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Structured Abstract

Aims
This study aimed to determine the prevalence of GDM amongst black South African women, describe GDM-associated risk factors and clinical management, and evaluate the efficacy of the fasting plasma glucose reading in diagnosing GDM. 

Methods
A cross-sectional screening study was performed. Pregnant women were recruited from the Chris Hani Baragwanath Academic Hospital in Johannesburg. A total of 1906 women underwent a two-hour 75 g oral glucose tolerance test at 24-28 weeks gestation. The World Health Organization’s 2013 criteria were used to diagnose GDM. 

Results  
A total of 174/1906 (9.1% (95% confidence interval (CI) 7.9, 10.5)) women were diagnosed with GDM. These women had significantly higher weights and body mass indexes (BMIs), were significantly older, of higher household socioeconomic status, more likely to report a family history of diabetes, and more likely to be diagnosed with anaemia than women without GDM. An age of ≥ 35 years, BMI ≥ 30 kg/m2, and a family history of diabetes were significant risk factors. The fasting plasma glucose reading had a high sensitivity (83.3% (95% CI 77.0, 88.5)) in diagnosing GDM and 56.9% of the women with GDM were managed by diet therapy alone.

Conclusion
This is the largest GDM prevalence study in South Africa to date. A diagnosis of GDM increases the risk of both mother and child developing Type 2 diabetes which causes further health complications, decreases longevity and burdens a country’s healthcare system. Therefore, a GDM prevalence of 9.1% is concerning and warrants further discussion around current GDM screening policies.  
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1.1	Introduction 
Many low- and middle-income countries are experiencing demographic, nutritional and epidemiological transitions which have resulted in a surge of non-communicable diseases. Shifts in dietary patterns, urbanisation and a decrease in physical activity are key elements in these transitions [1]. South Africa is witnessing this at a rapid rate with approximately 2.3 million individuals affected by diabetes [2] ranking it the second most common cause of death in 2015 [3]. In addition, overweight and obesity are on the rise, particularly amongst South African women with 68% of them aged 15 years and above being classified as overweight or obese [4]. 

Gestational diabetes mellitus (GDM), defined as any degree of glucose intolerance diagnosed for the first time in a woman during pregnancy that is not clearly overt diabetes [5-7], is considered a precursor for Type 2 diabetes mellitus for both the affected mother and her unborn child [8]. Several risk factors have been shown to increase a woman’s chance of developing GDM; increasing age, a family history of Type 2 diabetes mellitus, high parity, belonging to a particular ethnic group (Hispanic, African, African American, Asian), having previously delivered a baby weighing 4 kg or more, and being overweight or obese [9]. Given the large number of individuals in South Africa affected by diabetes, together with the alarming prevalence of overweight/obesity amongst women, it is hypothesised that GDM is of significant concern too. Very few studies reporting on the prevalence of GDM exist in Africa overall [10] and only two have been conducted on a small number of black South African women; one in rural Limpopo (n = 262) [11] and the other in urban Johannesburg (n = 545) [12]. 

The gold standard test for diagnosing GDM is the oral glucose tolerance test (OGTT) performed at 24-28 weeks gestation [13]. Ideally, all pregnant women should be tested for GDM (universal screening) [5, 6]. However, South Africa’s public healthcare system employs a selective screening approach for GDM whereby only women with certain risk factors are tested [14]. This approach is viewed as the most cost-effective in resource-poor settings. The downfall to selective screening is the lack of data on the actual prevalence of the condition, and also the risk of affected women being missed; selective screening is thought to miss up to 50% of women with GDM [15]. There has been some debate around whether a fasting plasma glucose reading alone is sufficient for diagnosing GDM [16, 17] and predicting adverse neonatal outcomes [18]. In resource-poor settings where OGTTs are not feasible, a fasting plasma glucose screen may be an alternative option for detecting women with GDM.

Furthermore, the existence of several OGTT diagnostic criteria has complicated estimating GDM prevalence both between and even within countries. The International Association for Diabetes and Pregnancy Study Group (IADPSG) proposed a new set of diagnostic criteria in 2010 [5] which was adopted by the World Health Organization (WHO) in 2013 with the addition of a two-hour plasma glucose cut-off value of ≥ 11.1 mmol/l as diagnostic of overt diabetes [6]. Recently, the Society for Endocrinology, Metabolism and Diabetes of South Africa recommended the use of the WHO 2013 diagnostic criteria [19].

The overarching aim of this study was to determine the prevalence of GDM using the WHO 2013 diagnostic criteria amongst a large cohort of black South African women living in an urban township in Johannesburg. In addition, given South Africa’s current propensity to utilise a selective screening approach for GDM, the study also aimed to describe GDM-associated risk factors amongst the study population, assess the efficacy of the fasting plasma glucose reading alone in detecting GDM, and report on the clinical management of women with GDM.

1.2	Participants, materials and methods

1.2.1	Participants

The study was conducted at the MRC/Wits Developmental Pathways for Health Research Unit (DPHRU) situated in Soweto in Johannesburg, South Africa. Approximately 1.3 million people reside in Soweto, the majority of which are black South Africans [20].

Chris Hani Baragwanath Academic Hospital (CHBAH) is the one tertiary academic hospital servicing the Soweto region. Pregnant patients at CHBAH consist of a mix of high-, moderate- and low-risk pregnancies. Several women are referred solely due to having had a previous Caesarean section or for fetal ultrasounds which are generally not available at the local antenatal clinics. Pregnant women attending the Antenatal Clinic and Fetal Medicine Unit at CHBAH were screened for eligibility for the study. The inclusion criteria included black South African women (ethnicity was self-reported), ≥ 18 years of age, living in Soweto, ≤ 20 weeks pregnant with singleton pregnancies. In addition, participants could not have any known type of diabetes at the time of recruitment nor could they have epilepsy (due to concern of antiepileptic medication affecting glucose metabolism). All participants had to have had a fetal ultrasound from which their gestational age was calculated. Screened women who fulfilled the inclusion criteria were informed about the study, educated on GDM and invited to participate in the study. Those who expressed an interest in participating in the study were given an appointment at the Research Unit for when they were 24-28 weeks pregnant. The study took place from 1 June 2013 to the 30 April 2017.


1.2.2	Anthropometry

As this was a screening study all data were collected at one time point; a participant’s enrolment appointment at 24-28 weeks gestation. Height (cm) was determined using the SECA stadiometer (Hamburg, Germany) and weight (kg) was determined using the SECA digital weighing scale (Hamburg, Germany). These measures were used to calculate body mass index (BMI; kg/m2). Furthermore, BMI was classified into the WHO categories for underweight (< 18.5 kg/m2), normal weight (≥ 18.5-24.9 kg/m2), overweight (≥ 25-29.9 kg/m2) and obese (≥ 30 kg/m2) [21]. 

Blood pressure was measured using the Microlife Blood Pressure Monitor for Pregnant Women (Microlife AG Swiss Corporation, Widnau, Switzerland) whilst women were seated. An appropriate sized cuff was placed on the right arm of a participant. Three sets of systolic and diastolic blood pressure readings were taken with two minutes of rest between each set. The first set of readings was discarded and the average of the second and third set was used for the analyses. A diagnosis of hypertension was made when the systolic blood pressure (SBP) reading was ≥ 140 mmHg and/or the diastolic blood pressure (DBP) reading was ≥ 90 mmHg [22]. 

Haemoglobin (Hb) levels were measured using the HemoScan HB Meter (Alterna Biotech, Inc, California, USA). A diagnosis of anaemia was made when Hb levels were < 110 g/l [23].

All measurements were taken by trained research nurses. Senior scientists and nurses qualified in anthropometry conducted regular training sessions (every six months) for research nurses. They also performed quality control checks that ensured the coefficient of variation of all anthropometric measures between research nurses was less than 1%.

1.2.3	The oral glucose tolerance test

Participants had been asked to attend their appointment after an overnight fast (a minimum of ten hours of fasting). A finger-prick blood sample was taken to perform a fasting capillary blood glucose reading using a hand-held glucometer; ACCU-CHEK® (Roche, Indianapolis, USA). If the capillary blood glucose reading was < 7 mmol/l and the participant was sure she had fasted the research nurse proceeded with a venous blood sample to test fasting plasma glucose and then administered a two-hour 75 g OGTT. Participants with capillary glucose readings of ≥ 7 mmol/l were immediately referred to CHBAH for further investigation into possible overt diabetes. In view of possible hyperglycaemia complications an OGTT in the research setting was not performed on these women and they were therefore excluded from the study. Whilst it is not recommended to use capillary glucose readings in place of venous glucose readings [24] the use of capillary glucose readings is considered acceptable if used as an initial screen [25].   

The OGTT involved participants drinking 75 g of glucose powder dissolved in approximately 250 ml of water. The drink was consumed within five minutes and the participants remained seated throughout the process. Venous blood samples were drawn at one hour and two hours post-glucose load. Blood was collected in vacutainers containing fluoride and oxalate. Blood samples were immediately sent to the laboratory on site and processed in real-time so as to reduce further glycolysis in the blood collection tubes. 

Venous (plasma) glucose samples were tested using the Randox RX Daytona Chemistry Analyzer. A diagnosis of GDM was made according to the WHO 2013 diagnostic criteria (fasting plasma glucose of 5.1-6.9 mmol/l, or, one-hour plasma glucose of ≥ 10.0 mmol/l or two-hour plasma glucose of 8.5-11.0 mmol/l). Overt diabetes was diagnosed as a fasting plasma glucose level of ≥ 7.0 mmol/l or a two-hour plasma glucose reading of  ≥ 11.1 mmol/l  [5, 6]. The Clinical and Laboratory Standards Institute document EP15 was used for the verification of performance for precision and trueness of the Randox RX Daytona Chemistry Analyzer. A random selection of 150 samples was run in duplicate to ascertain the coefficient of variation of the laboratory technician, which was determined to be 2.3%.

Different sets of GDM diagnostic criteria produce different results which makes comparing results from studies difficult. Therefore, in order to compare our findings to those of other fairly recent African studies we also determined the prevalence of GDM amongst our cohort using the WHO 1999 diagnostic criteria (fasting plasma glucose of ≥ 7.0 mmol/l or a two-hour plasma glucose of ≥ 7.8 mmol/l) [26] and the IADPSG diagnostic criteria (same as the WHO 2013 criteria except the two-hour plasma glucose reading is ≥ 8.5 mmol/l, there is no cut-off value for overt diabetes) [5].

1.2.4	Questionnaires

Participants were asked questions pertaining to their demographics and obstetric and family histories. The demographic questions included age, marital status, level of education and a household asset score. The household asset score is the sum of the number of eleven assets (electricity, radio, television, refrigerator, cellular telephone, personal computer, farm animals, agricultural land, bicycle, motorcycle, motor vehicle) a participant has. This score is used as an indicator of household socioeconomic status and has been used in other studies based in Soweto [27]. 

Obstetric-related questions included how many previous pregnancies (gravidity) and births (parity) a woman had and if she had previously delivered a macrosomic (≥ 4 kg at birth) neonate. Whilst the cut-off value for macrosomia is debatable, South Africa tends to define macrosomia as a birth weight of 4 kg or more [14]. The family history questionnaire involved asking participants if they specifically had a sibling, parent or grandparent with diabetes.

1.2.5	Management and follow-up

Women diagnosed with overt diabetes and GDM were referred to the specialist Obstetric Diabetes Clinic at CHBAH for management. The management protocol at the Clinic involves following women up every two weeks until 32 weeks gestation and then once a week until delivery. Induction of labour or Caesarean section is planned for around 38 weeks’ gestation. All women are seen by a dietician who prescribes a diabetic diet and advises on necessary dietary and lifestyle modifications. Women may also be prescribed medication. All women are given a glucometer for self-monitoring of blood glucose [28]. Research assistants telephoned these women to follow-up on their referrals.

1.2.6	Statistical analyses

Stata Version 12 (StataCorp, College Station, Texas) was used for statistical analyses. The Shapiro-Wilk and Skewness and Kurtosis tests were used to assess the distribution of continuous data. Normally distributed continuous variables were presented as means ± standard deviations (SD) and those that were not normally distributed were presented as medians (interquartile range (IQR)). Categorical data were presented as frequencies and percentages. Differences between categorical variables were determined using the Chi-square test. The Student’s t-test was used to analyse differences between normally distributed variables and the Mann-Whitney test was used to analyse differences between non-normally distributed variables. The Kruskal-Wallis H test, with the Conover-Iman test of multiple comparisons, was used to analyse the glucose readings according to BMI category. Significance was assumed at a two-tailed p value of p < 0.05. A multinomial logistic regression analysis was performed to investigate whether the well-described risk factors (age, BMI, parity, family history of diabetes and previous delivery of a macrosomic baby) were associated with GDM in this cohort. An evaluation of the fasting glucose reading alone, in terms of sensitivity, specificity and predictive values to diagnose or rule out GDM, was performed using the MedCalc Diagnostic Test Evaluation Calculator (MedCalc Software, Ostend, Belgium). 

1.2.7	Ethical approval

The University of the Witwatersrand’s Human Research Ethics Committee (Medical) granted clearance for the study (Certificate references: M120524, M130309 and M150461). Study participants gave informed, written consent. 


1.3	Results

A total of 3656 eligible women were invited to participate in the study. Of those invited to participate, 2009 (55%) underwent an OGTT. There were 1647 (45%) women who did not undergo an OGTT for various reasons (Fig. 1). As the women who did not undergo and OGTT had met the inclusion criteria at recruitment, they did not differ from the group of women who did undergo an OGTT with regard to ethnicity and geographical area of residence. In addition, we compared the ages of the women who did not undergo an OGTT to those who did; there was no significant difference between the groups (p = 0.242). 

A final sample of 1906 women was included in the study (Fig. 1). Of these women, six (0.3%) were diagnosed with overt diabetes; one had a fasting plasma glucose ≥ 7.0 mmol/l and the other five had two-hour plasma glucose readings of ≥ 11.1 mmol/l. A total of 174 women were diagnosed as having GDM according to the WHO 2013 criteria which resulted in a GDM prevalence of 9.1% (95% confidence interval (CI) 7.9, 10.5). For comparative purposes we also calculated the prevalence of GDM amongst our cohort using the WHO 1999 and the IADPSG criteria. Using the WHO 1999 criteria 107/1906 women were classified as having GDM producing a prevalence of 5.6% (95% CI 4.6, 6.7), and using the IADPSG criteria 179/1906 women had GDM producing a prevalence of 9.4% (95% CI 8.2, 10.8). 

The 174 women with GDM according to the WHO 2013 criteria were significantly older, had more household assets and were therefore of a higher household socioeconomic status, and were more likely to report a positive family history of diabetes than the women with normal glucose profiles. In addition, they had significantly higher BMIs at the time of the OGTT than the women with normal glucose profiles with 59.2% of them falling into the obese category (Table 1). 

Women with GDM were slightly more advanced in terms of gestational age at the time of the OGTT than those with normal glucose profiles but there was no difference in parity or gravidity between the two groups. The overall rate of having delivered a previous baby with macrosomia was low for the entire group (4.7%) and did not differ significantly between those with and those without GDM. Interestingly, women with GDM were more likely to be diagnosed with anaemia compared to those with normal glucose profiles (Table 1).

Blood glucose readings were first analysed across the entire study population (n = 1906) stratified according to BMI category.  Glucose readings and prevalence of GDM differed significantly across the three BMI categories; the highest prevalence was amongst the women in the obese category. Of note, all six women with overt diabetes were classified as obese (Table 2). 

As expected, plasma glucose levels taken at the three time points of the OGTT differed significantly (p < 0.05) between the women with GDM and those with normal glucose profiles. The mean ± SD for the fasting, one-hour and two-hour glucose readings were 5.4 ± 0.5 mmol/l, 8.0 ± 1.7 mmol/l and 7.4 ± 1.5 mmol/l respectively amongst the women with GDM. In comparison, the fasting, one-hour and two-hour glucose readings amongst the women with normal glucose profiles were 4.0 ± 0.5 mmol/l, 5.6 ± 1.3 mmol/l and 5.3 ± 1.1 mmol/l respectively. The majority of women with GDM (116/174; 66.7%) were diagnosed on a fasting plasma glucose reading alone, whilst a further 29/174 (16.7%) had an abnormal fasting glucose plus one or two additional abnormal readings (Table 3). Therefore, a total of 145/174 (83.3%) women had an abnormal fasting plasma glucose reading which alone is diagnostic of GDM. Based on this, the fasting plasma glucose test had an 83.3% sensitivity (95% CI 77.0, 88.5), 100% specificity (95% CI 99.8, 100), 0.17 negative likelihood ratio (95% CI 0.12, 0.23) and a 98.4% negative predictive value (95% CI 97.7, 98.8) of diagnosing GDM.

A multinomial logistic regression analysis was performed to see which of the well-described GDM risk factors were significantly associated with a diagnosis of GDM amongst our cohort of women. Table 4 shows that being ≥ 35 years of age, having a BMI of ≥ 30 kg/m2 at the time of the OGTT and having a positive family history of diabetes were significant risk factors. High parity and a previous macrosomic baby were not significant risk factors amongst the women in our study. When fasting glucose was added to the logistic regression model as a continuous variable the only significant risk factor was age ≥ 35 years (p = 0.039). 

Of the 174 women diagnosed with GDM, 123 (70.7%) followed through with their referral to the Obstetric Diabetes Clinic whereas 38 (21.8%) chose not to attend the Clinic and 13 (7.5%) could not be contacted. All the women who attended the Clinic received diet therapy. A total of 70/123 (56.9%) women were managed through diet therapy alone and 59/123 (48%) required medication; 58 were prescribed Metformin and one was prescribed insulin. Of the six women diagnosed with overt diabetes, 5/6 (83.3%) followed through with their referral to the Obstetric Diabetes Clinic and 4/5 (80%) were managed by medication (two on Metformin and two on insulin) and one was managed through diet therapy alone. 

1.4	Discussion

Our study reports a GDM prevalence of 9.1% (95% CI 7.9, 10.5) using the WHO 2013 diagnostic criteria amongst black South African women living in urban Soweto. Our results also illustrate that being classified as obese at 24-28 weeks gestation, being ≥ 35 years of age and having a family history of diabetes are positively associated with GDM development. Most women with GDM in our study were controlled through diet/lifestyle modification. Furthermore, the fasting plasma glucose reading alone appears to have a high sensitivity in detecting GDM. 

A concerning finding was the large number of eligible women (1556/3656; 42.6%) invited to participate in the study who did not follow through with their invitation (Fig 1). This highlights potential issues around the awareness of GDM, its effects, and the importance of screening for it. A qualitative study assessing the reasons why these women chose not to participate would be helpful; we speculate that a general lack of awareness as well as logistically issues such as transport costs and time off work may be some reasons. The same can be said for the 21.8% of women with GDM who did not follow through with their referrals to the Obstetric Diabetes Clinic. A follow-up study to understand the reasons behind these women’s decisions may identify areas for intervention including further education on GDM.

Regarding the BMI results amongst the study participants, it is possible that they may be overestimations as a woman’s BMI at 24-28 weeks gestation is not an accurate reflection of her non-pregnant BMI. However, the highest prevalence of obesity in the whole of sub-Saharan Africa is amongst South African women; an alarming 42% (40.6 – 43.4) of women over 20 years of age in South Africa are obese [29]. Therefore, the high rate of obesity found in our study (47.5% amongst all participants) is very similar to that of the general South African adult female population.   

In terms of GDM prevalence, two recent African studies reported a GDM prevalence of 8.1% in Nigeria using the WHO 2013 criteria [30] and a 2.9% (95% CI, 1.6, 4.2) prevalence using the IADPSG criteria in Kenya [31]. Using the same diagnostic criteria, our prevalence results are higher than those reported in these who African countries. Regarding South Africa, only two previous studies have assessed GDM in black women. A study conducted in 2007 in rural Limpopo reported a GDM prevalence of 8.8% (95% CI 5.6, 12.9) using the WHO 1999 criteria [11]. Interestingly, using the same diagnostic criteria the GDM prevalence is lower amongst our urban cohort (5.6% (95% CI 4.6, 6.7) than the rural cohort in Limpopo. Given the changes in dietary habits and physical activity that are associated with urbanisation one might have expected our study to have produced a higher prevalence. The study set in Limpopo had a much smaller sample size (262 women of which 23 had GDM) and wider 95% CI for the prevalence rate than ours; it is possible that had a larger sample size been used the GDM prevalence in the Limpopo study may have been lower. 

The second South African study, set in Johannesburg, reported an extremely high prevalence of GDM amongst 554 black women using the IADPSG criteria; 25.8% (CI not stated) [12]. This prevalence figure is more than twice that obtained from our study using the same diagnostic criteria (9.4% (95% CI 8.2, 10.8)). The authors do not mention the prevalence of overt diabetes amongst their study participants although the median (IQR) fasting plasma glucose levels amongst the GDM group is reported as 5.8 (3.9 - 13.4) mmol/l. The IQR suggests some women in the GDM group had fasting glucose readings of ≥ 7.0 mmol/l which according to the IADPSG criteria is indicative of overt diabetes.

As with all single centred studies, selection bias and the generalisability of the results become important questions. Given the rigor of our study and removal of women with overt diabetes we are confident that 9.1% (95% CI 8.2, 10.8) is an accurate reflection of the prevalence of GDM (using the WHO 2013 criteria) amongst black South African women living in urban Soweto. Ideally, a multicentre study should be conducted across South Africa to determine the true burden of GDM. Although comparing GDM prevalence rates within and between countries is difficult due to the different diagnostic criteria, a rough estimation of GDM prevalence in Africa based on a limited number of published studies was reported to be around 5% [10]. From a worldwide perspective, GDM is thought to complicate approximately 7% (range 1-14%) of all pregnancies [32]. Therefore, a prevalence of 9.1% is of concern. 

As mentioned previously, South Africa currently employs a selective screening approach based on risk factors for GDM detection. Being ≥ 35 years, obese and having a family history of diabetes were shown to be significant risk factors associated with GDM development. However, only age ≥ 35 years remained significant when fasting glucose was added to the model. This suggests that fasting glucose is capturing the impact of adiposity on, and the genetic contribution (family history) to, glucose metabolism. Regarding fasting glucose, our results give evidence that a fasting plasma glucose screen is very effective in detecting GDM. Performing an OGTT is timely and costly and South Africa’s healthcare system is already heavily burdened making universal screening for GDM an unlikely possibility. Based on our results we would recommend that at least a fasting plasma glucose test be considered as a GDM screening tool for all pregnant women in South Africa.

An interesting finding was that women with GDM had significantly lower levels of haemoglobin and a higher rate of anaemia than those with normal glucose profiles. Other investigators have reported the opposite with high levels of haemoglobin being associated with GDM [33] and iron deficient anaemia being protective against the condition [34]. It is possible that whilst the majority of women with GDM in our study were classified as obese, their diets were likely to have been excessive in refined carbohydrates, fats and sugars but deficient in micronutrients, including iron. Another possibility may be that the anaemia is a result of the pathophysiology of diabetes, such as renal insufficiency or periodontal disease [35-37].

In terms of clinical management, 56.9% of women with GDM in our study were managed solely through diet therapy. The American Diabetes Association (ADA) suggests that lifestyle modification (diet therapy, physical activity and weight management) can control 70-85% of women with GDM [38]. Whilst the percentage of women managed through dietary modification alone in our study was less than what the ADA suggests it is still very encouraging that more than half the women with GDM did not require medication. Such a finding is promising as it suggests that from a healthcare system’s perspective managing GDM might not be that costly, and from a patient’s perspective medication-burden might not be of concern to most.

1.5	Conclusion

Our study is the largest GDM prevalence study in South Africa to date. A 9.1% prevalence of GDM according to the WHO 2013 criteria is concerning and warrants further discussion around screening approaches for GDM in the South African public healthcare sector. Whilst diagnosing more women with GDM may add burden to a country’s health system, the possible benefits of diagnosing and managing such women, and in turn preventing the cycle of diabetes, should be considered. Optimising the health and nutrition of women should be prioritised to minimise excessive weight gain and the current GDM selective screening protocol needs to be reconsidered; the long term effects of such will be instrumental in reducing the prevalence of diabetes. 
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1.11	Figures and tables
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Figure 1	Study participation


Table 1	Characteristics of the study participants
	
	Median (IQR) or n (%) or mean ± SD
	

	Characteristics
	Total Participants
(n = 1906)
	Participants with normal glucose profiles (n = 1726)
	Participants with GDM
(n = 174)
	P value

	Age (years)
	30 (25-35)         
	30 (25.0-34.5)    
	31 (27-36)      
	0.001

	Household socioeconomic status a
	5 (5-6)
5.4 ± 1.2
	5 (5-6)
5.4 ± 1.2
	5 (5-6)
5.7 ± 1.2
	0.014

	Education
	 
	 
	 
	 

	No schooling/primary school
	47 (2.5%)
	42 (2.4%)
	5 (2.9%)
	0.936

	Secondary school
	1480 (77.7%)
	1341 (77.7%)
	135 (77.6%)
	 

	Tertiary education
	379 (19.9%)
	343 (19.9%)
	34 (19.5%)
	 

	Marital Status 
	
	 
	 
	 

	Single
	1340 (70.3%)
	1217 (70.5%)
	119 (68.4%)
	0.560

	Married/cohabiting
	566 (29.7%)
	509 (29.5%)
	55 (31.6%)
	 

	Family history of diabetes (n=1904)
	476 (25.0%)
	419 (24.3%)
	56 (32.2%)
	0.022

	Weight (kg) b
	74.7 (64.7-86.1)        
	74.4 (64.2-85.3)         
	78.6 (67.9-91.0)             
	0.001

	Height (cm) 
	159.1 (155.1-163.1) 
	159.2 (155.1-163.2)   
	158.9 (156.1-162.2)        
	0.621

	BMI (kg/m2) b
	29.5 (25.7-33.7)
	29.3 (25.5-33.5)          
	31.5 (27.4-35.6)               
	<0.001

	BMI categories b
	 
	 
	 
	 

	Normal 
	395 (20.7%)
	369 (21.4%)
	26 (14.9%)
	0.004

	Overweight 
	606 (31.8%)
	561 (32.5%)
	45 (25.9%)
	 

	Obese 
	905 (47.5%)
	796 (46.1%)
	103 (59.2%)
	 

	Haemoglobin (g/l) (n=1804)
	131 (113-157)
	131 (114-157)
	126 (106-150)
	0.007

	Anaemia (n=1804)
	 375 (20.8%)
	 325 (19.9%)
	 50 (30.9%)
	0.001

	Systolic blood pressure (mmHg) (n=1898)
	108 (100.5-116.5)
	108 (100.5-116.5)
	108.5 (102.0-116.0)
	0.589

	Diastolic blood pressure (mmHg) (n=1898)
	68.5 (63-75)
	68.5 (62.5-72.5)
	69.8 (64.5-76.5)
	0.026

	Hypertensive  (n=1898)
	 64 (3.4%)
	56 (3.3%)
	 8 (4.6%)
	0.352

	Gestational age a
	26 (25-27)
25.8 ± 1.5
	26 (25-27)
25.7 ± 1.5               
	26 (25-27)
26.1 ± 1.4                
	0.001

	Previous pregnancies 
	 
	 
	 
	

	None
	230 (12.1%)
	215 (12.5%)
	15 (8.6%)
	0.078

	One to two
	1191 (62.5%)
	1084 (62.8%)
	104 (59.8%)
	 

	Three or more 
	485 (25.5%)
	427 (24.7%)
	55 (31.6%)
	 

	Previous births 
	 
	 
	 
	 

	None
	494 (25.9%)
	453 (26.3%)
	40 (23.0%)
	0.183

	One to two
	1237 (64.9%)
	1109 (64.3%)
	123 (70.7%)
	 

	Three or more 
	175 (9.2%)
	164 (9.5%)
	11 (6.3%)
	 

	Previous macrosomic neonate (n=1904)
	90 (4.7%)
	81 (4.7%)
	9 (5.2%)
	0.779

	HIV status 
	 
	 
	 
	 

	Negative
	1309 (68.7%)
	1190 (69.0%)
	115 (66.1%)
	0.439

	Positive
	597 (31.3%)
	536 (31.1%)
	59 (33.9%)
	 



Gestational diabetes mellitus (GDM) diagnosed according to World Health Organization’s 2013 criteria; Sample size indicated if less than 1906; Total of 1906 women includes six women diagnosed with overt diabetes
a Mean (± standard deviation (SD)) indicated where p < 0.05 but median (interquartile range (IQR)) does not indicate the difference
b At the time of the oral glucose tolerance test (OGTT) (24-28 weeks gestation)



Table 2	Glucose readings and gestational diabetes mellitus prevalence according to body mass index category

	
	Body Mass Index Category
(at 24-28 weeks gestation)
	P value

	
	Normal weight                                    (n = 395)
	Overweight                      (n = 606)
	Obese                (n = 905)
	

	Fasting glucose (mmol/l)
Median (IQR)
Mean ± SD
	
4.0 (3.6-4.4)
4.0 ± 0.6
	
4.0 (3.6-4.4)
4.1 ± 0.6
	
4.0 (3.7-4.6)
4.2 ± 0.7
	
<0.001c,d

	1-hour glucose (mmol/l)
Median (IQR)
Mean ± SD
	
5.3 (4.4-6.1)
5.4 ± 1.4
	
5.5 (4.6-6.7)
5.7 ± 1.5
	
6.0 (5.0-7.2)
6.2 ± 1.6
	
<0.001b,c,d

	2-hour glucose (mmol/l)
Median (IQR)
Mean ± SD
	
5.1 (4.3-5.9)
5.1 ± 1.2
	
5.3 (4.5-6.2)
5.4 ± 1.2
	
5.6 (4.7-6.6)
5.7 ± 1.4 
	
<0.001b,c,d

	Women with GDM (%)

	26/395 (6.7%)
	45/606 (7.4%)
	103/899a (11.5%)
	0.004c,d


Gestational diabetes mellitus (GDM) diagnosed according to the World Health Organization’s 2013 criteria; Interquartile range (IQR); Standard deviation (SD) 
a Denominator less six women with overt diabetes 
b Significant difference between normal and overweight
c Significant difference between normal and obese
d Significant difference between overweight and obese


Table 3	Analysis of the World Health Organization’s 2013 criteria in diagnosing gestational diabetes mellitus 

	Abnormal plasma glucose reading(s) 
	Women diagnosed N (%)

	Fasting glucose alone (5.1-6.9 mmol/l) 
	116 (66.7)

	1-hour glucose alone (≥ 10 mmol/l)
	3 (1.7)

	2-hour glucose alone (8.5-11.0 mmol/l)
	18 (10.3)

	Fasting + 1-hour glucose + 2-hour glucose
	7 (4.0)

	Fasting glucose + 1-hour glucose 
	8 (4.6)

	Fasting glucose + 2-hour glucose 
	14 (8.0)

	1-hour glucose + 2-hour glucose 
	8 (4.6)

	Total
	174 (100)





Table 4	Multivariate logistic regression analysis for risk factors associated with gestational diabetes mellitus

	Risk factor
	Odds ratio
	95% Confidence interval
	P value

	Age
	
	
	

	18-24 years (reference)
	
	
	

	25-34 years
	1.6
	1.0, 2.6
	0.066

	≥ 35 years
	2.5
	1.5, 4.4
	0.001

	Family history of diabetes
	
	
	

	No (reference)
	
	
	

	Yes
	1.4
	1.0, 2.0
	0.038

	BMI a
	
	
	

	Normal (reference)
	
	
	

	Overweight 
	1.1
	0.7, 1.9
	0.598

	Obese 
	1.7
	1.1, 2.7
	0.021

	Previous delivery of a macrosomic baby
	
	
	

	No (reference)
	
	
	

	Yes
	1.0
	0.5, 2.0
	0.994

	Parity
	
	
	

	Low (< 2 births) (reference)
	
	
	

	High (≥ 2 births)
	0.7
	0.52, 1.1
	0.094


a Body Mass Index (BMI) at the time of the oral glucose tolerance test (24-28 weeks gestation).
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