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Background: Obesity and maternal age are the two most important factors independently affecting the risk of gestational diabetes mellitus (GDM). However, the age differences in the association between obesity and GDM remain unclear. The objectives of this cohort study included: (1) to determine the current incidence of GDM in Qingdao; and (2) to evaluate the risk factors for GDM, such as the interaction between pre-pregnancy body mass index (BMI) and age.

Methods: The cohort included 17,145 pregnant women who registered at 15 to 20 gestational weeks from August 1, 2018, to March 1, 2019. A 75-g 2-h oral glucose tolerance test (OGTT) was conducted for each participant at 24–28 gestational weeks. The age-adjusted incidence of GDM was calculated using logistic regression. Multivariate logistic regression analysis was used to identify risk factors. Interaction between age (reference group <30 years) and BMI (reference group <25 kg/m2) was determined using strata-specific analysis.

Results: The incidence and age-adjusted incidence of GDM in Qingdao were 17.42 and 17.45%, respectively. The incidence of GDM appeared to increase steadily with age in all pre-pregnancy BMI groups (all P < 0.05). Older age (≥30 years), gestational BMI gain from pre-pregnancy to 15–20 weeks of gestation, history of GDM and thyroid diseases were risk factors for GDM. There were significant interactions between pre-pregnancy BMI and age (P < 0.05) after adjustment for other confounders. The odds ratio (OR) of pre-pregnancy BMI ≥ 30 kg/m2 at the age of <30 years, 30–34 years and ≥35 years was 1.30 (95% CI: 0.74–2.28, P = 0.36), 3.21 (95% CI: 2.28–4.52, P < 0.0001) and 1.55 (95% CI: 1.02–2.36, P = 0.0424), respectively. This indicated that pre-pregnancy BMI ≥ 30 kg/m2 had a stronger effect on GDM in the group aged 30–34 years than those under 30 years old.

Conclusions: The incidence of GDM was high in Qingdao. Overweight and obesity prior to pregnancy, gestational BMI gain from conception to 15–20 weeks of gestation and older age were correlated with an increased risk of GDM. Public health measures may be helpful to prevent excessive gestational weight gain.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is associated with an increased risk of perinatal mortality and morbidity (1) and is a major public health concern. The prevalence of GDM has increased in recent decades in parallel with older age at conception and Westernized lifestyles, accompanied by an economic boom (2). Globally, GDM is estimated to affect 13.9% of all pregnancies (3). It is also associated with ischemic heart disease and type 2 diabetes (4, 5). The children of pregnant women with GDM are more likely to suffer from pediatric cardiovascular diseases and metabolic problems in later life (6). A meta-analysis suggested that the prevalence of GDM was 20.9% in Asia (7), and 14.8% in China (8). There has been an increase trend in the prevalence of GDM globally, including in China (9–11).

Obesity and maternal age are the two most important factors independently affecting the risk of GDM (12–15). With the end of the one-child policy in China, more women are getting pregnant at an older age, and probably a higher body mass index (BMI). It has been shown that ~17–21% of pregnant women were either overweight or obese, with an overall mean age at pregnancy of 30.7 years (16, 17). However, there is little recent data on incidence of GDM. Previous studies have demonstrated that BMI was correlated with increased risks of hypertension, stroke and cardiovascular disease (18–20), and that hypertension was associated with diabetes (21–23). GDM plays an important role in the pathogenesis of diabetes: about half of mothers with GDM will develop diabetes within 10 years, making GDM one of the strongest predictors of diabetes (5). However, the age differences in the association between obesity and GDM remain unclear. In this study, we hypothesized that the association between pre-pregnancy BMI and GDM varies with age.

The Women and Children's Health Care Study, conducted from August 2018, was a cohort study in Qingdao to explore recent GDM incidence and associated risk factors in pregnant women. Its objectives included: (1) to determine the current incidence of GDM; and (2) to evaluate the risk factors for GDM, such as the interaction between pre-pregnancy BMI and age. Our study provides an update on the assessment of age differences in the association between obesity and GDM, covering the entire population of pregnant women in Qingdao.



MATERIALS AND METHODS


Data Collection

Qingdao is the third largest city in Shandong Province with a population of 9 million people and 10 districts. The Women and Children's Health Care Center System, which holds comprehensive data about regular health examinations, pre-pregnancy and delivery, was established in Qingdao in 2018. The central database for information is governed by Qingdao Women and Children's Hospital. Pregnant women use their ID number as the unique identification number linking information in different stages of gestation. Antenatal care is provided by the maternal and child health care system. This system includes 64 delivery hospitals, 65 prenatal screening blood collection hospitals, 10 district-level women and children's health centers and a municipal women and children's health care center (Qingdao Women and Children's Hospital). Qingdao Women and Children's Hospital is the coordination institution of the Women and Children's Health Care System. The 65 prenatal screening blood collection hospitals are the antenatal care providers [Down's screening-a test for prenatal detection of Trisomy 21 (Down's syndrome)] for pregnant women. This system includes detailed information about all pregnant women in Qingdao until their delivery.

The inclusion criteria were Qingdao household registration pregnant women within 15 to 20 weeks of gestation; aged 20 years and older. Exclusion criteria were: pregnant women with pre-existing diabetes, multiple pregnancies, difficulty with communication. Data on demographic information, folic acid supplements, parity, habitual use of tobacco, alcohol, and history of GDM were collected using standard and structured questionnaires. Relative literatures were reviewed to develop the questionnaire and to include possible variables that address the objective of the study. In the qualitative phase, the panel of experts in the field were invited to evaluate and discuss the essentiality of the questionnaire items, its wording, scaling, and its relevance. Before the actual data collection, the questionnaire was tested by asking 100 pregnant women.

Responses from participants were checked by trained interviewers to improve the validity of the self-reported data. Women were defined as having a smoking habit if they smoked at least one cigarette per day and kept smoking for at least 3 months before/during pregnancy. They were defined as having a habit of drinking if they ever drank alcohol before/during pregnancy. At the screening visit for GDM, the women were asked to fill in another questionnaire to record the results of an oral glucose tolerance test (OGTT).



Definitions

The incidence rate was calculated as the total number of GDM in the cohort divided by sum of the pregnant women. GDM was diagnosed in accordance with the International Association of Diabetes and Pregnancy Study Group recommendation(IADPSG) for GDM based on 75 g 2-h OGTT: a fasting glucose ≥5.1 mmol/L (92 mg/dl), or a 1-h result ≥10.0 mmol/L (180 mg/dl), or a 2-h result ≥8.5 mmol/L (153 mg/dl) (14). Thyroid disease was diagnosed in line with the American Thyroid Association (ATA) recommendation: first trimester, thyroid stimulating hormone (TSH) levels between 0.1 and 2.5 mIU/L; second trimester, TSH between 0.2 and 3.0 mIU/L (24). Pre-pregnancy BMI was categorized according to the World Health Organization criteria. BMI <25 kg/m2 was considered as lean or healthy, BMI between 25 and 29 kg/m2 was considered as overweight, and BMI ≥ 30 kg/m2 was considered as obese. We collected the information on dietary patterns (well-balanced diet (eat both vegetables and meat), eat less vegetables, eat less meat) of pregnant women before pregnancy. Education level was categorized as low (received no education or primary school), medium (secondary school or high school) and high (college/university or above). The subjects reported their occupational physical activity levels following three categories: (1) light (mostly sitting for office work, e.g., secretary), (2) moderate (standing and walking, e.g., store assistant, light industrial worker), and (3) active (walking and lifting, heavy manual labor, e.g., industrial or farm worker) (25).



Statistical Analysis

Continuous variables were described as mean ± SD and were compared by t-test; non-normal distributed continuous variables were expressed as median with interquartile range (IQR) and compared with the Mann-Whitney U-test; the categorical variables were expressed as numbers and percentages and were compared by the Chi-square test. The age-adjusted incidence of GDM was assessed by the Logistic regression analysis (26). GDM incidence trend tests across age varied by pre-pregnancy BMI were conducted Cochran-Armitage test. Multivariate logistic regression analysis was performed to evaluate the interaction between age (reference group, <30 years) and pre-pregnancy BMI (reference group, <25 kg/m2). If the interaction was of statistical significance, strata-specific analysis was then performed. Multivariate logistic regression analysis was used to detect any independent association between the risk factors and GDM. Two-sided tests with P < 0.05 were considered statistically significant. All analyses were performed by SAS software version 9.2 (SAS Institute Inc., Cary, NC, USA).




RESULTS


Basic Characteristics of the Study Groups

We used data from August 1, 2018, to March 1, 2019. Of the 18,759 pregnant women, information on baseline characteristics was missing for 20, 1,563 did not receive an OGTT at 24–28 gestational weeks, and 31 had a history of diabetes. After excluding these 1,614 women (8.6%), a total of 17,145 participants were included in the analysis for this study. Written informed consent was obtained from all the participants and this study was approved by the Institutional Review Board of Qingdao Women and Children's Hospital Ethics.

Characteristics of women with and without GDM are shown in Table 1. Overall, the incidence and age-adjusted incidence of GDM were 17.42 and 17.45%. The mean age was 30.20 (SD: 4.62) years old, and the mean pre-pregnancy BMI was 22.43 (SD: 3.54) kg/m2; 2,980 women (17.38%) were overweight, and 611 (3.56%) were obese. In comparison with women without GDM, those with GDM were older (31.49 years vs. 29.93 years), and more likely to be obese (5.59 vs. 3.14%), have an active occupational physical activity (12.96 vs. 10.16%), have a parity of more than one (58.24 vs. 51.43%), have had assisted reproduction (2.08 vs. 1.10%), and have a greater gestational BMI gain from pre-pregnancy to 15–20 weeks' gestation (1.0 vs. 0.8 kg/m2). Pregnant women with GDM were more likely to have a history of GDM (17.09 vs. 2.65%). Women without GDM were also more likely to have a higher level of education (58.37 vs. 54.22%), eat less meat (11.90 vs. 8.58%) and have anemia (2.66 vs. 1.81%) (all P < 0.05).


Table 1. Characteristics of the study population according to gestational diabetes mellitus.
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Incidence of GDM by Age and Residence/Pre-pregnancy BMI

Figure 1 shows the incidence of GDM by age in rural and urban areas. The incidence of GDM was similar in rural and urban areas (P = 0.74). The incidence of GDM in the three age groups was 13.98, 17.84, and 25.21%, respectively, in urban areas; and 12.56, 18.84, and 27.80%, respectively, in rural areas. There was no significant difference in the incidence of GDM among pregnant women in rural and urban areas (all P ≥ 0.05).


[image: Figure 1]
FIGURE 1. The incidence of GDM by age and place of residence.


We also studied the incidence of GDM by age and pre-pregnancy BMI. The incidence of GDM by pre-pregnancy BMI were 12.46, 19.53 and 17.83% among those under 30 years; 15.37, 25.79, and 34.57% among those 30–34 years; and 23.75, 30.97, and 30.43% among those aged 35 years or older, respectively. The incidence of GDM appeared to increase steadily with age in all pre-pregnancy BMI groups (all P < 0.05) (Figure 2). The incidence of GDM was highest in the 30–34 years old group with pre-pregnancy BMI ≥ 30 kg/m2. Pregnant women with pre-pregnancy overweight or obese had a higher incidence of GDM among women aged 30 years or older when compared with pre-pregnancy <25 kg/m2 (all P < 0.05).


[image: Figure 2]
FIGURE 2. The incidence of GDM by age and pre-pregnancy BMI.




Risk Factors for Gestational Diabetes Mellitus

Table 2 shows the results of multiple logistic regression analysis on associations between potential risk factors and GDM. After adjustment for potential risk factors, age ≥ 30 years, BMI gain from pre-pregnancy to 15–20 weeks of gestation, history of GDM and thyroid diseases were significantly associated with the risk of GDM (all P < 0.05).


Table 2. Factors associated with the incidence of gestational diabetes mellitus by multivariate logistic regression models.
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The Effect of the Interaction Between Pre-pregnancy BMI and Age on GDM

Table 2 also shows the results of testing the interactions between pre-pregnancy BMI and age. There was a significant interaction between pre-pregnancy BMI and age (P < 0.05) after adjustment for place of residence, education, occupational physical activity, BMI gain from pre-pregnancy to 15–20 weeks of gestation, assisted reproduction, dietary patterns, parity, GDM history, alcohol drinking before or during pregnancy, cigarette smoking before or during pregnancy, alcohol drinking of husband before pregnancy, cigarette smoking of husband before pregnancy, folic acid supplements, anemia and thyroid diseases. The odds ratio (OR) of pre-pregnancy BMI ≥ 30 kg/m2 and 30–34 years was 2.43 (95% CI: 1.28–4.61, P = 0.0064). We further evaluated the effect of pre-pregnancy BMI on GDM stratified by age (Figure 3). The OR of pre-pregnancy BMI ≥ 30 kg/m2 in women under 30 years old and 35 years and older was 1.30 (95% CI: 0.74–2.28, P = 0.36) and 1.55 (95% CI: 1.02–2.36, P = 0.0424). However, the OR of pre-pregnancy BMI ≥ 30 kg/m2 in the 30–34 years old group was 3.21 (95% CI: 2.28–4.52, P < 0.0001), reflecting a stronger effect of pre-pregnancy BMI ≥ 30 kg/m2 on the 30–34 year old group than women under 30 years old and 35 years and older groups.


[image: Figure 3]
FIGURE 3. The odds ratio of pre-pregnancy overweight and obesity on GDM by different age groups. The adjusted ORs of GDM by age and pre-pregnancy BMI were adjusted for place of residence, education, occupational physical activity, BMI gain from pre-pregnancy to 15–20 weeks' gestation, assisted reproduction, dietary patterns, parity, GDM history, alcohol drinking before or during pregnancy, cigarette smoking before or during pregnancy, alcohol drinking of husband before pregnancy, cigarette smoking of husband before pregnancy, folic acid supplements, anemia, and thyroid diseases.





DISCUSSION

In this large prenatal cohort study, we noted a high incidence of GDM. Overweight and obesity prior to pregnancy, gestational BMI gain from conception to 15–20 weeks of gestation and older age were correlated with an increased risk of GDM. We also observed a significant interaction between pre-pregnancy BMI and age. Having a pre-pregnancy BMI ≥ 30 kg/m2 had a stronger effect on GDM in the 30–34 years old than in those under 30 years old and 35 years and older groups.

The prevalence of GDM was reported as 20.9% in a meta-analysis of 84 studies (7), which was similar to our results (17.42%). Our incidence of GDM was higher than a previous analysis of a prospective population-based study of 18,589 pregnant women in Tianjin (9.3%) (27). Advancing maternal age is a known risk factor for GDM (28–30) and this discrepancy may be attributable to the differences in participants' ages (30.2 vs. 28.5 years). Our study also reported a 118% increased risk of GDM among women aged 35 years or older. This result shows that the incidence of GDM increased with age, and advancing maternal age may be the reason for the high incidence of GDM. Our study reinforced the findings of previous studies and indicated pregnancy is better planned before the age of 35 years, and that we should improve the GDM screening strategies for older pregnant women.

There are several studies confirming a strong association between obesity and the development of GDM (31–33). A study in the USA (34) found the overall population-attributable fraction was 46.2%, meaning nearly half of GDM events could have been avoided if these mothers had a normal pre-pregnancy BMI. Animal experiments have also shown that adipose tissue macrophages in obese mice secrete miRNA-containing exosomes, molecules that induce glucose intolerance and insulin resistance when administered to lean mice (35). However, we are not aware of any previous studies assessing the interactive effect of age and pre-pregnancy BMI on the development of GDM. Our study explicitly examined how age modified the effect of pre-pregnancy obesity on the development of GDM, and showed that this effect was particularly important in the 30–34 years old group. The results suggest that the underlying mechanisms causing GDM might differ by maternal age and indicated that weight reduction might be most beneficial to lower the risk of developing GDM in women aged 30–34 years. The variation by age in the association between obesity and GDM was a more complex issue. Stewart and colleagues showed that obesity in pregnancy could increase inflammatory status and that inflammation was related to advanced maternal age, which is an important risk factor for GDM (36, 37). Previous studies also showed that glucose tolerance impaired with age and that obesity was associated with insulin resistance and receptor abnormalities (38, 39). Development of insulin resistance with age may be a consequence of obesity. Older women with obesity may therefore be more prone to developing GDM. The mechanism for the association between pre-pregnancy obesity and GDM in those aged 30–34 years is unknown. It may be because pregnant women ≥35 years old were defined as having advanced maternal age (40). Childbearing women of advanced maternal age may be more likely to be healthy and exercise prudent health choices to reduce the effect of obesity on GDM (41). However, advanced maternal age continues to be associated with GDM and the association has changed little in the last few decades (42). More research is needed to establish the underlying mechanisms. Given no previous studies assessing the interactive effect of age and pre-pregnancy BMI on the development of GDM, we anticipate that our findings will be confirmed in further studies.

We observed a higher incidence of GDM in women with an excessive gestational BMI gain during the early stages of gestation. A cohort study in Norway showed the estimated risk for GDM increased with weight gain among both normal weight and overweight (43). A study in Beijing also showed BMI gain before 24 weeks was a risk factor for GDM (44). Weight management before conception and preventing excessive weight gain in the early stages of gestation may play a vital role in preventing GDM. Another important finding was thyroid diseases were related to an increased risk of GDM. Several studies showed an increased risk of insulin resistance with thyroid dysfunction, including hypothyroidism and hyperthyroidism (45, 46), which was in accordance with our findings. Thyroid hormone played a critical role in the control of insulin secretion and glucose homeostasis (47). Pregnancy was related to critical and complicated changes in maternal thyroid hormone, failure to adapt the physiological changes would lead to thyroid dysfunction (48). This study demonstrated an independent effect of thyroid disease on GDM and thyroid disease may be offered predicted the occurrence of GDM in early pregnancy.

Our study found anemia was associated with GDM. However, the association did not persist after the adjusting for relevant confounders. Lao and colleagues conducted a retrospective case-control study and showed anemia was confirmed to be significantly associated with decreased prevalence of GDM (49). Pregnant women with GDM with an increased ferritin concentration and it was therefore logical to hypothesize that pregnant women with anemia would have a reduced likelihood of GDM (50). The decreased prevalence of GDM in pregnant women with anemia may be explained by the combined effects of iron deficiency (49). Excessive iron affected the synthesis and secretion of insulin, and enhances lipid oxidation, thereby reducing glucose utilization in muscles and increasing gluconeogenesis in the liver, leading to liver-mediated insulin resistance (51). It indicated the routine iron prescription for non-anemic pregnant women should be reappraised.

The strengths of this study lie in its large prospective cohort, which enabled the entire population of pregnant women in Qingdao to be investigated, without selection bias. This gave a high-quality study design and we also had a high response rate. Interviewers were trained to improve the validity of the self-reported data. However, our study did have some limitations. First, height and weight before conception was provided by the pregnant women, which may have resulted in recall bias. Furthermore, we did not measure the blood pressure of all pregnant women, so we cannot evaluate the effect of pregnancy-induced hypertension on GDM in this study. We also cannot exclude residual confounders related to lifestyle factors. However, we found an interaction between age and pre-pregnancy BMI, which may have important public health implications. We hope our study may provide a new perspective on GDM in China and facilitate further research to improve public health.



CONCLUSION

In conclusion, GDM diagnosed on basis of the IADPSG criteria was common among pregnant women in Qingdao. Overweight and obesity before conception, gestational BMI gain from pre-pregnancy to 15–20 weeks' gestation and older age were associated with an increased risk of GDM. A pre-pregnancy BMI ≥ 30 kg/m2 had a stronger effect on GDM among those age 30–34 years. This suggests that, pregnancy is better planned before the age of 35 years and weight reduction might be more beneficial for women aged 30–34 years to lower the risk of developing GDM. Public health measures targeted at weight management before and during pregnancy may have an impact on future preventive strategies for GDM.
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