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Aims: The prevalence of diabetes mellitus (DM) among adults has reached epidemic proportions worldwide, including China. In China, sex-based differences in the prevalence and risk factors of DM may exist, particularly among low-income individuals. Thus, we assessed these differences in the prevalence of DM and its risk factors in a low-income Chinese population.

Materials and Methods: Residents aged ≥45 years without histories of strokes or cardiovascular disease were recruited for this study. Multivariate logistic regression analyses were performed to assess the association of risk factors with DM prevalence.

Results: This study included 3,725 participants (41.2%, men; 58.8%, women). The mean age of the women (61.12 years) was higher than that of the men (59.14 years, P < 0.001). There was no significant sex-based difference in DM prevalence (men, 14.1%; women, 14.5%). Overweight, obesity, high triglyceride levels, and hypertension were independent risk factors for DM in both sexes. However, high-density lipoprotein-cholesterol levels were negatively associated with DM risk among men [odds ratio (OR), 0.544; 95% confidence interval (CI), 0.355–0.833; P = 0.005]. Among women, advanced age and high low-density lipoprotein-cholesterol levels were independent risk factors for DM; there was a higher DM risk for women aged 55–74 years than for those aged 45–54 years; however, physical activity was associated with an increased risk of DM (OR, 1.705; 95% CI, 1.195–2.432; P = 0.003).

Conclusions: These findings suggest a crucial need to implement individualized blood pressure, weight, and lipid managements in low-income populations in China to reduce the burden of DM, especially among older women.
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INTRODUCTION

Diabetes mellitus (DM) is rapidly becoming one of the most common non-communicable diseases worldwide (1), and its prevalence among adults has increased over the past few decades (2). The International Diabetes Federation estimated that 382 million people, worldwide, had DM in 2013; this number is expected to rise to 592 million by 2035, including an increase from 98.4 to 142.7 million people in China (3). The current estimate of the number of adults (aged >20 years) in China with DM is 92.4 million (including 60.7% of undiagnosed cases) (4). Between 2002 and 2020, the DM age-standardized mortality is projected to rise 1.1% among men and 1.3% among women. In 2002, DM was ranked as the eleventh leading cause of death, globally; it is projected to be seventh by 2030 (5). Additionally, DM is also a major cause of cardiovascular disease (CVD), chronic kidney disease, blindness, and amputations. As a result, between 2006 and 2015, the national income of China was estimated to have declined by $558 billion due to cardio- and cerebrovascular diseases and DM (6).

Numerous studies have demonstrated that conventional CVD risk factors, including age, sex, body mass index (BMI), blood pressure (BP), and dyslipidemia, are also associated with developing DM (4, 7–10). Sex-related differences in DM prevalence and associated risk factors were previously established (11–13). However, few studies have reported on sex-related differences in China, especially among low-income, poorly educated people.

In China, approximately half of the population lives in rural areas where incomes and educational attainment are low. These factors play decisive roles in increasing the burden of disease; thus, we assessed sex-related differences in DM prevalence and associated risk factors in a low-income population in rural China.

PATIENTS AND METHODS

Study Population

The baseline investigation for this population-based cohort study was conducted between April 2014 and January 2015, as previously described (14–16). Briefly, the total study population included 14,251 individuals from 18 administrative villages. Approximately 95% of the participants were low-income farmers, with a 2014 per capita disposable income of <1,600 USD (17). All residents aged ≥45 years, without diagnosed CVD, were recruited into this study.

The study was approved by the medical research ethics committee at Tianjin Medical University General Hospital; written informed consent was obtained from each participant during recruitment.

Data Collection and Risk Factor Definitions

Pre-designed questionnaire surveys were administered, in person, by trained epidemiology researchers. Demographic information, e.g., name, sex, date of birth, and educational level, were obtained from existing records.

Individual and family medical histories, including hypertension, DM, stroke, transient ischemic attacks, and coronary heart disease, were obtained from medical records or according to participant self-reports.

Lifestyle information included cigarette smoking and alcohol consumption habits as well as physical activity levels and self-reported salt intake. Cigarette smoking was defined as smoking >1 cigarette/day for ≥1 year; participants were categorized as non-smokers, former smokers (stopped smoking for at least 6 months), and current smokers. Alcohol consumption was defined as drinking >500 g (equivalent to 17 oz) of alcohol/week for >1 year; participants were categorized as non-drinkers, former drinkers (temperance for ≥6 months), and current drinkers, both for men and for women. Physical activity was defined as being involved in a physical activity ≥5 days/week for ≥30 min/day. Self-reported salt intake was defined as mild, moderate, and according to self-reported salt intake; mild was defined as with the salt intake of <6 g/day, moderate was defined as with the salt intake of 6–12 g/day, and heavy was defined as with the salt intake of >12 g/day.

Physical Examinations and Measurements

Physical examinations, e.g., those of BP [systolic BP (SBP) and diastolic BP (DBP)], height, and weight, were performed at the local village clinic during the survey. The levels of fasting plasma glucose (FPG), total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were measured at the Ji County People's Hospital. Body mass index (BMI) was calculated as weight (kg) divided by the square of height (m2).

Hypertension was defined as SBP ≥140 mmHg, DBP ≥90 mmHg, or taking hypertension medications. DM was defined as an FPG level ≥7.0 mmol/L, a previous history of diagnosed diabetes, or having a prescription for insulin or oral antidiabetic drugs (18). Weight classifications were based on BMI (normal, 18.5–23.9 kg/m2; low-weight, <18.5 kg/m2; overweight, 24.0–27.9 kg/m2; obesity, ≥28.0 kg/m2) (19). Elevated blood lipids were defined as TC ≥ 6.22 mmol/L, TG ≥ 2.26 mmol/L, and LDL-C ≥ 4.14 mmol/L; low HDL-C was defined as <1.04 mmol/L (20).

Statistical Analyses

The participants were categorized into four age groups: 45–54, 55–64, 65–74, and ≥75 years. Educational levels were categorized into three groups: illiterate (no formal education), 1–6 years of education, and >6 years of education. Continuous variables are presented as means and standard deviations, with comparisons between two groups being conducted using Student's t-tests. Categorical variables are presented as numbers and frequencies; between-group comparisons were performed using chi-squared tests. Multiple linear regression analyses were used to evaluate the association of DM with factors showing statistical significance in the univariate analyses. The relationships are presented as odds ratios (ORs) with 95% confidence intervals (CIs); two-tailed P < 0.05 were considered statistically significant. SPSS for Windows (version 19.0; SPSS, Chicago, IL, USA) was used for the analyses.

RESULTS

The participant selection process was previously described (14). Briefly, 4,012 of the 5,380 qualified residents were interviewed during the study period, yielding a 75% response rate. After excluding 223 residents with prior histories of CVD or strokes and 64 without FPG measurements, 3,725 individuals were ultimately included in the analyses.

Demographic Characteristics

In this study, males (mean age, 61.12 years) accounted for 41.2% (n = 1,536) of the participants; females (mean age, 59.14 years) accounted for 58.8% (n = 2,189) of the participants and were significantly younger than the men (P < 0.001). The men had a higher prevalence of hypertension, higher mean SBP and DBP values, and higher HDL-C levels (P < 0.05) than did the women. However, the frequencies of illiteracy and obesity were higher among women than among men; women were more likely to have elevated levels of TC, TG, and LDL-C (P < 0.05; Table 1).


Table 1. Demographical characteristics for all participants in this study by gender.
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Prevalence of DM

Table 2 displays the prevalence of DM among men and women in this study; the overall DM prevalence was 14.3%. Among men, the prevalence of DM increased with increasing BMI; the prevalence of DM was significantly higher among individuals with hypertension than among those with normal blood pressure. Moreover, the prevalence of DM among women increased with increasing age, education level, and BMI. There was a higher prevalence of DM among women with hypertension and those who were physically active.


Table 2. The prevalence of DM for all participants in this study by gender.
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Table 3 shows that men with DM had higher TG levels and lower HDL-C levels than did men without DM. Moreover, the levels of TC, TG, and LDL-C were significant higher among women with DM than among those without DM, but a converse trend was found for HDL-C levels.


Table 3. Differences of the lipids levels among individuals with or without DM for all participants in this study by gender.
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Sex-Based Differences in DM Risk Factors

In the multivariate analysis, overweight, obesity, hypertension, and high TG levels were independent risk factors for DM in both sexes. Compared with those having normal weights, the prevalence of DM was 59.4% higher among men who were overweight (OR, 1.594; 95% CI, 1.083–2.346; P = 0.001) and 125.0% higher among those who were obese (OR, 2.250; 95% CI, 1.462–3.461; P = 0.018). The prevalence of DM was also 115.5% higher among men with hypertension (P < 0.001) than among those with normal BPs; the prevalence of DM among men increased 11.8% with each 1 mmol/L elevation in the TG level (OR, 1.118; 95% CI, 1.010–1.238; P = 0.032). However, there was a negative association between HDL-C levels and DM prevalence (OR, 0.544; 95% CI, 0.355–0.833; P = 0.005; Table 4).


Table 4. Sex-based differences in associated factors of DM in the multivariate analyses.

[image: image]



Among women, old age was an independent risk factor associated with DM. Using the 45 to 54-year-old group as the reference group, there were higher prevalences of DM among those aged 55–64 years (OR, 1.580; 95% CI, 1.120–2.230; P = 0.009) and among those aged 65–74 years (OR, 2.301; 95% CI, 1.538–3.444; P < 0.001); this relationship disappeared for women ≥75 years (OR, 1.677; 95% CI, 0.957–2.939; P = 0.071). Similarly, women who were overweight (OR, 1.687; 95% CI, 1.219–2.334; P = 0.002), obese (OR, 1.840; 95% CI, 1.287–2.629; P = 0.001), had hypertension (OR, 1.967; 95% CI, 1.424–2.718; P < 0.001), or participated in physical activities (OR, 1.705; 95% CI, 1.195–2.432; P = 0.003) had elevated TG (OR, 1.206; 95% CI, 1.088–1.336; P < 0.001) and LDL-C (OR, 1.114; 95% CI, 1.002–1.237; P = 0.045) levels and demonstrated a higher DM prevalence than did their reference counterparts (Table 4).

DISCUSSION

This is the first report describing sex-based differences in DM prevalence and its determinants in a low-income and poorly educated population in China. Overall, the observed prevalence of DM was 14.1% in men and 14.5% in women. Further, overweight, obesity, hypertension, and high TG levels were independent risk factors for DM in both sexes. Among men, a high HDL-C value was an independent protective factor for DM. Among women, advanced age, physical activity, and high LDL-C levels were additional independent risk factors of DM.

Over the last several decades, China has experienced a dramatic increase in the prevalence of DM, rising from 1% in 1980 (21) to 2.5% in 1994 (22), 2.6% in 2002 (23), 9.7% in 2008 (4), and 11.6% in 2010 (24). However, the sex-based differences in the DM prevalence have remained unknown. A recent meta-analysis showed that the pooled prevalence rates were 9.9% (95% CI, 8.8–11.0%) among men, and 11.6% (95% CI, 10.0–13.1%) among women (25). A male prevalence of DM was observed in a large nationwide survey in which the age-standardized prevalence of total DM (both previously diagnosed and undiagnosed diabetes) was 10.6% among men and 8.8% among women (4). However, other studies indicated a higher frequency of DM among women than among men when the individuals were grouped according to age, educational level, hypertension, and BMI (8). In the present study, a significant, sex-based difference in the prevalence of DM within this low-income population was not observed. Disparities in the various study designs and the criteria used to establish a DM diagnosis may partly explain these differences.

A positive association between advanced age and DM or FPG level has been confirmed in many studies (25–28). Since the 1970s, the prevalence of DM has been observed to increase rapidly with age, with an overall prevalence of 14.1% in Chinese people aged 65–74 years (25). A nationally representative, cross-sectional survey was conducted in 2013 in mainland China; 170,287 participants were included. In that study, the estimated overall prevalence of total diabetes was 10.9% (95% CI, 10.4–11.5%), including 10.2% (95% CI, 9.7–10.7%) among women and 11.7% (95% CI, 10.9–12.4%) among men (24). The prevalence of diabetes increased with age, with the prevalence in 40–49 years vs. ≥70 years of 7.7 vs. 16.7% (28), and 11.3 vs. 23.5% in China (24). Consistent with the previous studies, advanced age was independently associated with DM only among women in the present study. Compared to 45 to 54-year-old individuals, the prevalence of DM increased by 58.0% among 55 to 64-year-olds and by 130.1% among 65 to 74-year-olds. The higher risk for women and advanced age to develop DM may be attributed to sex-based differences in fat storage locations (29) and islet beta-cell dysfunction in elderly individuals (30).

Obesity is a major independent and modifiable risk factor for DM, and many epidemiological studies have suggested that the prevalence of DM is higher among obese individuals (31, 32). Further, a high BMI is a predictor of developing DM among individuals aged 65–96 years (33) and may be an important pathogenic factor associated with DM in the elderly (33–35). A prior study, involving 2,478 children and adolescents (3–18 years old), also found that a 1-standard deviation increase in BMI was associated with a 45% increase in DM risk among adults (36). In the present study, BMI was an independent risk factor associated with DM in both sexes. Compared to normal-weight individuals, the prevalence of DM increased by 59.4% among men and 68.7% among women for those who were overweight, and by 125.0 and 84%, respectively, for those who were obese. Thus, a national effort is recommended to prevent childhood obesity by improving education and social conditions in this demographic; without such interference, a significant number of these individuals will eventually develop obesity and diabetes in adulthood.

In a women's health study, the risk of developing DM was twice as high among individuals with hypertension than that among those with SBPs between 120 and 129 mmHg (4). In a cohort study, both SBP and DBP were associated with elevated risks of new-onset diabetes; the risk of developing DM increased by 58% following a 20-mmHg increase in SBP and by 52% following a 10-mmHg increase in DBP (37). However, among men, an association was not observed between baseline BP and the risk of developing DM, after adjusting for covariates (38). In the present study, hypertension was an independent risk factor for DM in both sexes, contributing to a 115.5% (men) or 96.7% (women) increase in the prevalence of DM, compared with normotensive individuals. Elevated BP may increase the risk of DM by inducing chronic inflammation and endothelial dysfunction (39–41). Thus, chronic inflammation may partly mediate the link between some risk factors (obesity and hypertension) and DM.

The relationship between hypertriglyceridemia and developing DM or an elevated FPG level was established in previous studies. Specifically, individuals with high TG, TC, and LDL-C levels and those with low HDL-C levels were more likely to develop DM (42–44). Every 10 mg/dL increase in TG level increases the risk of DM by 4% (45). In contrast, several prospective studies failed to find a relationship between TG levels and DM, after adjusting for conventional risk factors (46–48). The impact of dyslipidemia on incident DM may be mediated by the inhibition of insulin secretion or the development of insulin resistance (49, 50). In both sexes, in the present study, high TG levels were independent risk factors for DM; for each 1-mmol/L increase in the TG level, the risk of DM rose by 11.8% among men and 21.1% among women. Moreover, each 1-mmol/L increase in HDL-C level decreased the risk of DM by 46.6%, among men.

A significant inverse relationship between educational level and DM prevalence was documented in previous studies. Compared with individuals having ≥13 years of education, those with ≤6 years of education (OR, 2.10; 95% CI, 1.27–3.48) or with 7–12 years of education (OR, 1.62; 95% CI, 1.04–2.52) had higher risks of developing type 2 diabetes, after adjusting for age, sex, medical characteristics, lifestyle factors, and stress levels; the OR for women with ≤6 years of education was particularly high (OR, 10.16; 95% CI, 2.08–49.53), even after adjusting for covariates (12). However, a similar trend was not observed for men (51, 52). Similarly, an association between DM and educational level was not observed among either men or women in the current study population.

Previous studies have shown that increased physical activity and reduced calorie intake significantly decrease the incidence of type 2 DM (53–55). Physical activity, combined with dietary modifications, was recommended as an initial intervention for those with intermediate hyperglycemia and for those with type 2 DM (56). With rapid economic growth and the associated industrialization, urbanization, and lifestyle changes (high calorie, fat, sugar, and sodium diets as well as decreased physical activity), prediabetes and diabetes have reached epidemic proportions in the Chinese population. In a large, nationwide survey on the prevalence and control of DM in Chinese adults, physical activity was positively associated with a higher risk of prediabetes, but not with DM (24). Insufficient physical activity among rural people over 40 years old increases the risk of type 2 DM and metabolic syndrome (57). Inconsistent with these studies, in this cross-sectional study, physical activity was negatively associated with the risk of DM in women, but not in men. All participants in this study were from a low-income, poorly educated population; thus, poor health awareness may have reduced the physical activity initiatives before diagnosing DM. However, this is the cross-sectional study, not a cohort study; those individuals being diagnosed with DM would initiative participate in the physical activity after being diagnosed with DM. Thus, increased physical activity after diagnosed with DM may explain the negative association of physical activity with DM risk in this cross-sectional study.

Several studies have demonstrated that elevated the dietary salt intake associated with hypertension, BMI, and the risk of CVD death (58–61). However, we assessed the sex difference in association of the dietary salt intake with DM prevalence and risk factors using self-reported salt intake categories in the present study. There is no significant sex difference in DM prevalence among the different salt intake groups.

This study has several limitations. First, the study population was recruited from villages in Tianjin, China; therefore, the findings may not extend to the overall national population. Second, participants were only assessed for FPG levels; the absence of impaired glucose-tolerance testing or glycosylated hemoglobin data may have underestimated the risk of DM. Moreover, the reliance of the study on self-reported DM, in this poorly educated population, may have also underestimated the prevalence of DM. Furthermore, the self-reported salt intake in this low education population may impact the accurate evaluation of the association of salt intake with DM risk. Finally, socio-economic status and nutrition data were not collected due to the limited education of the target population, we only collected the information of dietary salt intake by categorized groups, but absence of quantitative analysis.

This report describes sex-based differences in DM prevalence and its determinants in a low-income, poorly educated population, in China. The observed prevalence of DM was 14.1% among men and 14.5% among women. Further, overweight, obesity, hypertension, and high TG levels were independent risk factors for DM in both sexes. Among men, a high HDL-C level was an independent protective factor for DM. Among women, advanced age, physical activity, and high LDL-C levels were additional independent risk factors of DM. These findings suggest a crucial need to implement individualized BP, weight, and lipid management among low-income populations, in China, to reduce the burden of DM, especially among older women.
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