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Objective: It is not clear whether ideal cardiovascular health (ICH) metrics have an impact on the association between age at menarche and type 2 diabetes (T2DM) in rural postmenopausal Chinese women.
Methods: In all, 15,450 postmenopausal women were enrolled from the Henan Rural Cohort study. Logistic regression models and interaction plots were used to analyze associations between age at menarche, ICH metrics and T2DM and interactive effects.
Results: Age at menarche was inversely associated with risk of T2DM, with adjusted OR of 1.224, 1.116, 1.00 and 0.971, 0.850 for those with age at menarche ≤13, 14, 15–16 (reference), 17, and ≥18 years, respectively, and each year of delay in menarche age correlated with a 5.1% lower risk of T2DM. Negative interaction effects of age at menarche and number of ICH metrics on the risk of T2DM was observed.
Conclusion: Meeting more ICH metrics might attenuate the association between early menstrual age and increased risk of T2DM, implying that meeting a higher number of ICH metrics may be an effective way to prevent T2DM for women of early menarche age.
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INTRODUCTION
Type 2 diabetes (T2DM) is expanding at an alarming rate worldwide, and its associated morbidity and mortality have caused a catastrophic socioeconomic cost [1]. The International Diabetes Federation reported that the prevalence of diabetes has reached global epidemic levels [2]. There are already 537 million people (20–79 years old) with diabetes, of which 140.9 million are Chinese [3]. Besides, with an aging population and rapidly changing lifestyles, diabetes has reached epidemic proportions in China during recent decades [4]. There is growing evidence that an earlier age at menarche was associated with an increased risk of obesity [5, 6] and T2DM [7–10]. However, there were inconsistent findings, with some studies finding no association between age at menarche and risk of developing diabetes [11].
Numerous studies have shown the impact of co-occurring lifestyle behaviors on diabetes, such as smoking and alcohol abuse, and physical activity [12, 13]. The American Heart Association (AHA) formulated the concept of ideal cardiovascular health (ICH) in 2010, which includes 4 health behavior metrics (smoking status, body mass index (BMI), physical activity, and diet) and 3 health factor metrics (total cholesterol (TC), blood pressure (BP), and fasting plasma glucose (FPG)) [14]. Previous studies have indicated an inverse association between the number of ICH metrics and the risks of T2DM [15, 16]. However, the impact of these independent and combined ideal cardiovascular health metrics on the relationship between age at menarche and the risk of T2DM is uncertain, especially in resource-limited populations, such as rural populations.
Hence, this study aimed to explore the impact of these independent and combined ideal cardiovascular health metrics on the relationship between age at menarche and the risk of T2DM in a Chinese rural population.
METHODS
Study Design and Participants
Participants in this study were from the Henan Rural Cohort. The details of the Henan Rural Cohort have been described elsewhere [17]. Briefly, this rural-based study began in 2015 in Henan Province, China. A total of 39,259 people (23,769 for women) aged 18–79 years were recruited in the cohort study with a response rate of 93.7%. A total of 15,450 post-menopausal participants were included in this study. The study was approved by the “Zhengzhou University Life Science Ethics Committee” [Ethics approval code: [2015] MEC (S128)]. Informed consent was provided by all participants.
Assessment of Menarche
Age at menarche is the age at the first menstrual period. This information was obtained through a standard questionnaire by face-to-face interviews by professionally trained workers. Participants were asked: “When was your first menstrual period?” The age range for first menstruation was 8–22 years [18]. Based on quintiles, age at menarche was categorized into five groups: ≤13, 14, 15 to16, 17, and ≥18 years. The early menarche group was defined as the onset of puberty at or before 13 years of age, and the third group (15–16 years) was the control group [19]. The last quintile (≥18 years) was defined as the late menarche menstruation group [19].
Definition of Type 2 Diabetes
T2DM Patients were defined as those who met any of the following three criteria: 1) defects in insulin secretion or action of the participants were not caused by type 1 diabetes mellitus and gestational diabetes mellitus; 2) the patient had been diagnosed with T2DM by physicians and using anti-glycemic drugs in the last 2 weeks; and 3) the fasting blood glucose level exceeded 7.0 mmol/L [20].
Ideal Cardiovascular Health Metrics
Each ICH metric was categorized as ideal and non-ideal according to the AHA definitions as the following [14]: ideal TC, TC < 5.18 mmol/L untreated; ideal FPG, FPG <5.6 mmol/L untreated; ideal BP, SBP <120/DBP< 80 mm Hg untreated; ideal smoking status, never a smoker; ideal physical activity, physical activity ≥150 min/wk of moderate intensity or ≥75 min/wk of vigorous intensity or ≥150 min/wk of moderate-vigorous intensity combination; ideal BMI, BMI <25 kg/m2; ideal diet, ≥ 4 components. A healthy diet score that had been appropriately adjusted was calculated by adding the number of diet components, including fruits and vegetables ≥500 g/d; fish ≥200 g/week; soybean products ≥125 g/d; red meat <75 g/d; drinking tea. Ideal diet was defined as healthy diet score ≥4 components [21]. The number of ICH metrics was calculated by summing up the number of ideal metrics for each participant. The more details of ICH have been described previously [22]. Since FPG is used to define T2DM, FPG was not used as a dimension of ICH in the current analysis [23].
Assessment of Covariates
Information on demographic characteristics, lifestyles, behaviors, dietary patterns, individual history of diseases and medication use, and reproductive factors (use of oral contraceptive pills, parity, menopause status, age at menopause, and type of menopause) were collected using a standard questionnaire. The Food Frequency Questionnaire (FFQ) was based on the Dietary Guidelines for Chinese Residents and their eating habits. Previous studies have shown that the FFQ has good reproducibility and validity [24]. Weight and height were measured twice in light clothing with shoes off and recorded to the nearest 0.1kg and 0.1 cm respectively and we calculated the average of the two measures. Body mass index (BMI) was computed as body weight (kg) divided by height square (m2) based on the measurement. Blood pressure was measured three times by electronic sphygmomanometer (Omron HEM-7071A, Japan) in the right arm in a sitting position after at least 5 min rest. There were 30s intervals between the three measurements. Venous blood samples were collected from subjects after an overnight fast of at least 8 h and stored in a −80°C cryogenic refrigerator before analysis. The fasting blood glucose (FBG) was analyzed via glucose oxidative method (GOD-PAP) by ROCHE Cobas C501 automatic biochemical analyzer. Total cholesterol was measured by Roche Cobas C501 automatic biochemical analyzer. The details of the equipment for anthropometric and clinical examinations have been introduced elsewhere [17].
Statistical Analysis
Continuous and categorical variables were presented as mean ± standard deviation (SD) and number (percentage), respectively. The participants’ baseline characteristics were compared using one-way analysis of variance and Pearson’s χ2 test. Ten models were developed to assess associations of age at menopause, ICH metrics and the risk of T2DM by using logistic regression models: Model 1 adjusted for age; Model 2 adjusted as in model 1 plus education level, average monthly individual income, marital status, alcohol drinking; Model 3 adjusted as in Model 2 plus family history of diabetes, age at menopause, parity, the cause of the menopause, use of oral contraceptive pills; Model 4 adjusted as in Model 3 plus physical activity; Model 5 adjusted as in Model 3 plus body mass index; Model 6 adjusted as in Model 3 plus smoking; Model 7 adjusted as in Model 3 plus diet; Model 8 adjusted as in Model 3 plus blood pressure; Model 9 adjusted as in Model 3 plus total cholesterol; Model 10 adjusted as in Model 3 plus physical activity, body mass index, smoking, diet, blood pressure, total cholesterol. Additionally, tests for linear trends were conducted by modeling the five categories of menarche age (≤13, 14, 15 to16, 17, and ≥18 years) as a continuous variable in the regression model. The interaction effects of age at menopause and ICH metrics on the risk of T2DM by using the generalized linear regression model and visualized by using interplot method. All statistical analyses were performed by STATA 15 for Windows and R version 3.6.3, and the statistical significance was set p-value < 0.05 at two tails.
RESULTS
Participants Characteristics
Characteristics of the participants are provided in Table 1. Among 15,450 postmenopausal women, 1959 cases of T2DM were identified. The mean ± SD age of the menopausal women participants, menarche, and menopause were 61.5 ± 7.71 years, 16.17 ± 2.26, and 48.78 ± 4.71, respectively. Women with T2DM tended to have a lower education level and lower average monthly income compared to those without T2DM. Compared to women with an age at menarche of 15–16 years (reference group), those who had early menarche (≤13 years) were much younger, had a higher education level, higher monthly individual income, and higher FPG, and had a higher prevalence of T2DM (Supplementary Table S1).
TABLE 1 | Distributions of selected variables of the study participant stratified according to type 2 diabetes mellitus status (The Henan Rural Cohort Study, collected during 2015–2017, China).
[image: Table 1]Association of Age at Menarche, Ideal Cardiovascular Health Metrics, and the Risk of Type 2 Diabetes
The distributions of the ideal cardiovascular health metrics according age at menarche is presented in Supplementary Table S2. There were significant differences in the number of ICH metrics among the different age at menarche groups. Women with a younger age at menarche were more likely to not have an ideal BMI, ideal physical activity, and ideal BP (all P trend <0.05), and tended to have fewer numbers of ICH metrics. After adjustment for confounding factors, age at menarche was inversely associated with risk of T2DM, with adjusted OR (95% CI) of 1.224 (1.043, 1.436), 1.116(0.945, 1.318), 1.00, 0.971 (0.834, 1.130), and 0.850 (0.749, 0.965) for those with age at menarche ≤13, 14, 15–16 (reference), 17, and ≥18 years, respectively. Each year of delay in menarche age correlated with a 5.1% lower risk of T2DM after adjustment for potential confounding factors (OR (95% CI) = 0.949 (0.928, 0.971)) (Table 2). From Model 4 to Model 10, this association changed slightly after adjusting for individual ICH metrics but remained statistically significant. The model fits were shown in Supplementary Table S3. In models 4, 5, 9 and 10, the Hosmer and Lemeshow goodness of fit test is not statistically significant, which indicates that the model fits well. To assess the robustness of the association between age at menarche and the development of T2DM, women with co-morbidities such as cancer and kidney failure were further excluded for sensitivity analysis (Supplementary Table S4), and the strength of the association in the sensitivity analysis was very similar to that found in Table 2. However, in Model 5 (further adjustment for BMI), no association was observed between age at menarche and T2DM.
TABLE 2 | Association of age at menarche (years) with type 2 diabetes mellitus in rural Chinese women (The Henan Rural Cohort Study, collected during 2015–2017, China).
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The stratified associations between age at menarche and the risk of T2DM in each ICH metrics are presented in Table 3. There was a significant interaction between age at menarche and physical activity, BMI, TC, and BP levels in the development of T2DM (all P for interaction <0.001). The risk of T2DM was more predominant in women with age at menarche ≤13 years and non-ideal BMI (OR (95% CI), 1.263 (1.031, 1.548)) than in women with ideal BMI (OR (95% CI), 1.230 (0.940, 1.610)) (p < 0.001 for interaction). The estimated values were similarly higher in the group with non-ideal total cholesterol levels (OR (95% CI), 1.247 (1.000, 1.556)) than in the group with ideal total cholesterol levels (OR (95% CI), 1.226 (0.965, 1.557)) (p < 0.001 for interaction) and in the group with non-ideal blood pressure levels (OR (95% CI), 1.229 (1.025, 1.474)) than in the ideal blood pressure level group (OR (95% CI), 1.280 (0.890, 1.840)) (p < 0.001 for interaction). The combined effect of the number of ICH metrics and age at menarche on the risk of T2DM is illustrated in Table 3 and Figure 1. We found a significant interaction between individual participants meeting the number of ICH metrics and age at menarche on the risk of T2DM. Figure 1 shows that the estimated effect of age at menarche on the risk of T2DM changes with the increasing number of ICH metrics. Negative interaction effects of age at menarche and number of ICH metrics on the risk of T2DM was observed in all participants (p < 0.05). Furthermore, the associations of age at menarche with the risk of T2DM were completed counteracted by the number of ICH metrics at the cut-points of 3.
TABLE 3 | The association between age at menarche (years) and type 2 diabetes mellitus according to ideal cardiovascular health metrics (The Henan Rural Cohort Study, collected during 2015–2017, China).
[image: Table 3][image: Figure 1]FIGURE 1 | Estimated effects of age at menarche on type 2 diabetes mellitus as a function of number of ideal cardiovascular health metrics were analyzed by using generalized linear models (The Henan Rural Cohort Study, collected during 2015–2017, China). The black lines and grey areas represented the estimated effect and 95% confidence interval of age at menarche on type 2 diabetes mellitus along with altered values of number of ideal cardiovascular health metrics. Model 1: adjusted for age; Model 2: adjusted as in model 1 plus education level, average monthly individual income, marital status, alcohol drinking; Model 3: adjusted as in model 2 plus family history of diabetes, Age at menopause, parity, the cause of the menopause, use of oral contraceptive pills.
DISCUSSION
To the best of our knowledge, this is the first study to explore the impact of ICH on the association between age at menarche and risk of T2DM in rural postmenopausal Chinese women, which provided important new evidence in a Chinese rural population. Our study further suggests that the early age at menarche was associated with increased risk of T2DM. The more significant finding is that ICH had a protective effect against the negative effect of age at menarche on the risk of T2DM, and the associations of age at menarche with the risk of T2DM were completely counteracted by the number of ICH metrics at the cut-points of 3.
Our results are generally consistent with other studies. A finding from the REACTION study indicated that age at menarche was inversely associated with the risk of diabetes in adulthood in Chinese women [25]. The EPIC-InterAct study found that women with a history of early menarche have a higher risk of type 2 diabetes in adulthood [26]. Similar results were found in our study. Moreover, numerous studies showed that age at menarche is associated with various forms of dysglycemia [6, 7, 27]. However, some studies have shown inconsistent results. The Rancho Bernardo Study showed that age at menarche was not associated with AGT or type 2 diabetes risk [28]. A study for postmenopausal women from Fujian Province indicated that age at menarche was not associated with diabetes [11]. Atherosclerosis Risk in Communities (ARIC) study found that early menarche was associated with type 2 diabetes in White women, and a similar association was not found in African-American women [29]. The difference between our findings and those of other studies may be due to the different populations, race/ethnic differences, and different nutrition and lifestyles among the participants [19, 29].
Our further study found that ICH had a protective effect against the negative effect of age at menarche on the risk of T2DM. Previous studies have indicated the inverse association between the number of ICH metrics and the risks of type 2 diabetes mellitus [15, 16]. Moreover, the Jackson Heart Study discovered that the AHA concept of ICH is applicable to diabetes mellitus prevention among Black participants [30]. A follow-up study found that participants with achieved ≥2 of ICH metrics had a lower OR of T2DM compared to those who achieved ≥2 of ICH metrics [31]. One recent study found that the increased risk of diabetes related to earlier age at menarche was significantly attenuated among individuals with ≥4 ICH metrics [25]. Similar results were found in our study, showing that the association between age at menarche and risk of T2DM was counteracted when the number of ICH metrics was ≥3. This evidence suggests that the beneficial effects on human health of achieving a higher number of ICH metrics may outweigh the adverse health effects of an early age of menarche. In addition, we found that separate ICH metrics, including physical activity, BMI, TC, and BP interacted meaningfully with age at menarche in the risk of T2DM. The risk of T2DM was more predominant in women with age at menarche ≤13 years and a non-ideal BMI than in women with an ideal BMI. The estimated values were similarly higher in the group with non-ideal TC and BP. Our previous study found that the risk of T2DM was higher among women who had an early menarche, and the relationship was partially mediated by BMI, and the proportion of the effect was 28% [19], which reflected the importance of meeting the ideal BMI for health. Abnormal cholesterol metabolism played an important role in diabetes [32, 33]. Some studies have indicated that early age at menarche was positively associated with hypertension [34, 35]. Control of BP, lipid, and glycemia were essential components for the prevention of type 2 diabetes complications [36]. Our study further supports that an increased number of ICH metrics is beneficial in reducing the risk of T2DM for women with early age at menarche. However, women who were ≤13 years of age at menarche with ideal physical activity or ideal smoking status were more likely to be at risk for T2DM. This could be because the prevalence of smoking among women is much lower in China and the population selected for this study was menopausal women. Additionally, our preliminary study found that the ideal physical activity (91.37%) was the highest prevalence of ICH metrics in Chinese rural population.
Strengths and Limitations
Our study is based on the relatively large sample size of a rural population in China. Standardized investigation tools, training, and on-site implementation, as well as adjustments of a wide range of potential confounding factors, ensure the reliability of the analysis. Furthermore, this is the first study to explore the impact of ICH on the association between age at menarche and risk of T2DM among rural postmenopausal Chinese women. Nevertheless, several limitations should also be considered. First, these findings come from a cross-sectional study, rather than a prospective cohort design, thus do not accurately describe causality. Secondly, our study did not use an oral glucose tolerance test to define diabetes, which may underestimate the number of diabetics, and the menarche age was obtained by self-reporting, leading to possible recall bias. However, there were high correlations between the recalled and actual menarche age [37, 38], reporting error likely would be irrelevant with T2DM status.
Conclusion
The results indicated that early age at menarche was related to increased T2DM risk and those associations were attenuated by higher ICH metrics, indicating that ICH may be an effective method to reduce the burden of T2DM among rural Chinese women with early menarche age.
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