
Global DNA methylation profiling in South African women with 

gestational diabetes mellitus 

Stephanie Dias1,2, Sumaiya Adam2, Nastasja Van Wyk1, Paul Rheeder3, Johan Louw1,4, 

Carmen Pheiffer1,5# 

1Biomedical Research and Innovation Platform (BRIP), South African Medical Research 

Council, Tygerberg, South Africa 

2Department of Obstetrics and Gynecology, University of Pretoria, South Africa 

3Department of Internal Medicine, Faculty of Health Sciences, University of Pretoria, South 

Africa 

4Department of Biochemistry and Microbiology, University of Zululand, Kwa-Dlangezwa, 

South Africa 

5Division of Medical Physiology, Faculty of Health Sciences, Stellenbosch University, 

Tygerberg, South Africa 

#Corresponding author 

Carmen Pheiffer 

PO Box 19070 

Tygerberg 

7505 

South Africa 

E-mail address: carmen.pheiffer@mrc.ac.za 

1

mailto:Stephanie.Dias@mrc.ac.za


Abstract 

Background/Objective: Recently, several studies have reported that placental global 

DNA methylation is associated with gestational diabetes mellitus (GDM), sparking 

interest in the potential use of global DNA methylation as a biomarker for this disorder. 

This study investigated whether global DNA methylation is associated with GDM in 

South African women. 

Methods: Global DNA methylation was quantified in the peripheral blood of women 

with (n=63) or without (n=138) GDM using the MDQ1 Imprint® DNA Quantification 

Kit. 

Results: Global DNA methylation levels were not different between women with or 

without GDM and were not associated with fasting glucose nor insulin concentrations. 

However, levels were 18% (p=0.012) higher in obese compared to non-obese pregnant 

women, and inversely correlated with serum adiponectin concentrations (p=0.005).  

Discussion: Contrary to our hypothesis, global DNA methylation was not associated 

with GDM in our population. Our findings suggest that despite being a robust marker of 

overall genomic methylation that offers opportunities as a biomarker, global DNA 

methylation profiling may not offer the resolution required to detect methylation 

differences in the peripheral blood of women with GDM. Further studies are required to 

explore the candidacy of a more targeted approach using gene-specific methylation as a 

biomarker for GDM in our population.      
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Clinical Significance 

• The prevalence of gestational diabetes mellitus (GDM) is rapidly increasing globally

• The 75 g 2 hr oral glucose tolerance test remains the gold standard for GDM

diagnosis, however, several challenges hamper its use 

• Risk factor-based screening has poor sensitivity for detecting GDM

• Thus, a more robust, non-invasive, simple and cost effective screening tool is needed

• Altered DNA methylation patterns in peripheral blood holds potential as a biomarker

for GDM screening 

Introduction 

Gestational diabetes mellitus (GDM), defined as glucose intolerance that is first diagnosed 

during pregnancy, is a significant source of morbidity and mortality. In South Africa, a middle-

income country, the prevalence of GDM has rapidly increased over the last few years  

(Mamabolo et al. 2007, Adam and Rheeder 2017, Macaulay et al. 2018), paralleling the rising 

obesity epidemic. Recently, it was reported that 68% of South African women over the age of 

15 years were either overweight or obese (Statistics South Africa 2017), a serious cause for 

concern since obesity is a major risk factor for the development of GDM. GDM is associated 

with adverse perinatal outcomes (Jensen et al. 2000) and increases susceptibility to future 

metabolic disorders in both mothers and their offspring (Damm 2009), thus posing a significant 

burden to the already struggling and over-burdened South African health system. 

The oral glucose tolerance test (OGTT), conducted between 24-28 weeks of gestation 

is the gold standard for the diagnosis of GDM (WHO 1999). However, the test is cumbersome 

to conduct and has several challenges including high costs, requirement for fasting, multiple 

blood draws, and is associated with nausea and vomiting. Currently, universal screening for 

GDM is recommended for all pregnant women (Hod et al. 2015). However, due to limited 
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resources, selective screening based on traditional GDM risk factors such as obesity (body 

mass index (BMI) ≥ 30 kg/m2), advanced maternal age (> 35 years), family history of diabetes, 

history of GDM, previous macrosomic (baby weighing ≥ 4000 g) pregnancy, glycosuria, or 

previous adverse pregnancy outcomes (congenital abnormalities, unexplained still birth or 

recurrent pregnancy loss) is often performed in low and middle income countries. 

Unfortunately, these risk factors have poor sensitivity for detecting GDM in our population 

(Adam and Rheeder 2017), resulting in a large number of GDM cases being missed. The 

identification of simple and cost effective biomarkers to detect women with GDM could offer 

an alternative to the OGTT. Although a number of circulating biomarkers such as adiponectin, 

sex hormone globulin, C-reactive protein (CRP) and glycosylated fibronectin have been 

explored as biomarkers for GDM, none have yet achieved clinical applicability (Smirnakis et 

al. 2007, Nanda et al. 2011, Rasanen et al. 2013, Adam et al. 2018).  

Epigenetics reflect gene-environment interactions and is increasingly being implicated 

in the pathophysiology of metabolic diseases (Gu et al. 2013, Martín-Núñez et al. 2014). DNA 

methylation, the most widely studied and best characterized epigenetic mechanism, refers to 

the addition of a methyl group to the fifth carbon position of a cytosine residue within CpG 

dinucleotides, often leading to transcriptional repression (Lim and Maher 2010). The process 

is reversible thus offering opportunities for risk stratification and intervention, and has 

accordingly received considerable interest as biomarkers of disease.  Although both gene-

specific and global DNA methylation profiling have been explored, global DNA methylation, 

which gives an estimate of overall genomic methylation can be quantified using non-invasive, 

inexpensive and simple methods, thus making it an attractive target for biomarker discovery. 

Several studies have reported that global DNA methylation is altered during hyperglycemia 

(Matsha et al. 2016, Pinzón-Cortés et al. 2017) and in placental tissue of women with GDM 

(Nomura et al. 2014, Reichetzeder et al. 2016). We hypothesized that global DNA methylation 
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in the peripheral blood of black South African women is altered during GDM, and accordingly 

has potential as a biomarker for GDM in our population. 
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Materials and methods 

Participants 

The study was approved by the Health Sciences Ethics Committee of the University of Pretoria 

(180/2012). Pregnant women were recruited at a primary care clinic in Johannesburg, South 

Africa (Adam and Rheeder 2017). Written informed consent was obtained from all participants. 

Women of black ethnicity, who were less than 26 weeks pregnant and who had a singleton 

pregnancy were included in this study. Women with pre-existing diabetes, random glucose 

level >11.1 mmol/L, measured with a glucometer (Roche Diagnostics, Mannheim, Germany) 

or glycated hemoglobin (HbA1c) level > 6.5%, measured with the point-of-care Afinion system 

(Alere Technologies, Oslo, Norway) were excluded. Of the 1000 women who were recruited, 

the 75 g 2 hr OGTT was conducted on 554 women (Figure 1). Human Immunodeficiency Virus 

(HIV) positive women and those with an unknown HIV status were excluded from the current 

study. For this case control study, 63 women with GDM and 138 women without GDM were 

matched individually according to age, BMI and gestational age as far as possible, and were 

selected. 

Clinical and biochemical characteristics 

Demographic information was obtained from a standardized questionnaire and anthropometric 

measurements were assessed according to standard procedures (Adam et al. 2018). The  OGTT 

was conducted according to the International Association of Diabetes in Pregnancy Study 

Group (IADPSG) criteria (Metzger et al. 2010). Briefly, women were given a 75 g glucose 

drink to ingest, and blood was collected for glucose measurements at 0 hr, 1 hr and 2 hr. At the 

time of OGTT, HbA1c concentrations were measured again by an accredited laboratory 

(Vermaak and Partners, Pretoria, South Africa). For comparative analysis, GDM was classified 

using the National Institute for Health and Care Excellence (NICE) and the World Health 

6



Figure 1. Flow diagram for study participants. For the current study, women with (n=63) or without 

(n=138) GDM were selected from a prospective cohort study in which 1000 pregnant women were 

recruited. 

Participants recruited

N = 1000 Excluded N = 446
• Fetal loss = 82

• Migrated from area = 163

• Loss to follow-up = 194
• Withdrew consent = 7

Eligible Participants

N = 389

Excluded N = 165
• HIV positive =160

• Unknown HIV = 5

Selected for study:

GDM (N = 63)

No GDM (N = 138)

Excluded N = 188

• Individual matching

- Age

- BMI

- Gestational age

OGTT performed 

N = 554
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Table 1: GDM diagnostic criteria commonly used in South Africa 

*Time after ingesting 75 g glucose drink; OGTT: oral glucose tolerance test; hr: hour; GDM: gestational

diabetes mellitus; IADPSG: International Association of Diabetes in Pregnancy Study Group; NICE: 

National Institute for Health and Care Excellence; WHO: World Health organization (WHO 1999, Metzger 

et al. 2010, NICE guidelines 2015) 

Glucose concentration (mmol/L) 

Time* IADPSG NICE WHO 1999 

0 hr OGTT 5.1 5.6 7.0 

1 hr OGTT 10 - - 

2 hr OGTT 8.5 7.8 7.8 
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Organization (WHO) 1999 criteria (Table 1) (WHO 1999, NICE guidelines 2015). Fasting 

insulin and CRP concentrations were measured in stored serum samples (Pathcare laboratories, 

Cape Town, South Africa). Serum adiponectin concentrations were quantified using the human 

adiponectin enzyme-linked immunosorbent assay (ELISA) (Merck, Darmstadt, Germany). The 

homeostatic model assessment (HOMA), a measure of insulin resistance was calculated using 

the equation: (glucose x insulin)/22.5, using fasting plasma glucose and fasting serum insulin 

concentrations. Whole Blood for DNA methylation analysis was stored at -80o C. 

Global DNA methylation 

DNA was extracted from 2 ml of stored whole blood in Ethylenediaminetetraacetic acid 

(EDTA) tubes using the QIAmp DNA Blood Midi Kit according to the manufacturer’s 

instructions (Qiagen, Hilden, Germany), and concentrations were measured using the Qubit 

Flourometer dsDNA Broad Range Assay Kit (Invitrogen, Carlsbad, USA) according to the 

manufacturer’s protocol. Global DNA methylation was quantified using the MDQ1 Imprint® 

Methylated DNA Quantification Kit according to the manufacturer’s instructions (Sigma-

Aldrich, St. Louis, USA) as previously described (Pheiffer et al. 2014). Briefly, 100 ng of DNA 

was allowed to bind to the ELISA plate, where after the methylated fraction of DNA was 

detected using a 5-methylcytosine monoclonal antibody, and the absorbance was measured at 

450 nm on a BioTek® ELX 800 plate reader (BioTek Instruments Inc., Winooski, USA). Global 

DNA methylation levels were calculated relative to the methylated positive control which was 

included in the kit. All samples were analysed in duplicate. 

Statistical analysis 

Statistical analysis was conducted using STATA 14 (StataCorp, Texas, USA). Data were 

expressed as the mean ± standard error of the mean (SEM), or as the median and interquartile 

range (25th and 75th percentiles) for data that were not normally distributed. Categorical data 
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were expressed as count (n) and percentage (%). The Shapiro-Wilk test was used to test for 

normality. The unpaired student t test or the Mann-Whitney test was used to compare variables 

across GDM groups, and the Chi-square test was used to analyze categorical variables. 

Spearman’s rank correlation (rs) was used to evaluate the relationship between global DNA 

methylation and serum adiponectin concentrations. A p ≤ 0.05 was considered statistically 

significant. 
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Results 

The clinical characteristics of participants are presented in Table 2.  As expected, fasting blood 

glucose (p<0.001), 1 hr OGTT (p<0.001), 2 hr OGTT (p<0.001) and HbA1c (p=0.008) 

concentrations were significantly higher in women with GDM compared to women without 

GDM. Similarly, fasting insulin (p=0.067) and HOMA (p<0.001) levels were increased in 

women with GDM. In contrast, women with GDM had lower concentrations of serum 

adiponectin than women without GDM (p=0.018). 

Since the extent of hyperglycemia may influence the association between global DNA 

methylation and GDM, GDM was classified using IADPSG, WHO and NICE criteria. Glucose 

concentrations differed significantly between women with GDM compared to women without 

GDM, using all three diagnostic criteria (Table 3). Fasting plasma glucose values were 

significantly lower in women with GDM using the WHO criteria compared to the IADPSG 

(p=0.014) and NICE (p=0.005) criteria, while the 2 hr OGTT values were significantly higher 

in women with GDM using the WHO criteria compared to the IADPSG criteria and NICE 

criteria (p<0.001) (Table 3). However, no difference in global DNA methylation levels between 

women with or without GDM were observed when the different diagnostic criteria were used 

(p>0.05) (Figure 2A-C). Global DNA methylation levels were 18% (p=0.012) higher in obese 

compared to non-obese pregnant women (Figure 3) and were inversely correlated with serum 

adiponectin concentrations (rs=-0.243, p=0.005) (Figure 4).
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Table 2: Clinical characteristics of the study population stratified according to GDM using the IADPSG 

criteria 

BMI: body mass index; OGTT: oral glucose tolerance test; HbA1c: glycated hemoglobin; HOMA: 

homeostatic model assessment. 

Data are expressed as the amedian (25th–75th percentiles); bmean ± standard error of the mean or as ccount 

(percentage). 

P-values for continuous data were calculated using the Mann-Whitney or the unpaired student t test. 

P-values for categorical data were calculated using the Chi-square test. 

Variable GDM (n=63) No GDM (n=138) p-value 

Age (years)a 28.0 (24.0-32.0) 28.0 (24.0-32.0) 0.810 

BMI (kg/m2)a 27.4 (23.4-31.2) 25.8 (23.5-29.8) 0.180 

Fasting glucose (mmol/L)a 5.5 (5.2-5.9) 4.3 (4.0-4.6) < 0.001 

OGTT 1 hr (mmol/L)a 6.5 (5.5-8.3) 5.5 (4.7-6.5) < 0.001 

OGTT 2 hr (mmol/L)a 6.1 (5.2-7.2) 5.2 (4.6-5.9) < 0.001 

HbA1c (%)b 5.2 (0.4) 5.1 (0.3)    0.008 

Fasting insulin (mIU/L)a 6.5 (4.8-9.4) 5.7 (3.8-8.0) 0.067 

HOMAa 1.6 (1.2-2.4) 1.1 (0.8-1.7) < 0.001 

C-reactive protein (mg/L)a 6.9 (3.7-9.9) 5.4 (3.1-8.5) 0.209 

Adiponectin (µg/ml)a 7.6 (4.9-11.8) 9.8 (6.6-14.7) 0.018 

Education: n (%)c 

<grade 12 

≥grade 12 

29.0 (46.7) 

33.0 (53.3) 

66.0 (49.6) 

67.0 (50.4) 
0.769 

Risk factors: n (%)c 

None 

≥1 Risk factors n (%) 

27.0 (42.8) 

36.0 (57.2) 

79.0 (57.3) 

59.0 (42.7) 
0.143 
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Table 3: GDM defined using the IADPSG, NICE and WHO 1999 diagnostic criteria 

*Time after ingesting 75 g glucose drink; ‡significant difference between women with or without GDM in each diagnostic criteria; similar

superscripts indicate significant difference between groups; OGTT: oral glucose tolerance test; hr: hour; GDM: gestational diabetes mellitus; 

IADPSG: International Association of Diabetes in Pregnancy Study Group; NICE: National Institute for Health and Care Excellence; WHO: World 

Health Organization (WHO 1999, Metzger et al. 2010, NICE guidelines 2015). 

Glucose concentration (mmol/L) 

IADPSG NICE WHO 1999 

Time* GDM No GDM p-value‡ GDM No GDM p-value‡ GDM No GDM p-value‡ 

0 hr OGTT 5.5 (5.2-5.9)a 4.3 (4.0-4.6) < 0.001 5.8 (5.5-6.0)b 4.4 (4.0-4.8) < 0.001 5.2 (4.7-5.4)a,b 4.5 (4.1-5.1) <0.05 

1 hr OGTT 6.5 (5.5-8.3) 5.5 (4.7-6.5) < 0.001 - - - - 

2 hr OGTT 6.1 (5.2-7.2)c 5.2 (4.6-5.9) < 0.001 6.6 (5.6-8.0)d 5.3 (4.7-5.9) < 0.001 8.6 (8.0-9.7)c,d 5.3 (4.7-6.0) < 0.001 

50
51
52
53
54
55
56
57
58
59
60
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Figure 2. Global DNA methylation levels according to GDM status. Global DNA methylation was 

measured in the peripheral blood of women with or without GDM according to the IADPSG (A), the 

NICE (B) and the WHO (C) criteria, using the MDQ1 Imprint® Methylated DNA Quantification Kit. 

Global DNA methylation levels were calculated relative to the methylated positive control which was 

included in the kit. Data are represented as the mean ± standard error of mean (SEM). 

A B 

C 
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Figure 3. Global DNA methylation levels varies according to obesity status.  Global DNA methylation 

was measured in the peripheral blood of obese (n=51) and non-obese (n=138) pregnant women using the 

MDQ1 Imprint® Methylated DNA Quantification Kit. Global DNA methylation levels were calculated 

relative to the methylated positive control which was included in the kit. Data are represented as the mean 

± standard error of mean (SEM). 

Figure 4. Global DNA methylation is inversely correlated with serum adiponectin concentrations. Each 

data point represents an individual (n=139) and indicates global DNA methylation levels relative to a 

methylated positive control and adiponectin concentration. 

p = 0.012

rs= -0.243 
p = 0.005
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Discussion 

This study investigated whether global DNA methylation profiling has potential as a 

screening tool for GDM in black South African women. Contrary to our hypothesis, 

global DNA methylation levels in the peripheral blood of black South African women 

were not associated with GDM. The IADPSG criteria is stringent, and the failure to 

observe differences in methylation between women with or without GDM may be due to 

small glucose concentration differences between groups. However, no difference in 

methylation was observed when GDM was classified according to NICE and WHO 

criteria, where glucose concentration differences between women with or without GDM 

were more pronounced. Previous studies have reported that global DNA methylation is 

associated with GDM (Nomura et al. 2014, Reichetzeder et al. 2016), however, these 

were conducted on placental tissue and used different methods to quantify global DNA 

methylation, possibly accounting for the discrepancies observed. Biological source 

affects global DNA methylation (Reinius et al. 2012), thus our failure to observe an 

association between GDM and global DNA methylation could be due to the use of 

peripheral blood rather than placenta. Furthermore, using liquid chromatography–mass 

spectrometry Reichetzeder et al. demonstrated that placental DNA methylation was 

increased during GDM (Reichetzeder et al. 2016), while using a luminometric 

methylation assay Nomura et al. reported that placental DNA methylation is decreased 

during GDM (Nomura et al. 2014), illustrating that method of quantification influences 

results. The ELISA, as used in this study, offers several advantages over other methods 

of quantifying global DNA methylation. It is cost-effective and does not require 

specialized equipment and expertise, making it more amenable for screening in low-and 

middle income countries (Kurdyukov and Bullock 2016). Several studies have reported 

that the ELISA is able to detect aberrant global DNA methylation patterns during disease 
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(Nakano et al. 2012, Keller et al. 2014, Kagohara et al. 2015, Ramos et al. 2016), and in 

response to environmental factors (Guerrero-Preston et al. 2010, Tellez-Plaza et al. 2014, 

Ivorra et al. 2015, Sánchez et al. 2015). 

Global DNA methylation levels were higher in obese compared to non-obese 

pregnant women. It has been widely reported that global DNA methylation is associated 

with obesity (Cash et al. 2011, Jintaridth et al. 2013, Piyathilake et al. 2013, Na et al. 

2014), however studies in pregnant women are limited (Herbstman et al. 2013, Nomura 

et al. 2014). Consistent with our results, Nomura et al. reported that global DNA 

methylation was higher in obese compared to non-obese pregnant women (Nomura et al. 

2014). However, in contrast to our findings, Herbstman et al. reported that global DNA 

methylation is decreased during pre-pregnancy obesity, while Michels et al. failed to see 

an association between global DNA methylation and obesity (Michels et al. 2011, 

Herbstman et al. 2013). These findings confirm the variability in assessing global DNA 

methylation levels according to biological source and methods of quantification. 

Intriguingly, global DNA methylation was inversely correlated with serum 

adiponectin concentrations. Adiponectin is an adipokine with insulin-sensitizing 

properties, which is dysregulated during obesity and metabolic disease (Cao 2014). 

Similar to our findings, several studies have reported that adiponectin concentrations are 

decreased during GDM (Lacroix et al. 2013, Pala et al. 2015, Adam et al. 2018). 

Recently, it was reported that altered methylation at the adiponectin gene (ADIPOQ) 

locus is inversely correlated with circulating adiponectin concentrations during 

pregnancy (Bouchard et al. 2012), and is associated with decreased ADIPOQ gene 

expression levels in adult offspring of women with GDM (Houshmand-Oeregaard et al. 

2017). To further explore the significance of the association between global DNA 
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methylation and adiponectin, pyrosequencing of ADIPOQ is currently being conducted 

in our laboratory. 

Although quantification of global DNA methylation is a robust method to assess 

overall genomic DNA methylation, and has potential as a biomarker to facilitate risk 

stratification and intervention (Ramos et al. 2016), it may not offer the resolution required 

to detect subtle methylation differences in women with or without GDM. Another 

limitation of the study is the use of peripheral blood, which consists of a mixture of 

different cell types such as erythrocytes, lymphocytes and platelets which may confound 

methylation analysis (Reinius et al. 2012). Future studies should consider purification of 

blood cell populations to separate specific cell types (Reinius et al. 2012). It has been 

widely reported that DNA methylation is affected by environmental factors such as diet, 

smoking, alcohol consumption and physical activity (Joubert et al. 2012, Lim and Song 

2012, Ling and Rönn 2014, Pauwels et al. 2017, Miyake et al. 2018). Thus, the lack to 

account for these environmental factors, pose a significant limitation to our study. 

However, women were recruited from the same community with similar life experiences, 

suggesting that they were likely to have similar environmental exposures. 

Conclusion 

Contrary to our hypothesis, global DNA methylation was not associated with GDM in 

our population. Our findings suggest that despite being a robust marker of overall 

genomic methylation that offers opportunities as a biomarker, global DNA methylation 

profiling may not offer the resolution required to detect subtle methylation differences in 

the peripheral blood of women with GDM. Further studies are required to explore the 

candidacy of a more targeted approach using gene-specific methylation as a biomarker 

for GDM in our population. To our knowledge, this is the first study to investigate the 

association between global DNA methylation and GDM in South Africa.  
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