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Background: The purpose of this study was to describe the status of abnormal glucose

tolerance with a longer duration after delivery among women with prior gestational diabetes

mellitus (GDM) in a rural community of China, and to explore the influence of socio-

demographic factors, GDM-related factors (family history of diabetes, number of children,

receipt of treatment for GDM), psychosocial factors (perceived stress, self-efficacy, and social

support), lifestyle behaviors (physical activity, sedentary activity, fruit or vegetables intake), and

obesity indicators (body mass index and waist circumferences) on abnormal glucose tolerance.

Patients and Methods: A cross-sectional descriptive survey was conducted among women

with prior GDM in two county-level hospitals in Western and Eastern Hunan, China from

November 2017 to June 2018. Under the guidance of life course theory, data were collected

using self-report measures of socio-demographic and GDM-related factors as well as psy-

chosocial factors (perceived stress, self-efficacy, and social support) and postpartum lifestyle

behaviors (physical activity, sedentary activity, and fruit and vegetable intake). Additionally,

a 75-g oral glucose tolerance test was conducted, and weight, height, and waist circumfer-

ence were measured on site.

Results: A total of 425 women were included in this study, with an average postpartum

duration of 18.04 months. Of these women, 20.9% had abnormal glucose tolerance (AGT).

A multivariate analysis indicated that the proportion of abnormal glucose tolerance increased

with increased age (OR = 2.13; 1.27–3.57, p=0.004), ethnic minority (OR: 1.62, 95% CI:

0.96–2.72, p=0.069), lower educational levels (OR:0.58, 95% CI: 0.33–1.02, p=0.057),

receipt of treatment for GDM during pregnancy (OR =1.93; 1.11–3.37, p=0.020) and larger

waist circumference (OR = 1.08; 1.05–1.12, p=0.000).

Conclusion: More than one-fifth of the women with GDM in rural China had progression to

AGT. More postpartum programs aimed at reducing waist circumference are warranted to delay

or prevent progression to type 2 diabetes mellitus for rural Chinese women with prior GDM.

Keywords: gestational diabetes mellitus, abnormal glucose tolerance, postpartum, risk

factors, waist circumference

Introduction
The prevalence of diabetes is rising rapidly worldwide. There were 451 million

people (aged (18–99 years) with diabetes as of 2017, and this number is projected

to increase to increase to 693 million by 2045).1 Additionally, the age of onset of

type 2 diabetes mellitus (T2DM) is decreasing across countries; almost 63% of
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people with diabetes are under 60 years of age.1 Among

younger people with diabetes, approximately 18.4 million

women were found to have had prior gestational diabetes

mellitus (GDM).2 The onset of GDM is defined as the

onset or first detection of any degree of glucose intoler-

ance during pregnancy.3 The prevalence of GDM is

experiencing an upward trend, with a median estimate

between 5.8% and 12.9% worldwide and ranging from

6.8% to 10.4% in China.4,5

Although glucose homoeostasis is most likely to

restore to non-pregnancy levels shortly after delivery

among women with prior GDM, GDM is strongly asso-

ciated with progression to abnormal glucose tolerance

(AGT) after delivery,6 which has become an emerging

health concern worldwide. AGT can appear in the form

of impaired fasting glucose (IFG), impaired glucose toler-

ance (IGT), or T2DM. Both IFG and IGT could be used

similarly to predict diabetes.3 The incidence of progression

to AGT up to one year after a GDM pregnancy has been

reported to be 6.7–54.0%, with up to 70% of women

developing T2DM within 20 years.7,8 AGT after GDM-

affected pregnancy progresses earlier in Asian countries.9

In China, women with GDM were screened 6–12 weeks

postpartum and found to have an incidence of AGT ran-

ging from 21.1% to 57.7%.10 The incidence of progression

to AGT is frequent during the early postpartum period and

remains stable thereafter,9 and the risk of progression to

T2DM is highest during the period 3 to 6 years after the

index pregnancy.8 Few studies have explored this time

window of postpartum glucose tolerance of women with

prior GDM.11

There are various risk factors for progression to AGT

among women with histories of GDM. Maternal age and

educational background have been identified as socio-

demographic factors.12–14 Advanced maternal age has con-

sistently been associated with progression to AGT among

women with prior GDM.12 Additionally, women with

lower educational levels are more likely to develop persis-

tent AGT in Portuguese and South African

populations.13,14 Family history of diabetes and receipt of

treatment for GDM during pregnancy have also been

identified as strong predictors of the development of

AGT in Korea, Germany, and South Africa.14–16

As for lifestyle behaviors, physical activity and dietary

patterns have direct and indirect impacts on insulin sensi-

tivity and glucose homeostasis and have been found to be

closely associated with the development of AGT after

delivery among women with prior GDM.17–19 In the

United States, women who increased their total physical

activity levels by 7.5 MET-h/wk (equivalent to 150 min-

utes per week of moderate-intensity physical activity) or

more had a 47% lower risk of developing T2DM.17

However, sedentary activities (sitting at work, while driv-

ing, otherwise away from home, or at home) were not

related to T2DM risk.17 In Canada, increased fruit and

vegetable intake was associated with a slightly lower like-

lihood of developing AGT among women with prior

GDM.18 To our knowledge, no studies have explored the

influence of physical activity, sedentary activity, and fruit

and vegetable intake on the development of AGT among

women with prior GDM in China.

Body mass index (BMI) and waist circumference, two

obesity indicators, have been reported to be the strongest

risk factors for the progression from GDM to AGT in the

United States and Korea.20,21 Excess weight or abnormal

fat accumulation increases peripheral insulin resistance

and reduces β-cell sensitivity to glucose.22 Compared to

women with normal glucose tolerance during pregnancy,

women who have developed GDM are more likely to have

higher BMIs and waist circumferences after delivery.23

Both BMI and waist circumference were associated with

the development of T2DM among women with histories of

GDM in urban China.24 Among the general population,

the predictive effect of waist circumference on the devel-

opment of T2DM is stronger than that of BMI.25 It is not

clear whether BMI or waist circumference is a better pre-

dictor of T2DM in this high-risk population.

Psychosocial factors, such as perceived stress, self-

efficacy, and social support, are associated with the devel-

opment of T2DM and glycemic control.26–29 Perceived

stress has been shown to predict abnormal glucose toler-

ance within the general population of Australia.26,27

Perceived stress have included direct neuroendocrine

effects (e.g., the fact that stress hormones such as cortisol

and adrenaline are counter-regulatory to insulin), and

indirect effects mediated by traditional risk factors (e.g.,

stress may reduce the likelihood of exercising).27 The

protective effects of self-efficacy and social support on

glycemic control have been documented among adults

with T2DM in the United States and China.28,29 Few

studies have explored the effects of psychosocial risk

factors on the development of AGT after delivery among

women with histories of GDM.

Identifying risk factors for the progression of GDM to

AGT is a necessary preliminary step toward designing

diabetes prevention programs. However, to our
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knowledge, no studies have explored the effects of the

determinants of AGT and T2DM among women with

prior GDM within a theoretical framework. The life course

framework has often been used to guide the exploration of

factors that influence health outcomes.30 This framework

encourages a focus on population disparities, including

those categorized by race/ethnicity, socioeconomic status,

gender, and age, and emphasizes the collective impact and

influence of social environment (e.g., psychosocial factors)

and individual behaviors (e.g., physical activity and diet)

on health outcomes and conditions.30 The aims of this

study were to describe the status of AGT with a longer

duration after delivery among women with prior GDM in

a rural community of China, and to explore the influence

of socio-demographic factors, GDM-related factors

(family history of diabetes, number of children, receipt

of treatment for GDM), psychosocial factors (perceived

stress, self-efficacy and social support), lifestyle behaviors

(physical activity, sedentary activity, fruit or vegetables),

and obesity indicators (BMI and waist circumferences) on

the status of AGT with a guide of the life course

framework.

Patients and Methods
Study Design and Sample
A descriptive, cross-sectional design was used in the pre-

sent study. Data for this study were obtained from women

with prior GDM (n = 467). Participants were recruited

from two county-level hospitals in Western and Eastern

Hunan, China. Participants were eligible for this study if

they met the following inclusion criteria: 1) more than 18

years old, 2) history of GDM, and 3) at least six weeks

postpartum. The exclusion criteria were as follows: 1)

currently pregnant, 2) diabetes diagnosed before preg-

nancy or after delivery, 3) complication of pregnancy

diagnosed during pregnancy (eg, polycystic ovary syn-

drome, pregnancy-induced hypertension syndrome), 4)

currently taking medications that influence glucose meta-

bolism, 5) physical or cognitive disability, 6) current

addictive drug abuse, and 7) severe psychiatric disorder.

Measures
The investigator-designed questionnaire consisted of two

parts: 1) socio-demographic information (age, ethnicity,

educational level, employment, and monthly family

income); and 2) GDM-related information (family history

of diabetes, number of children, receipt of treatment for

GDM, and follow-up after delivery). The age in the study

was the age when the questionnaire was filled-in. The

receipt of treatment for GDM including diet therapy, phy-

sical activity therapy and insulin therapy.

Perceived stress was assessed with the Chinese version

of the Perceived Stress Scale (14 items). This scale was

translated into Chinese by Yang and colleagues31 based on

the version developed by Cohen et al.31 This scale was

designed to measure the degree to which one appraises the

situations in their own life as stressful. Total scores on this

scale may range from 0 to 56. The criterion score for this

instrument is 26, indicating increased perceived stress.

Higher scores indicate more stress. This scale has been

shown to have a Cronbach’s alpha coefficient of 0.78.31

The Cronbach’s alpha of the translated scale was 0.81 in

the present study.

The Chinese version of the General Self-Efficacy Scale

was used to measure self-efficacy with ten items. The items

on the GSES are rated on a 4-point Likert scale, ranging

from 1 (“not at all true”) to 4 (“exactly true”). A total score

was computed for this scale by taking the mean of the scores

on all items. Total scores on this scale could range from 1 to

4. A higher score indicates a higher level of general self-

efficacy. The Chinese version of this scale has been shown to

have an internal consistency coefficient of 0.87 and a test-

retest reliability of 0.83.32 The Cronbach’s alpha of this scale

was 0.88 in the present study.

The Social Support Rating Scale (SSRS, Chinese ver-

sion) was used to assess social support. This scale contains

ten items, measuring three dimensions of social support:

subjective support (four items), objective support (three

items), and support-seeking behavior (three items). Item

scores on the SSRS were added together, generating a total

support score ranging from 0 to 50, with higher scores

indicating stronger social support. The SSRS has been

used with a wide range of Chinese populations due to its

high reliability and validity, with a Cronbach’s alpha ran-

ging from 0.89 to 0.94.33 The Cronbach’s alpha of this

scale was 0.87 in the present study.

Moderate to vigorous physical activity and sedentary

activity status were assessed with the Chinese version of

the International Physical Activity Questionnaire Short

Form (IPAQ-S).34 Participants were asked to recall any

moderate to vigorous physical activity they had engaged in

over the past seven days and to estimate the intensity and

duration of these activities (e.g., “How many days did you

do vigorous physical activities like heavy lifting, digging,

aerobics, or fast bicycling?” “How much time did you
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usually spend doing vigorous physical activities on one of

those days?” and “How much time did you spend sitting

on a week day?”). The IPAQ-S had intraclass correlation

coefficients above 0.70.34 Moderate to vigorous physical

activity was divided into two categories according to

the second edition of the Physical Activity Guidelines for

Americans: 1) sufficient: 150–300 minutes a week of

moderate-intensity physical activity, 75–150 minutes

a week of vigorous-intensity aerobic physical activity, or

an equivalent combination of moderate to vigorous physi-

cal activity, and 2) insufficient: <150 minutes a week of

moderate-intensity aerobic physical activity, <75 minutes

a week of vigorous-intensity aerobic physical activity, or

an equivalent combination of moderate to vigorous physi-

cal activity.35

Fruit and vegetable intake was assessed with one item

of the Chinese version of the Canadian Diabetes Risk

Assessment Questionnaire (“Do you eat vegetables or

fruits every day?”). The test-retest reliability of this scale

was 0.988.36 Height was measured to the nearest 0.5 cm,

and weight (with an empty stomach, light indoor clothing,

and no shoes) was measured with a precision of 0.1 kg.

BMI was calculated by dividing body mass in kilograms

by height in meters squared (kg/m2). Waist circumference

was measured on a horizontal plane, midway between the

inferior margin of the ribs and the superior border of the

iliac crest.

A 2h 75-g oral glucose tolerance test (OGTT) was con-

ducted after a 12-hour fast, followed by a two-hour blood

sample. The 2h 75-g OGTT test is a procedure in which

a standardized load of glucose is provided and plasma glu-

cose levels are drawn at different times over a 2-h period.

Plasma glucose was measured using a hexokinase enzymatic

method. AGTwas defined according to the following World

Health Organization (WHO, 1999) criteria: isolated IFG (I–

IFG): 6.1 mmol/L ≤ FPG < 7.0 mmol/L and 2-h PG < 7.8

mmol/L); isolated IGT (I–IGT): FPG < 6.1 mmol/L and 7.8 <

mmol/L ≤ 2-h PG < 11.1 mmol/L; compound IFG and IGT:

6.1 mmol/L < FPG < 7.0 mmol/L and 7.8 mmol/L ≤ 2-h PG <

11.1 mmol/L; diabetes: FPG ≥ 7.0 mmol/L or 2-h glucose ≥
11.1 mmol/L). In the present study, AGT included both

prediabetes and diabetes.37

Data Collection
The medical records of women with GDM were reviewed,

and the present study included those who delivered their

babies at county-level hospitals (the general hospital of

Youxian County in Eastern Hunan and the maternal and

children’s hospital of Yongding County in Western Hunan)

between January 2013 and March 2018. Potential partici-

pants who met the inclusion and exclusion criteria

received phone calls from the trained local officers (phy-

sicians or nurses working at the research sites) to introduce

them to the study and invite them to participate.

Data was collected between November 2017 and

June 2018 at the research sites. Trained research assistants

were available to answer questions and check each ques-

tionnaire for unintentionally missing items or pages.

Anthropometric measures (height, weight, and waist cir-

cumference) and the 2h75-g OGTT were administered by

nurses. Written informed consent forms detailing the pur-

poses, benefits, and risks of the present study were com-

pleted by participants prior to data collection, and all

participant information was kept strictly confidential.The

study protocol was approved by the Ethics Committee of

Xiangya School of Nursing, Central South University (No.

2016034). The study was in accordance with the

Declaration of Helsinki.

Statistical Analysis
All data was double-entered and compared for accuracy

using EpiData 3.0 software (The EpiData Association,

Odense, Denmark). Data analysis was performed using

SPSS (version 22.0; Armonk, NY, United States). For

a few missing values for each variable (no more than

5%), mean substitution was used for continuous variables

and mode substitution was used for categorical variables.

Descriptive analysis results for continuous variables were

expressed as means and standard deviations, and catego-

rical variables were described as frequencies and percen-

tages. Correlation analysis was used to explore the

association between BMI and waist circumference.

Potential associations between the dependent variable

(progression to AGT) and the independent variables

(socio-demographic variables, GDM-related characteris-

tics, psychosocial factors, lifestyle behaviors, and obesity-

related anthropometric variables) were determined with

one-way ANOVAs and chi-square tests. Stepwise multi-

variate logistic regression analysis (Forward LR) was used

to explore the factors that influence progression to AGT

and the time since delivery was controlled for (Enter) in

the analyses. The inclusion criteria and the exclusion

criteria of variables in stepwise multivariate logistic

regression analysis were 0.05 and 0.10, respectively.

A two-sided p < 0.05 was used to establish statistical
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significance and the results were expressed as odds ratios

(OR) with 95% confidence intervals (CI).

A power analysis of the sample size was conducted.

For a logistic regression with N = 425, a two-tailed test of

the null hypothesis with an odds ratio of 1.0 for a given

predictor against an alternative odds ratio of 1.70 has

a power of 0.86, assuming that alpha = 0.05, the base

prevalence is 0.20, and the R-squared with other predictors

is 0.50 (G*Power 3.1).

Results
A total of 1890 eligible women with prior GDM were

contacted by trained local officers. Of these women,

1097 (58.0%) agreed to participate; 477 of these women

came to the research sites, and 467 completed the data

collection process. Due to family emergencies, 40 women

withdrew from the study without completing the 2h 75-g

OGTT. These women were also unable to complete the

questionnaires. A total of 425 women were included in this

study. There was no significant difference in socio-

demographic and clinical data (age, ethnicity, parity, and

time after delivery) between the 425 included participants

and 1645 women who did not participate in this study

(ps>0.05).

Descriptions of Progression to AGT,

Socio-Demographic Factors, Psychosocial

Factors, GDM-Related Characteristics,

Lifestyle Behaviors, and Obesity-Related

Anthropometric Characteristics of Rural

Women with Prior GDM
The mean age of the participants was 30.3 years (SD = 5.2).

The average amount of time that had passed since delivery

upon recruitment for this study were 18.04 months (SD =

12.86, median 18.31), with a range of 2 to 48 months. The

average duration of time to the development of AGT for the

89women was 17.89months (SD = 12.87). Of all the women

that participated in this study, 79.1% (n = 336) had blood

glucose levels that had returned to normal and 20.9% (n = 89)

had developed AGT, of which 2.6% (n = 11) had I–IFG,

9.2% (n = 39) had I–IGT, 2.8% (n = 12) had both IFG and

IGT, and 6.3% (n = 27) had T2DM. Of the women whose

postpartum OGTTs revealed AGT, 43.8% (39 out of 89)

showed abnormalities through the 2-hour value alone and

30.3% (27 out of 89) had glucose levels indicative of T2DM.

Regarding socio-demographic characteristics, more than half

of the participants (n = 231, 54.4%) were of Han nationality.

Approximately 25% (n = 104, 24.5%) of the participants had

no more than nine years of education. Nearly 61.3% (n =

268) of the participants were employed, and 27.5% (n = 117)

had monthly family incomes of ≤ 3000 yuan, below the

extreme poverty level (Table 1). Regarding GDM-related

characteristics, 18.6% (n = 79) of the participants had family

histories of diabetes. More than three-fifths (n = 268, 63.1%)

of the participants had two or more children. More than one-

third (n = 270, 36.5%) of the participants did not take GDM

medications during pregnancy (Table 1). Regarding psycho-

social characteristics and lifestyle behaviors, the participants’

mean scores for perceived stress, self-efficacy, and social

support were 24.71 (SD = 6.06), 2.56 (SD= 0.61), and

44.22 (SD = 5.70), respectively. Approximately 20% (n =

87, 20.5%) of the participants had engaged in sufficient

moderate to vigorous physical activity, and approximately

70% (n = 297, 69.9%) had been sitting for no more than six

hours per day. Few women (n = 84, 19.8%) ate fruits or

vegetables every day (Table 2). Regarding obesity-related

anthropometric characteristics, the participants’ mean post-

partum BMI was 24.10 kg/m2 (SD = 3.74) and their mean

waist circumferencewas 80.92 cm (SD = 8.75; Table 2). BMI

and waist circumference were highly correlated (r = 0.832,

p < 0.001); this is not shown in Table 2.

Bivariate Analysis for Progression to AGT

Among Rural Women with Prior GDM
A comparison of the women who proceeded to AGT after

GDM to those who had GDM but maintained normal

glucose tolerance showed that the women with AGT

tended to be significantly older (p = 0.002), to be ethnic

minorities (p = 0.045), and to have lower education levels

(less than 9 years of education; p =0.005). The women

with AGT were more likely to report family incomes of

less than 3000 yuan per month (p = 0.045). There was no

statistically significant difference between the AGT group

and the NGT group in terms of employment (p > 0.05).

As for GDM-related characteristics, there were no sig-

nificant differences between the AGT group and the NGT

group in terms of family history of diabetes, number of

children, or time since delivery and receipt of treatment for

GDM during pregnancy (ps > 0.05).

As for psychosocial characteristics, there were no signif-

icant differences between the two groups in terms of per-

ceived stress, self-efficacy, or social support (ps > 0.05). As

for lifestyle behaviors, there were no statistically significant
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differences between the two groups in terms of moderate to

vigorous physical activity, sedentary activity, or daily fruit

and vegetable intake (ps > 0.05). As for obesity-related

anthropometric characteristics, BMI andwaist circumference

were significantly higher in the AGT group than in the NGT

group (ps=0.000).

Multivariate Logistic Regression Results

for Progression to AGT Among Rural

Women with Prior GDM
The stepwise multivariate logistic regression model

showed that older women (OR: 2.13, 95% CI: 1.27–3.57,

p=0.004), ethnic minority women (OR: 1.62, 95% CI:

0.96–2.72, p=0.069), women with lower educational levels

(OR:0.58, 95% CI: 0.33–1.02, p=0.057), women who did

not receive treatment for GDM during pregnancy

(OR:1.93, 95% CI: 1.11–3.37, p=0.020) and women with

higher waist circumference (OR:1.08, 95% CI: 1.05–1.12,

p=0.000) were at a higher risk of developing progression

to AGT when controlled for the time since delivery

(Table 3).

Discussion
The proportion of women with AGT was 20.9%, and I–

IGT was more common than other types of AGT among

rural Chinese women with prior GDM during a mean

follow-up period of 18 months. This study helped to fill

a gap in the literature concerning the determinants of long-

term abnormal glucose tolerance using a life course frame-

work. Advanced age, receipt of treatment for GDM during

Table 1 Postpartum Blood Glucose Category According to Socio-Demographics and GDM-Related Characteristics of Rural Women

with Prior GDM

Characteristics Total (n=425) NGT (n=336) AGT (n=89) P-value

Age 0.002

<35 years 288(67.8) 240(71.4) 48(53.9)

≥35 years 137(32.2) 96(28.6) 41(46.1)

Ethnicity 0.045

Han 231(54.4) 191(56.8) 40(44.9)

Minority 194(45.6) 145(43.2) 49(55.1)

Education level 0.005

≤9 years 104(24.5) 72(21.4) 32(36.0)

>9 years 321(75.5) 264(78.6) 57(64.0)

Employment 0.782

Unemployed 157(36.9) 123(36.6) 34(38.2)

Employed 268(63.1) 213(63.4) 55(61.8)

Monthly family income 0.045

Less than 3000 yuan 117(27.5) 85(25.3) 32(36.0)

More than 3000 yuan 308(72.5) 251(74.7) 57(64.0)

Family history of diabetes 0.655

No 346(81.4) 275(81.8) 71(79.8)

Yes 79(18.6) 61(18.2) 18(20.2)

Number of children 0.643

1 157(36.9) 126(37.5) 31(34.8)

≥2 268(63.1) 210(62.5) 58(65.2)

Receipt of treatment for GDM 0.065

No treatment 155(36.5) 130(38.7) 25(28.1)

Have treatment 270(63.5) 206 (61.3) 64(71.9)

Time since delivery 0.659

≤12 months 187(44.0) 146(43.5) 41(46.1)

>12months 238(56.0) 190(56.5) 48(53.9)
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pregnancy, and large waist circumference were associated

with increased risk of progression to AGT, while family

history of diabetes, insufficient moderate to vigorous phy-

sical activity, and high BMI do not associated with pro-

gression to AGT.

A relatively high proportion of the women partici-

pating in the present study had abnormal glucose toler-

ance. At a mean time of 18 months after delivery, 6.3%

of the participants developed T2DM. This finding is in

line with those of a study of Korean women, in which

6.9% of the participants developed T2DM at a median

time of 16 months after pregnancy.38 In addition to

T2DM, a high percentage of women (14.6%) exhibited

pre-diabetes in the present study. This percentage was

higher than the rate of pre-diabetes (10.0%) among

Iranian women, who developed pre-diabetes at a mean

time of 22.8 months after pregnancy.39 However, it

should be noted that the cutoff value for IFG used in

the present study (6.1 mmol/L) was higher than that

used in the Iranian study (5.5 mmol/L).

Our findings suggested that the proportion of women

with I–IGT was higher than the proportions of women

with other types of AGT. This conclusion is in line with

those of previous studies of women with prior GDM in

Germany and Belgium.40,41 However, among Finland and

Indian women with prior GDM, the majority of AGT was

in the form of I–IFG.42,43 This difference could be

explained by the fact that I–IFG and I–IGT represent

distinct metabolic abnormalities and there might be

a difference between these abnormalities across women

with a history of GDM.

Similar to previous studies of other ethnic groups, the

present study showed that advanced age, ethnic minority

status, and low educational level are risk factors for pro-

gression to AGT among women with prior GDM.13,14,21

However, women with minority nationalities were also at

a higher risk of developing AGT in the present study; this

result was inconsistent with the results of a previous study

in China.10 Given nearly half of the participants (45.6%) in

the present study were ethnic minorities, there likely was

Table 3 Logistic Regression of AGT Among Rural Women with Prior GDM

B Sb Z P OR (95% CI)

Constant −8.503 1.407 36.543 0.000 0.000

Age (vs <35 years) 0.757 0.263 8.260 0.004 2.13 (1.27–3.57)

Ethnicity (vs Han) 0.481 0.264 3.310 0.069 1.62 (0.96–2.72)

Education level (vs ≤9 years) −0.548 0.288 3.620 0.057 0.58 (0.33–1.02)

Treatment for GDM (vs no treatment) 0.658 0.284 5.382 0.020 1.93 (1.11–3.37)

Waist circumference 0.081 0.016 26.535 0.000 1.08 (1.05–1.12)

Table 2 Postpartum Blood Glucose Category According to Psychosocial Variables, Lifestyle Factors, and Obesity Indicators

Characteristics Total (n=425) NGT (n=336) AGT (n=89) P-value

Perceived stress M (SD) 24.71(6.06) 24.50(6.14) 25.49(5.71) 0.167

Self-efficacy M (SD) 2.56 (0.61) 2.58(0.60) 2.51(0.64) 0.339

Social support M (SD) 44.22(5.70) 44.45(5.53) 43.34(6.26) 0.101

Moderate to vigorous physical activity n(%) 0.342

Insufficient 338(79.5) 264(78.6) 74(83.1)

Sufficient 87(20.5) 72(21.4) 15(16.9)

Sedentary Activity n(%) 0.568

<6h/day 297(69.9) 237(70.5) 60(67.4)

≥6h/day 128(30.1) 99(29.5) 29(32.6)

Daily fruit or vegetables intake n(%) 0.438

No 341(80.2) 74(79.5) 267(83.1)

Yes 84(19.8) 15(20.5) 69(16.9)

Postpartum BMI (SD) 24.10(3.74) 23.58(3.46) 26.10(4.12) 0.000

Waist circumference (SD) 80.92(8.75) 79.59(8.18) 85.94(9.08) 0.000
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adequate power to detect a difference. Women with less

than nine years of education were also more likely to

develop AGT in the present study; this result was in line

with the results of studies of Portuguese women at six-

week follow-up and studies of South African women with

prior GDM at five-to-six-year follow-up.13,14 Receipt of

treatment for GDM during pregnancy was significantly

associated with the progress from prior GDM to AGT

among women in rural China. This finding was consistent

with the findings of previous studies.14,16 Receipt of treat-

ment for GDM during pregnancy, especially insulin treat-

ment, could be a vital indicator of the severity of

metabolic abnormalities.13 There was no statistically sig-

nificant association between family history of diabetes and

progression to AGT. This finding is not consistent with

a study among women with prior GDM in northern

France.44 It might be because the relationship between

family history of diabetes and development of diabetes

was more likely to be found in the women who have

already developed T2DM in advanced age. Psychosocial

factors (perceived stress, self-efficacy, and social support)

did not influence the progression from GDM to AGT in

the participants of the present study. Additionally, there

were no statistically significant associations between life-

style behaviors (moderate to vigorous physical activity,

sedentary activity, and fruit and vegetable intake) and

progression to AGT. This finding was inconsistent with

the findings of studies of the United States and

Canada.17,18 Other factors may contribute to AGT devel-

opment within women with a history of GDM. For exam-

ple, the severity of hyperglycemia during pregnancy has

been shown to be associated with progression to AGT.9

Waist circumference has a stronger association with an

increased risk of AGT progression among women with

prior GDM, while BMI was not. This result was consistent

with the results of studies of women in urban China one to

five years after pregnancy and studies of women in Korea

six years after pregnancy.21,24 The superiority of waist

circumference over BMI could be interpreted to mean

that waist circumference mainly measures abdominal fat,

reflecting visceral fat, which is the most important fat

deposit in terms of its effects on cardiovascular risk and

T2DM.45 BMI is indiscriminate in that it includes both fat

mass and muscle mass.46 In other words, the development

of AGT in women with prior GDM may be more likely to

correlate with higher subcutaneous fat mass.

Limitations
This review had some limitations. First, the range of postpar-

tum duration varied, the according variation in obesity indica-

tors might affect their glucose metabolism. Second, all of the

participants were recruited from two hospitals of two rural

communities of Central South China, this may have limited

the generalizability of the results to women in rural China.

Implications
Women with prior GDM should be informed of the future

risk of T2DM upon diagnosis of GDM, as it is important

for them to monitor their glucose levels regularly after

delivery. More attention should be paid to the procession

of AGT from GDM to progression to AGT in this high-

risk group (e.g., advanced age, and receipt of treatment for

GDM during pregnancy). Fortunately, waist circumference

is a modifiable risk factor for progression to AGT, and

women with higher waist circumferences should be pro-

vided with strategies to reduce this factor.

Studies on the influences of prenatal factors (eg, severity

of hyperglycemia during pregnancy) on progression to AGT

across different areas in China are recommended.

Intervention studies of women with histories of GDM with

longer follow-up periods are also indicated to further verify

the effect of waist circumference reduction on risk of devel-

oping progression to AGT. The low response rate of 22.5% in

this study indicates that other recruitment strategies needed

to be explored among these young mothers with prior GDM.

Conclusion
Progression to AGT occurs frequently in women with

GDM in rural communities in Central South of China.

Nurses should place more focus on postpartum blood

glucose metabolism in treating women who are older,

have received treatment for GDM during pregnancy, or

have higher waist circumference. More postpartum pro-

grams are indicated to identify and reduce modifiable risk

factors among women with prior GDM in rural commu-

nities of Central South China.
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