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Background: Women in rural areas of China face the unique risk of developing diabetes, but data on the glycemic status among
women without prior diabetes diagnosis in rural areas are lacking which may limit the decision-making for diabetes screening or
prevention. This study was aimed to describe the glycemic status of women determined by hemoglobin A1c (HbA1c) and explore its
associating factors.
Methods: A cross-sectional survey was conducted among women without prior diabetes diagnosis from two counties of rural areas in
Central South China from July to October 2018. On the basis of the life course framework, data on socio-demographic, environmental
health, genetic, biological (blood pressure, weight and height, lipids), psychosocial, and healthy behavioral factors were collected on
site either through questionnaires or field measurements. The questionnaires included social-demographic sheet, Perceived Stress
Scale, Self-efficacy scales for health-related diet and exercise behaviors, and Chinese Diabetes Risk Questionnaire. Generalized linear
model analysis was performed to determine the associating factors of glycemic status, which was measured by HbA1c level.
Results: A total of 647 women were included in the study. The median age of women was 51.00 years (range 35–65 years). The median
HbA1c level was 5.1% (interquartile range 4.6%-5.5%, range 4–13.6%), and 8.7% (n=56) of women were identified as elevated glycemic
status (HbA1c>6%). Environmental health factors (eg, living in less-developed county [β=0.206, p=0.027]), biological factors (eg, higher
body mass index [β=0.201, p=0.036], higher total cholesterol [β=0.097, p=0.040], history of gestational diabetes mellitus [β=0.722,
p<0.001]), and psychosocial factors (eg, higher perceived stress [β=0.247, p=0.002]) were associated with higher HbA1c level.
Conclusion: This study reported 8.7% of elevated glycemic status among women without prior diabetes diagnosis in rural Hunan
Province, China. After a comprehensive investigation based on a theoretical framework, living in a less-developed county of rural
areas, having larger body mass index, higher total cholesterol, higher perceived stress, and a gestational diabetes mellitus history were
identified as associating factors of higher HbA1c level. Professional support regarding weight control, blood lipid control, stress
management, and the prevention of gestational diabetes mellitus should be recommended among this population, especially for women
from less-developed counties.
Keywords: women, rural areas, glycemic status, hemoglobin A1c, associating factors, survey

Background
In 2019, a total of 231.9 million (50.1%) adults with diabetes remain undiagnosed worldwide.1 Hemoglobin A1c (HbA1c)
reflects the average plasma glucose over the previous 2–3 months,2 and it can be used as a screening tool for glycemic status in
epidemiological surveys or population screenings.3 In clinical practice, the Chinese Diabetes Society and American Diabetes
Association approved assay of HbA1c as one of the tests for diabetes screening under rigorous quality control standards,3,4

such as standardizing HbA1c assays.4,5 According to the National Institute for Health and Care Excellence (NICE) guidelines6
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and Guidelines for the Prevention and Treatment of Type 2 Diabetes in China,3 the normal reference range of HbA1c in China
is 4–6%, and HbA1c>6% is identified as elevated glycemic status (≥6.5% is diagnosed as diabetes mellitus). The increasing
prevalence of elevated glycemic status is a prominent threat to public health, and it places a heavy burden on health-care costs
around the world.7 Thus, determining the associating factors of glycemic status is necessary to facilitate decision-making for
diabetes screening or prevention.

Several associating factors of glycemic status have been proposed in clinical guidelines worldwide, including older
age, obesity, family history of diabetes, history of gestational diabetes mellitus (GDM), hypertension, antihypertensive
therapy, dyslipidemia, physical inactivity, and passive smoking.3,4,8–10 The association between glycemic status and other
unhealthy behaviors, such as low consumption of vegetables and fruits, is partially understood. The consumption of
vegetables and fruits is related to better glycemic status among women in the US11 and China.12 However, a meta-
analysis has shown that fruit intake has no significant effects in improving glycemic status.13

Evidence shows that reproductive characteristics (females only), such as history of fetal macrosomia and multiple parities
and menopausal status, are associated with glycemic status among women.14–19 In Japan, women with a history of fetal
macrosomia were found to be 1.4 times more likely to develop elevated glycemic status.14 Women with GDM history are
also associated with a higher risk of developing elevated glycemic status (relative risk of 9.51) compared with those with
normal glycemic status during pregnancy.15 However, conflicting findings are found across studies investigating the
association of history of multiple parities and menopause status with glycemic status. For example, the number of parities
was reported to be associated with elevated glycemic status in Japan,16 whereas a prospective study in China failed to show
that two parities increased the risk of developing elevated glycemic status compared with one parity.17 Menopause is
associated with decreased insulin sensitivity and glucose tolerance,18 which may increase the risk of developing elevated
glycemic status among postmenopausal women versus premenopausal women in China.19 However, whether menopausal
status independent of age is associated with glycemic status remains controversial.18 Taken together, more studies are needed
to explore whether these reproductive characteristics are associated with glycemic status among women.

In addition to reproductive characteristics, several psychosocial factors are associated with glycemic status among
women, such as perceived stress and general self-efficacy.20–24 Higher perceived stress is linked to elevated glycemic status
among women in Australia20 and China.21 A high level of general self-efficacy is considered to be a protective factor of
glycemic status.22 People with higher self-efficacy are more likely to cope with perceived stress, thereby reducing the
association of perceived stress with glycemic status.23,24 However, whether these psychosocial factors are still associated
with glycemic status when genetic and biological factors are taken into account needs to be explored.

Globally, the estimated number of undiagnosed diabetes cases in China (65 million) was the largest in 2019.7 Around
323 million women (49.7% of 650 million) live in rural areas in China;25 however, data on glycemic status among
women without prior diabetes diagnosis in rural areas are lacking. In developing countries, people living in rural areas
usually have limited access to high- quality health services, have lower educational levels and family income, and are
unemployed,26,27 which have been identified as associating factors of higher HbA1c level in the US and Australia.28,29

We did not find any studies that comprehensively explored the associating factors of glycemic status among women
without prior diabetes diagnosis on the basis of a theoretical framework. The life course framework has been commonly
used to guide the exploration of associating factors for noninfectious chronic diseases.30 This framework focuses on
factors shaping health in different stages of life, including contextual factors affecting health and well-being (environ-
mental health, psychosocial, and healthy behavioral factors) and constitutional and biological factors (genetics and
biological factors).30 This study was aimed to describe glycemic status determined by HbA1c among women without
prior diabetes diagnosis in rural areas and explore its associating factors on the basis of the life course framework.

Methods
Study Design and Setting
This study was a sub-study of a cross-sectional survey aimed to describe the levels and risk factors for overweight/
general obesity and abdominal obesity for rural women in China.31 To represent women from areas with different
economic status and lifestyles, participants from You County (GDP 2156.23 million US dollars, less developed) and
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Changsha County (GDP 4957.64 million US dollars, developed) were recruited.32 The study was conducted in the
largest general hospital and maternal and child hospital of the two counties in Hunan Province, located in Central South
China. Participants were recruited when they underwent female cancer (cervical cancer and breast cancer) or cardio-
vascular disease screening provided for the general population (which was sponsored by the government). The study
protocol was approved by the Ethics Committee of Xiangya School of Nursing, Central South University
(No. 2018028).

Participants
The eligibility criteria of participants were as follows: 35–65 years old, without previous diagnosis of type 2 or type 1
diabetes, and interest in participating in the study. Women who were pregnant and had a history of psychiatric disorders
or impaired communication were excluded from the study.

A total of 28 independent variables were selected in the study on the basis of the life course framework and literature.
According to previous literature, the sample size should be at least 20 times the number of predictors to make the linear
model stable.33 Thus, 560 women should be included. According to a similar study among the Chinese community
population,34 we expected that 20% of the participants might not complete the survey; therefore, the sample size was
increased to 700.

Measures
Glycemic Status
It was identified by HbA1c with the National Glycohemoglobin Standardization Program (NGSP) value. We used the
method that has been traceable to the Diabetes Control and Complications Trial (DCCT) reference assay. In our study,
HbA1c was measured by fluorescent affinity immunochromatography using a high-performance liquid chromatography
analyzer (Wondfo FS-201, Guangzhou, China), which was certified by NGSP and the International Federation of Clinical
Chemistry (IFCC). The sensibility and the inter-assay coefficient of variation are ±0.3% and<3.5%.5 According to the
NICE guideline and the Guidelines for the Prevention and Treatment of Type 2 Diabetes in China, the normal reference
range of standard HbA1c assay is 4%–6%, and participants with HbA1c>6% were identified as elevated glycemic
status.3,6

Socio-Demographic, Environmental Health, and Genetic Factors
The socio-demographic (eg, age, occupation status, educational level, family monthly income, marital status, parents’
ethnicity, and medical insurance), environmental health (eg, living places), and genetic (family history of diabetes)
factors were investigated by a researcher-designed survey.

Biological Factors
Anthropometric data of height, weight, and waist circumference (WC) were measured according to the guidelines for
prevention and control of overweight and obesity in Chinese adults.35 Height was measured to the nearest 0.1 cm using
a stadiometer (Seca 206, Germany), with participants in the upright position. Weight was measured to the nearest 0.1 kg
using a digital lithium weighing scale (Tanita BC-718, Japan). At the end of normal expiration, WC was measured to the
nearest 0.1 cm using an inelastic anthropometric tape at the midpoint between the costal margin and iliac crest, with the
participants in the standing position. Body mass index (BMI) was calculated as weight in kilograms divided by the square
of height in meters, and it was divided into two categories: normal (≤23.9 kg/m2) and overweight or obese (≥24.0 kg/m2);
WC was classified into two categories: normal (<80 cm) and abdominal obese (≥80 cm).35 Systolic blood pressure (SBP)
and diastolic blood pressure (DBP) were measured using an electronic sphygmomanometer (Omron HEM-7136, Japan)
according to the standard method recommended by the guideline.36 The participants were advised to rest for 5 min before
the measurement and sat with their arms supported at the heart level during measurement.

Lipid metabolism was evaluated using blood total cholesterol (Tch), high-density lipoprotein (HDL), and triglyceride
(TG). We collected fasting blood samples using a gel and clot activator tube for lipid measurement. Tch, TG, and HDL
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were measured by CHOD-PAP enzyme assay, GPO-PAP method, and direct clearance methods, respectively. These lipid
indicators were measured using a fast-automatic biochemical analyzer (Kehua ZY-1200, Shanghai, China).

Glycemic-status-related health history (history of hypertension and taking antihypertensive drugs) was measured using
two items in the Chinese Diabetes Risk Questionnaire,37 which was developed by Robinson38 and was revised and
translated into Chinese.37 The scale was designed to measure the risk of developing diabetes in 10 years. The test–retest
reliability of the Chinese version of the scale was 0.988. Reproductive characteristics (eg, history of fetal macrosomia,
GDM history, parity, and menopausal status) were investigated by the self-reported items in the researcher-designed survey.

Psychosocial and Healthy Behavioral Factors
Perceived stress was measured by the Perceived Stress Scale, developed by Cohen, Kamarck, and Mermelstein39 and
revised and translated into Chinese.40 The scale was designed to measure the degree to which situations in one’s life were
appraised as stressful. This scale consists of 14 items with a total score ranging from 0 to 56, and higher scores indicate
more stress. The cut-off point of the scale for high level of stress was 26. The Cronbach’s α of this scale was good with
a coefficient of 0.78.40 In this sample, the Cronbach’s α was 0.716.

The confidence of one’s ability to engage in physical activity and diet for at least six months was measured by Self-
efficacy scales for health-related diet and exercise behaviors, which was developed by Sallis et al,41 modified by
Quinonez et al,42 and revised and translated into Chinese.43 This scale has four items with a total score ranging from
0 to 16 for each scale, and higher scores indicate higher levels of self-efficacy. The Cronbach’s α of the Chinese version
of the scales was 0.855 for physical activity and 0.906 for diet.43 The Cronbach’s α in this study was 0.946 and 0.921.

Glycemic-status-related healthy behavior (doing physical activity at least 30 min each day and eating five servings of
vegetables or fruits a day) was also measured using two items of the aforementioned Chinese Diabetes Risk
Questionnaire. Passive smoking was measured by asking the following question: “Do you live/work with people who
smoke regularly? (yes or no)”.44

Data Collection
We collected the data from July to October 2018. Trained research assistants introduced the study (the purpose, benefits,
and risks of the study) to the women while waiting for the aforementioned free screening. If the women agreed to
participate, then they were asked to fill out the self-administered questionnaires. The research assistants were available to
answer questions and check the questionnaires to avoid unintentionally missing items or pages. Anthropometric
measurements (height, weight, WC, SBP, and DBP) and blood drawing (lipid metabolism and glycemic status) were
performed by registered nurses on site before women received the free screening.

Data Analysis
All data were double-entered and checked for accuracy using EpiData 3.0 software (The EpiData Association, Odense,
Denmark). Statistical analysis was performed using SPSS (version 25.0; SPSS Inc., Chicago, IL). Missing data (no more
than 5%) for each variable were replaced by mean or mode substitution depending on the distribution. Normality
distribution of HbA1c level and other continuous variables was checked by the Shapiro–Wilk test. Means ± standard
deviations (SD) were used if data were normally distributed, and medians and interquartile range (IQR) were used if data
showed skewed distribution. The data exhibited skewed distribution, and normal distribution was not found. Categorical
variables were expressed as frequencies and percentages. Continuous variables were normalized by Z-score transforma-
tion. The Mann–Whitney test was conducted to examine the difference in socio-demographic factors between partici-
pants who participated in and withdrew from the study. Spearman linear correlation analysis was used to explore the
correlation between the dependent variable and continuous independent variables.

Potential associations between the dependent variable (HbA1c as both continuous and categorical variables
[HbA1c>6% or not]) and independent variables (socio-demographic, environmental health, genetic, biological, psycho-
social, and healthy behavioral factors) were determined using the Mann–Whitney test and chi-square tests. Generalized
linear model (GLM) analysis was used to explore the associating factors of HbA1c level (GLM can be used to analyze
data from various non-normal distributions).45 We also ran the entered logistic regression models with HbA1c as
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a categorical variable (HbA1c>6%). On the basis of literature, socio-demographic, environmental health, genetic,
biological, psychological, and healthy behavioral factors were included in these two models. We set the statistical
significance level at p < 0.05.

Results
A total of 717 eligible women were invited to take part in the study, and 700 women agreed to participate. However,
because of personal and family matters, 53 (7.6%) women withdrew from the study without completing anthropometric
measurements, blood drawing, or questionnaires. Finally, 647 (90.2%) women completed the study, achieving the
required sample size for analysis (N=560). No significant difference in socio-demographic factors (age and living places)
was observed between participants who participated in and withdrew from the study (p>0.05). A post -hoc power
analysis was conducted using G*Power software version 3.1.46 The sample size of 647 provided power of 0.98 in the
model with 25 predictors on HbA1c (effect size f 2= 0.0642) for a test of the null hypothesis of a zero coefficient with
alpha = 0.05. Effect size f 2 was calculated as follows: Effect size f 2 =R2/(1−R2).47 The median HbA1c level was 5.1%
(IQR 4.60%–5.50%, range 4.00–13.60%), and 8.7% (n=56) of women were identified as elevated glycemic status. The
details are shown in Tables 1 and 2.

Table 1 Descriptive Analyses of the Characteristics and HbA1c Level by Characteristics in Participants (n=647)

Variable Categories n (%) Median (IQR) Z p-value

Socio-demographic
Occupation status Employed 571 (88.3) 5.10 (4.60–5.50) −0.621 0.535

Unemployed/Retired 76 (11.7) 5.00 (4.46–5.58)
Education level (years) ≤9 551 (85.2) 5.10 (4.60–5.50) −1.531 0.126

>9 96 (14.8) 4.91 (4.40–5.40)

Family monthly income ($) Low income (≤145) 82 (12.7) 5.20 (4.70–5.60) −1.659 0.097
Non-low income (>145) 565 (87.3) 5.00 (4.60–5.50)

Environmental health
Living places You County (less -developed) 304 (47.0) 5.10 (4.60–5.60) −1.887 0.059

Changsha County

(developed)

343 (53.0) 5.00 (4.60–5.40)

Genetics
Family history of diabetes Yes 64 (9.9) 5.20 (4.90–5.55) −1.659 0.097

No 583 (90.1) 5.00 (4.60–5.50)

Anthropometric
BMI (kg/m2) Normal (≤23.9) 345 (53.3) 5.00 (4.52–5.40) −3.599 <0.001

Overweight or obese (≥24.0) 302 (46.7) 5.20 (4.70–5.69)

WC (cm) Normal (<80) 338 (52.1) 5.00 (4.52–5.50) −2.029 0.042
Abdominal obese (≥80) 309 (47.9) 5.10 (4.70–5.60)

Healthy historical
History of hypertension Yes 147 (22.7) 5.15 (4.76–5.60) −2.114 0.034

No/Unknown 500 (77.3) 5.00 (4.60–5.50)

History of taking antihypertensive drugs Yes 98 (15.1) 5.12 (4.70–5.60) −1.436 0.151

No 549 (84.9) 5.00 (4.60–5.50)
Reproductive
History of fetal macrosomia No 525 (81.1) 5.10 (4.60–5.50) −0.008 0.994

Yes 122 (18.9) 5.05 (4.60–5.50)
History of gestational diabetes mellitus No/Unknown 575 (88.9) 5.00 (4.60–5.40) −4.146 <0.001

Yes 72 (11.1) 5.35 (4.80–6.15)

Parity 1 250 (38.6) 4.96 (4.60–5.50) −1.910 0.056
≥2 397 (61.4) 5.10 (4.60–5.50)

(Continued)
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Socio-Demographic, Environmental Health, and Genetic Factors
The median age of women was 49.00 years (IQR 44.00–54.00) in Changsha County and 54.00 years (IQR 50.00–57.00) in
You County. Among them, 11.7% (n=76) were unemployed or retired: 5.8% in Changsha County and 18.4% in You County.
Approximately 85.2% (n=551) had an education level of less than nine years: 80.5% in Changsha County and 90.5% in You
County. About 12.7% (n=82) had family monthly income less than 145 dollars, which was considered living at the extreme
poverty level according to the Chinese Development Research Center of the State Council.48 About 15.2% and 9.9% of the
women had family monthly income less than 145 dollars in Changsha County and You County, respectively. The majority of
women were married (97.5%) and Han in ethnicity (98.8%), and most of them had medical insurance (99.2%). Regarding
environmental health factors, 53% (n=343) of women were from Changsha County (a more developed area compared with
You County). With regard to genetic factors, most of the women (90.1%) had no family history of diabetes.

Biological Factors
With regard to anthropometric measurements, almost half of the women (46.7%) were overweight or obese
(BMI≥24.0 kg/m2), and 47.9% (n=309) were abdominal obese (WC≥80 cm); the median SBP and DBP were 128.00
mmHg (IQR 117.00–140.00) and 80.00 mmHg (IQR 74.00–90.00), respectively. In terms of lipid metabolism, the
median Tch, HDL, and TG were 5.15 mmol/L (IQR 4.53–5.89), 1.19 mmol/L (IQR 1.02–1.39), and 1.39 mmol/L (IQR
1.00–1.97), respectively.

Regarding the glycemic-status-related health history, 22.7% (n=147) and 15.1% (n=98) of the women reported
a history of hypertension and taking antihypertensive drugs, respectively. With regard to reproductive characteristics,

Table 1 (Continued).

Variable Categories n (%) Median (IQR) Z p-value

Menopausal status Premenopausal 301 (46.5) 5.00 (4.60–5.40) −1.703 0.089

Postmenopausal 346 (53.5) 5.10 (4.60–5.60)

Psychological
Perceived stress Low 410 (63.3) 5.00 (4.60–5.40) −2.442 0.015

High 237 (36.6) 5.20 (4.70–5.50)

Healthy behavioral
Passive smoking No passive smoking 159 (24.6) 5.10 (4.52–5.40) −0.727 0.467

Passive smoking 488 (75.4) 5.10 (4.60–5.50)

Doing activity such as brisk walking for at least
30 min each day

Yes 139 (21.5) 5.10 (4.60–5.40) −0.104 0.918
No 508 (78.5) 5.10 (4.60–5.50)

Eating five servings of vegetables or fruits a day Yes 337 (52.1) 5.00 (4.52–5.50) −0.573 0.567

No 310 (47.9) 5.10 (4.70–5.50)

Abbreviations: BMI, body mass index; WC, waist circumference; HbA1c, hemoglobin A1c; IQR, interquartile range.

Table 2 Characteristics of Participants in You County and Changsha County (n=647)

Variable Categories You County
(Less -Developed)

Changsha County
(Developed)

Z/χ2 p-value

Age 54.00 (50.00–57.00) 49.00 (44.00–54.00) −8.082 <0.001

Occupation status Employed 248 (81.6) 323 (94.2) 24.64 <0.001
Unemployed/Retired 56 (18.4) 20 (5.8)

Education level (years) ≤9 275 (90.5) 276 (80.5) 12.74 <0.001

>9 29 (9.5) 67 (19.5)
Family monthly income ($) Low income (≤145) 30 (9.9) 52 (15.2) 4.08 0.043

Non-low income (>145) 274 (90.1) 291 (84.8)
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approximately one-tenth (11.1%) of women had GDM history, 18.9% (n=122) had a history of fetal macrosomia, 61.4%
(n=397) had two and more parities, and 46.5% (n=301) were premenopausal.

Psychosocial Factors and Healthy Behavior
More than one-third of women (36.6%) reported high perceived stress. The median scores of the self-efficacy of physical
activity and diet were 8.00 (IQR 4.00–11.00) and 10.00 (IQR 8.00–12.00), respectively. Among them, 78.5% (n=508)
reported physical activity less than 30 min each day, 47.9% (n=310) ate less than five servings of vegetables or fruits
a day, and 75.4% (n=488) were exposed to passive smoking.

Univariate Analysis and Bivariate Analysis of HbA1c Level
In univariate analysis, women who were older, likely to live in less-developed county (You County), or who with higher
BMI, larger WC, higher SBP, higher DBP, higher Tch, higher TG, history of hypertension, history of taking antihyper-
tensive drugs, GDM history, postmenopausal status, or higher perceived stress had higher HbA1c levels (p<0.05). No
significant difference was observed between HbA1c level and healthy behavioral factors (doing physical activity at least
30 min each day, eating five servings of vegetables or fruits a day, and no passive smoking; p>0.05). The results are
shown in Tables 1 and 3.

In bivariate analysis, higher SBP (r=0.100, p<0.05) was related to elevated HbA1c level. No significant correlations
were observed between HbA1c level and Tch (r=0.0.064, p>0.05), HDL (r=−0.006, p>0.05), TG (r=0.064, p>0.05), DBP
(r=0.062, p>0.05), self-efficacy of physical activity (r=−0.042, p>0.05), or self-efficacy of diet (r=−0.020, p>0.05). The
results are shown in Table 4.

Multivariate Analysis for Factors Associated with HbA1c Level Among Participants
According to the GLM, less-developed county (β=0.206, p=0.027), higher BMI (β=0.201, p=0.036), higher Tch
(β=0.097, p=0.040), GDM history (β=0.722, p<0.001), and higher perceived stress (β=0.247, p=0.002) were asso-
ciated with higher HbA1c level. The results are shown in Table 5. We also ran models with HbA1c as a categorical
variable, and the results were similar to those of GLM (less-developed county [OR=2.317, p=0.024], GDM history
[OR=5.341, p<0.001], and higher perceived stress [OR=1.894, p=0.042] were associated with elevated HbA1c level).

Discussion
To the best of our knowledge, this study was the first to target the glycemic status of women without prior diabetes
diagnosis in rural areas of China who face the unique risk of developing diabetes. On the basis of the life course
framework,30 this study revealed the associating factors of elevated glycemic status, including environmental health
factors (eg, living in less-developed counties of rural areas), biological factors (eg, higher BMI, higher Tch, GDM
history), and psychosocial factors (eg, higher perceived stress). Interestingly, regarding some already known risk factors
(eg, socio-demographic factors, genetic factors, or healthy behavioral factors), we did not find that higher HbA1c level
was associated with them, which may indicate the different strategies to prevent elevated glycemic status in this
population.

The proportion of elevated glycemic status reported in this study (8.7%) among women without prior diabetes
diagnosis was lower than that reported in Germany (18.4%),49 but higher than that reported in the US (3.8%).50 The
different criteria and populations included in these studies could contribute to the difference in the proportion of
elevated glycemic status. In Germany, the cut-off point of the diagnostic test for elevated glycemic status (5.7%) was
lower than that reported in our study (6%). Therefore, a higher proportion might be expected. In the US, the cut-off
point of the diagnostic test for elevated glycemic status was the same as that reported in the current study. However, the
participants from the US (developed country) might have better health resources for chronic illness prevention. Thus,
the proportion of elevated glycemic status among women without prior diabetes diagnosis could be lower in the US.
The proportions of elevated glycemic status among adults without prior diabetes diagnosis in other studies in China
ranged from 22.4% to 42%,51,52 which were higher than that in our study because the fasting blood glucose and
2-h oral glucose tolerance test were used and could identify more types of elevated glycemic status. However, our
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Table 3 Differences Among the Characteristics According to HbA1c>6% or Not in Participants (n=647)

Variable Categories Total
(n=647)

HbA1c≤6% (n=591) HbA1c>6% (n=56) χ2/Z p-value

Socio-demographic
Age 51.00 (46.00, 56.00) 51.00 (46.00, 55.00) 55.00 (50.00, 58.00) −3.521 <0.001

Occupation status Employed 571 (88.3) 521 (88.2) 50 (89.3) 0.063 0.802

Unemployed/Retired 76 (11.7) 70 (11.8) 6 (10.7)
Education level (years) ≤9 551 (85.2) 499 (84.4) 52 (92.9) 2.873 0.090

>9 96 (14.8) 92 (15.6) 4 (7.1)

Family monthly income ($) Low income (≤145) 82 (12.7) 73 (12.4) 9 (16.1) 0.639 0.424
Non-low income (>145) 565 (87.3) 518 (87.6) 47 (83.9)

Environmental health

Living places You County (less -developed) 304 (47.0) 267 (45.2) 37 (66.1) 8.965 0.003
Changsha County

(developed)

343 (53.0) 324 (54.8) 19 (33.9)

Genetics
Family history of diabetes Yes 64 (9.9) 52 (8.8) 12 (21.4) 9.154 0.002

No 583 (90.1) 539 (91.2) 44 (78.6)

Anthropometric
BMI (kg/m2) Normal (≤23.9) 345 (53.3) 327 (55.3) 18 (32.1) 11.050 0.001

Overweight or obese (≥24.0) 302 (46.7) 264 (44.7) 38 (67.9)

WC (cm) Normal (<80) 338 (52.1) 277 (46.9) 24 (42.9) 2.164 0.141
Abdominal obese (≥80) 309 (47.9) 314 (53.1) 32 (57.1)

SBP (mmHg) 128.00 (117.00, 140.00) 127.00 (116.00, 140.00) 140.00 (125.00, 150.00) −3.629 <0.001

DBP (mmHg) 80.00 (74.00, 90.00) 80.00 (73.00, 89.00) 86.00 (79.00, 92.00) −2.829 0.005
Lipid metabolism

Tch (mmol/L) 5.15 (4.53, 5.89) 5.14 (4.52, 5.86) 5.55 (4.87, 6.16) −2.440 0.015

HDL (mmol/L) 1.19 (1.02, 1.39) 1.19 (1.02, 1.38) 1.24 (1.02, 1.51) −1.400 0.161
TG (mmol/L) 1.39 (1.00, 1.97) 1.34 (0.99, 1.93) 1.75 (1.26, 2.62) −3.219 0.001

Healthy historical

History of hypertension Yes 147 (22.7) 123 (20.8) 24 (42.9) 14.158 <0.001
No/Unknown 500 (77.3) 468 (79.2) 32 (57.1)

History of taking antihypertensive

drugs

Yes 98 (15.1) 81 (13.7) 17 (30.4) 11.035 0.001

No 549 (84.9) 510 (86.3) 39 (69.6)
Reproductive

History of fetal macrosomia No 525 (81.1) 477 (80.7) 48 (85.7) 0.837 0.360
Yes 122 (18.9) 114 (19.3) 8 (14.3)
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History of gestational diabetes

mellitus

No/Unknown 575 (88.9) 541 (91.5) 34 (60.7) 49.147 <0.001

Yes 72 (11.1) 50 (8.5) 22 (39.3)
Parity 1 250 (38.6) 234 (39.6) 16 (28.6) 2.621 0.105

≥2 397 (61.4) 357 (60.4) 40 (71.4)

Menopausal status Premenopausal 301 (46.5) 285 (48.2) 16 (28.6) 7.940 0.005
Postmenopausal 346 (53.5) 306 (51.8) 40 (71.4)

Psychological

Perceived stress Low 410 (63.3) 381 (64.5) 29 (51.8) 3.544 0.060
High 237 (36.6) 210 (35.5) 27 (48.2)

Self-efficacy of physical activity 8.00 (4.00, 11.00) 8.00 (4.00, 11.00) 6.00 (4.00, 9.00) −1.963 0.050

Self-efficacy of diet 10.00 (8.00, 12.00) 10.00 (8.00, 12.00) 9.00 (7.00, 12.00) −1.174 0.240
Healthy behavioral

Passive smoking No passive smoking 159 (24.6) 149 (25.2) 10 (17.9) 1.493 0.222

Passive smoking 488 (75.4) 442 (74.8) 46 (82.1)
Doing activity such as brisk walking

for at least 30 min each day

Yes 139 (21.5) 129 (21.8) 10 (17.9) 0.478 0.489

No 508 (78.5) 462 (78.2) 46 (82.1)

Eating five servings of vegetables or
fruits a day

Yes 337 (52.1) 303 (51.3) 34 (60.7) 1.829 0.176
No 310 (47.9) 288 (48.7) 22 (39.3)
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study provided the proportion of elevated glycemic status identified by HbA1c, which will facilitate international
comparison.

Regarding environmental health factors, we found that women living in the less-developed county were likely to have
higher HbA1c level. This finding was consistent with a longitudinal study in adults in the US.53 The interpretations are as
follows: First, in less-developed areas, healthy food and regular health check-ups are less affordable and accessible,
which increases the risk of developing elevated glycemic status or makes early diagnosis difficult.54,55 Second,
participants living in the less-developed county were older and more likely to be unemployed and have lower education

Table 4 Bivariate Analysis of HbA1c Level (n=647)

Tch
(mmol/L)

HDL
(mmol/L)

TG
(mmol/L)

SBP
(mmHg)

DBP
(mmHg)

Self-Efficacy
of Physical
Activity

Self-Efficacy
of Diet

Mean ± SD 5.25 ± 1.06 1.23 ± 0.30 1.75 ± 1.59 129.35 ± 18.36 81.79 ± 11.20 7.24 ± 4.61 9.66 ± 3.76

Median (IQR) 5.15
(4.53–5.89)

1.19
(1.02–1.39)

1.39
(1.00–1.97)

128.00
(117.00–140.00)

80.00
(74.00–90.00)

8.00
(4.00–11.00)

10.00
(8.00–12.00)

HbA1c r 0.064 −0.006 0.064 0.100* 0.062 −0.042 −0.020

Note: *Correlations are significant at 0.05 level (2-tailed).
Abbreviations: r, correlation coefficient; Tch, total cholesterol; HDL, high-density lipoprotein; TG, triglyceride; SBP, systolic blood pressure; DBP, diastolic blood pressure;
HbA1c, hemoglobin A1c; IQR, interquartile range.

Table 5 Generalized Linear Model for Factors Associated with HbA1c Level (n=647)

Variable β* SE Wald χ2 p-value 95% CI

Intercept −0.443 0.205 4.658 0.031 −0.845 −0.041
Age 0.013 0.057 0.055 0.815 −0.099 0.126

Occupation status (vs unemployed) 0.063 0.121 0.269 0.604 −0.175 0.301
Education level (vs ≤9 years) −0.070 0.108 0.425 0.514 −0.282 0.141

Family monthly income (vs ≤145 $) −0.100 0.114 0.780 0.377 −0.324 0.123

Living places (vs Changsha County) 0.206 0.093 4.908 0.027 0.024 0.388
Diabetes family history (vs No) 0.047 0.127 0.136 0.712 −0.203 0.297

BMI (vs ≤23.9kg/m2) 0.201 0.095 4.416 0.036 0.013 0.388

WC (vs <80 cm) −0.091 0.094 0.925 0.336 −0.276 0.094
Tch 0.097 0.048 4.202 0.040 0.004 0.191

HDL −0.017 0.044 0.152 0.696 −0.104 0.069

TG 0.022 0.043 0.273 0.601 −0.061 0.106
SBP 0.073 0.055 1.715 0.190 −0.036 0.181

DBP −0.004 0.054 0.005 0.943 −0.109 0.102

History of hypertension (vs No) −0.090 0.125 0.523 0.470 −0.335 0.155
History of taking antihypertensive drugs (vs No) 0.119 0.144 0.680 0.409 −0.164 0.402

History of fetal macrosomia (vs No) −0.036 0.099 0.133 0.715 −0.231 0.158

History of gestational diabetes mellitus (vs No/Unknown) 0.722 0.123 34.511 <0.001 0.481 0.963
Menopausal status (vs premenopausal) 0.020 0.107 0.034 0.855 −0.19 0.229

Parity (vs one time) 0.057 0.082 0.490 0.484 −0.103 0.218

Perceived stress (vs low stress) 0.247 0.079 9.697 0.002 0.091 0.402
Self-efficacy of physical activity −0.011 0.044 0.058 0.810 −0.096 0.075

Self-efficacy of diet −0.053 0.040 1.759 0.185 −0.130 0.025

Passive smoking (vs no passive smoking) 0.098 0.087 1.265 0.261 −0.073 0.270
Doing activity such as brisk walking for at least 30 min each day (vs No) −0.043 0.102 0.178 0.673 −0.244 0.157

Eating five servings of vegetables or fruits a day (vs No) 0.119 0.078 2.364 0.124 −0.033 0.271

Note: *Values of B for z-standardized independent and dependent variables.
Abbreviations: HbA1c, hemoglobin A1c; BMI, body mass index; WC, waist circumference; Tch, total cholesterol; HDL, high-density lipoprotein; TG, triglyceride; SBP,
systolic blood pressure; DBP, diastolic blood pressure.
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level than those from the developed county (Table 2), indicating that they were less likely to be aware of regular chronic
disease screening and healthy lifestyles.56 Regarding genetic factors identified by self-reported family history of diabetes,
these factors were not associated with higher HbA1c level, which was inconsistent with a meta-analysis of epidemio-
logical studies among adults in China.57

Regarding anthropometric measurements of biological factors, higher BMI was associated with elevated glycemic
status in this study. This result was consistent with a 45-year follow-up cohort study among adults in the UK.58

Peripheral obesity (identified by higher BMI) is associated with the formation of lipid metabolites, hormones, and
cytokines; thus, it might be associated with changes in the insulin signaling pathways and insulin resistance.59 However,
as an indicator of abdominal fat accumulation,35 WC was not significantly associated with elevated glycemic status in
this study, which was inconsistent with a cohort study among adults in Iran.60 In a cohort study including 4992 adults
aged 40 years and above in Korea, WC trajectory was identified as a better predictor of diabetes risk than WC.61

Regarding lipid metabolism of biological factors, higher Tch was associated with higher HbA1c level. This result was
consistent with the findings among adults in China. We did not find a significant association between other lipid indicators
(TG and HDL) and higher HbA1c level. Whether healthy behavior (doing physical activity at least 30 min each day and
eating five servings of vegetables or fruits a day) can improve glycemic status remains unknown. This result was inconsistent
with a meta-analysis10,62,63 that included adults from developed countries (eg, Europe, the US, or Japan). The conflicting
result may be due to recall bias associated with the use of self-reported healthy behavior measurements and the poor
awareness of healthy behavior with regard to the low education level and economic gap in less-developed areas.

Among the reproductive characteristics (GDM history, fetal macrosomia, parity, and postmenopausal status),
GDM history was significantly associated with higher HbA1c level. In patients with GDM, impaired β-cell function
already exists, which causes women to be at risk of developing elevated glycemic status.64 The result was consistent
with the findings of a meta-analysis that included 17 countries.15 However, the association between the history of
fetal macrosomia and higher HbA1c level was not significant, which was inconsistent with a cross-sectional study
among women in Japan.14 A prospective study among women in Canada reported that women with a history of large
fetal weight/fetal macrosomia but without GDM history likely maintained normal glycemic status.65 In our study,
most participants (86.88%) with a history of fetal macrosomia did not report GDM history, which indicated a non-
significant association between fetal macrosomia and higher HbA1c level. Regarding parity, the literature suggested
that in predisposed populations (eg, women with GDM history), several parities were associated with elevated
glycemic status.66 The vast majority (88.9%) of our participants did not report any characteristics of predisposition,
which might interpret the non-significant association between parity and higher HbA1c level. Regarding postmeno-
pausal status, a cohort study among women in Spain demonstrated that glucose metabolism levels might not change
after adjusting for age during the transition from pre-menopause to post-menopause,67 which indicated that aging
might be associated with elevated glycemic status rather than postmenopausal status.18 Therefore, postmenopausal
status was not associated with higher HbA1c level in our study.

Regarding psychosocial factors, we found that higher perceived stress was associated with higher HbA1c level, which
was consistent with a 35-year follow-up cohort study among Swedish men. In this study, whether self-efficacy of
physical activity and self-efficacy of diet were associated with higher HbA1c level remains unknown. Moreover, physical
activity and diet were not related to higher HbA1c level. However, a previous study found that self-efficacy of physical
activity and diet is highly correlated with the healthy behavior of physical activity and diet,68 thereby indicating the non-
significant association between self-efficacy of healthy behavior and higher HbA1c level.

This study has some limitations. First, we used HbA1c level to identify glycemic status for international comparisons
which might have underestimated the proportion of elevated glycemic status in this population, as we could not identify
impaired fasting glucose or abnormal glucose tolerance on the basis of the HbA1c level.69 Second, all participants were
older than 35 years and were recruited from rural areas in Hunan Province. The generalizability of the results may be
limited. Third, this study was a cross-sectional design that cannot show the temporal cause–effect association between
factors and elevated glycemic status.

This study provides the following insights for future research and primary care practice. For research implications,
first, the results support the life course model. Second, future studies are needed to unravel the mechanisms behind the
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association of history of fetal macrosomia or parity with glycemic status. Third, the impact of WC trajectory on elevated
glycemic status must be explored in this population. Fourth, healthy behavior such as diet and physical activity must be
explored by using more objective measures. The findings of this study have several implications for primary care
practice. First, elevated glycemic status screening and prevention should focus on women living in rural areas who are
obese and have higher Tch, GDM history, or higher perceived stress, especially in the less-developed county of rural
Hunan Province, China. Second, stress management should be considered in future diabetes prevention programs. Third,
GDM prevention, which is mostly neglected in the maternal health-care field in China,70 is urgently needed to help
women keep healthy glycemic status later in life especially in rural areas.

Conclusions
This study reported 8.7% of elevated glycemic status among women without prior diabetes diagnosis in rural Hunan
Province, China. The comprehensive associating factors of elevated glycemic status based on the life course framework
explored in this study may provide insights into risk factor identification and diabetes prevention strategies in rural areas.
Professional support of GDM prevention, weight control, blood lipid control, and stress management may be critical to
prevent elevated glycemic status among women without prior diabetes diagnosis.
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