

	
OR

	
95% CI

	
p Value






	
Total

	
Menopausal state

	

	

	

	

	

	




	

	
premenopausal

	
1.00

	
reference

	

	
1.00

	
reference

	




	
postmenopausal

	
1.16 ‡

	
(0.88, 1.51)

	
0.286

	
1.51 ‡

	
(1.01, 2.27)

	
0.047




	
Menstrual regularity

	

	

	

	

	

	




	

	
regular

	
1.00

	
reference

	

	
1.00

	
reference

	




	
irregular

	
0.99 ‡

	
(0.76, 1.28)

	
0.916

	
1.51 ‡

	
(1.1, 2.07)

	
0.011




	
Premenopausal

	
Menstrual regularity

	

	

	

	

	

	




	

	
regular

	
1.00

	
reference

	

	
1.00

	
reference

	




	
irregular

	
0.68 ‡

	
(0.46, 1.02)

	
0.06

	
1.22 ‡

	
(0.64, 2.32)

	
0.555




	
Postmenopausal

	
Menstrual regularity

	

	

	

	

	

	




	

	
regular

	
1.00

	
reference

	

	
1.00

	
reference

	




	
irregular

	
1.32 ‡

	
(0.94, 1.84)

	
0.11

	
1.65 ‡

	
(1.12, 2.42)

	
0.012








‡: Adjusted for number of pregnancies, oral contraceptive pill use, age, BMI, smoking status, blood pressure status, and type of exercise.
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