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Preface

| am a specialist physician and the founder and director of Diabetes West. This private
practice, which includes two large diabetes clinics based in Johannesburg, South Africa, was
formed in 2003. Holistic support with a comprehensive range of services are offered to
patients and this includes the services of doctors, diabetes nurse educators, dieticians, and
podiatrists. Special interests of this practice are the use of continuous insulin infusion pump
therapy and the management of gestational diabetes. In 2013, | co-founded Leto, a non-profit,
public benefit organization. Leto enabled diabetes education and other supportive services to
approximately 100 paediatric patients with diabetes attending the state-sector Rahima Moosa

Mother and Child Academic Hospital.

Donald J Coustan, the academic giant and doyen of gestational diabetes was the international
speaker at the SEMDSA (Society of Endocrinology, Metabolism, and Diabetes of South
Africa) conference in South Africa in April 2014. At the end of his presentation, a member of
the audience asked what the best way to screen for gestational diabetes. Donald Coustan’s
response was ‘There is no reason for orthodoxy.” My initial idea was simple and remarkably
naive. It was my intention that Leto adopt a single, local, state-sector antenatal clinic, and
screen for and manage gestational diabetes (intermediate hyperglycaemia) as a public-private
initiative. Inexpensive glucometers rather than a laboratory service would be used to measure
blood glucose levels in the oral glucose tolerance test. Women affected would be offered a

blood glucose monitoring and lifestyle education program for the duration of their pregnancy.

I met with Prof Eckhart Buchmann, an obstetrician in the Johannesburg District Department
of Health and at his suggestion, wrote a formal proposal for the project. This was presented to

the executive committee of the Johannesburg District Department of Health in October 2014.
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Eckhart also introduced me to Prof Shane Norris, who suggested that this project was suitable
for a Ph.D. Arrangements were made to temporarily relieve me of my responsibilities at the
Diabetes West clinics. | registered as a Ph.D. student at the University of the Witwatersrand

in January 2015 with Eckhart and Shane as my co-supervisors.

Following this impulsive decision, | found myself constantly on steep slopes of many
learning curves. Retrospectively, | appreciated that my supervisors allowed me to find
solutions to the many challenges I encountered. Throughout the process, Eckhart and Shane
were supportive and provided strategic road maps. They invited me to statistics training
sessions, academic meetings and introduced me to academics with similar interests. Their
kind encouragement and support facilitated my development of essential research skills.
Shane enabled my three-month participation in a Ph.D. student exchange program, which was
funded by the Research Councils United Kingdom Newton Fellowship. As part of this
program, | was nested within the Intervention Development team at the Medical Research
Council-Epidemiology Unit at the University of Cambridge in England in 2017. From this
experience, | gained some insight into the complexity of functioning of their Medical

Research Council (MRC) unit.

| feel privileged to have had the opportunity to be a Ph.D. candidate. These experiences have
allowed me to develop confidence in my ability to plan, implement and report the findings of
an academic research project. The rigor of the peer review process necessary for publication
of the manuscripts included in this thesis, has transformed my appreciation of the academic
literature. I’ve had unique opportunities to interact with my peers and have a renewed

appreciation of my intellectual heritage. | believe this work represents a significant
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contribution to medical knowledge and will lead to improved medical care of gestational

diabetes affected women in low resource settings.
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Abstract

We investigated the feasibility of implementing a universal screening program for gestational
diabetes mellitus (GDM) in an urban low resource setting, using glucometers rather than a
calibrated laboratory to measure blood glucose concentrations of the 75 g oral glucose
tolerance test (OGTT). In this prospective, pragmatic, cross-sectional study, 592 consecutive
women underwent an OGTT at 24-28 weeks’ gestation. The World Health Organization
(2013) diagnostic thresholds were applied. Five plasma-calibrated glucometer brands were
evaluated against two independent laboratories, which used either the glucose oxidase (GOXx)
or hexokinase (HK) method to measure plasma glucose levels. Also, retrospectively, the
validity of a universally applied fasting plasma glucose (FPG) of > 4.5 mmol/l was evaluated
against a risk factor assessment, which is current standard care, as a method of screening for
GDM. In addition, as part of formative work to develop an intervention that may be applied
locally, the experience of women previously affected by GDM was examined through a series
of focus group discussions (FGD). In this qualitative component of this study, the Diabetes
Conversation Map educational instrument was used to examine the experiences of women
previously affected by GDM, and these FGD were recorded, transcribed and thematically

analysed.

GDM prevalence determined by the glucometers was 12.7%. Three of the five glucometer
brands evaluated were within the predetermined total allowable error, but only at fasting of
the OGTT. All glucometers were inaccurate at one and two hours. Glucometer results were
significantly positively biased relative to both laboratories results at all time points of the test,
meaning, they potentially over-diagnosed GDM. GDM prevalence determined by GOx and
HK methods were 6.9% and 5.1% respectively. Unexpectedly, there was a significant bias of

0.20 mmol/l between laboratories, with a low agreement of 34% on GDM positive diagnoses.
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The absence of a true gold standard, and the ambivalent results provided by the calibrated
laboratories that served as the reference test, created clinical diagnostic uncertainty in
determining participants GDM status. Nevertheless, an elevated fasting glucose of > 5.1
mmol/l defined > 80% of GDM positive diagnoses by all methods of measurement. The use
of a universally applied FPG (GOx laboratory method served as reference) would mean
25.8% of women would be identified as medium to high risk and would need to undergo a
complete OGTT and 97.6% of GDM affected women would be identified. If risk factor based
selective screening were applied, only 34.6% of women would require an OGTT, however,

43.9% of GDM positive cases would have been missed.

Results of the qualitative study suggested women affected by GDM reacted with shock,
anxiety, confusion, and disbelief to their diagnosis of GDM. They were aware of inconsistent
diagnostic procedures applied at clinics and hospitals. Despite difficulty adjusting to a diet
initially perceived to be unpalatable and more expensive, changing to a healthier lifestyle was
considered an overall positive consequence of their diagnosis. Lifestyle changes were
partially retained postpartum and were reported to have a positive effect on other family
members. Unexpectedly, women reported that being HIV (Human Immunodeficiency Virus)

positive was preferable and less stressful than having GDM.

In conclusion, the thesis research found that there is no ideal method to measure plasma
glucose concentrations of the OGTT in a low resource setting. Reliance on routine laboratory
methods to measure blood glucose concentrations of the OGTT may miss GDM positive
women. Acknowledgement of the limitations of the different methods of measurement is an
important consideration when developing GDM screening strategies. In this study population,

FPG measured by glucometers may be a superior screening strategy for GDM, over the



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING 26

current practice of selective screening with a laboratory-dependent OGTT. Regarding
women’s experience of GDM, consistency in health messaging, diagnostic criteria and
diagnostic procedures will be essential to a successful roll out of GDM screening in low

resource South Africa settings.
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The Organization of the Thesis

The first chapter includes a brief, critical review of the literature on GDM, in order to
contextualize research gaps and justify the purpose of this study. The problem statement,

study purpose, research questions as well as the conceptual framework is presented.

Results of this research have been and will be submitted to academic journals for publication.

Consequently, each manuscript will be presented as an individual chapter:

Chapter 2: the aim of this chapter is to validate glucometers as an alternative to laboratory
measurement of blood glucose concentrations. The title of this manuscript is ‘Accuracy of
five plasma calibrated glucometers to screen for and diagnose gestational diabetes in a low
resource setting’. This was published in the Journal of Clinical and Translational

Endocrinology in June 2019.

Chapter 3: the aim of this chapter is to report the unexpected research finding of significant

differences between laboratory methods to measure plasma glucose concentrations. The title
of this manuscript is ‘The impact of differences in plasma glucose between glucose oxidase

and hexokinase methods on estimated gestational diabetes mellitus prevalence’. This was

published in Scientific Reports - Nature in May 2019.

Chapter 4: the aim of this chapter is to explore the utility of the FPG to identify GDM
affected women. The title of this manuscript is ‘Fasting plasma glucose and risk factor
assessment: comparing sensitivity and specificity in identifying gestational diabetes in urban

African women’. This was accepted for publication by the South African Medical Journal.
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Chapter 5: the aim of this chapter is to report the subjective experiences of local women
previously diagnosed with GDM. The title of this manuscript is “Women’s accounts of the
gestational diabetes experience — a South African perspective’.” This is submitted for

consideration for publication.

Finally, the thesis concludes with the integrative chapter where | revisit the overall aim and
objectives of the PhD against what was found. | reflect on the research findings, tying up the
individual publications and highlighting key themes. The strength and limitations of the
research and recommendations for future research are discussed. This chapter ends with an

overarching conclusion statement of the thesis.
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Chapter 1.

Introduction and review of the literature
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1.1 Conceptual framework

The researcher has selected the Patient-Centred Conceptual Framework as the overarching
conceptual framework for this thesis. This framework was previously described with the
purpose of facilitating communication between researchers and clinicians.® The five
dimensions of patient-centeredness identified in this framework include a biopsychosocial
perspective, the ‘patient-as-person’, sharing power and responsibility, the therapeutic alliance
as well as the ‘doctor-as-person’. Included in this framework are important shapers of the
patient’s health care experience, such as government policies, medical training and cultural

norms. (Figure 1.1)

Figure 1.1: Patient Centred Conceptual framework. Factors Influencing Patient Centeredness.

Source: Mead, et al. (2000)*
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1.2 Significance of Gestational Diabetes Mellitus in context of Diabetes Mellitus

Gestational diabetes mellitus (GDM) may be regarded as one of the “great obstetrical
syndromes” because the associated morbidity and mortality to mother and child are
secondary to pathology that develops at the maternal-placental-fetal interface.? GDM, the
most common metabolic disorder that occurs in pregnancy, is a usually asymptomatic
condition that manifests in the mid-second to early-third trimester.? Typically, GDM is an
intermediate hyperglycaemia that resolves spontaneously post-partum. However, type 2
diabetes (T2D), or less frequently, type one diabetes (T1D) may be unmasked.* With the
increasing global prevalence of T2D and an increasingly younger age of disease onset,
women of reproductive age are more likely to be affected by hyperglycaemia in pregnancy,
and this includes GDM and overt diabetes mellitus (DM).>® Together with the pre-diabetes
states of impaired fasting glucose (IFG) and impaired glucose tolerance (IGT), GDM is a

T2D precursor.*

The World Health Organization (WHO) estimated that the global prevalence of DM is 8.5%
and it is the seventh leading cause of death.” More than 90% of DM is classified as T2D. The
global prevalence of DM has doubled since 1980.° A United States National Health and
Nutrition Examination Survey (NHANES) reported an increase in pre-diabetes of 24%
between 1999-2002 and 2007—2010 in non-pregnant adults aged >18 years.® A rapid increase
in T2D prevalence is occurring in low and middle-income countries (LMIC), which now bear
80% of the burden of disease.*®%2 There is a continuum of risk for the development of DM
which begins at glycaemic levels below 6.1 mmol/Il, which is the WHO diagnostic threshold
for IFG.® The risk of future development of T2D is similar for IFG, IGT and GDM, and this

occurs at a rate of approximately 5% per year.'4
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The global increase in DM is associated with decreased physical activity, excessive calorie
intake and the increase in overweight and obesity.*® Obesity is associated with low-grade
inflammation and increased insulin resistance which, together with a genetic predisposition,
result in progressive pancreatic -cell failure. The consequence of this progressive 3-cell
failure is reduced insulin secretion and an inability to maintain euglycaemia. There is a
tendency toward progression through the phases of IFG and IGT. Eventually, in up to 70% of
individuals with obesity, T2D develops.t®1” However, there is evidence that T2D is

preventable and if identified in the early stages of the disease, may be reversible.181°

Age-standardized mean body mass index (BMI) and the prevalence of obesity and T2D have
increased consistently across Africa for the past three decades. South African estimates of
obesity are higher than the global average across all age groups.2®2! The youth are also
affected with 18.8% of males and 26.3% of females < 20 years of age being obese or
overweight.?% Sub-Saharan Africa has a historically undernourished population that is
currently affected by a high prevalence of overweight and obesity.?? This may have

predisposed South Africans to the rapid emergence of DM as a public health concern.?®

DM is the leading cause of death of South African women and is the second leading cause of
death of all South Africans.?* (Figure 1.2) Recent studies confirm a rising trend in DM in
South Africa with prevalence reports of 4-33%. Significantly, both rural and urban
populations are at risk.?>%" Age-standardized IGT and DM prevalence increased in an urban
black South African population by 67% and 53% respectively between 1990 and 2008/9.28
The increasing prevalence of pre-diabetes in younger, reproductive age groups, suggests that

South African women may be at high risk for GDM. (Figure 1.3)
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Figure 1.2. Causes of Death of South Africans.

Source: Statistics South Africa.?®
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Figure 1.3 The spectrum of Hyperglycaemia in an Urban Black South African Population.

Source: Peer, et al (2012).%8
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GDM prevalence increases in parallel with that of T2D and is proportionate to that of obesity
for a given population.®®=2 GDM prevalence increases by an estimated 0.9% per one unit
increase in BMI1.*® The WHO estimates that 16% of pregnancies are affected by GDM
globally.® LMIC contribute to 85% of global annual births and 90% of maternal and perinatal
deaths.* The burden of GDM in South Africa is difficult to estimate due to the inconsistency
of GDM criteria and screening strategies used. Recently, urban South African GDM

prevalence of 9.1% and 26.7% have been reported.3+36

1.4 Pathogenesis of GDM.

Pregnancy is a physiological, natural stress test for the reserve capacity of endocrine pancreas
function.®*® Normally, in the latter half of pregnancy, a 40-50% reduction in insulin
sensitivity occurs, which is usually compensated for by a 200-250% increase in insulin
secretion by the B-cells.®® Supra-physiological increases in insulin resistance in the latter half
of pregnancy are linked to maternal pre-conception obesity and excessive maternal weight
gain in pregnancy.®® Third trimester increases in placental hormones such as human placental
lactogen, affect maternal lipid metabolism, but a direct link to insulin sensitivity is not yet
demonstrated.*3"3° Individuals with compromised pancreatic B-cell reserve function are
unable to meet the rising demand for insulin in the third trimester of pregnancy. A usually
transient and intermediate hyperglycaemia develops which persists until the birth. Reduced

maternal pancreatic B-cell reserve and insulin resistance persist postpartum.’

1.5 Sequelae of GDM
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The transient nature of diabetes in pregnancy was described in the 19" century.*° In 1952,
Jackson of the University of Cape Town reported that women who subsequently developed
diabetes post-partum, frequently had a history of macrosomia and stillborn infants.*> More
recent studies have confirmed that both mother and offspring are at risk of future
development of T2D which predispose to macrovascular disease, microvascular disease and

premature death.1%3741

The Hyperglycaemia and Adverse Pregnancy Outcome (HAPO) study found a linear
relationship between maternal blood glucose concentration and the risk of poor fetal
outcomes.*? A strong continuous association, with no clear threshold at which risks increased,
was found between maternal glycaemia and pre-eclampsia, increased fetal birth-weight,
increased cord-blood serum C-peptide levels and increased risk of shoulder dystocia or birth
injury. The HAPO Follow-Up Study evaluated the carbohydrate metabolism status of 4160
children aged 10-14 years and found that maternal levels of hyperglycaemia are positively
associated with child glucose and insulin resistance levels.*® These outcomes were
independent of both mother and child BMI or a family history of diabetes. Increased obesity
in the offspring of women affected by GDM is also previously reported.** A possible

mechanism for this is an epigenetic modification in the developing fetus.374546

The most common obstetric complications associated with GDM are preeclampsia and fetal
macrosomia, which may necessitate a caesarean birth.*” Hypertensive disorders, obstructed
labour and haemorrhage are leading causes of maternal mortality globally, and these are also
sequelae of GDM.*® While universal screening for hypertension, which affects 10% of
pregnancies, is standard, GDM is not routinely screened for and is often missed.*® Additional

maternal, perinatal and fetal sequelae of GDM are presented in Table 1.1.
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Table 1.1. Maternal and fetal morbidity and mortality associated with GDM. (modified from
Hod, et al. (2015) 4

Maternal Fetal
Early pregnancy Stillbirth
Spontaneous abortions Neonatal death
Pregnancy Non-chromosomal congenital malformations
Pre—eclampsia Shoulder dystocia
Gestational hypertension Respiratory distress syndrome
Excessive fetal growth Cardiomyopathy
Hydramnios Neonatal hypoglycaemia
Urinary tract infections Neonatal polycythaemia
Delivery Neonatal hyperbilirubinaemia
Preterm labour Neonatal hypocalcaemia
Obstructed labour Erb’s palsy (a consequence of birth injury)
Traumatic labour Programming and imprinting
Instrumental birth (fetal origin of disease:
Caesarean birth obesity, diabetes, hypertension)

Postoperative/postpartum infection
Postoperative/postpartum haemorrhage
Thromboembolism
Maternal morbidity and mortality

Puerperium
Failure to initiate/maintain breastfeeding
Body weight retention
GDM in subsequent pregnancies
Future overt diabetes

Future cardiovascular disease

In addition to maternal, obstetric and fetal morbidity and mortality, placental changes in
GDM affected pregnancies are subtly different from those associated with either T1D or

T2D. The placenta is often heavier in pregnancies affected by hyperglycaemia and this



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING 37

includes GDM and overt DM.*° Placental dysfunction causes increased production of
inflammatory cytokines and oxidative stress that can lead to chronic fetal hypoxia.?*°
Placental changes in GDM are characterized by up-regulation of genes involved in a
multitude of cellular functions. These include changes to the immune system, organ

development, the regulation of cell death and programming of obesity.46*

DM is the second leading cause of death of South Africans. However, the effect of DM and
GDM on maternal deaths and stillbirths in South Africa is unknown.®*? An audit of results
for 1087 pregnancies, managed at a combined specialist diabetes in pregnancy clinic of a
single academic hospital in Soweto, South Africa (1983 —1992 and 1992 —2002), indicated
poor outcomes for untreated GDM. The perinatal mortality for those treated for GDM was
4.5% and for those with a late referral, who received < two weeks of intensive management
before the birth, the perinatal mortality was 19.9%.°3 It is possible that the effect of untreated
GDM on perinatal mortality is underestimated in South Africa. There are missed
opportunities for identifying and treating GDM in South Africa, and this may adversely affect

pregnancy-associated morbidity and mortality.

1.6 Diagnostic criteria and screening strategies for GDM

1.6.1 Evolution of diagnostic criteria for GDM

Jackson of the University of Cape Town established reference ranges for a 50 g
glucose challenge test administered at 36 weeks’ gestation to identify diabetes in pregnancy
in the 1950s.%° Later, O’Sullivan and Mahan described the first set of diagnostic thresholds

for the 100 g oral glucose tolerance test (OGTT) that identified women at risk of later
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developing T2D.*>* The United States of America (USA) has remained at the forefront of
the DM pandemic. Prior to 2010, the American Diabetes Association’s (ADA) definition of
GDM was commonly accepted internationally, namely, “any degree of glucose intolerance
with onset or first recognition during pregnancy”. This definition is attractive because it has
55-57

no specific diagnostic thresholds, and these may vary both between and within countries.

The evolution of the diagnostic thresholds of GDM is presented in Table 1.2.

Table 1.2. Evolution of criteria for GDM diagnosis

3
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O’Sullivan | 2-step 2 1964 | 100 5.0 9.2 8.1 6.9
NDDG 2-step 2 1979 | 100 5.8 10.6 9.2 8.0
C&C 2-step 2 1982 | 100 5.3 10.0 8.6 7.8
ADA 2-step 2 2000 | 100 5.3 10.0 8.6 7.8
WHO 1-step 1 1999 | 75 7.0 - 7.8 -
SEMDSA | 1-step 1 2007 | 75 7.0 - 7.8 -
NICE 1-step 1 2008 | 75 7.0 - 7.8 -
IADPSG 1-step 1 2010 | 75 5.1 10.0 8.5 -
WHO 1-step 1 2013 | 75 5.1 10.0 8.5 -
NICE 1-step 1 2015 | 75 5.6 - 7.8 -
ADA 1-step 1 2011 | 75 5.1 10.0 8.5 -
ADA l-stepor |1 2016 | 75 51 10.0 8.5 -

C&C/ND | 2 100 5.3/5.8 | 10.0/10.6 | 8.6/9.2 | 7.8/8.0
SEMDSA | 1-step 1 2017 | 75 51 10.0 8.5 -

Abbreviations:

O’Sullivan, O’Sullivan and Mahan; NDDG, National Diabetes Data Group; C&C, Carpenter
and Coustan; ADA, American Diabetes Association; EASD, European Association for the
Study of Diabetes; WHO, World Health Organisation; IADPSG, International Association of




GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING 39

Diabetes in Pregnancy Study Group; NICE, National Institute of Health and Care Excellence,
SEMDSA, Society of Endocrinology Metabolism and Diabetes of South Africa.

Modified from source: DB Sacks. Clin Chem 60(1) 2014:141-145 47:5458-62

The HAPO study was designed to clarify the risk of adverse perinatal outcomes associated
with intermediate levels of maternal hyperglycaemia. Data were analysed for the 75 g OGTT
at 24-32 weeks’ gestation for 23316 participants from 15 centres across nine countries. These
predominantly northern hemisphere, developed countries included the USA, UK, Canada,
Hong Kong (Peoples Republic of China), Australia, Israel, Thailand, Singapore and
Barbados.®® All blood samples were processed in a central laboratory with rigorous
standardization at each field centre as well as at the central laboratory, for the duration of the
study.5* Primary outcomes included birth weight above the 90™ percentile for gestational age,
primary caesarean birth, clinical neonatal hypoglycaemia and cord-blood serum C-peptide
level above the 90™ percentile. Results were evaluated by the International Association of

Diabetes and Pregnancy Study Groups (IADPSG).

In the absence of clear risk thresholds, the IADPSG based their recommendations for a
positive GDM diagnosis on a 1.75 odds ratio for the adverse pregnancy outcomes of large for
gestational age and infant hyperinsulinaemia, as indicated by the HAPO study results.? In
2013, the WHO adopted the diagnostic thresholds for GDM recommended by the
IADPSG.3#" The definition of dysglycaemia in pregnancy is now more stringent than in the
non-pregnant population. IFG is defined by a fasting plasma glucose (FPG) > 5.6 mmol/l by
the ADA or > 6.1 mmol/l by the WHO.*% This step toward international consensus on
diagnostic thresholds was intended to facilitate the collection of epidemiological data on
GDM, as well as investigate feasible, sustainable screening strategies and interventions.*’

Important features of the WHO recommendations are listed in Table 1.3.
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Table 1.3 Features of the WHO 2013 GDM diagnosis and classification recommendations

1. Gestational Diabetes is now separated into 2 distinct clinical entities:
- GDM which is an intermediate level of hyperglycaemia
- Diabetes in Pregnancy (considered to be overt DM by the IADPSG) which most likely
represents pre-conception diabetes.

2. Asingle phase 75 g OGTT at 24-28 weeks’ gestation is the recommended standard
diagnostic procedure.

3. The diagnostic criteria of (overt) Diabetes in Pregnancy remain the same as that for

DM in the general population (FPG > 7 mmol/l and/or 2-hour plasma glucose of >11.1

mmol/l).

4. Only one abnormality of the OGTT is sufficient for the diagnosis of GDM. A FPG of
5.1-6.9 mmol/l, one-hour glucose >10.0 mmol/l and/or two-hour glucose of 8.5-11.0
mmol/l is 100% specific for a diagnosis of GDM.

5. GDM diagnostic criteria are now based on perinatal fetal outcomes rather than the

maternal future risk of developing DM2.

1.6.2 Global and local response to the IADPSG and WHO recommendation

International response to the WHO GDM recommendations has been varied. A survey by the
European Board and College of Obstetrics and Gynaecology on GDM screening practice
found that 67.9% of European countries had adopted the WHO 2013 diagnostic thresholds.>’
The United Kingdom’s (UK) National Institute of Health and Care Excellence (NICE)
reduced their diagnostic thresholds from 7.0 mmol/l to 5.6 mmol/I at fasting of the OGTT,
however, a selective screening strategy for GDM was retained.. A subsequent UK audit found
that those women with a FPG between 5.1-5.6 mmol/l were at increased risk of large for

gestational age infant birth weights, caesarean delivery and polyhydramnios, although the




GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING 41

increase in GDM prevalence was only 0.49% based on the WHO 2013 rather than the NICE

2015 diagnostic thresholds.®®

The ADA recommendations for GDM screening include options for either a one-step 75 g
OGTT or the two-step 50 g glucose challenge test (GCT) followed by a diagnostic 100 g
OGTT if the GCT is positive.®® In 2013, the American National Institutes of Health (N1H)
reviewed the IADPSG recommendations and elected to retain the commonly used two-step
Carpenter and Coustan (C&C) GDM criteria with a universal screening strategy applied.% It
is possible that Coustan’s position on GDM diagnostic thresholds had changed since 1982,
considering he was an investigator in the HAPO study.®® Reasons given for the NIH decision
were:

e the “medicalization” of a substantially higher proportion of pregnancies,

e an increased cost to health care systems

e lack of evidence demonstrating the benefits of clinical interventions based on the

IADPSG diagnostic thresholds.®

The St Carlos Gestational Diabetes study found that although there was a 3.5-fold increase in
the prevalence of GDM using the IADPSG rather than the C&C criteria, there was an
estimated cost saving of 14358 Euros per 100 pregnant women evaluated. This cost saving
was due to reductions in the need for caesarean births and neonatal intensive care unit
admissions.®” A mathematical model, the GDModel, developed to evaluate the cost-
effectiveness of universal GDM screening and lifestyle changes to prevent T2D, found a net
cost saving in both Israel and India when the IADPSG criteria were applied.% Both the St
Carlos study and the GDModel demonstrate clinical benefits and health care cost savings for

the IADPSG recommendations, when applied in both developed and LMICs. Although the
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majority of the HAPO study centres were based in developed countries in the northern
hemisphere, the UK, Spain, Sweden, Norway, Finland and Canada have not as yet adopted

the scientifically valid, evidence-based guidelines derived from this data.>"°

In addition to variations in diagnostic thresholds, there is also variation in the type of test
used to identify GDM globally. The 75 g OGTT is most commonly used in Europe as well as
in LMICs.” A survey of European countries found the 75 g OGTT was most frequently used,
but other test methods used included the 50 g GCT followed by the 100 g OGTT, random
glucose, FPG and HbA1c at various stages of pregnancy.>” The USA applies either a one-
step or a two-step procedure.®® In a survey of LMICs, the 75 g OGTT was most frequently
used, but additional test methods included the FPG, random glucose, 50 g GCT, glycosuria,
HbA1c, the 100 g OGTT and postprandial testing.’® International consensus in testing

procedures would allow for direct comparisons in GDM prevalence.

Sub-Saharan countries have reported an increase in the prevalence of GDM when the WHO
2013 diagnostic thresholds are applied.*®" The South African National Department of Health
(SADH) guidelines for maternity care are based on the WHO and the SEMDSA
recommendations. The SEMDSA adopted the WHO GDM recommendations in 2017. The
SADH guidelines have not been updated since 2015.7? Currently, the 75 g OGTT at 28
weeks’ gestation is the test recommended by the SADH, and WHO 1999 diagnostic

thresholds are applied.”

1.7 Screening strategies for GDM
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1.7.1 Features of a public health screening program

Typically, disease diagnostic thresholds are developed in well-equipped and well-resourced
academic/research institutions, far removed from public health care facilities in LMICs.
While evidence-based scientific research is essential to create and define diagnostic
thresholds, clear and simple directions are necessary for the practical application of these
guidelines in clinical settings. An ideal GDM screening tool suitable for use in low-resource
settings should be cheap, not require elaborate preparations, have a high sensitivity and
specificity, have a short turnaround time to result availability, be easy to administer, with
equipment that needs little maintenance or calibration. Currently, no diagnostic device fulfils

all these requirements to screen for GDM."

The gold standard of principles and practice for disease screening, originally developed by
Wilson and Junger in 1968, were updated by the WHO in 2008. (Table 1.4)"* According to
these criteria, the decision to screen for a disease should be based on the means to detect the
condition at an early stage as well as the availability of acceptable treatment for those
affected. However, logistical, social and ethical reasons may limit the implementation of
public health screening programs. Based on estimated global prevalence, interventions
available to reduce perinatal morbidity, the opportunity to prevent future T2D, and the
evidence for clinical and cost effectiveness based on the St Carlos and GDmodel studies,
GDM screening fulfils criteria 1-4 (Table 1.4). However, criteria 5-9 may have country

specific limitations and criterion 10 still attracts controversy.

Table 1.4. Modified Wilson and Junger Criteria for Screening. "

1. “The screening program should respond to a recognized need.’
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“The objectives of screening should be defined at the outset.’
‘There should be a defined target population.’

“There should be scientific evidence of screening program effectiveness.’

o & DN

“The program should integrate education, testing, clinical services and program

management.’

6. ‘There should be quality assurance, with mechanisms to minimize potential risks of
screening.’

7. ‘The program should ensure informed choice, confidentiality and respect for autonomy.’

8. ‘The program should promote equity and access to screening for the entire target
population.’

9. ‘Program evaluation should be planned from the outset.’

10. ‘The overall benefits of screening should outweigh the harm.’

1.7.2 GDM screening strategies

The IADPSG recommends universal GDM screening, especially in countries with a high
prevalence of DM.? The WHO suggests that the design and implementation of GDM
screening strategies should be determined by individual countries. Strategies should be
informed by the prevalence of dysglycaemia and the availability of resources and competing
priorities.*” The American College of Obstetrics and Gynaecology recommends universal
screening for GDM because, in their population, an estimated 10% of women would be
considered low risk and would not require screening.®? The International Federation of
Gynaecology and Obstetrics (FIGO) urges universal screening for GDM in LMICs.* This is
because these countries contribute to 85% of annual global deliveries, 80% of the global DM
burden and 90% of cases of maternal and perinatal deaths and poor pregnancy outcomes.* In
addition, the FIGO suggests that selective screening based on risk factors is difficult to
implement in low resource settings due to low levels of education, low awareness and poor

medical record keeping.*
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Global GDM prevalence reports are difficult to interpret due to variation in screening
strategies, diagnostic thresholds and testing procedures.”’® Universal screening for GDM is
usually conducted at 24-28 weeks’ gestation, at the time of the pregnancy associated
physiological increase in insulin resistance.® Additional selective screening at the first
antenatal visit is recommended in order to identify women who most likely had
preconception DM.2 This may be interpreted as a two-step screening strategy. The commonly
used 75 g OGTT serves as both a screening and a diagnostic procedure. Although there is a
move towards consensus, progress towards universal GDM screening strategies and
procedures that may be applied in routine clinical practice in low resource settings remains

elusive. Some strategies used to identify GDM are presented in Table 1.5.

Table 1.5 Selection of Strategies for GDM Screening.’®"®

1. No screening.

2. Selective screening based on > one traditional risk factor (including but not restricted to:
maternal age, body mass index, ethnicity, parity, previous GDM, family history of
diabetes, clinical conditions associated with insulin resistance e.g. polycystic ovarian
syndrome, large for gestational age fetus, previous unexplained stillbirth).

Modified risk factor algorithms to increase the sensitivity of traditional markers.

Use of the fasting plasma glucose.

Use of random blood glucose.

Universal screening using a one-step 75 g OGTT.

N o g ~ w

Universal screening using a two-step model:
(50 g GCT screening test followed by the diagnostic 100g OGTT).

As well as having a low sensitivity, selective screening programs may be difficult to
implement even in well-resourced settings.’®8° An audit of the GDM screening strategies in

28 European countries published in 2016 found that 64.3% used a risk factor base selective
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screening strategy to identify women eligible for an OGTT.%" An audit of a selective
screening program applied to 23270 births in Tuscany, Italy found that 55.6% of women
fulfilled eligibility criteria, and that 40% of women screened were at low risk.2® A multicentre
UK audit of 2432 nulliparous women (2007-2011), found 60.8 % were appropriately
screened, 38.9% were risk-factor positive but were not screened and 14.6% had no risk
factors but were screened based on the NICE guidelines of that time (pre-2015).”° A recent
UK universal screening study found that 24% of GDM positive women were risk factor

negative, and so would not have been identified using selective screening.®

In 2002, based on a secondary analysis of the Toronto Tri-hospital Gestational Diabetes
Project data, a scoring system based on maternal age (> 30 years), BMI (> 22 kg/m?) and
ethnicity (non-Caucasian and non-black) was developed, in order to reduce the number of
women requiring formal screening by means of an OGTT.82 A more recent review by Farrar,
et al. suggest that maternal age > 25 years and/or a BMI > 25 kg/m? would identify the
majority of those affected by GDM."® The selection of traditional risk factors used to identify
women at risk for GDM vary. An independent head-to-head comparison of 12 published
GDM prognostic models applied in a single Dutch cohort found that only four models had a
consistently positive net benefit. Risk factors common to these models were maternal age,
maternal BMI, history of gestational diabetes mellitus, ethnicity, and family history of

diabetes.®

Although selective risk-factor based screening is more likely to detect GDM than no
screening at all, the poor efficacy of this screening strategy is described in sub-Saharan
African countries.®® 18 Risk factor based selective screening for GDM is currently applied in

South Africa.”? On adopting the WHO 2013 GDM guidelines, the SEMDSA acknowledged
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that universal screening for GDM may only be possible in well-resourced settings in South
Africa.>® Screening and treatment of GDM is largely restricted to secondary and tertiary care
facilities in South Africa, and this is common in other LMICs.® Established services are at

risk of being overwhelmed by an influx of GDM affected women in need of supportive care.

1.7.3 Fasting plasma glucose to screen for and diagnose GDM

The FIGO acknowledged that universal application of the OGTT to detect GDM may not be
feasible in low resource settings and acceptable, feasible alternatives are critically needed.*
According to the WHO 2013 diagnostic thresholds, a single abnormality of the OGTT, for
example, an elevated fasting plasma glucose (FPG) of > 5.1 mmol/l, is diagnostic of GDM.#
The sensitivity of an elevated FPG varies between countries and ethnicities. In the HAPO
study the frequency of an elevated FPG ranged from 24-74% and this varied between and
within countries.®® The HAPO authors suggest that a reliably measured FPG could be used as
an initial screen in selected populations and this would reduce the number of women

requiring a complete OGTT.%

The IADPSG recommendations include the use of the FPG to screen for GDM and
undiagnosed DM in every pregnant women earlier in pregnancy, in populations with a high
prevalence of disease.® The IADPSG has acknowledged that the HAPO study population had
a low probability of GDM and a low risk of poor outcomes associated with an FPG <4.4
mmol/I.”® A dual FPG threshold was previously suggested as a screening strategy, to reduce
the number of women requiring an OGTT, specifically in low resource settings. An FPG

> 5.1 mmol/l is 100% specific for a positive diagnosis and an FPG < 4.4 mmol/l indicates low

risk, therefore, only those women with FPG of > 4.5 mmol/l would require an OGTT, as this
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indicates an intermediate to high risk for GDM.”® This principle was retrospectively applied
to a Brazilian cohort, which found that only 38.7% of women would need an OGTT, reducing

the cost and inconvenience of screening.

The use of the FPG for diagnostic purposes is not new. In 1997, the American National
Diabetes Data Group recommended that the primary diagnostic test for DM should be the
FPG because it is less costly, less time consuming for patients and the laboratory, easier to
administer and is more reproducible than the OGTT.® The IDF recommends that each
country should decide whether to implement screening for DM, and the FPG is the suggested
screening procedure.® A review of 51 cohort studies by the US Preventative Services Task
Force found that an FPG < 4.7 mmol/l had good sensitivity and specificity for excluding
GDM (IADPSG criteria) while a GCT (50 g) was better at identifying GDM positive women.
However, the GCT is not validated for the IADPSG diagnostic thresholds.®® A recent
retrospective South African study of the reproducibility of the FPG, found that this was better

than the 2-hour plasma glucose of the 75 g OGTT in diagnosing GDM.*

There are reports of other clinical associations with the FPG result. An elevated FPG was an
independent predictor of the need for insulin therapy in GDM, with a cut-off value of 5.8
mmol/l associated with a specificity 91.9% and a positive predictive value 80.6%. °* In a
retrospective analysis of French women universally screened at 24-28 weeks’ gestation, fetal
birth-weight and macrosomia risk were strongly correlated with an FPG > 5.3 mmol/I.%2 The
FPG is also described as the best predictor of GDM when applied in early pregnancy.® In a
high-risk population of women screened in early pregnancy, FPG was added to a validated

risk prediction tool and, the FPG was the strongest predictor for GDM.%
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1.8 The Oral Glucose Tolerance Test

The 75 g OGTT is the gold standard test for diagnosing disorders of carbohydrate metabolism
and this includes GDM, IFG, IGT and overt DM.**%8 This one-step, two-hour procedure is
widely accepted internationally and is used to determine the presence of dysglycaemia in
children, adolescents, and in non-pregnant and pregnant adults. International
recommendations of diagnostic thresholds are based on the results of this test. This allows
epidemiological evaluations of disease burden between countries and over extended periods

of time. Nevertheless, the OGTT attracts controversy. (Table 1.6)
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Table 1.6. Controversies associated with the OGTT, #13:4764.76,88,95-101

1.

10.

11.

12.

13.

14.
15.

There are multiple diagnostic thresholds, allowing for multiple interpretations, of the
same test result.

The test must be done on patients in a fasted state.

There is a diurnal variation in the FPG with a higher concentration in the morning,
meaning that afternoon FPG may miss GDM positive diagnoses.

GDM screening should occur at a specific time period in pregnancy.

The non-physiologic, hyperosmolar, 75 g glucose solution is unpleasant and may cause
nausea and vomiting.

Poor venous access may limit completion of the test because multiple punctures are
required.

This test is two hours long and this may not be convenient for patients or medical staff.
Delays in plasma separation of venous blood samples in a routine clinical setting cause a
5-7% per hour reduction in plasma glucose due to ongoing glycolysis ex-vivo, resulting
in the underestimation of disease, specifically when sodium fluoride tubes are used.
The use of citrate rather than sodium fluoride blood sample collection tubes is associated
with less pre-analytic glycolysis. However, existing diagnostic thresholds were
established using sodium fluoride tubes.

Traditionally, a calibrated laboratory service is required to measure plasma glucose
concentration, and this may be inaccessible.

Delays in laboratory turn-around-time and suboptimal laboratory analytic accuracy may
cause errors in the clinical diagnosis.

The scarcity of test consumables and lack of equipment, especially in low resource
settings, impact the feasibility of DM screening.

Intra-individual variations in patient characteristics, e.g. obesity, hydration, haematocrit
and inflammatory response, affect the reproducibility of test results.

The test may need to be repeated.

Results may not be immediately available, necessitating a return visit, and this causes

delays in initiating treatment.
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1.9 Measurement of blood glucose concentrations in the OGTT

1.9.1 Laboratory measurement of plasma glucose

The range of the FPG diagnostic thresholds for GDM before 2013, based on the O’Sullivan,
C&C, NDDG criteria is 5.0-5.8 mmol/Il. The range of the FPG diagnostic threshold for GDM
based on the post-2013 WHO, NICE and ADA criteria is 5.1-5.8 mmol/l. Except for the
WHO de-escalation of the FPG threshold to > 7.0 mmol/l between 1999-2013, there has been
little change in absolute value of an abnormal FPG in GDM since 1964. (Table 1.2.)
However, the laboratory methods of measuring blood glucose concentrations have changed
substantially over this time. Changes in laboratory procedures have reduced bias, intra-
laboratory and inter-laboratory variability, with improved repeatability of laboratory results.
88,89,102.103 5ome of the changes include the following:

e Glucose is now measured in plasma rather than in whole blood.

e Enzymatic methods (e.g. glucose oxidase, hexokinase methods and infrequently,
glucose dehydrogenase) have replaced chemical methods (e.g. ortho-toluidine
method)

e Highly automated methods allow high volumes of measurements
Regulatory bodies like the American National Academy of Clinical Biochemistry (NACB)
and the South African National Accreditation System (SANAS) determine the standards of
acceptable laboratory quality controls, and this includes the coefficient of variation and bias
in glucose measurement. In South Africa, the SANAS audits individual medical laboratories

in both the private and state sector approximately once every two-years.

Based on the WHO 2013 GDM diagnostic criteria, only one abnormality is required to make

a positive diagnosis of GDM. Laboratories are under pressure to minimize imprecision and
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bias in glucose concentration measurements.>*” The most common enzymatic methods used
by laboratories to determine plasma glucose concentrations are the glucose oxidase and
hexokinase, with few laboratories using glucose dehydrogenase method.'® There is no true
gold standard method or higher order reference measurement system for the measurement of
blood glucose concentration.*%*According to the NACB, there is no significant difference in
mean measurements by the glucose oxidase and hexokinase methods, although, it is
acknowledged that measurements near the diagnostic threshold may be misclassified using

either method.1%

The OGTT requires calibrated laboratory services to measure blood glucose concentrations
and this may not be easily accessible to all health centres. For example, there is a shortage of
calibrated laboratory services of international standard in sub-Saharan Africa.'% A survey
conducted in 2014 found that 91% (n = 345 of 380) of internationally accredited laboratories
in Sub-Saharan Africa were in South Africa. (Table 1.7) The laboratory density per million
people in South Africa is similar to many European countries, however, only 62 of the 345
laboratories provide services to the public health care sector.'% Public health facilities

provide services to an estimated 80% of South Africans.?®
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Table 1.7 Number and Type of Laboratories Accredited to Internationally Recognized

Quiality Standards in Sub-Saharan Africa. (amended from Source: Schroeder, et al.

2014)105,106
Country Estimated Type of Laboratory N laboratories per
total Private | Public | Research | Total | 1 million people
population
South 56 015000 | 276 62 7 345 | 0.000006160
Africa
Kenya 48 462000 |4 0 4 8 0.000000165
Namibia 2 480 000 6 1 0 7 0.000002822
Botswana 2 250 000 2 1 3 6 0.000002667
Uganda 41488000 |2 0 3 5 0.000000012
Ghana 28 207 000 2 0 0 2 0.000000071
Nigeria 185990000 |2 0 0 2 <0.00000001
Ethiopia 102403000 |1 0 0 1 <0.00000001
Mali 17 995 000 0 0 1 1 0.00000006
Mauritius | 1 262 000 1 0 0 1 0.00000079
Tanzania | 55572 000 0 0 1 1 <0.00000001
Zimbabwe | 16 1650000 |0 0 1 1 <0.00000001
Total 703 774000 | 296 64 20 380 0.00000053

1.9.2 Glucometer measurement of plasma glucose

The NACB and the ADA recommend the use of glucometers for self-monitoring of blood

glucose (SMBG) of those living with diabetes and this includes GDM.%” Two studies

conducted in different antenatal clinics compared the accuracy of the Accu-Chek Performa

and Freestyle Lite glucometers with results from a laboratory which used a hexokinase

method to measure glucose concentrations.*®®% In both of these studies, venous blood
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samples were centrifuged within 30 minutes of collection to minimize ongoing glycolysis ex-
vivo and minimize underestimation of glucose concentration by the laboratory, in keeping
with the NACB recommendations. Only one of these two studies concluded that this
glucometer was sufficiently accurate for use in SMBG in pregnant women who had
diabetes.1%1%° SMBG results inform clinical decisions such as adjustments to insulin doses

required to maintain euglycaemia.

The American NACB’s position is that there is insufficient published data to support the use
of glucometers using finger-prick blood samples to diagnose DM or for population screening
programs.® Imprecision of glucometer results and the differences between meters is the
reason given for this stance.®® In addition, there are no standards for the use of glucometers
for diagnostic purposes. The current International Standardization Organization
(1S015197:2013) recommendations are a guideline for the performance of glucometers for

SMBG when used by laypersons.*?!

In the 2006 WHO report on the Definition and Diagnosis of Diabetes Mellitus and
Intermediate Hyperglycaemia, the widespread use of glucometers for diagnosing DM was
acknowledged.*® In the 2016 Global Report on Diabetes, the WHO recommended that
facilities for diagnosing and treating DM should be made available at primary health care
settings.® The WHO endorsed the use of glucometers that meet current International
Standardization Organization (ISO) standards as an acceptable alternative, if laboratory
analysis of blood glucose concentrations is not feasible.® The WHO acknowledged that

glucometers may not be available in all facilities in developing countries.®
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In 2015, the FIGO has endorsed the use of plasma calibrated glucometers for the diagnosis of
GDM in low resource settings.* Although results may be less accurate and precise,
glucometers would allow screening for GDM in communities where laboratory services are
unavailable or inaccessible. Other advantages of using glucometers to measure blood glucose
concentrations identified by the FIGO include:*
e Women with a diagnostic elevated FPG need not continue with the OGTT and this
avoids the need to ingest the glucose solution.
e Results may be communicated instantly, avoiding the need for the patient to return to
obtain results on another day.
e Counselling and treatment may be initiated on the same day for those who are GDM
positive.
e Glucometers that can be used by lay-community health workers and this could reduce

the workload on health care professionals.

Recently, researchers in Ireland and the Netherlands evaluated the accuracy of glucometers
relative to a routine clinical laboratory and a research laboratory service in diagnosing
GDM.%®110.111 Regylts indicate that glucometers may be more accurate than a routine
laboratory service, but not a research laboratory service, in identifying GDM affected
women.*>110.111 Relative to the research laboratory, the routine laboratory service missed
approximately a third of GDM positive cases, most likely due to underestimated glucose
concentrations due to pre-analytic factors such as ongoing glycolysis.® This occurs when the
separation of plasma is delayed or laboratory turn-around times are prolonged, both of which
commonly occur in routine clinical practice.®® The advantage of glucometers is blood
sample handling is simple, blood glucose concentrations are measured instantly and results

are available in five seconds.
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It is known that there are differences in glucometer accuracy between commercial brands.*?

Consensus on glucometer selection will ensure uniformity in data collected on GDM
prevalence. There are recent reports of GDM screening programs from Tanzania, Morocco
and India where glucometers are used to measure blood glucose concentrations.**1> None
of these studies describe the glucometer selection procedure, nor the glucometer compliance
with latest ISO requirements. Only the study from India reported glucometer calibration with
a laboratory service.!*® The Moroccan study did not name the glucometer brand used.*4
Interestingly, the Tanzanian study which evaluated GDM prevalence in urban and rural areas

used the Haemocue glucometer, which is registered for diagnostic purposes in Germany.*3

The HaemoCue glucometer (Angelholm, Sweden), commercially available since 1991, was
intended for clinical use in hospitals and primary care centres.'*617 It was the first
glucometer to use a capillary-fill system and had either a battery or mains power source.16:1%/
The system is simple to use, the finger-prick blood sample is drawn into special disposable
microcuvette, which contains dried reagents including the enzyme glucose dehydrogenase.
Previously, the reagent microcuvettes had to be stored in a refrigerator and brought to room
temperature before analysis.*®%" In 2003, a direct comparison of the HaemoCue, Accu-
Chek, Glucotouch, One-Touch and Precision glucometers found that their accuracy was
similar and all of these glucometers were suitable for GDM screening.'*® Diagnostic

thresholds for GDM have since lowered and this data may no longer be valid.

The first glucometer, the Ames Reflectance glucometer was first commercially available in
1966, and glucometers’ practical features and clinical accuracy have evolved since. (Table

1.8) Glucose measurements are based on interactions with one of three enzymes: hexokinase,
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glucose oxidase (GOx) or glucose dehydrogenase (GDH) The majority of glucometers use
the GOx method because it is cheap, has a relatively higher selectivity for glucose, and can
withstand greater extremes of pH and temperature, thus allowing relatively relaxed storage

norms.11°

Table 1.8. Advances in glucometer functionality from 1966 to present.'%120

Improve portability with a more compact size.

Less expensive.

Less painful.

Easier to use with minimal operating steps.

Results available in 5 seconds (versus 240 seconds in the 1980s).

Smaller sample size (2-3 pl) with sample underfill detection.

Modified sampling procedure with no wiping and reduced operator variation
Plasma calibrated (correction ratio from capillary to plasma).

© 0 N o g Bk~ w DN PE

Haematocrit correction.

=
o

. Autocalibration (no coding chips necessary).

-
-

. A wide linear working range of 0.6-33.3 mmol/I.

[EY
N

. Software memory to store and retrieve results.

=
w

. Results from electrochemical sensors are reproducible, easily maintained and
low cost.

14. Improved meter accuracy.

Standards for glucometer accuracy have become increasingly stringent and this is appropriate
in the interest of patient safety. The American Food and Drug Administration (FDA), the
ADA and the ISO have produced guidelines for glucometer accuracy.*?* 1ISO 15197:2013
revisions in the analytical performance requirements include the evaluation of influence
quantities on glucometer results such as haematocrit.*?* For the first time, current 1ISO

standards require that laypersons should be able to use glucometers with acceptable



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING 58

accuracy.*?! Formal training is not required for the accurate use of these plasma calibrated
glucometers, which provide results within 5 seconds.

Manufacturer compliance with these standards is voluntary and there is no ongoing
independent surveillance of glucometers performance. Variation in accuracy between meter
brands is reported, even if the glucometer is labelled as being compliant with current

standards.112122

1.10 GDM screening in low resource settings

Consideration of population specific problems, developmental index, and availability of
infrastructure facilities may improve the reach of GDM screening in LMICs. Limitations to
achieving universal screening for GDM in LMIC include constraints of resources and
capacity, such as: 76123124

e Lack of trained health care providers

e Low availability of consumables and equipment

e Lack of financing of health services and treatment

e Absence of standard protocols

e Poor referral systems

e Substantial change from long-established practices

e Integrating testing women in a fasted state with standard prenatal care

e Distance to health facilities

Currently in South Africa, the diagnosis and management of GDM occurs at secondary and
tertiary level care.” This is not common in LMICs.”® Typically, community health centres

(CHCs) in South Africa deliver antenatal services to women with low to medium-risk
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pregnancies, however, laboratory services are not available in primary level health care. To
facilitate accessibility, system changes are needed to improve GDM screening and treatment
at primary level care.’®'!* Valid alternatives to laboratory measurement of blood glucose
concentrations in the OGTT, suitable for use in a low resource setting, may improve the
accessibility of GDM screening procedures. This may include the use of glucometers to

measure blood glucose concentrations.

1.11 Interventions for GDM

GDM is not yet recognised as a distinct clinical entity in South Africa and treatment is not
available to affected women. According to the SADH guidelines for maternity care, GDM
risk factor positive women must be referred to a hospital for an OGTT and, if necessary,
treatment.”? The effectiveness of this screening strategy is unknown. Treatment of diabetes in
pregnancy varies between hospitals. For instance, at the Chris Hani Baragwanath Academic
Hospital (CHBAH), diabetes in pregnancy patients are managed by both endocrinologists and
obstetricians at one-two week intervals. At the Rahima Moosa Mother and Child Academic
Hospital (RMMCAH), endocrinologists are not involved in the care of these patients. Both
the CHBAH and the RMMCAH are tertiary level, teaching hospitals in Johannesburg,

associated with the University of the Witwatersrand.

1.11.1 Benefits of treating GDM

A recent Cochrane review concluded that lifestyle interventions are a ‘beneficial primary

therapeutic strategy for women with GDM’ 1% Lifestyle interventions commonly include
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healthy eating, physical activity and SMBG. Typically, these are implemented from the time

of diagnosis until the birth. Benefits of these interventions include:

e A reduced risk of having a large for gestational age infant and associated complications.

e Maternal postpartum weight goals were more likely to be achieved.

e A reduced risk of maternal postnatal depression.

e 90% of GDM affected women restored euglycaemia with lifestyle intervention, without
the need for pharmacological therapy.'?®

The same review highlighted the need for data on longer-term benefits or harms of lifestyle

interventions, long-term maternal and childhood outcomes of lifestyle interventions and the

need to establish the value or benefits of GDM interventions in LMICs.1%

Multiple clinical trials have provided good evidence that both lifestyle interventions and
pharmacological therapies significantly reduce, by > 50%, the progression from GDM to
T2D.1460.126.127 There are socio-economic and public health benefits to reducing the morbidity
and mortality associated with T2D and other NCDs.%%126 The public health challenge is to
identify asymptomatic individuals in a pre-diabetes phase with a reduced p-cell reserve who
would most benefit from these interventions. Universal screening for GDM would allow the
development of public health initiatives to identify vulnerable South Africans. The
development and implementation of a culturally sensitive diabetes prevention program may
help reduce the burden of DM on the public health system. Health promotion campaigns and
interventions that begin with GDM may increase awareness and acceptance of the personal

risk for the development of T2D.128

1.11.2 GDM Interventions
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GDM treatment includes the transfer of diabetes health information on diet, exercise, SMBG
and, in the minority, the use of pharmacological therapy.?>'?° Women are required to make
the necessary lifestyle changes with immediate effect when diagnosed with GDM at 24-28
weeks’ gestation and ideally, lifestyle changes should be retained lifelong.** Women are
highly motivated to make these changes during their pregnancy for the wellbeing of their
unborn child. However, postpartum follow-up and interventions have been less successful.*3%-
133 Reasons given why women decline to participate in post-partum follow-up include travel
expense and distance travelled to the site where the intervention is delivered, childcare
commitments, and not being concerned about personal risk for DM.134135 Effective diabetes
prevention requires long term sustainable health behaviour change. A recent South African
report of the management of GDM in the public sector concluded that health system
interventions facilitating active long term follow-up of GDM affected women are needed to

avert progression to T2D.!3%

1.11.3 Local adaptation of existing interventions

Intervention strategies proven effective in developed countries are not necessarily
transferable to low resource settings. 133" For example, modified dietary interventions
favourably influenced birth weight and maternal post-prandial glycemia, with a reduced
need for pharmacological intervention.’*®1% However, a recent Cochrane review found
there is no superior, universally applicable diet suitable for the treatment of GDM.4
Culturally appropriate diabetes education programs are associated with sustained, improved
glycaemic control.*” Consideration of the resources, experiences, expectations and
preferences of women with GDM will strengthen the development or adaptation of local

interventions and help to appropriately frame implementation strategies.**
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Culturally tailored diabetes interventions for socially disadvantaged populations may reduce
health disparities in diabetes care.13s Factors associated with effective culturally sensitive
intervention for diabetes include:

e Lay health workers from the local community leading the intervention

Individualized evaluation and reassessment with feedback
e Incorporation of treatment algorithms and referral systems
e Focus on health behaviour changes,
e High-intensity interventions with at least 10 sessions
e Interventions delivered over at least six months
Knowledge of the local community will allow adaptations to health literacy interventions and

facilitate a high degree of responsiveness from individuals.3

Multiple diabetes education programs are available internationally. Diabetes education tools
are used to transfer health information and typically, these programs include information on
diet, exercise and SMBG. The Diabetes Conversation Map (DCM) is a highly interactive,
group-based, patient-centred diabetes education tool. This International Diabetes Federation
approved program promotes the understanding of diabetes and how to manage it, explores the
emotional aspects of diabetes and promotes self-management of diabetes over a lifetime. The
DCM was developed through extensive interviews and focus group discussions (FGD) with
health care professions and patients. Theoretical underpinnings of the DCM include the
Biopsychosocial Model of health and illness, Self-Efficacy Beliefs, the Health Belief Model,
Common-Sense Model of Health and IlIness Self-Regulation, the Transtheoretical Model and

the Social Learning Theory.!#
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The DCM was extensively pilot tested in both high-income countries and LMICs which
included Brazil, Egypt and India. It is equally effective in improving glycaemic control when
compared to other programs with a more didactic educational style.**? Didactic diabetes
education programs are known to be less effective in disadvantaged communities.**® The use
of the DCM is currently under investigation for use in a state-sector, low-resource setting in

South Africa.l*3

1.12 Thesis rationale

1.12.1 Problem statement

South African women are at high risk of GDM based on the prevalence of overweight and
obesity, as well as the high morbidity and mortality associated with DM. Based on the
recommendations of the IADPSG and the WHO, universal screening for GDM is indicated.
This is important because identifying those affected by GDM will allow interventions to
improve perinatal morbidity and initiate a DM prevention program in these high-risk
individuals. The WHO and the SEMDSA acknowledge that GDM screening is costly and
may not be feasible beyond well-resourced settings. In addition, not all health care centres in
South Africa have laboratory services on site, making GDM screening less accessible with
failure to identify affected women. Sustainable, standardized and scientifically valid,
strategies, that are easily implemented in routine clinical care rather than in idealised
research-based settings, are urgently needed. A potentially acceptable alternative to
laboratory measurements of blood glucose is the use of plasma calibrated glucometers. These

would reduce cost and improve the accessibility of screening. It is important to establish
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whether glucometers used at the point of care are accurate in screening for GDM, particularly

in vulnerable low-resource settings within South Africa.

1.12.2 Thesis Objectives

The purpose of this pragmatic study will be to investigate the feasibility of a modified
universal screening program for GDM in urban African women, in a functioning urban low
resource community health clinic (CHC). The accuracy of glucometers (index test) will be
evaluated against a calibrated laboratory (reference test), in measuring plasma glucose
concentrations of the OGTT. Because the current selective screening strategy may be difficult
to implement and may miss GDM affected women, the use of a universally applied FPG as
an alternative screening strategy will be investigated. In addition, as formative work for an
intervention that may be applied in a low resource setting, the experiences of women

previously affected by GDM will be evaluated in a series of focus group discussions (FGD).

Research questions:

1. What is the prevalence of GDM in an urban South African CHC?

2. Are glucometers a valid alternative to laboratory services in measuring plasma glucose
concentrations of the OGTT?

3. Is the use of a universally applied FPG a valid GDM screening strategy in South African
women?

4. Is risk-factor based selective screening adequately sensitive and specific in predicting
GDM in African women?

5. What are the experiences of local women previously diagnosed with GDM?
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Potential for impact:

1. Data will add to the local and global knowledge on GDM.

2. Research nested within the routine antenatal service of a low-resource CHC may provide
evidence that decentralised screening is feasible, and if so, potentially reduce the burden
on established hospital-based services and reduce screening inequity.

3. Glucometer use in the OGTT may simplify testing procedures, reduce costs, reduce turn-
around-times to diagnosis and prevent delays in initiating clinical intervention.

4. The use of the FPG to screen for GDM may reduce the number of women requiring the
resource-intensive OGTT.

5. Exploring the experiences of women previously affected by GDM may inform local

adaptions of internationally established GDM interventions.
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Chapter 2.

Validation of Glucometer Accuracy
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2.1 Abstract

Aims

We investigated the clinical and analytic accuracy of five plasma calibrated glucometers, the
use of which is advocated by the World Health Organisation and the International Federation
of Gynaecology and Obstetrics, to screen for and diagnose gestational diabetes mellitus

(GDM) in low resource settings.

Methods
592 consecutive black African women underwent a 75 g oral glucose tolerance test (OGTT)

at 24-28 weeks’ gestation at an urban South African community health clinic. Capillary
glucose was measured by one of five glucometer brands, each paired with a routine
laboratory hexokinase method of plasma glucose measurement. The laboratory results served
as the gold standard reference test for GDM diagnosis. World Health Organization GDM

diagnostic thresholds were applied to glucometer and laboratory results.

Results
Glucometer and laboratory determined GDM prevalence was 75/592 (12.7%) and 30/592

(5.1%) with an elevated fasting glucose diagnostic in 64/75 (85%) and 24/30 (80%) of cases
respectively. The proportion of glucometer results fulfilling 1ISO 15197:2013 recommended
analytic accuracy at fasting, 60, and 120 minutes of the OGTT was 92.4%, 49.8% and 61.5%,
with Bland Altman method revealing a positive glucometer bias of 0.22 mmol/l (-0.69-1.12
mmol/l), 0.96 mmol/l (-0.65-2.56 mmol/l) and 0.73 mmol/l (-0.73-2.19 mmol/l) respectively.
Only three of the glucometer brands evaluated fulfilled ISO 15197:2013 analytic accuracy
requirements and this was only achieved at fasting. All glucometers tested were inaccurate at

one and two hours of the OGTT.
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Conclusions

Not all glucometers may be suitable for GDM screening as only three were accurate
compared to the reference test and then only at fasting of the OGTT. Importantly, laboratory

fasting glucose was diagnostic of GDM in 80% of cases in this study population.

Research highlights

e An elevated fasting glucose defined 80% of laboratory GDM positive diagnoses.
e Selected glucometers fulfilled 1ISO 15197:2013 recommended accuracy at fasting of

OGTT.

e All glucometers evaluated were inaccurate at one and two hours of OGTT.

Keywords

gestational diabetes; screening, primary care; fasting glucose; capillary glucose
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2.2 Introduction

The prevalence of Gestational Diabetes Mellitus (GDM) is increasing in parallel with that of
type 2 diabetes mellitus. Identifying this usually transient and asymptomatic condition will
allow clinical interventions to reduce the perinatal morbidity associated with these high-risk
pregnancies 3. An estimated 16% of pregnancies are affected globally 2. The World Health
Organization (WHO) has adopted the diagnostic criteria for GDM advocated by the
International Association of Diabetes in Pregnancy Study Group (IADPSG) *#'. Universal
screening by means of a 75 g two-hour oral glucose tolerance test (OGTT) at 24-28 weeks’
gestation is recommended 3#’. Several low-middle income countries have adopted the WHO
diagnostic criteria, including the recommendation for universal screening for GDM. In 2017,
the Society for Endocrinology, Metabolism, and Diabetes of South Africa (SEMDSA)
adopted these guidelines . The South African National Department of Health’s policy is
guided by the WHO and SEMDSA recommendations, although universal screening for GDM

has not yet been implemented in South Africa.

Potential barriers to implementing universal screening in low resourced clinic settings include
the limitations of administering the OGTT which is expensive, labour intensive and
dependent on calibrated laboratory services. Most Sub-Saharan African countries have
minimal or no access to medical laboratory services that meet international quality standards
105, The density of laboratories in South Africa is comparable with European countries,
however, only 18% of these belong to the state- sponsored National Health Laboratory
Service (NHLS) which provides services to more than 80% of the population %, The WHO
has acknowledged that capillary blood glucose measurement by point of care glucometers is
widely used in low resource settings to diagnose diabetes mellitus and that the use of

glucometers meeting the current 1ISO standards (15197:2013) is an acceptable alternative to



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING 72

laboratory glucose measurements ©. The International Federation of Gynaecology and
Obstetrics (FIGO) has endorsed the use of plasma calibrated glucometers to screen for and
diagnose GDM in low resource settings *. There are no standards for the use of glucometers
in the diagnosis of GDM which has lower diagnostic thresholds than dysglycaemia in a non-

pregnant adult.

Our aims were to evaluate the measurement accuracy of 1ISO 15197:2013

compliant glucometers relative to a calibrated laboratory reference test and to assess the
ability of the glucometers to correctly identify GDM affected women, relative to the
laboratory, in the low resource setting of an urban South African community health clinic

(CHC).

2.3 Study participants, materials and methods

Approvals and permissions

The University of the Witwatersrand Human Research Ethics committee granted approval for
this study (M150365). The South African Johannesburg District Department of Health
granted permission to conduct the study at a CHC in Soweto (Reference number 2015—

16/031). All participants provided written informed consent.

Participants

We conducted this cross-sectional, prospective, pragmatic study between April 2016 and

May 2017. Participants were recruited consecutively at their first prenatal visit. Women under
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28 week’s gestation and over the age of 18 years with no pre-existing type one or type two
diabetes mellitus, attending the antenatal service of a single urban CHC were eligible to

participate.

Gestational age was assessed by the clinic’s obstetric nurse as part of usual care. Ultrasound
and laboratory facilities were not available on site. Data collected from participants included
maternal age, parity, gestation at their first prenatal visit and a risk factor assessment for
GDM. Risk factors for GDM were those defined by the South African National Department
of Health and these include repeated glycosuria, previous GDM, family history of diabetes
(first degree relative), poor obstetric history (stillbirth of unknown origin), previous
congenital abnormality, history of a high birth weight infant of >4.5 Kg, maternal obesity
(body mass index >30 Kg/m?) and women of South Asian descent. In keeping with this
clinic’s patient profile, all participants were indigenous African women who are historically
considered to be at low risk of GDM. Indigenous Africans form 80% of the South African
population. As participants were frequently unable to recall the birth weights from previous
pregnancies, descriptions of “small, average or large” were used instead as this was the local
standard practice. We recorded the presence of glycosuria (urine dipstick) from the clinic

records and measured mid-upper arm circumference, body weight and height.

Materials and methods

Participants returned to the clinic on an appointed morning after an overnight fast for a
modified 75 g OGTT at between 24-28 weeks' gestation. Study procedures were performed
in an office within the usual functioning of the antenatal clinic. Modifications to the OGTT

included the pairing of a glucometer test (finger-prick; capillary blood glucose concentration)
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with a reference laboratory test (venous puncture; plasma glucose concentration) at fasting,
60 and 120 minutes. Finger-prick blood sampling procedures included: wiping the finger with
an alcohol swab, allowing this to dry, puncturing the skin with a single use lancing device,
the first blood drop was wiped off with dry cotton-wool and the second blood drop was used
for measurement of glucose concentration per time point of the OGTT. Trained research staff
operated independently from the community clinic staff. The first author and an experienced

diabetes nurse educator supervised all study procedures.

Venous blood samples were collected in tubes containing the glycolytic inhibitor sodium
fluoride and kept on ice from the time of phlebotomy until delivery to the laboratory at the
end of the two-hour OGTT 13, The time lapse between completion of the OGTT and delivery
to the laboratory was approximately one hour. The American NACB (National Academy of
Clinical Biochemistry) recommends immediate separation of plasma or alternatively, keeping
samples in an ice slurry with the separation of plasma within 30 minutes 2. Separation of
plasma within 30 minutes was not possible, but this is not uncommon in a routine clinical
setting. Indeed, the NACB and other researchers acknowledge that these procedures are

neither widely used nor always practical in routine clinical settings 895144,

ISO 15197:2013 compliant glucometers from five manufacturers which are commonly used
in South Africa were selected for assessment. These included the Accu-Chek Active (Roche
Diagnostics, Germany), used extensively in both the private and state sector; Freestyle
Optium Neo (Abbott Diabetes Care Inc., USA), used in the private sector including in a large
private hospital group and recently also in the state sector; Glucocheck Classic (TaiDoc
Technology Corporation, Taiwan), the preferred glucometer of one of the largest South

African medical insurers; One Touch Select Plus Flex (LifeScan Inc., Switzerland), used in
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the private sector and is marketed as being gold standard ISO 15197:2013 compliant; and
Contour Plus (Bayer, Czech Republic), used in the private sector and in the calibration of the

Medtronic continuous glucose monitoring system (Medtronic, USA).

We followed the ISO 15197:2013 analytic procedures previously described for evaluating the
glucometers performance and this included: finger-prick and venous blood sampling were
less than five minutes apart; at least 100 participants were tested with each glucometer brand
before changing to the next brand which was selected at random; at least three different lots
of test strips were used per glucometer brand and at least 10 glucometers per brand were used
over a period of at least 10 days 22!, A minimum of 100 paired blood glucose tests would
be submitted at each of the time points of the OGTT per glucometer brand. We intended
using one glucometer per participant per day, with the glucometer cleaned and reused on
another testing day. All other glucometer testing procedures followed the manufacturer’s
instructions. All glucometers evaluated used ‘non- coding technology’ and so code chips
were not necessary. Glucometer test strips were stored according to manufacturer’s
instructions. The 1ISO 15197:2013 minimum systems accuracy recommendations suggests
that >95% of glucometer results fall within 0.83 mmol/l of the reference value at blood
glucose concentrations <5.56 mmol/l and, that >95% of glucometer results fall within 15% of
the reference value at blood glucose concentrations >5.56 mmol/l 12, In this study, this was
assumed as the total allowable error (TAE) between the paired glucometer and the reference

laboratory values.

The accuracy of the glucometers was evaluated against results from a South African National
Accreditation System verified private medical laboratory, which used a hexokinase method to

measure plasma glucose concentration (Cobas 6000, Roche Diagnostics, Germany).*
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This accreditation requires compliance with ISO 15189:2012 and this encompasses pre-
examination, examination and post-examination processes of Medical Laboratory testing. As
per, manufacturer calibration was performed after reagent lot change and as required,
following quality control procedures. A two-point calibrations was performed including a
H20 blank and Calibrator for Automated Systems (c.f.a.s). The assigned calibrator level in
c.f.a.s. is standardized against Isotope Dilution Mass Spectrometry.

The hexokinase laboratory method, rather than the glucose oxidase method, is routinely used
by both the NHLS and the two largest private sector medical laboratories in South Africa.
Although manufacturers may specify a preferred reference test method to evaluate their
glucometers performance, according to the 1ISO 15197:2013 recommendation, any method
with verified metrological traceability may be used *?*. The laboratory was off-site and

blinded to all but their own results.

The WHO 2013 GDM diagnostic thresholds were used to define the test positivity cut-offs
for both the glucometers and the reference laboratory results . The laboratory result served

as the gold standard reference test and so these values were assumed to be the true result.

Analysis

Categorical variables are described as frequencies (n) and proportions (%), and continuous
variables as means and standard deviations (SD). The TAE between paired glucometer and
laboratory values at each time point was calculated. Bland Altman plots were used to
evaluate the level of measurement agreement between the glucometer and laboratory results.
Sensitivity, specificity and positive and negative predictive values were used to evaluate the

ability of the glucometers to distinguish between GDM positive and negative states. The
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positive likelihood ratios (PLR) and negative likelihood ratios (NLR) served as an overall
indicator of the diagnostic accuracy of the glucometers against the reference laboratory test
and a PLR >10 and an NLR < 0.1 were assumed to be favourable associations. McNemar’s
test and the Kappa statistic was used to evaluate the clinical agreement between glucometers
and the laboratory on GDM diagnoses. The kappa-statistic (k) values are graded as k = 0—
0.19, poor; 0.20-0.39, fair; 0.40-0.59, moderate; 0.60— 0.79, good; 0.80-1.00, very good
regarding the level of agreement between tests. Where appropriate, 95% confidence intervals
(95% CI) are reported. A p-value of <0.05 was considered statistically significant. Statistical
analysis was performed on STATA software version 15 (Stata Statistical Software: Release

15. College Station, TX: StataCorp LLC, USA).

2.4 Results

Participants

592 OGTTs, with paired glucometer and reference laboratory results, were submitted for
analysis. The participants’ mean age (SD) was 27.8 years (5.9 years), 173 (29.2%) were
pregnant for the first time, 99 (16.8%) had a first-degree family member with diagnosed
diabetes, 3 (0.5%) had previous GDM and 43 (7.3%) reported previous large birth weight
infants. Participants mean body mass index was 26.8 Kg/m? (5.8 Kg/m?) and their mid-upper
arm circumference was 29.9 cm (4.4 cm). In this study population, 254 of 587 (43.3%)
participants had > one risk factor for GDM present. Note that the number of participants for
each risk factor varied slightly due to missing values. (Table 1) The laboratory provided
results within four hours of receiving samples. Glucometer results were available within five

seconds. All glucometers were reused except for the Accu-Chek Active, which we considered



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING 78

unsafe for multiple people use as it was easily visibly soiled with participants blood during
testing procedures, creating a potential biohazard. Each Accu-Chek Active meter was used
once and then discarded and fewer participants were tested with this glucometer brand.
Participants were given their provisional glucometer results on the day of testing subject to
confirmation by the gold standard reference laboratory results. Those who were confirmed as
GDM positive were referred for clinical intervention.

GDM prevalence

The number of participants identified as GDM positive as determined by the glucometers and
the laboratory were 74 (12.7%) and 30 (5.1%) respectively, being significantly different (p <
0.0001). Overt diabetes mellitus was consistently identified by both test methods in three
participants (0.5%). Only one abnormality of the OGTT is necessary for a positive diagnosis
of GDM and in this study population, an elevated fasting glucose was diagnostic in 64 of 75
(85%) glucometer positive diagnoses and in 24 of 30 (80%) laboratory positive diagnoses.
The remaining GDM positives diagnosed by the glucometer and laboratory had normal
fasting glucose but an elevated one and/or two-hour blood glucose in the OGTT. Of the
glucometer GDM positive diagnoses, 27 of 75 (36%) were true positive relative to the gold
standard reference laboratory test and of these true positives, 21 (77.8%) had an elevated

fasting glucose.

Analytic accuracy of the glucometers

The mean (SD) blood glucose concentration for all glucometer and laboratory results at all
time points of the OGTT (1776 observations) was 5.6 mmol/l (1.4 mmol/l) and 5.0 mmol/Il
(2.3 mmol/l) respectively. The glucometer results were consistently higher than the

laboratory. The laboratory determined mean plasma glucose concentration at fasting, 60 and
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120 minutes of the OGTT (592 observations at each time point) was 4.13 mmol/l (0.49
mmol/l), 5.62 mmol/l (1.39 mmol/l) and 5.27 mmol/I (1.21 mmol/l). Mean capillary glucose
concentrations per glucometer brand at each time point of the OGTT is displayed in Figure 1.
Only the Contour Plus, Accu-Chek Active and the One Touch Select Plus Flex fulfilled the
ISO 15197:2013 recommended TAE compared to the reference laboratory results and this
was only achieved at fasting of the OGTT. None of the glucometer brands accuracy were
within the TAE at 60 minutes or at 120 minutes of the OGTT. Individual glucometer brands

performance regarding accuracy at various timepoints of the OGTT is indicated in Table 2.

The overall proportion of glucometer results that fulfilled the TAE against the laboratory at
fasting, 60 and 120 minutes of the OGTT were 92.4%, 49.8%, and 61.5% respectively. All
glucometer results accuracy deviated the most from laboratory results at 60 minutes of the
OGTT. Results between glucometer brands were also most widely spread at 60 minutes of
the OGTT. Bland Altman plots confirmed that the glucometers results were consistently
higher relative to those from the laboratory at all time points, except for the Freestyle Optium
Neo which was neutral at fasting. The glucometers had an overall positive systematic bias
relative to the laboratory. The overall average difference against the mean between
glucometer and laboratory results indicated a glucometer positive bias at fasting, 60 and 120
minutes of the OGTT of 0.22 mmol/l (-0.69-1.12 mmol/l), 0.96 mmol/I (-0.65-2.56 mmol/l)
and 0.73 mmol/l (-0.73-2.19 mmol/l) respectively. Individual glucometer Bland Altman plot

results are indicated in Supplementary Figures 1-5.

Clinical accuracy of glucometers
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Due to the low prevalence of laboratory identified GDM, this study was underpowered to
truly evaluate the clinical accuracy, rather than the analytical accuracy, of the glucometers to
identify GDM positive states. However, there are some clinically meaningful observations
based on the data available. The One Touch Select Plus Flex failed to identify two
participants who had GDM. Of all the glucometer false positive GDM diagnoses, 26/48
(54.2%) were associated with the Glucocheck Classic and one in four participants tested with
this glucometer was falsely identified as being GDM positive. (Table 3) The Accu-Chek
Active had strong positive and negative likelihood ratios in their ability to identify women
affected by GDM relative to the reference laboratory results. However, the Accu-Chek Active
failed to identify one woman who had GDM as defined by the reference laboratory. Fewer
participants were tested with this meter for reasons indicated previously. Coincidentally, this
glucometer was evaluated against results from reference laboratory equipment produced by
the same manufacturer. The Kappa statistic was calculated to evaluate the glucometers
clinical diagnostic accuracy (binary) relative to the reference laboratory GDM diagnosis
(binary). The Kappa statistic (standard error) result for the Contour Plus, Accu-Chek Active,
Glucocheck Classic, Freestyle Optium Neo and One Touch Select Plus Flex was 0.72 (0.08),
0.48 (0.13), 0.32 (0.07), 0.71 (0.08) and 0.22 (0.07) respectively. The exact McNemar's
significance probability of agreement in GDM positive diagnoses between the glucometers
and the reference laboratory were as follows: Contour Plus (p = 0.0625), Accu-Chek Active
(p = 1.0000), Glucocheck Classic (p < 0.0001), Freestyle Optium Neo (p = 0.0313) and, One

Touch Select Plus Flex (p = 0.0386).

2.5 Discussion

Prevalence of GDM
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The reference laboratory identified a relatively low prevalence of GDM of 5.1% compared
with the 12.7% determined by the glucometers. There is a paucity of data on the prevalence
of GDM in Sub-Saharan Africa. A recent South African study by Macaulay et al. reported a
9.1% GDM prevalence in 1906 participants from a similar population but in a tertiary
hospital setting and plasma glucose concentrations were determined by a research rather than
a routine laboratory service (glucose oxidase method) *. Their study population were older
(30 years vs 27.8 years), were more overweight (body mass index 29.5 vs 26.9 Kg/m?), with
fewer primiparous participants (12.1 vs 29.2%) and a higher proportion of positive laboratory
GDM diagnoses based on an elevated fasting glucose (83.3% vs 80%) . A study by Adam
and Rheeder reported a GDM prevalence of 14.9% and 26.7% based on glucose
concentrations measured by a Roche Accuchek Active glucometer and a routine laboratory
service (hexokinase method) respectively 1*°. Their laboratory results were 0.40 mmol/I
higher than the glucometer results at fasting but 0.7 mmol/l and 0.4 mmol/l lower than the
glucometer results at one and two hours of the OGTT respectively. An elevated fasting
glucose was diagnostic of GDM in the majority of their laboratory defined positive cases.
Their reported laboratory quality controls reflect a bias of 3.65% at a lower glucose
concentration, which is not within the <2.2% recommended by the NACB 1% This
laboratory inaccuracy, specifically at lower glycaemic concentrations, may have contributed
to the relatively higher GDM prevalence reported by Adam and Rheeder. In addition, the
socio-demographics of their study sample of 529 women was not well described. This may be
significant as South Africans of Asian descent are known to be at high risk of GDM.

In our study, a high proportion of GDM positive diagnoses were based on an elevated fasting
glucose and this finding was unexpected as this is higher than that reported in the

Hyperglycaemia and Adverse Pregnancy Outcome (HAPO) study population. When the
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IADPSG diagnostic criteria was retrospectively applied to the HAPO study population, 55%
(24-74%) of GDM diagnoses were based on an elevated fasting plasma glucose 3. Sub-
Saharan Africa was not included in the HAPO study. Sub-Saharan Africa has a historically
undernourished population currently affected by a high prevalence of overweight and obesity

and the effect of this on the GDM prevalence is unknown 2122,
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Clinical and analytical accuracy of glucometers in diagnosing GDM

In this study, the prevalence of GDM as determined by glucometers was significantly higher
than the gold standard reference laboratory. Glucometers measured higher blood glucose
concentrations than the laboratory at all time points of the OGTT. In a previous report
comparing the diagnostic accuracy of a glucometer, routine analysis and an optimized
laboratory, glucometer results approximated the optimized laboratory, however, the routine
laboratory underdiagnosed GDM positive states . It is known that blood glucose
concentration drops by approximately 5-7% per hour ex vivo due to ongoing glycolysis, and
sodium fluoride does not necessarily negate this effect within the first four hours &, The use
of sodium fluoride tubes is included in the WHO recommended procedure for an OGTT %,
Citrate may be a more effective plasma glucose stabilizer, although, the quality and
availability of these tubes may vary and they are not routinely used in South Africa 88

As glucometer measurements are unaffected by preanalytical factors such as ongoing
glycolysis, they may be superior to routine laboratory services, but not to optimized
laboratory conditions, in detecting those affected by GDM *°. The Bland Altman method
indicates the glucometer positive bias was within the 1ISO 15197:2013 recommended
technical accuracy of <0.83 mmol/l at fasting 2. All glucometers were inaccurate at one and
two hours of the OGTT. It is known that differences between capillary and venous blood
glucose are relatively minor at fasting, however, at 60 and 120 minutes of the OGTT
capillary blood glucose concentrations may be 20-25% higher than venous glucose, due to
oxygen consumption in tissues 8. Also, laboratory analysed plasma glucose of the OGTT are
known to have suboptimal reproducibility in diagnosing GDM, particularly at 60 and 120
minutes of the OGTT %6, Selected glucometers fulfilled 1SO accuracy requirements only at

fasting of the OGTT and all were inaccurate at one and two hours of the OGTT. This
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suggests that glucometers may be unsuitable for the diagnosis of GDM based on results of a

complete OGTT.

Selection of glucometers suitable for GDM screening and diagnosis

Multiple glucometers were selected for assessment as we anticipated inconsistencies in
performance between brands. There are independent reports of suboptimal glucometer
fulfilment of 1ISO recommendations post-marketing **2. Although the FIGO has endorsed the
use of handheld plasma calibrated glucometers in low resource settings that are remote from
laboratory services, they acknowledge there are no standards for their use in the screening
and diagnosis of GDM 4. This study was a calibration exercise between glucometers, the use
of which is endorsed by the WHO and FIGO, and a local calibrated laboratory, in the setting
of a low resource urban CHC rather than an optimal research setting. The ISO 1597:2013
recommendations for glucometer accuracy describe voluntary, manufacturer conducted,
premarketing evaluation of the minimal accuracy requirements of over the counter
glucometers 2%, The validation of glucometers level of compliance with 1SO 15197:2013
recommendations would require a controlled research setting which was beyond the scope of
this study. Independent ongoing surveillance of glucometer performance is necessary to

ensure their safe use in screening for GDM.

Limitations

All our participants were indigenous African women and these results may not be
generalizable beyond this population. This pragmatic study was conducted in the setting of a
low resource community clinic, which may equate to routine care and it was not possible to

process venous samples immediately. This may have resulted in a lower level of glucose
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measured by the laboratory with a relative underestimation of GDM prevalence by this
reference test. The low prevalence of GDM in this study population limits the generalisability

of using glucometers for screening purposes.

2.6 Conclusion

The future use of plasma calibrated glucometers rather than laboratory services is inevitable
and even desirable in low resource community clinic settings. However, only selected ISO
15197:2013 compliant glucometers may be suitable for the screening of GDM and then, only
based on an elevated fasting blood glucose and not for a complete OGTT. This study
provides evidence of a pragmatic and valid approach for the use of selected glucometers to
determine fasting blood glucose concentration in pregnant women and may be essential to

rolling out universal screening for GDM in low resource settings.
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2.8 Tables and Figures

Table 2.1. Participant Characteristics

Participant characteristic n total |[Mean (SD) or, Frequency (%)
Age (years) 592 27.8 (5.9)
Family history of diabetes (first-degree) 588 99 (16.8%)
Glycosuria (urine dipstick) > one event 592 6 (1%)
Mid-upper arm circumference (cm) 592 29.9 (4.4)
Body height (cm) 588 162.9 (7.2)
Body weight (Kg) 592 70.6 (15.8)
Body mass index (Kg/m2) 588 26.9 (5.8)
Obstetric history

Parity at recruitment

First pregnancy 173 (29.2%)
Second pregnancy 592 196 (33.1%)
Third pregnancy 144 (24.3%)
> Three pregnancies 79 (13.3%)
Gestational age at first visit (weeks) 592 19.1 (5.6)
Previous miscarriage 592 65 (11%)
Previous large for gestational age birth 591 43 (7.3%)
Previous stillbirth 592 32 (5.4%)
Previous congenital abnormalities 591 0 (0)
Previous GDM 592 3 (0.5%)

87

Note: Number (n) of participants for each characteristic varies slightly due to missing values.
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Figure 2.1. Mean Glucose Concentrations as Measured by the Reference Laboratory and

Each Glucometer Brand at Different Time Points of the OGTT.
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Table 2.2. Results of Statistical Analysis of Agreement Between the Glucometer Brands and

the Reference Laboratory at OGTT Time Point.

_ _ T =120
Glucometer brands T=0 minutes [T=60 minutes |
minutes
Proportion of results within Total Allowable
Error: (ISO 15197:2013 defined) between
glucometers and the reference laboratory (%)
Overall (n =592) 02.4 49.8 61.5
Contour Plus (n = 143) 96.5 29.4 53.1
Accu-Chek Active (n = 56) * 100 58.9 67.9
Glucocheck Classic (n = 105) 76.2 30.5 35.2
Freestyle Optium Neo (n = 143) 04.4 63.6 77.6
One touch Select Plus Flex (n=145) 05.2 66.9 70.3
Bland Altman (95% LoA) mmol/l average
difference against the mean between
glucometers and the reference laboratory
0.22 0.96 0.73
Overall (n=592)
(-0.69 -1.12) |(-0.65-2.56) |(-0.73—2.19)
0.27 1.20 0.88
Contour Plus (n=143)
(-0.32-0.86) [(-0.04 —2.44) |(-0.18 —1.93)
) 0.12 0.72 0.59
Accu-Chek Active (n=58) *
(-0.49-0.72) |(-0.67-2.11) |(-0.54 —1.71)
) 0.57 1.51 1.16
Glucocheck Classic (n=105)
(-0.52 - 1.65) [(-0.58 —3.60) |(-0.96 — 3.29)
_ 0.00 0.70 0.51
Freestyle Optium Neo (n=143)
(-0.81-0.81) [(-0.57-1.96) |(-0.62 —1.64)
0.17 0.66 0.54
One Touch Select Plus Flex (n=145)
(-0.74-1.07) |(-0.69 —2.00) |(-0.74-1.82)

89
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Note: Bland Altman difference against the mean: p < 0.001 for all values at all time points of
the OGTT, except for the Freestyle Optium Neo which was neutral at fasting.
* Accu-Chek results may be spurious for reasons indicated in the text.

LoA = Limits of agreement.
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Table 2.3. Statistical Analysis of Agreement in Gestational Diabetes Diagnosis Between the

Glucometers Against the Hexokinase Method Laboratory Reference.

22/87985iegzige et
S o S 3 ¥ 2 8 g ¢ & 8 8| ¢ 3
O £ S slo2<0o2 go 9 8 § &
— O — - — o © — —~~ = — —~ = QD D
~ O © Ul >~ T - O 3= 49 @ = X
= a = s O S A
@ X o = B = wj &
3 S| = 8 S
Number of
o 56 145
participants 592 143 143 105
True Positive (n) (27 7 8 1 9 2
False Positive (n) 48 5 6 1 26 10
True Negative (n) |514 131 129 53 70 131
False Negative (n)|3 0 0 1 0 2
o 90 100 100 50 100 50
Sensitivity (%)
(74;98) |(59;100) ((63;100) |(1;99) (66; 100)  |(7; 93)
o 91 96 96 98 73 93
Specificity (%)
(89;94) |(92;99) (91; 99) (90; 100) |(63; 81) (87;97)
- |36 58 57 26
Positive Predictive 50 17
(25; 48) |(28; 85) (29; 82) (12; 43)
Value (%) (1; 99) (2; 48)
Negative
o 99 100 100 98 100 98
Predictive Value
) (98; 100) |(97;100)  |(97;100)  |(90; 100) |(95;100) |(95; 100)
0
Positive 10.54 27.20 3.69
o ) 22.50 27.00 7.05
Likelihood Ratio
Negative 0.00
o 011 0.00 0.51 0.00
Likelihood ratios
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Chapter 3

Comparison of Results Between Laboratory Methods



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING 94

Title

The impact of differences in plasma glucose between glucose oxidase and hexokinase

methods on estimated gestational diabetes mellitus prevalence.

Authors

Lynnsay M. Dickson'*, Eckhart J Buchmann®, Charl Janse Van Rensburg?, Shane A.
Norris*

*Joint senior authors

Affiliations

'MRC Developmental Pathways to Health Research Unit, Department of Paediatrics, Faculty
of Health Sciences, University of the Witwatersrand, York Road, Parktown, Johannesburg,
South Africa

’Department of Obstetrics and Gynaecology, Faculty of Health Sciences, University of the
Witwatersrand, York Road, Parktown, Johannesburg, South Africa

*Biostatistics Unit, South African Medical Research Council, 1 Soutpansberg Road, Pretoria,

South Africa

Citation

Dickson, L. M., Buchmann, E. J., Janse Van Rensburg, C. & Norris, S. A. The impact of
differences in plasma glucose between glucose oxidase and hexokinase methods on estimated
gestational diabetes mellitus prevalence. Sci. Rep. 9:7238 (2019).

https://doi.org/10.1038/s41598-019-43665-x



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING 95

3.1 Abstract

We evaluated the extent of measurement discordance between glucose oxidase and
hexokinase laboratory methods and the effect of this on estimated gestational diabetes
mellitus (GDM) prevalence in a routine clinical setting. 592 consecutive urban African
women were screened for GDM. Paired venous specimens were submitted to two
independent calibrated laboratories that used either method to measure plasma glucose
concentrations. World Health Organisation diagnostic criteria were applied. GDM prevalence
determined by the glucose oxidase and hexokinase methods was 6.9% and 5.1% respectively.
The overall GDM prevalence was 9%. Only 34% of GDM positive diagnoses were common
to both laboratory methods. Bland Altman plots identified a bias of 0.2 mmol/l between
laboratory methods. Plasma glucose concentrations measured by the glucose oxidase method
were more platykurtic in distribution. Low diagnostic agreement between laboratory methods
was further indicated by a Cohen’s kappa of 0.48 (p <0.001). Reports of GDM prevalence
using either the glucose oxidase or hexokinase laboratory methods may not be truly

interchangeable or directly comparable.

Research highlights

GDM prevalence by glucose oxidase and hexokinase methods was 6.9% and 5.1%
respectively.
Hexokinase and glucose oxidase methods agreed on 34% of GDM positive diagnoses.

Bias between hexokinase and glucose oxidase methods was 0.20 mmol/I.

Keywords

Gestational diabetes screening, Glucose-oxidase method, Hexokinase method
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3.2 Introduction

Identifying usually asymptomatic gestational diabetes mellitus (GDM) will allow
interventions to improve perinatal and long-term outcomes for both mother and her child. **
In the Hyperglycaemia and Adverse Pregnancy Outcome study, which investigated the

relationship between glycemia and birth outcomes, stringent research laboratory standards
were applied across multiple research centres. % Evidence from controlled research
laboratory settings, rather than routine clinical settings, informed the GDM clinical diagnostic
criteria recommended by the International Association of Diabetes and Pregnancy Study
Group (IADPSG). 2 These recommendations were later adopted by the World Health
Organisation (WHO). 4" The WHO recommended gold standard 75 g oral glucose tolerance
test (OGTT), which is used in both research and routine clinical settings to identify
dysglycaemia, describes blood sample collection and transport methods. 3 However, it does

not indicate a standardized laboratory method of measurement of plasma glucose

concentrations. 13

Laboratory methods commonly used to measure plasma glucose concentrations include the
enzymatic glucose oxidase (GOx) and hexokinase (HK) methods. 8 It has been reported that
results of the HK method are negatively biased relative to the GOx method 47148 put this
does not affect the estimated prevalence of overt diabetes mellitus. 8 GDM has lower
diagnostic thresholds than dysglycaemia in a non-pregnant adult. 134’ Typically, GDM
prevalence studies use either GOx 35647177149 or HK laboratory methods ®*1°0151 to measure
plasma glucose concentrations. Meta-analyses on GDM prevalence often do not distinguish
between laboratory methods used to measure plasma glucose concentrations. 808415215 The

effect of measurement discordance between laboratory methods on the determined prevalence
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of GDM remains unknown. The presence of significant discordance between laboratory
methods may not only limit the interpretation of global surveillance on the prevalence of

GDM but will also impact the public health and clinical management of pregnant women.

We evaluated the extent of discordance between the GOx and HK laboratory methods on
measured plasma glucose concentrations and the effect of this on the estimated prevalence of
GDM. This pragmatic study was conducted in a public sector community health clinic using
accredited laboratory services to mimic actual routine clinical conditions rather than a
research setting. The primary outcomes of this data analysis were the clinical accuracy
regarding a positive diagnosis of GDM, as well as the analytical accuracy regarding the level

of agreement between paired laboratory results.

3.3 Study subjects, methods, and materials

Approvals and permissions

The study protocols were reviewed and approved by the University of the Witwatersrand
Human Research Ethics committee (M150365). This study was conducted in accordance with
the principles of the Declaration of Helsinki. The South African Johannesburg District
Department of Health granted permission to conduct this study at a community health clinic
(CHC) in Soweto, Johannesburg (2015-16/031). All participants provided written informed

consent.
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Study design

This analysis is part of a study that investigated the utility of plasma-calibrated glucometers
to universally screen for GDM in a low resource, routine clinical setting.*®° In this study
both the HK and GOx laboratory methods were used as reference tests against the
glucometers in all women tested. This prospective pragmatic cross-sectional study was
conducted at a single CHC between April 2016 and May 2017. Consecutive women were
recruited at their first antenatal clinic visit. Women aged 18 years and above and under 28
weeks of gestation were eligible for inclusion in the study. Women with type 1 or type 2
diabetes mellitus were excluded. All participants were urban African women, in keeping with

this clinic’s patient profile.

GDM screening procedures

Participants were recruited consecutively, and all completed an OGTT. In addition, all
participants were evaluated for the presence of GDM risk factors which include maternal
obesity (body mass index > 30 kg/m?®), maternal age > 40 years, previous history of GDM,
first degree relative with diabetes mellitus, previous unexplained intrauterine foetal death,
previous macrosomic baby or complications in the current pregnancy which include
polyhydramnios, foetus large for gestational age or the presence of repeated glycosuria.”? A
modified two-hour 75 g OGTT was scheduled at the woman’s convenience on a morning
after an overnight fast at 24—28 weeks’ gestation.*” OGTT modifications included the
collection of two venous blood samples at fasting, 60 and 120 minutes per participant.
Venous blood samples were collected in tubes containing the glycolytic inhibitor sodium
fluoride® (BD 454297) and kept on ice from the time of phlebotomy until delivery to the

laboratories within an hour of completion of the OGTT. The immediate separation of plasma
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or keeping samples on ice and separating plasma within 30 minutes was not feasible.
Although these separation procedures are recommended by the American National Academy
of Clinical Biochemistry (NACB), they and other researchers acknowledge that these
procedures are uncommon in routine clinical settings.889>%144 Trained research staff

operated independently from the CHC staff.

Laboratory services.

There is no laboratory on-site at CHCs in South Africa. The laboratories used in this study
were 14 km (research medical laboratory) and 16 km (private medical laboratory) distant. A
South African National Accreditation System (SANAS) verified private medical laboratory
used the HK method (Cobas 6000, Roche Diagnostics International, Switzerland) and a
medical research laboratory used the GOx method (Randox, Daytona Plus, USA) exclusively
to determine plasma glucose concentrations. Study samples were processed within the usual
functioning of these laboratories. Laboratories were not requested to adjust their routine
standard operating procedures for this study. On request, laboratories provided us with their
quality control results, namely, the analytic coefficient of variation (CV) and bias at two
glucose quality control levels. For the HK method laboratory, at observed mean glucose
concentrations of 3.32 mmol/l and 20.16 mmol/I, the CV was 1.79% and 1.74% and the bias
was 0.36% and 0.13% respectively. For the GOx method laboratory, at observed mean
glucose concentrations of 6.36 mmol/l and 15.80 mmol/I, the CV was 1.85% and 1.67% with
a bias of 0.35% and 0.31% respectively.

* SANAS accreditation requires compliance with 1SO 15189:2012 and this encompasses pre-
examination, examination and post-examination processes of medical laboratory testing. The
research laboratory is registered with the RIQAS (Randoxy International Quality Assessment
Scheme) external quality control program to monitor performance of their analysers and to
compare their results to that of other laboratories.
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The NACB recommendation for total maximal allowable error in laboratory measurement of

plasma glucose is <6.9% with an imprecision (CV) of <2.9% and a bias of <2.2%.58

Sample handling.

In this study, all venous blood samples were subject to similar preanalytical conditions.
Paired venous blood samples were collected from a single venous draw, meaning that intra-
individual biologic factors were unlikely to affect interlaboratory method comparisons. ! It is
known that blood glucose concentration drops by approximately 5-7% per hour ex-vivo due
to ongoing glycolysis, and sodium fluoride does not necessarily negate this effect within the
first four hours.881%1 The use of sodium fluoride tubes is included in the WHO recommended
OGTT procedure.®® All samples were subject to similar transport conditions and ongoing
glycolysis was unlikely to affect interlaboratory method comparisons. All venous blood
samples were delivered to the off-site laboratories within an hour of completion of the
OGTTs and within 15 minutes of each other. Meaning the blood samples for fasting, 60 and
120 minutes reached the laboratory after three, two and one-hour post phlebotomy
respectively. Each laboratory processed samples within one hour of receipt and this includes
centrifugation and measurement of plasma glucose concentration. For reasons of
convenience, samples were delivered to the GOx laboratory before the HK laboratory. This
study was conducted over a period of 14 months and so results were unlikely to be affected
by a specific laboratory analytical run. The two laboratories operated independently and were

blinded to all but their own results.

Clinical diagnostic criteria.
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The WHO 2013 GDM clinical diagnostic criteria were used to define test positivity cut-offs

for results from each laboratory method.*’

Statistical analysis.

Categorical variables are described as frequencies (n) and proportions (%) and continuous
variables as means and standard deviations (SD). The Bland Altman method was used to
assess the level of agreement between HK and GOx methods and results are shown with 95%
limits of agreement (95% LoA). McNemar’s test, the kappa statistic, and Lin’s concordance
correlation coefficient were also used to evaluate the agreement between paired plasma
glucose results. The kappa-statistic (k) values were graded as <0.20 = poor, 0.20-0.39 = fair,
0.40-0.59 = moderate, 0.60— 0.79 = good and >0.80 = very good, regarding levels of
agreement. The paired t-test was used to assess if the mean difference in glucose results
between methods were different from zero. A p value of <0.05 was considered to indicate
statistical significance. Statistical analysis was performed using STATA software version 15

(Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC, USA).

Data availability.

Data will be made available on request.

3.4 Results

Participant characteristics

One or more risk factors for GDM was present in 257 (43.4%) of 592 participants. Clinical

characteristics strongly associated with a GDM positive diagnosis include increased maternal
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age (p<0.001), an increased body mass index (p=0.001) and a later presentation for their first
antenatal clinic visit (p=0.001). (Table 1). Overall, participants were overweight with a mean
body mass index (BMI) of 26.9 kg/m®. In addition, 173 (29.2%) of 592 participants were

pregnant for the first time.

Availability of results

The private laboratory provided results within four hours of receiving samples and the
research laboratory provided results at the end of the week of testing. Participants were
informed of their GDM status and those identified as being GDM positive, by either
laboratory method, were referred for clinical intervention. Complete OGTTs for 592 women,
in total 1776 paired plasma glucose results, were submitted for analysis. The mean (SD)
glucose concentrations at fasting, 60 and 120 minutes of the OGTT for the GOx method were
4.01 mmol/l (3.95-4.07 mmol/l), 5.42 mmol/l (5.30-5.54 mmol/l) and 5.12 mmol/I (5.01-
5.23 mmol/l) respectively. For the HK method, these were 4.13 mmol/l (4.09-4.17 mmol/l),
5.62 mmol/l (5.51-5.73 mmol/l) and 5.27 mmol/l (5.17-5.37 mmol/l) respectively. For all
1776 observations, the interquartile range for the GOx and HK methods was 1.70 mmol/l and

1.55 mmol/l respectively.

Clinical accuracy

The prevalence (95% Confidence Interval) of GDM as defined by the GOx method was 6.9%
(5.0-9.3%) and for the HK method, 5.1% (3.4-7.2%). The composite laboratory GDM
prevalence was 9.0%, meaning that 53 of 592 participants were GDM positive as defined by
either or both laboratories. Regarding clinical agreement, 18 of the total 53 GDM positive

diagnoses (34%) were common to both laboratory methods. The GOx method identified 23
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additional participants as having GDM that were not identified by the HK method. The HK
method identified 12 additional positive GDM cases not identified by the GOx method. An
elevated fasting plasma glucose was diagnostic in 87.8% of GOx method and 80.0% of HK
method GDM positive cases respectively. GDM positive diagnoses based on abnormalities at
various time points of the OGTT as determined by the GOx and HK methods are displayed as
Venn diagrams in Figure 1. The overall observed clinical agreement in GDM status between
the GOx and HK laboratory methods was high (94.1%) because of the high proportion of
GDM negative cases. The overall Cohen’s kappa statistic was calculated as 0.48 (p<0.001),
which suggests a moderate agreement between the two laboratory methods in terms of
clinical accuracy in diagnosing GDM. Using a significance level of 5%, McNemar’s test
indicates no significant disagreement in GDM diagnoses between laboratory methods (%=

3.46; p = 0.0895).

Laboratory analytical accuracy

Of the paired laboratory results at fasting, 60 and 120 minutes of the OGTT, the average
difference against the mean (95% LoA) were -0.12 mmol/l (-1.31-1.07 mmol/l), -0.20
mmol/l (-1.80-1.39 mmol/l) and -0.15 mmol/l (-1.70-1.40 mmol/l) respectively. On average,
the HK laboratory method results were positively biased (higher) relative to the GOx method
results at all time points of the OGTT. Bland Altman plots for paired results for each time
points of the OGTT are presented in Figure 2. The overall average difference against the
mean between the two methods for all 1776 observations was -0.20 mmol/l (-1.6-1.3
mmol/l). The systematic bias between methods is indicated by the 95% Confidence Interval
for the mean difference (-0.2 to -0.1 mmol/l), which does not cross a zero baseline. This is

confirmed by the mean difference between methods being statistically different from zero at
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each time point of the OGTT (p < 0.001). The concordance correlation coefficients (95%
Confidence Interval) between the GOx and HK methods at fasting, 60 and 120 minutes of the

OGTT were 0.53 (0.48-0.58), 0.83 (0.81-0.86) and 0.81 (0.78-0.84) respectively.

3.5 Discussion

Although each laboratory fulfilled the NACB recommended analytic accuracy standard, there
was a low agreement regarding GDM positive status. Possible reasons for this clinical
difference are the systematic bias of 0.20 mmol/l revealed by the Bland Altman analysis as
well as the difference in the distribution of plasma glucose results, the kurtosis, between
methods. The mean plasma glucose concentration measured by the HK method was higher
than that of the GOx method at each time point of the OGTT, but the HK method identified a
lower prevalence of GDM. The interquartile range of measures from the HK method was
relatively lower by 0.15 mmol/l and this suggests that the HK method produced a narrower
distribution of measures contained within the distribution of measures from the GOx method.
This, in turn, indicates that measures from the GOx method are both lower in the lower range
and higher in the higher range relative to the HK method. The HK method is known to be
more specific than the GOx method.!*” Substances such as uric acid, ascorbic acid, bilirubin,
haemoglobin, tetracycline, and glutathione may cause falsely low glucose results measured

by the glucose oxidase method.t

Internationally, inconsistent laboratory methods are used to measure plasma glucose
concentrations and there is no recognized gold standard reference test.'® The American
Centre for Disease Control has previously suggested isotope dilution gas chromatography-
mass spectrometry as the gold standard reference test, but this was not adopted by the

NACB.%1% |_aboratories measure glucose almost exclusively by the enzymatic HK or GOx
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methods with few laboratories using the glucose dehydrogenase method.®® However, the
IADPSG recommendations, which were largely based on the clinical outcomes results of the
HAPO study, are based on plasma glucose concentrations measured by the GOx method.®* In
South Africa, the HK laboratory method is used in the state-sponsored National Health
Laboratory Service as well as the two largest private medical laboratories. It is possible that
the HK method may underestimate the prevalence of GDM and fail to identify women at high

risk of poor perinatal outcomes as identified in the HAPO study population.

This pragmatic study was conducted in a low resource urban African CHC which had the
advantage of access to off-site accredited laboratory services. The availability of these
services should not be assumed as it is known that Sub-Saharan Africa has minimal or no
access to internationally accredited medical laboratory services.® This translational research
study, applied in a routine clinical setting, serves to raise awareness of discordance between
laboratory methods as a further limitation to the global comparison on GDM prevalence
estimates. The analytic accuracy of routine but varying laboratory methods of measuring
glucose may be unable to support the clinical accuracy required by the WHO GDM evidence-
based diagnostic guidelines. Implementation of universal screening programs for GDM with
medical decisions based on poorly reproducible laboratory results may adversely affect both

the women affected and the optimal utilization of public health systems resources.

Limitations

The low prevalence of GDM and the small proportion of GDM positive diagnoses common

to both methods, limits the precision of the reported estimates. The potential clinical
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diagnostic uncertainty between laboratory methods should be explored in larger groups of

patients and in more diverse clinical settings.

Acknowledgments.

The Johannesburg District South African Department of Health granted permission to
conduct this study at the community health clinic in Soweto. We are grateful to the patients
and community health clinic staff for their support of the project. The sustained efforts of our
research assistant Ms. Nandi Mtshali were essential to the completion of the study on

schedule.

Competing interests

None.

Funding

The work reported herein was made possible through funding by the South African Medical
Research Council through its Division of Research Capacity Development under the SAMRC
CLINICIAN RESEARCHER (M.D. PHD) SCHOLARSHIP PROGRAMME from funding
received from the South African National Treasury. The contents hereof are the sole
responsibility of the authors and do not necessarily represent the official views of the
SAMRC or the funders. SAN is supported by the Department of Science and Technology and
National Research Foundation Centre of Excellence in Human Development at the University
of the Witwatersrand, Johannesburg, South Africa. A World Diabetes Foundation (Denmark)
grant supported the oral glucose tolerance tests analysed by the research laboratory (GOx

method).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING 107
3.6 Tables and Figures
Table 3.1. Participant Clinical Characteristics.
Clinical Characteristic All participants Composite p-value
laboratory
(HK and GOx)
GDM Positive
n Value n n (%) or
n (%) or Mean (SD)
Mean (SD)
Age, (Years) 592 | 27.8(5.9) 53 | 31.4(6.8) <0.001
Family history of diabetes 588 |99 (16.8) 53 |13(25.0) 0.099
Glycosuria (urine dipstick) 592 |6(1.0) 53 |4(7.6) -
Mid upper arm circumference (cm) | 592 |29.9 (4.2) 53 |31.9(4.3) <0.001
Body height (cm) 588 | 162.9(7.2) |53 |160.7 (6.6) | 0.103
Body weight (Kg) 592 | 70.6 (15.8) |53 | 76.8(15.1) | 0.003
BMI (Kg/m?) 588 | 26.9 (5.8) 53 |29.5(5.6) 0.001
Obstetric Characteristics 53
Gestational age at first visit (weeks) | 592 | 19.1 (5.6) 53 |20.8(5.7) 0.001
Number of pregnancies including 592
current
1 172 (29.2) 7(13.2) 0.007
(1 vs 2+)
2 197 (33.1) 12 (22.6) <0.001
(L2 vs 3+)
3 223 (37.6) 34 (64.2) 0.415
(L3 vs4+t)
Previous large for gestational age 591 |43(7.3) 53 [8(15.1) 0.045
birth
Previous stillbirth 592 |32 (5.4) 53 | 3(5.7) 1.000
Previous congenital abnormalities 591 |0(0) 53 | 0(0) -
Previous GDM 592 | 3(0.5) 53 [1(1.9) -

Note: Number (n) of participants for each characteristic varies
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Figure 3.1. Venn diagrams illustrating the number of GDM positive cases identified at
various time points of the OGTT by the GOx (Glucose Oxidase) and HK (Hexokinase)
laboratory methods. (WHO 2013 test positivity cut-offs).**

(a) GOx method GDM positive cases
(n=41) at time points of the OGTT

(b) HK Lab GDM positive cases
(n=30) at time points of the OGTT
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Figure 3.2. Bland Altman plots of the paired plasma glucose results (mmol/l) measured by the

GOX (Glucose Oxidase) and HK (Hexokinase) methods at 120 minutes of the 75 g oral
glucose tolerance tests for 592 women screened for gestational diabetes.
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Chapter 4.

Fasting Plasma Glucose to Screen for GDM
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4.1 Abstract

Background
Identifying gestational diabetes mellitus (GDM) affected women allows interventions to

reduce associated poor perinatal outcomes. A fasting plasma glucose (FPG) > 5.1 mmol/L is
100% specific for a diagnosis of GDM and the International Association of Diabetes in
Pregnancy Study Group acknowledges that an FPG < 4.5 mmol/L has a low probability of

GDM.

Obijective

The validity of selective screening for GDM based on the presence of risk factors was
compared with the universal application of FPG > 4.5 mmol/L, indicating intermediate-high

risk for GDM and the need for a diagnostic OGTT, in an urban low resource setting.

Methods
589 consecutive South African women were recruited to a two-hour 75 g OGTT at 24 — 28

weeks’ gestation in an urban community health clinic. Venous blood samples were analysed
using a glucose oxidase laboratory method. The World Health Organization GDM diagnostic

criteria were applied. All participants underwent a risk factor assessment.

Results
The prevalence of overt diabetes mellitus and GDM were 0.5% and 7.0% respectively and

87.8% of GDM positive diagnoses were based on an elevated FPG of > 5.1 mmol/L. Risk
factor-based selective screening indicated 204 (34.6%) of women needed an OGTT but 18 of
41 (43.9%) of GDM positive cases would have been missed. Universal screening using the
FPG threshold of > 4.5 mmol/L indicated 152 (25.8%) of women needed an OGTT and one

of 41 (2.4%) of GDM positive cases were missed. The sensitivity/specificity of the presence
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of > one risk factor and for the FPG of > 4.5 mmol/L, were 56%/67% and 98%/80%

respectively.

Conclusion

Universal screening using FPG > 4.5 mmol/L had greater sensitivity and specificity and
required fewer women undergo a resource-intensive diagnostic OGTT and this strategy may
be more efficient and cost-effective than risk-factor based selective screening for GDM in

South African women.

Research highlights
The prevalence of overt diabetes and gestational diabetes were 0.5% and 7.0% respectively.

FPG > 5.1 mmol/L identified 87.8% of glucose oxidase laboratory defined GDM.
Selective risk factor screening indicated 34.6% needed an OGTT but missed 43.9% of GDM.
Universal screening using FPG > 4.5 mmol/L indicated 25.8% needed an OGTT but missed

2.4% of GDM.

Keywords
Gestational diabetes mellitus, Screening strategies, Fasting plasma glucose, Primary care
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4.2 Introduction

The World Health Organization (WHO) estimates that 16% of pregnancies are affected

by gestational diabetes mellitus (GDM) globally.® Identifying affected women may allow
interventions to improve perinatal outcomes.*’ Both screening strategies and diagnostic
thresholds for GDM attract controversy.? The International Association of Diabetes in
Pregnancy Study Group (IADPSG) advocates universal screening for GDM, however, the
WHO recommends that screening strategies should be based on disease burden and the
availability of resources.>*’ Risk factor based selective screening for GDM is currently
applied in South Africa.”® A selective screening strategy may fail to identify a high
proportion of women affected by GDM."#4157 |n addition, this strategy may be inadequate
and difficult to implement and women at risk may not be offered screening, even in well-

resourced settings.”®&

An alternative to selective or universal application of the OGTT is universal screening using
the fasting plasma glucose (FPG). According to the WHO diagnostic criteria, an elevated
FPG of > 5.1 mmol/L is by definition 100% specific for a diagnosis of GDM, but the
sensitivity of this diagnostic threshold varies between countries and ethnicities.%® The HAPO
study group has suggested that ‘in populations in which FPG is diagnostic in more than half
of those with GDM, it may be reasonable to perform an accurately measured FPG as an
initial step, reserving a full OGTT for those with a non-diagnostic FPG’.%® The IADPSG
acknowledges the low probability of GDM and the low risk of adverse outcomes in the
HAPO study cohort associated with an FPG < 4.5 mmol/L.”® Regarding the need for an

OGTT, an FPG > 5.1 mmol/L is 100% specific and an FPG < 4.5 mmol/L indicates low risk.

Therefore, only those women with FPG of > 4.5 mmol/L would require an OGTT, as this
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indicates an intermediate to high risk for GDM. This dual FPG threshold has been suggested
for use in low resource settings, as this reduces the number of women requiring an OGTT,
but also avoids missed diagnoses in populations where the sensitivity of the FPG may be

suboptimal or unknown,’3:86.158

We compared the utility of this universally applied dual FPG threshold, namely > 4.5 mmol/L
indicates formal screening is required and < 4.5 mmol/L rules out GDM. The sensitivity and
specificity were compared with the current standard practice of risk factor based selective

screening in identifying urban African women affected by GDM.

4.3 Study methods

Approvals and permissions.

The University of the Witwatersrand Human Research Ethics committee reviewed and
approved the study protocols (M150365). The South African Johannesburg District
Department of Health granted permission to conduct this study in Soweto, Johannesburg

(2015-16/031). All participants gave written informed consent.

Study design.

This cross-sectional, pragmatic, prospective study took place at a single urban community
health clinic (CHC) between April 2016 and May 2017. This analysis is part of a research
study to assess the feasibility of implementing a universal screening, diagnosis and GDM
lifestyle intervention program in an urban low resource setting.'°61%° Consecutive women
were recruited at their first antenatal clinic visit. Women under 28 weeks’ gestation were
eligible for inclusion and we excluded those below the age of 18 years and those known to

have type 1 or type 2 diabetes mellitus. Gestational age was determined by the clinic nurse as
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part of usual care. There were no ultrasound facilities on site. Study procedures were

conducted within the usual functioning of the antenatal service of the CHC.

Participants.

Data gathered from all participants included risk factors for GDM as defined by the South
African Department of Health (SADH).”? These include maternal obesity (body mass index >
35 kg/m?, which is the WHO obesity class > II), maternal age > 40 years, previous history of
GDM, first degree relative with diabetes mellitus, previous unexplained intrauterine fetal
death, previous macrosomic baby or complications in the current pregnancy which include
polyhydramnios, fetus large for gestational age or the presence of repeated glycosuria.” All
participants in this study were of indigenous African ethnicity, in keeping with this clinics
patient profile, and so the risk factor of being of South Asian descent did not apply.
Additional data collected included gestation at the first antenatal visit, parity, cigarette
smoking, history of chronic hypertension, and blood pressure and mid-upper arm
circumference measurements.®*¢° Participants were frequently unable to recall exact infant
birth weights from previous births and so the terms ‘small, average or large’ were used

instead and this was standard practice at this clinic.

Oral glucose tolerance test.

All participants underwent a two-hour 75 g glucose OGTT in the morning after an overnight
fast at 24-28 weeks’ gestation. Venous blood samples were collected in tubes containing the
glycolytic inhibitor sodium fluoride (BD 454297) and samples were kept on ice ex-vivo. The
use of sodium fluoride tubes is included in the WHO recommended OGTT procedure.*®
Typically, there are no on-site laboratories at CHCs in South Africa. All venous blood
samples were delivered to the off-site laboratory, which was 14 km distant, within an hour of

completion of the OGTTs. This research laboratory used the glucose oxidase method
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(Randox, Daytona Plus, USA) to determine plasma glucose concentrations. On request, the
laboratory provided us with their quality control results. At mean glucose concentrations of
6.36 mmol/L and 15.80 mmol/L, the analytic coefficients of variation (CV) were 1.85% and
1.67% with a bias of 0.35% and 0.31% respectively. These quality control results are within
the recommendation of the American National Academy of Clinical Biochemistry (NACB)
for laboratory measures of plasma glucose (a CV of < 2.9% and a bias of < 2.2%).% Trained

research staff operated independently from the CHC staff.

Clinical diagnostic criteria.

The WHO 2013 diagnostic criteria, which was endorsed by the Society of Endocrinology,
Metabolism, and Diabetes of South Africa (SEMDSA) in 2017, were used to define OGTT
cut-offs for a positive GDM diagnosis.*”>° Only one plasma glucose abnormality of the two-
hour OGTT is necessary for a positive diagnosis of GDM. GDM is defined as a plasma
glucose concentration of 5.1-6.9 mmol/L at fasting, > 10.0 mmol/L at one-hour or 8.5-10.9
mmol/L at two-hours of the OGTT. Diagnostic thresholds for overt diabetes in pregnancy,
which indicates probable preconception diabetes, are a plasma glucose concentration of > 7.0

mmol/L or > 11.0 mmol/L at fasting and 120 minutes of the OGTT respectively. Participants

diagnosed with overt diabetes or GDM were referred for clinical intervention.

Analysis.

Categorical variables were described as frequencies and proportions (%) and continuous
variables as means and standard deviations (SD). The Chi-squared test was used to determine
associations between categorical variables, especially between known risk factors and a
positive GDM diagnosis. Fisher’s exact test was used in the cases where expected frequencies

were lower than five. In this analysis, FPG thresholds were retrospectively used to indicate
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the need for an OGTT and the categories were: low risk (< 4.5 mmol/L) meaning no need for
an OGTT and intermediate to high risk (> 4.5 mmol/L) indicating the need for a formal
diagnostic OGTT to determine the presence and extent of dysglycaemia. The sensitivity,
specificity, positive predictive values (PPV), negative predictive values (NPV), positive
likelihood ratios (PLR) and negative likelihood ratios (NLR) for a positive GDM diagnosis
were calculated for the FPG > 4.5 mmol/L, FPG > 5.1 mmol/L as well as for the presence of
> one risk factors for GDM (SADH). We also evaluated the utility of a modified SADH
recommended risk score to include a BMI > 30 kg/m? (Obesity class 1), as a comparison to
the standard BMI > 35 kg/m? (Obesity > class 11).162! A p value of < 0.05 was assumed to
be statistically significant and 95% confidence intervals (95% CIs) are presented where
appropriate. Statistical analyses were performed on STATA software version 15. (Stata
Statistical Software: Release 15. College Station, TX: StataCorp LLC, USA). The SAS (v9.4)
software (SAS Institute Inc., Cary, NC, USA) macro NLEstimate was used to compute

model-based 95% Cls for the likelihood ratios.

4.4 Results

Participants.

Of the 1270 women who attended the antenatal clinic over the twelve-month recruitment
period of the study, 969 (76.3%) were willing and eligible to participate. The number of
women recruited and the reasons for the attrition of participant numbers before data analysis
are presented in Figure 1. Overt diabetes mellitus was identified in three (0.5%) and GDM
was present in 41 (7.0%) of 589 participants (95% CI: 4.9-9.2%). The mean BMI of 26.9
kg/m? (SD 5.8 kg/m?) indicates that, overall, participants in this study were overweight. A

BMI of > 35 and > 40 kg/m? were present in 57 (9.7%) and 16 (2.7%) of all participants
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respectively. Six participants were glycosuria positive on one occasion with no opportunity
for repeat glycosuria testing prior to the elective OGTT. Participant characteristics are

presented in Table 1.

Characteristics of GDM positive women.

GDM positive women were significantly more overweight with a 6.1 kg (95% CI: 1.1-11.1
kg) heavier body weight and a mid-upper arm circumference that was 2.1 cm (95% CI: 0.7 —
3.4 cm) greater than their non-GDM counterparts. GDM positive participants were of older
maternal age (p<0.001), presented later in their pregnancy for their first antenatal visit
(p=0.001) and had higher diastolic blood pressure (p=0.004). Five (12.2%) and 27 (63.4%) of
41 GDM positive participants were pregnant for the first or > third time respectively. A
higher parity was associated with an increased risk of GDM where for instance the group
who was pregnant for at least the third time had a 30.1% higher risk of GDM (p < 0.001).
Unexpectedly, in this study population, a positive family history of diabetes mellitus was not

associated with a positive GDM diagnosis (p=0.520). (Table 1)

Assessment of risk factors.

Based on the current SADH guidelines (includes a BMI > 35 kg/ m?) 204 (34.6%) of 589
participants had > one risk factor for GDM and would have required an elective OGTT,
however, 18 (43.9%) of 41 GDM positive cases would have been missed. At a BMI > 30
kg/m?, the number of participants requiring the OGTT would have been 262 (44.5%) of 589
participants and the number of missed GDM positive cases would have been reduced to 12
(29.3%). (Table 2) A selective screening strategy based on the presence of > two SADH risk

factors (including a BMI >35 kg/m?) had a sensitivity, specificity, PPV, NPV, PLR and NLR
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(95% Cls) of 23% (11-38%), 88% (86-91%), 13% (6—22%), 94% (92-96%), 1.95 (1.05—
3.63) and 0.88 (0.74-1.04) respectively. The use of > two risk factors (including a BMI > 35

kg/m?) would have resulted in 33 (80.5%) of 41 GDM positive cases being missed.

Assessment of laboratory results.

The mean (95%CI) plasma glucose concentrations at fasting, 60 and 120 minutes of the
OGTT were 4.01 mmol/L (3.95-4.07 mmol/L), 5.42 mmol/L (5.30-5.54 mmol/L) and 5.12
mmol/L (5.01-5.23 mmol/L) respectively. The number of abnormalities per time point of the
OGTT is presented in a Venn diagram (Figure 2). The use of an FPG > 5.1 mmol/L as a
universal screening strategy for GDM would have required 36 (6.1%) of 589 participants
undergo an OGTT, however, five (12.2%) of the 41 GDM positive participants would have
been missed. Based on the dual threshold screening strategy, if those participants with an
FPG of < 4.5 mmol/L were assumed to be at low risk and so were not formally screened, 152
(25.8%) of 589 participants would have required an OGTT and 40 (97.6%) of the 41 GDM

positive diagnosis would have been identified. (Table 2)

4.5 Discussion

The prevalence of GDM as determined by the glucose oxidase laboratory method in a routine
clinical setting was 7.0% in this population of urban African women attending a single CHC.
Our results have similarities and differences to recent South African reports of GDM
prevalence. A study by Macauley, et al. reported a 9.1% GDM prevalence in a tertiary
hospital setting, using a research laboratory (glucose oxidase method) and participants had a
higher risk profile for GDM.® A study by Adam & Rheeder possibly overestimated the GDM

prevalence at 25.8% and one reason for this is the laboratory bias of 3.65%, which is not
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within the < 2.2% recommended by the NACB, would adversely affect the quality of plasma

glucose measures.14°

Importantly, 87.8% of GDM positive diagnoses in this study population were based on an
elevated FPG. This confirms the findings of Macauley, et al and Adam & Rheeder that the
majority of GDM diagnoses in South African women screened were based on an elevated
FPG. The use of the FPG alone to screen for GDM is attractive as this is less expensive,
avoids the need for multiple punctures, reduces laboratory workload and avoids exposing
pregnant women to the sometimes emesis inducing oral glucose load.”®% There is outcomes-
based evidence that an elevated FPG alone is comparable to a complete OGTT in predicting
large for gestational age infants, as well as indicating the need for insulin treatment of

GDM. 1150162 AJlthough an FPG > 5.1 mmol/L is 100% specific for a diagnosis of GDM, the
sensitivity of this diagnostic threshold varies between countries and ethnicities, in both low
and high-risk populations.*86386.163.164 \when retrospectively applied to the HAPO study
cohort, the proportion of GDM positive diagnoses based on an elevated FPG was 55% (24—
74%) and this varied between and within countries.®® The underlying mechanism responsible
for this variability is unknown. Sub-Saharan Africa was not included in the HAPO study. The
prevalence of an elevated FPG in a multi-ethnic South Africa, affected by historical
undernutrition and a current high burden of obesity, is unknown and the use of a single value
of the OGTT may miss GDM affected women. The low-cost algorithm of a dual threshold
FPG, with > 5.1 mmol/L (specificity 100%) used to rule in GDM and < 4.5 mmol/L to rule
out a GDM is associated with a reduction in the need for a complete OGTT when applied to
the HAPO, United Arab Emirates, and Brazilian cohorts.”8 In order to improve accessibility
to screening, it may be possible to screen women for GDM with point of care testing, thus

reducing the need for more expensive and sometimes inaccessible laboratory services. The
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use of glucometers to screen for and diagnose DM and GDM is endorsed by the WHO and
the Federation of International Gynaecology and Obstetrics.*® The reliable use of selected
plasma calibrated glucometers to measure the FPG, in a universal GDM screening program in

a low resource South African setting, was recently reported.*°®

Maternal obesity was strongly associated with a GDM positive diagnosis in this study. South
Africa has a high prevalence of obesity, which is associated with increased risk of insulin
resistance and dysglycaemia.®?° Epidemiologically, the prevalence of GDM increases by
0.9% per one point increase in BMI.3 In this study, the use of a BMI >30 kg/m? was
associated with an increased sensitivity compared to a BMI >35 kg/m?.1% Based on the
current screening strategy of risk factor based selective screening, a high proportion of South
African women may require an OGTT, posing a potentially overwhelming burden to existing
health care and laboratory services. The low sensitivity and specificity of a risk factor
assessment to identify GDM affected South African women in this study confirms the
findings of Adam and Rheeder.3*%!13 This is aligned with international findings that almost
half of GDM affected women will be missed by selective screening based on conventional
risk factors. In 2017, the SEMDSA adopted the WHO 2013 diagnostic thresholds for GDM,
with a suggestion that a universal screening strategy could be implemented only in well-
resourced settings within South Africa.>® A previous report suggests that rural dwelling South
African women may be at high risk for diabetes in pregnancy.'®® Ideally, equal access to
GDM screening should be available to all pregnant women, whether in a private or state

health care setting, whether urban or rural dwelling and regardless of ethnicity.

Prior to the WHO revision of GDM diagnostic thresholds in 2013, there was evidence that
plasma glucose concentration abnormalities at all time points of the OGTT could predict the

need for insulin therapy.[®"! There are no prediction models for which GDM affected women
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are likely to need oral hypoglycaemic agents or insulin treatment to restore euglycaemia
during pregnancy. In addition, increases in fasting and the two-hour plasma glucose
concentrations are associated with an increased risk of developing overt diabetes in later
years.!*! For this reason, in the event that a GDM diagnosis is made based on an elevated

FPG, it may be necessary to perform a complete OGTT
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Strengths and limitations.

This translational research project was conducted within the usual functioning of a CHC,
which equates to routine care rather than a research clinical setting. Our participants were
urban indigenous African women attending the antenatal service of a single urban CHC and
so our results may not be generalizable beyond this population profile. The sample size and
the low GDM prevalence of 7.0% (95% CI 4.9-9.2%) were insufficient to provide robust
estimates of the sensitivity of the FPG screening threshold of >4.5 mmol/L. Further studies

are needed in a more diverse patient population and clinical settings to confirm these results.

4.6 Conclusion

A universally applied FPG threshold of > 4.5 mmol/L, as an indicator of intermediate-high
risk for GDM, has improved sensitivity and reduces the number of women needing to
undergo the unpleasant, poorly reproducible and resource intensive OGTT compared to the

current practice of risk factor based selective screening.

Acknowledgments.

The Johannesburg District South African Department of Health granted permission to
conduct this study at the community health clinic in Soweto. We are grateful to the
participants and the community health clinic staff for their support of the project. The
sustained efforts of our research assistant Ms. Nandi Mtshali were essential to the completion

of the study on schedule.



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING 126

Contributors.
LMD, EJB, SAN: Methodology. LMD: Data collection and had full access to all data during

the study. LMD, EJB, CIJVR, SAN: data analysis. LMD: wrote the manuscript. EJB, CJVR,

SAN: Reviewed and edited the manuscript.

Competing interests.

None.

Funding.

The work reported herein was made possible through funding by the South African Medical
Research Council through its Division of Research Capacity Development under the SAMRC
CLINICIAN RESEARCHER (M.D. PHD) SCHOLARSHIP PROGRAMME from funding
received from the South African National Treasury. The contents hereof are the sole
responsibility of the authors and do not necessarily represent the official views of the
SAMRC or the funders. SAN is supported by the Department of Science and Technology and
National Research Foundation Centre of Excellence in Human Development at the University

of the Witwatersrand, Johannesburg, South Africa.



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING 127
4.7 Tables
Table 4.1. Participant characteristics, with comparison of GDM positive and with GDM
negative women.
All Participants | GDM Positive GDM Negative p-value
n=41 n=548
n n(%)or |[n |n(%)or n n (%) or
Mean Mean (SD) Mean (SD)
Clinical Characteristic (SD)
Age, (Years) 589 | 27.8 41 | 31.1 548 | 27.5 <0.001t
(5.9) (6.9) (5.7)
History of chronic 588 | 19 41 |1 547 | 18 1.000 F
hypertension* (3.2%) (2.5) (3.3)
Active smoker (cigarettes) | 589 | 21 41 | 4 548 | 17 0.051F
(3.6%) (10.0%) (3.1%)
Family history of diabetes * | 585 | 99 40 | 8 545 | 91 0.591y
(16.9%) (20.0%) (16.6%)
Glycosuria 589 | 6 41 | 2 548 | 4 -
(urine dipstick) (1.0%) (4.9%) (0.7%)
Mid upper arm 589 | 29.9 41 | 31.8 548 | 29.7 0.004 t
circumference (cm) (4.4) (4.3) (4.4)
Body height (cm) * 588 | 162.1 40 | 160.7 |(6.2) 548 | 162.2 0.152t
(6.6) (6.6)
Body weight (kg) 589 | 70.7 41| 76.4 548 | 70.3 0.017t
(15.7) (15.3) (15.7)
BMI (kg/m?) * 588 | 26.9 40 | 29.2 548 | 26.7 0.009 t
(5.8) (5.3) (5.8)
Systolic blood pressure 588 | 122.3 41| 122.8(19.9) | 547 | 122.2 0.200 U
(mmHg) * (14.9) (14.5)
Diastolic blood pressure 588 | 72.6 41 | 774 547 | 72.2 0.004 t
(mmHg) * (11.0) (9.6) (11.0)
Gestational age at first visit | 589 | 19.1 41| 22.0 548 | 18.9 <0.001t
(weeks) (5.6) (4.2) (5.6)
Number of pregnancies
including current
>2 589 | 417 41| 35 548 | 383 0,033 ¢
(70.8%) (85.4 %) (69.7%)
>3 589 | 223 41 | 27 (65.9%) 548 | 196 <0.001y
(37.9%) (35.8%)
>3 589 | 79 41 19 548 | 70 0,096y
(13.4%) (22.0%) (12.8%)
Previous large for 588 | 43(7.3%) | 41| 6 547 | 37 0.108 F
gestational age birth * (14.6%) (6.8%)
Previous stillbirth 589 | 32 (5.4%) | 41 | 3 548 | 29 (5.3%) 0.481F
(7.5%)
Previous congenital 588 | 0 4110 548 | 0 -
abnormalities (0) (0)
Previous GDM 589 | 3 41 |1 548 | 2 -
(0.5%) (2.4%) (0.4%)
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* Number of participants for each characteristic varies slightly due to missing values.
Abbreviations: GDM, gestational diabetes mellitus; t, t-test; F, Fisher’s exact test; x, Chi-
square test; U, Mann-Whitney U test.
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Table 4.2. Validity measures of FPG and Risk Factors as a GDM screening Strategy

Universal screening based
on dual threshold FPG

Selective screening strategy based

on risk factors verses universal

verses universal OGTT OGTT
> 1Risk > 1Risk
factor(s) factor(s)
FPG >5.1 | FPG >4.5 including BMI | including BMI
mmol/L | mmol/L >30 kg/m? >35 kg/m?
Number of participants 589 589 589 589
True Positive (n) 36 40 29 23
False Positive (n) 0 112 233 181
True Negative (n) 548 436 315 367
False Negative (n) 5 1 12 18
88 (74—
Sensitivity (%) 96) 98 (87-100) | 71 (54 - 84) 56 (40 - 72)
Specificity (%) 100 80 (76-83) 57 (53 - 61) 67 (63 -71)
Positive Predictive Value
(%) 100 26 (20-34) 11 (8 - 16) 11 (7 - 16)
Negative Predictive Value | 99 (98-
(%) 100) 99 (99-100) | 96 (94 - 98) 95 (93 -97)
4.77 1.66 1.70
Positive Likelihood Ratio Undefined | (3.95-5.60) | (1.30-2.03) (1.19 - 2.20)
0.03 0.51 0.66
Negative Likelihood Ratio | 0.12* (-0.03-0.09) | (0.26 - 0.75) (0.43 - 0.89)

Abbreviations. OGTT, oral glucose tolerance test; FPG, fasting plasma glucose; BMI, body

mass index; GDM, gestational diabetes mellitus.

*Model did not converge to yield 95% Cls.
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Chapter 5.

Women’s experience of GDM
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5.1 Abstract

Background

Consideration of the perspectives of African women affected by gestational diabetes mellitus
(GDM) may facilitate the development of culturally sensitive interventions to address this

public health concern.

Methods

The experiences of urban African women (n=10) previously affected by GDM were
documented through a series of focus group discussions. The Diabetes Conversation Map
education instrument was used to facilitate discussions. Sessions were audio-recorded,

transcribed and thematically analyzed.

Results

Participants experienced shock and fear on diagnosis of GDM, but family support and sharing
their experiences with their peers provided relief from anxiety. They were aware of the
inconsistent implementation of GDM diagnostic procedures at tertiary hospitals and
community health clinics, and this exacerbated their confusion. Despite their initial difficulty
adjusting to a diet perceived as unpalatable, adopting a healthier lifestyle was considered a
positive consequence of a GDM diagnosis. Healthy lifestyle changes were partially retained
postpartum and were reported to have a positive effect on other family members. The

participants had low awareness of their long-term risk of diabetes mellitus and the need for
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regular ongoing screening. Unexpectedly, participants thought that being positive for human

immunodeficiency virus (HIV) was less stressful than living with diabetes.

Interpretation

Participants viewed being HIV positive as preferable to having GDM, and this may reflect
their distress caused by inadequate pre-test counselling, inconsistent health information,

inconsistent screening practices and suboptimal support from health care professionals.

Research highlights

Adopting a healthy lifestyle was considered as a positive consequence of diagnosis.
Lifestyle changes were partially maintained and positively affected the family.
Participants valued peer and family support, which provided relief from anxiety.

Inconsistent GDM diagnostic procedures caused confusion.

Keywords

Gestational diabetes, Qualitative study, Diabetes Conversation Maps
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5.2 Introduction

The WHO estimates that, globally, 16% of pregnancies are affected by gestational diabetes
mellitus (GDM).® Women diagnosed as having GDM are at high risk of poor perinatal
outcomes, and both mother and child are at high risk of developing type 2 diabetes in later
years.> Lifestyle intervention alone is an effective treatment for GDM in as many as 90% of
those affected.’?® These are complex interventions that include dietary advice, exercise,
diabetes education and self-monitoring of blood glucose. Diabetes education and sustained
healthy lifestyle choices are also important components of long-term diabetes prevention
programs.*®”-17° However, intervention strategies proven effective in developed countries are
not necessarily directly transferable to low resource settings.!’* Culturally appropriate dietary
advice and diabetes education are associated with improved blood glucose control which is
sustained over time.*3"172173 | ocally available skills, local resources and pre-existing
circumstances and attitudes may also affect GDM interventions and implementation
strategies.}’*1" Locally acceptable interventions that can be applied in low resource settings

are urgently needed to support women affected by GDM.®

Consideration of the experiences and expectations of local women may strengthen the
development or adaptation of existing GDM interventions, and help appropriately frame
implementation strategies. > It is known that there are cultural differences in women’s
experience of GDM.® Shock, anxiety, uncertainty, feelings of abandonment and a need for
support in adapting to GDM are reported.*?%7%18 African women are reported to have
increased pregnancy associated anxiety, with greater difficulty adjusting to GDM treatment
delivered within health care services of developed countries.'®182 To our knowledge, this is

the first qualitative research report of the GDM experiences of indigenous African women in
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an urban African setting. The purpose of our study was to identify the personal experiences,
challenges, coping strategies and health decisions made by urban indigenous South African

women affected by GDM.

5.3 Methods

Setting and study participants

We conducted this study at the CHBAH (Chris Hani Baragwanath Academic Hospital) in
Soweto, Johannesburg, from December 2015 to February 2016. Participants were recruited
from the S1000 cohort (Soweto First 1000 Days Cohort). This cohort of women is followed
up intensively during pregnancy, at birth and after pregnancy. All are screened for GDM at
26-29 weeks’ gestation using a 75 g oral glucose tolerance test. Women with pre-existing
type 1 or type 2 diabetes mellitus and those below the age of 18 years are excluded from this
cohort. Once diagnosed as having GDM, women are referred to the CHBAH Diabetes in
Pregnancy Clinic for treatment. A purposive sample of S1000 participants known to have had
GDM in the previous 24 months was selected using telephonic recruitment (n=15). Approval
to conduct this study was granted by the University of the Witwatersrand Human Research

Ethics Committee (M150365). Participants provided written informed consent.

Study design and protocol

This study is part of a larger study concerned with the development of a GDM screening and
lifestyle intervention suitable for use in a low resource setting.°5>® The International

Diabetes Federation approved educational instrument, the ‘Healthy eating and keeping
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active’ DCM (Diabetes Conversation Map), was used both as a conceptual framework and to
facilitate semi-structured FGDs (Focus Group Discussions). The DCM is a verbal, visual and
a highly interactive program designed for delivery to groups of patients. It promotes the
understanding of diabetes and how to manage it, explores the emotional aspects of diabetes
and promotes self-management of diabetes over a lifetime. It is equally effective as other
programs with a more didactic educational style.**? The first author, who was trained in the
use of the DCM instrument by a certified master facilitator, served as the FGD moderator.
Each participant attended a single FGD and the purpose of the FGD, as well as the role of the
moderator, was explained at the outset. Discussions were conducted in English, but women
were encouraged to speak in their own language. Two research assistants acted as interpreters
when language was a barrier to participation. Each FGD lasted 60-75 minutes. A structured

script was developed to establish consistency in the data collection process.

Data collection and analysis

Clinical data were collected from participants’ records and these included age, parity, body
mass index, family history of diabetes and their past obstetric history. FGDs were audio
recorded, transcribed and analyzed manually on a thematic basis for commonalities and
differences between participants’ responses. Qualitative software was not used in this
analysis. Themes and subthemes were derived from the data and unexpected themes were
identified and noted. The context, frequency and intensity of the participants’ comments
guided the selection of quotations that were reflective of the group experience. This thematic
analysis was validated by a second researcher. After preliminary analysis of the data,
participants were invited to a single, formal member checking session. Results were

presented and the participants were invited to make further comments. Their level of
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agreement with the preliminary findings was noted but no additional information was

provided.

5.4 Results

Participants

Of the 15 GDM women who were invited, 10 agreed to participate. To accommodate the
participants, multiple FGDs (n=3 per FGD) took place and the number of participants per
FGD varied between two and six. Several weeks later, eight of the ten participants attended
the member checking session. All participants were urban black African women, in keeping
with this hospital’s patient profile. Their mean age was 35 years, body-mass index was 26.8
Kg/m? and half of them had a positive family history of diabetes mellitus. Adverse previous
pregnancy outcomes were frequent. Five participants had at least one previous miscarriage

and one had a stillbirth before her most recent pregnancy.

Qualitative data presented as themes and sub-themes

Theme 1: Participants’ responses to their diagnosis of GDM

Participants were aware of inconsistencies in applying GDM diagnostic procedures and
criteria at the research unit, the CHBAH antenatal clinic and the CHC (Community Health
Clinic). Some witnessed disagreement between doctors on which diagnostic criteria to apply
and this left them unconvinced that they had GDM. Participants expressed feelings of shock

and fear because their diagnosis was unexpected. They associated their previous miscarriage
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or stillbirth with the possibility of undiagnosed GDM. They were reminded of and felt
responsible for their previous pregnancy losses because they were “not eating right”. This

exacerbated their anxiety, which often persisted throughout their pregnancy.

At the member checking session, all participants agreed that there should be more awareness
of GDM in the community, with increased availability of screening. However, some women
were ambivalent on awareness and thought they would have preferred not to know their

diagnosis.

Table 5.1. Quotes of participant’s responses to their diagnosis of GDM.

Subtheme: confusion, disbelief

Group 2:

“The research unit said I am diabetic, but doctors at Bara (CHBAH) also said I am not
diabetic, but the professor said I am diabetic. So, I don’t know which was, but they gave
me some tablets for diabetes.”

“This doctor said, ‘No, this is for the fourth time now you have got positive results for
glucose in your urine test, you must do this OGTT test’. Already I had tested at the
research unit and it was positive. When | was supposed to start my diabetic treatment

that’s when I went to theatre for an emergency Caesar because the baby was in distress”

Subtheme: shock, fear, anxiety

Group 1:

“The worse fear was losing the baby because I didn’t know what made me lose the first
baby. They told me that diabetes could make me lose this baby”

Group 2:

“It was stressful because father has diabetes and didn’t want to inject myself like my
father and have diabetes my whole life.”

“If I was attending a local clinic maybe I could have died, I might have lost the baby

because [ wouldn’t have known I had diabetes.”

Group 3:
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“My mother has diabetes, so I knew what to expect”

Subtheme: self-blame, guilt

Group 2:

“I maybe made mistakes with the baby I lost. Maybe I didn’t eat right. Maybe I didn’t
try my best. Maybe I got gestational diabetes that time. I don’t know.”

Theme 2. Participants’ experiences of the health care service

Most participants were admitted to the obstetric ward for initiation of treatment on diagnosis
of GDM. Participants were highly vocal and emotive in expressing dislike of their in-patient
experience. Suboptimal communication between the research unit and the CHBAH staff on
the purpose of the GDM research project caused frustration. Patients bore the brunt of the
nurses’ frustration, who complained that women were being admitted for treatment, despite

the shortage of hospital beds.

Although participants were aware of resource shortages and the inequity in distribution of
health care services between the CHC and hospital, they would have preferred attending
antenatal services at the CHC because this was closer to their homes and so incurred less
transport costs and was less crowded. At the member checking session, all participants agreed
that the CHC should improve the quality of regular check-ups. Most were of the opinion the
diagnosis of GDM could be missed at the CHC. Also, the inconsistency of health information

provided in their GDM affected pregnancies left them confused and insecure.

Table 5.2. Quotes of participant’s experience of the health care service

Subtheme: Experience of hospital admission

Group 2:
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“When we were admitted, our motivation was that we didn’t want to stay longer so we

drank a lot of water and ate their food and then we would be discharged.”

Subtheme: Interactions with health care professionals
Group 1:
“The nurses shouted at me because they believed that I am not diabetic, and they were

also complaining about this study...”

Subtheme: Awareness of resource shortages

Group 2:

“It 1s full, it is full, the patients are sitting on benches the whole day, taking medication
from the bench, even those who have blood pressure, but if you are diabetic, they make
amends for you to get a bed quickly.”

Group 3:

“they sent me home to test myself because the hospital was full”

Subtheme: Inconsistent health information

Group 1:

“I did not receive education while admitted to hospital and did not receive special
treatment”

Group 2:

“I was told that my baby would be big, but my baby was small, and the nurses shouted

at me in the labour ward asking me why was | taking medicine for diabetes because now

my baby was too small and premature.”

Theme 3. Lifestyle adjustments in pregnancy

Adjusting to the prescribed diet was the most challenging aspect of treatment. Some
participants felt that the diet was unpalatable. Some tolerated a temporary loss of dietary
autonomy because changes were presumed necessary only for the duration of their
pregnancy. Those who were given the opportunity to consult a dietician felt better able to
cope. Overall, changing to a healthy eating plan was considered a positive consequence of

their GDM diagnosis. They learned that exercise helps control blood sugar and they
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incorporated exercise into their daily activities. Participants who had a family member living
with diabetes felt better able to cope. The wellbeing of their baby strongly motivated all
participants to adopt and maintain healthy choices during pregnancy.

At the member checking session, participants agreed that eating unhealthy food ‘makes you
tired’. Although small meals and the inclusion of fruit and vegetables in their diet would be

ideal during pregnancy, these choices were generally considered to be more expensive.

Table 5.3. Quotes of participant’s lifestyle adjustments in pregnancy

Subtheme: Diet was unpalatable
Group 1:
“The food you have to eat is like eating cardboard, a piece of paper that is only placed in

water. There is no taste.”

Subtheme: Loss of autonomy

Group 1:

“It was a hardship for me having to eat that food because I was forced.”
Group 3:

“I had to adjust because there was nothing I could do”

Subtheme: Dietary adjustment difficulties

Group 1:

“T attended sessions with the dietician and went home relieved and empowered that you
know what, I can actually manage this.”

Group 2:

“I am eating spinach and trying by all means. I have a little garden now where I planted
a bit of greens.”

“First I was so stubborn I didn’t want to change”

Subtheme: What is healthy eating

Group 1

“... lots of vegetables, low fat milk, low fat cooking techniques like boiling and
roasting, reducing spices, no sauces, diluting fruit juice”

Group 2
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“The diabetic diet is not much different from my usual diet in that | eat vegetables and
fruits although I never stopped eating fatty foods”

Group 3:

“When I am finished eating unhealthy food, I feel tired”

Subtheme: Healthy eating is expensive

Group 3:

“Diabetes food is more expensive as you can no longer eat pap (maize meal) which
makes diabetes complicated especially with food prices going up and, if you don’t eat in

a proper manner you become sick.”

Subtheme: Benefits of exercise

Group 1:

“I would recommend exercise to another pregnant woman with gestational diabetes
although I did not exercise myself

Group 2:

“When I go to work, I walk to the station. Sometimes when I am late, | have to run
because the train is there and if you are not at the station it will leave. So, for me I don’t

have to go to gym.”

Theme 4. Women’s need for support during pregnancy

Most said they had additional family support after being diagnosed, which made it easier to
cope with the challenges of treatment. A minority said they had to cope with everything on
their own. Participants acknowledged they had benefitted from informal peer support, both
when they were admitted to hospital and during their clinic visits. In the waiting area of the
clinic they became accustomed to each other and had started sharing “tips”. Sharing
experiences with others who were “in the same boat” helped ease their anxiety. “Talking

heals” was a common sentiment.
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It was unanimous at the member checking session that while support from family, friends and
peers was important, ultimately, the individual was responsible for her own health and the

changes she had made.

Table 5.4. Quotes of participant’s need for support during pregnancy

Subtheme: Support from partner and family

Group 1:

“My mother in law was diabetic so she helped me to eat correctly which made it easier.”
Group 2:

“When your partner or family does not want the same as you it makes following the diet
more difficult especially when they eat takeaways in front of you.”

Group 3:

“My brother who has diabetes said it is not a life sentence. Then he told me that he will

help me, and I was okay.”

Subtheme: Support from peers

Group 1:

“I believe that talking heals. Sitting with a group of women who are going through the
same experiences eases your anxiety levels. Knowing that you are not alone helps.”
Group 2:

“Sharing experiences and things that work for you with others and hearing their ideas and

experiences helps.”

Subtheme: Self-reliance
Group 2:
“I think it has to come out from you, it is a decision that you have to make to take care of

yourself.”

Theme 5. Women’s understanding of diabetes

Participants who had a family member with diabetes had a better understanding of the

disease, the different types and its underlying causes. A minority were fatalistic regarding
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their future risk of developing diabetes mellitus and although they were aware of the
importance of healthy eating, they did not sustain the changes postpartum because the diet
was not aligned with their personal preferences. Not all participants had undergone an oral
glucose tolerance test at six weeks post-partum, even though this is clinically indicated. One
of the participants did have the test but had not been informed of the results six months later.
Those who were aware of their future risk of developing diabetes mellitus were unsure where

they should go for continued care.

Table 5.5 Quotes of participant’s understanding of diabetes

Subtheme: Diabetes knowledge

Group 1:

“I think that is the reason why you have it is because your family members have it. Not
everybody from the family will get it, like from my family it is only me and we are
four right, it chose me.”

Group 2:

“I was pregnant, and I was telling people I am diabetic they said, ‘Maybe they made a
mistake, how can you be diabetic when you are so thin?’ because they think diabetes is

only for big people.”

Subtheme: Sustainability of healthy choices

Group 1:

“So, | was eating healthy and 1 said | think 1 am doing well so why change and go
back. It is like I have been eating like this forever.”

“My husband liked eating pap (maize meal) and meat, | was only doing vegetables for
myself, but I managed to change him as well.”

Group 2:

“After the pregnancy I am back to my usual diet but less sugar intake.”

Group 3:

“I will start eating the diet again once I have diabetes. I don’t want to lie. [ can’t live

with those kinds of foods every day of my life forever.”
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Subtheme: Awareness of diabetes risk

Group 1:

“I thought about my mother ... I used to see her taking these pills every day and stuff
and I said I don’t want to go to that stage.”

Group 3:

“... having family members who have passed away from diabetes makes me realise I

want to be around for the people I love.”

Theme 6. Unexpected theme

In two of the three FGD, participants said that it would be less stressful to be infected with

HIV than to have diabetes.

At the member checking session, all but one of the participants agreed that living with HIV

would be less stressful than living with diabetes.

Table 5.6. Quotes of unexpected themes

Subtheme: Being HIV positive is preferable to having diabetes
Group 1:

“I would rather be HIV positive than being diabetic, the stress.”
Group 2:

“Having HIV is better than having diabetes because diabetes is stressful”
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5.5 Discussion

To the authors knowledge, this is the first qualitative study of indigenous African women’s
experience of GDM conducted in a LMIC setting. There are commonalities and differences to

the experiences of their international counterparts.

Health care professionals’ interaction with participants.

Patient confusion and disbelief regarding their GDM status was exacerbated by witnessing
the professional discourse on the local implications to the change in GDM diagnostic criteria
on clinical ward rounds. They were also aware of inconsistent screening practices, namely
urine testing or the OGTT. Our participants’ GDM affected pregnancies occurred soon after
the WHO (World Health Organization) revised the GDM diagnostic thresholds in 2013.%
The current South African National Department of Health’s policy on GDM still reflects the
WHO 1999 diagnostic criteria. External shapers such as Government policy and the training
and experience of health care professionals may affect the doctor-patient relationship.
Doctors’ beliefs about the seriousness of GDM affects women’s beliefs and health related
behaviour, as well as their understanding of the long term consequences for the mother and
her offspring.'8218 Uniformity in screening practices with access to screening at all health

care centres may improve the safety of pregnancy.

Although it would have been more convenient to attend the antenatal service of the local
community health clinic, participants were not confident that their GDM would have been
identified there. In South Africa, diagnostic testing and treatment for GDM is carried out only
at hospitals and this is not uncommon in low-middle income countries.”®"? In addition, GDM

is still not recognized as a distinct clinical entity and so treatment is not consistently offered
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in a non-research setting. Treatment of overt diabetes in pregnancy varies between hospitals.
For instance, at the CHBAH diabetes in pregnancy clinic, patients are managed by both
endocrinologists and obstetricians at each visit. At the Rahima Moosa Mother and Child
Academic Hospital which is also a teaching hospital in Johannesburg associated with the
University of the Witwatersrand, endocrinologists are not involved in the care of these
patients. Availability of GDM screening and treatment in low resource settings and less
affluent communities is essential to reduce the morbidity associated with these high-risk

pregnancies.

GDM from the perspective of women affected

Standard care at CHBAH includes the admission of all newly diagnosed GDM patients. This
is not uncommon in LMIC.” This serves to rapidly restore euglycaemia by optimizing
medication doses and this includes the use of insulin. Participants were strongly against
hospital admission, exacerbated by abrasive nursing staff, shortage of beds and unpalatable
hospital food. In addition to their awareness of the shortage of health care resources, they
were uncertain of the benefits of this experience. It is possible that admission for the
intermediate hyperglycaemia of GDM could be avoided because as many as 90% of those
affected do not require medication.'?> Based on an increase in disease prevalence and lower
diagnostic thresholds, an increasing number of women will be diagnosed with GDM with the
likelihood that existing services will be overwhelmed. The need for routine hospital
admission should be re-evaluated when local guidelines for GDM diagnosis and management

are reviewed.
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Dietary advice is a core component of GDM interventions and diabetes prevention programs.
Participants found the prescribed diet as unpalatable, not aligned with their personal
preferences and unsustainable long term. There are reports describing the GDM prescribed
diet as contrary to women’s personal preferences, culturally insensitive and difficult to
follow,17°180.183-186 The \wellbeing of the unborn child and a history of pregnancy loss
compelled women toward dietary adherence until the birth. However, clinicians’ disregard
for individual preferences and circumstances may not facilitate the sustained, lifelong change
necessary to prevent GDM recurrence or the development of overt diabetes. A recent
Cochrane review found no superiority between ten different diets in the primary outcome of
the development of macrosomia in GDM affected pregnancies, nor in the prevention of GDM
development.*8”18 There is no ideal, universally applicable diet for the treatment of GDM.
Rather than adherence to a specific diet, avoiding excess maternal weight gain and lifestyle
change to restore euglycaemia is associated with a reduction in the perinatal morbidity of

GDM .1897191

Participants experienced anxiety, self-blame and guilt secondary to unresolved distress from
previous pregnancy losses, and this has been previously described. %21 Unresolved distress
from their previous experiences affected their response to the GDM diagnosis. Some were
ambivalent regarding knowing their GDM status. Inconsistent health care messages between
the research unit, doctors and nurses may have contributed to this. Pretest counselling prior to
screening may reduce patients’ anxiety. GDM awareness and skills training of doctors,
midwives and lay-health workers at all health care centres will allow consistent delivery of

health care messages.
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Fear of diabetes and HIV

An unexpected finding was the perception by participants that having diabetes is worse than
living with HIV. This may have contributed to the ambivalence some participants
experienced on whether they would have preferred to know their GDM status. DM2 was
reported to be something hidden, a dangerous medical condition that was difficult to diagnose
and treat, with potentially catastrophic consequences. Even if one was formally screened, the
diagnosis may still be missed. The underlying cause of DM was poorly understood by
participants, particularly by those who did not have a positive family history. In South Africa
HIV is the fifth leading cause of death, but the trend for this and other infectious diseases is
decreasing. Diabetes is the leading cause of death of South African women and second
leading cause of all deaths, with an increasing trend for DM and other non-communicable
diseases. Women may benefit from consistent health care information to reduce GDM

associated distress.

Limitations

Participants directed the flow of discussions and subthemes were not consistently generated
within each group. Findings which emerge from FGDs are not equal to the opinions or ideas
of any individual member, nor are they capable of being inferred to any population beyond
the group. This is a known limitation of FGDs as some participants may be more inclined to
dominate the group.t®* The composition of the focus groups was restricted to a single state
sector sample from Soweto. Diverse social, economic and cultural differences are therefore
unlikely. The combined experience of this group may adequately reflect that of an urban

Black South African population with poor obstetric history attending a tertiary health facility.
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Implications for clinical research and practice

Women diagnosed with GDM are at high risk of recurrence in subsequent pregnancies as
well as the development of overt diabetes in both mother and child in later years.* Women
were aware of the association between diabetes and genetic predisposition, obesity and
unhealthy lifestyle choices. There was low awareness that the development of diabetes is
preventable. Perception of risk post-GDM is known to affect lifestyle choices postpartum.%
There is evidence that sustained lifestyle changes of healthy eating, weight loss and exercise
prevent the onset of type 2 diabetes mellitus.1%31 A WHO review of evidence-based diet and
exercise education programs that are effective even in low resource settings discussed
community development campaigns (e.g. diabetes prevention) and targeting high risk groups
(e.g. pre-diabetic women) with group-based activities for homogenous groups of individuals
(e.g. urban black African women)." Intercultural variations in perception of ideal weight
gain and nutrition in pregnancy have been described.!®® Failure to clarify and address these
issues may sabotage the success of GDM interventions in a local population. It may be
necessary to culturally tailor gestational weight gain interventions to optimise health

outcomes and the local acceptability of interventions.
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Chapter 6.

Integrated Discussion
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6.1 Summary of results

The purpose of this research was to investigate the feasibility of a universal screening and
diagnosis program for GDM, using glucometers rather than the laboratory service to measure
glucose, in a low resource CHC in South Africa. Also, qualitative research techniques were
used to examine women’s experience of GDM, for the purpose of informing the development
of a GDM intervention. The specific research objectives and the study findings were
presented as individual manuscripts in Chapters 2-5. A summary of the major findings is

presented in Table 6.1.

Table 6.1. Summary of research questions and major aligned empiric findings.

Research Objective Chapter | Summary of findings

Evaluation of the 2&3 Overall GDM prevalence as defined by all
measurement accuracy of methods of measurement was 16.1%. *

selected plasma GOx and HK methods: GDM prevalence was
calibrated glucometers, 5.1% and 6.9% respectively and laboratories
relative to a laboratory, agreed on 34% of positive diagnoses.

in screening for and [Unexpected finding]

diagnosing GDM. Of the five glucometers evaluated, only three were

accurate and then only at fasting of the OGTT. ™
All glucometers were inaccurate at one and two-
hour of the OGTT. ™

Evaluation of the validity | 4 Sensitivity of FPG > 5.1 mmol/l, FPG > 4.5

of a universally applied mmol/l and > one risk factor * to identify GDM
dual threshold FPG were 88%, 98%, and 71% respectively.

against a selectively Specificities of FPG > 5.1 mmol/l, FPG > 4.5
applied risk factor-based mmol/l and > one risk factor " to identify GDM
screening program to were 100%, 80%, and 57% respectively.

screen for GDM. The number needed to screen based on FPG > 5.1




GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 156

(GOx method = mmol/l, FPG > 4.5 mmol/l and > one risk factor
““were 36 (6.1%), 152 (25.8%) and 262 (44.5%)
of 589 participants respectively and the number of

*

reference)

missed GDM would have been five, one and 12

respectively.

Identify the personal 5 Sharing experiences with their peers provided
experiences of GDM relief from GDM associated anxiety.
affected women. Inconsistency in health care information

exacerbated their confusion.
Dietary requirements were associated with a
subjective loss of autonomy and choices were
perceived to be unpalatable and expensive.
Lifestyle choices were partially retained
postpartum and partially adopted by other family
members.
There was low awareness of long-term risk as well
as when, where and how to screen for DM.
Women reported that living with HIV was
preferable and evoked less stress than having DM.

[Unexpected finding]

* Composite laboratory and glucometer results are presented as supplementary information.
“* The glucometer accuracy results were reported with an HK method as the reference test
because this is used by the NHLS and major private medical laboratories.

*kk

BMI > 30kg/m?

6.2 Reflection on challenges encountered to universal GDM screening

The initial research site setup involved more than accessing material resources and
developing optimal flow for the daily routine of the project. At the beginning, it was

necessary to establish a working relationship with the local clinic staff. The researcher met
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with the clinic manager and the head of the antenatal unit and established that all necessary
permissions were granted. A room within the area of the antenatal clinic was provided for the
project and this ensured that patients and CHC staff had easy access to research staff and
procedures. The researcher was made familiar with the basic functioning of the antenatal
service, the staff structure and the referral system for patients in need of additional services.
Later, all staff of the antenatal unit were invited to a briefing session, where the purpose of

the study and the daily procedures of the project were discussed.

It was also necessary to develop a basic understanding of the women attending the antenatal
service of the CHC, and the researcher had multiple opportunities for this. Women were
recruited from the waiting room of the clinic and at this stage, their basic demographic
information, employment status, level of formal education and past medical and obstetric
history were documented. On the days of the OGTT, between two and twelve women were in
the research room for at least two hours, and usually they chatted with the researcher and
each other between procedures. Themes which emerged from these encounters are discussed

below.

There are public and personal perspectives of pregnancy, and both influence the antenatal
care experience.® There was a wide spectrum of socioeconomic circumstances among the
women attending this clinic. It was not uncommon, for instance, to have a college student
living with her parents who was pregnant for the first time, a woman with five children living
in informal housing and a married office administrator with complex demands on her time,
all chatting about their current pregnancy, between research-related activities. Pregnancy

planning, adapting to the pregnancy, support from their partner and family, awareness of the
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importance of antenatal care and the direct and indirect costs of attending the clinic, all

affected the timing of their first and subsequent antenatal visits.'9%2%

6.2.1 Barriers to women participating in GDM screening

Women are usually healthy when they voluntarily present themselves to the medical
profession in the antenatal period. This is an opportunity to screen for multiple health risks as
well as offer health education messages.’? The consort diagram for participants recruited to
this study (Chapter 4, Figure 4.1) indicated that the majority of women (76.3%) attending this
CHC, were willing and eligible to participate in the GDM screening program. Of those who
were recruited, 68.7% completed an OGTT, meaning that 52.4% of women who attended this
antenatal clinic between April 2016 and May 2017 were formally screened for GDM.

The CHBAH in Soweto, the world’s third biggest hospital, provides services to low,
moderate and high-risk pregnant women.?®* A GDM prevalence study conducted at the
CHBAMH between June 2013 and April 2017 recruited 3656 eligible participants and 1906
(55%) of those recruited completed the OGTT.3® An estimated 17000 births occur annually at
this facility according to the CHBAH website.?’! This implies that an estimated 2.8% of
women who gave birth at this hospital were formally screened for GDM over the duration of
the study. Adam and Rheeder’s GDM prevalence study, which was conducted at an
undisclosed primary health clinic in Johannesburg over 33 months from September 2013 to
June 2016, recruited 1000 participants and 554 (55.4%) of these underwent an OGTT.14
Insight into barriers to participation are important in order to improve the uptake of GDM

screening.
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At Zola CHC in Soweto, where this study was based, possible reasons emerged as to why
women were not screened. A common reason given for not attending their OGTT
appointments was that women had returned to their family home, usually in a rural town.
Gauteng, the smallest but most populous province of South Africa, generates a third of South
Africa’s gross domestic product.?® Of all nine provinces, Gauteng receives the highest
number of migrant workers annually because of better job opportunities.?® In South Africa, it
is not uncommon for women to work in a province away from their family home and this is a
known reason for late antenatal booking.2%® Women booked at this antenatal clinic to confirm
their pregnancy, but they returned home because they preferred to have the birth within the
supportive environment of their family. Families are the main providers of material and

emotional support for women during their pregnancy in South Africa.?%?

Women’s personal and social responsibilities often prevented them from keeping their
appointments. When the OGTT appointment day did not coincide with their routine antenatal
visits, women were more likely to miss their appointments. Those who were employed or
enrolled in tertiary education were reluctant to take extra days off to attend the clinic. There
was also poor attendance when OGTT appointments coincided with the day of collection of
the South African Social Services Agency grant. Due to limited resources within the study,
OGTTs were scheduled for either a Wednesday or Thursday of each week and this was not

always convenient to participants. Where possible, appointments were rescheduled.

High drop-out rates are known to occur when women are required to return for an OGTT on
another day.*” Solutions may include incorporating GDM screening into routine antenatal
care, rather than as a separate and isolated event that requires an additional visit. This may

improve the effectiveness of a GDM screening program. The use of glucometers to measure
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blood glucose concentrations would allow the immediate availability of results and there
would be no need for an additional visit. Ease of test administration (finger-prick rather than
venous puncture) and the reduced cost of testing (ZAR 12.00 rather than ZAR 220.00 for a
complete OGTT) will make screening more cost effective and easier to implement, even in

large and busy health care facilities. GDM screening would therefore be more accessible.

6.2.2 Technical challenges encountered in implementing GDM screening

The diagnostic accuracy of glucometers in screening for and diagnosing GDM were
evaluated according to the STARD guidelines. A reference test (laboratory) was paired with
an index test (glucometer) in each woman screened and the reference test result was used to
determine participants GDM status. Initially, in the pilot phase of the study, there were delays
in obtaining results from the research laboratory (reference test) and so a private medical
laboratory was used as a temporary solution. When the research laboratory results were made
available, dissimilarities between the laboratories results became apparent. The researcher
decided to continue the study, at significantly increased cost, using both laboratories as a
composite reference test. This decision was made in the interest of patient safety, in order to
avoid missing GDM positive women. The protocol was then amended to include the use of
both laboratories as a composite reference test and participants with a positive GDM

diagnosis by either or both laboratories would be offered clinical intervention.

On further review of the literature, the researcher became aware of the absence of a gold
standard for the measurement of plasma glucose, as well as the challenges and controversies
associated with glucose measurement. Explaining the difference between laboratories results

required the examination of laboratory procedures and equipment used, and variations in
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methods of measurement used by the two laboratories were discovered. Subsequent analysis
at the end of the study confirmed the tentative findings of the pilot phase, namely, the poor
intra-individual reproducibility in identifying GDM between the HK and GOx laboratory

methods.

Adam and Rheeder evaluated the accuracy of the Accu-Chek glucometer against a laboratory
for the purpose of diagnosing GDM. The laboratory quality control results were reported but
not necessarily interpreted against recommended standards. Rather than acknowledge the
invalidity of the laboratory glucose measures due to poor quality control results, the authors
concluded that the glucometer was unreliable. The clinicians understandably but incorrectly
assumed that laboratory results were a reliable gold standard. This assumption may

negatively affect patient diagnosis and management.

6.3 Conceptual framework revisited

6.3.1 Government Policy: GDM Screening Procedures

The patient centred conceptual framework was selected for use in this study (Chapter 1.1).
Professional norms, professional training and clinical experience as well as government
policy are external shapers that affect the patient’s health care experience.> The SADH
guidelines for GDM will be updated following the WHO and SEMDSA recommendations.
Clear and consistent recommendations should ensure the success of GDM programs. The
continuation of conventional clinical practice of relying on laboratory services to measure

glucose concentrations may be inappropriate and possibly unjustifiable.
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The widespread use of plasma calibrated glucometers for diagnostic purposes is inevitable
following the endorsement from the WHO and the FIGO.*® In this study, glucometers missed
fewer diagnoses than either laboratory. (Chapter 2; Appendix 111 Supplementary data) It is
possible that they were more effective than the laboratory in identifying GDM positive
women. Glucometers were also easy to use, inexpensive and had a turn-around time of a few
seconds. However, because of the limitations of laboratory methods of measuring glucose

concentrations, there is no reliable system in place to evaluate glucometer accuracy.

This study adds to international evidence of uncertainty in plasma glucose measurements in
diagnosing GDM in routine clinical settings.®> The two calibrated laboratories with
acceptable quality control measures had low agreement on the presence of GDM. The HK
method, which is known to be more specific, is widely used by state-sponsored and private
medical laboratories in South Africa, and this is unlikely to change. Evidence from the Adam
and Rheeder study suggests that maintaining acceptable quality controls is more important
than differences in the selection of enzymatic method of measurement used, to avoid
misdiagnosis of GDM.* Direct comparisons of clinical outcomes of HK and GOx defined
GDM are unlikely. It would be unethical to withhold treatment from GDM positive women

diagnosed by a calibrated laboratory, regardless of the method of measurement used.

The use of a local, routine medical laboratory to calibrate glucometers at regular intervals has
been previously described.?®® This may not be ideal based on the limitations of a routine
laboratory reported in this study (Chapter 3). Preapproval of glucometers’ precision and
system accuracy, by an independent party supervised by government agencies, may improve
the safe use of glucometer for diagnostic purposes.?’ Evaluation processes, reference

methods used and legal and funding issues should be clearly defined and transparent.
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Glucometer quality and accuracy, rather than price, should inform glucometer approval.?

Both pre-marketing and ongoing post-marketing glucometer evaluations are necessary.

6.3.2 Patient centred care

The high recruitment rate in this study indicates that women at this CHC were willing to
participate in this voluntary GDM screening program. However, in the FGD (Chapter 5)
women’s account of their experiences suggests they were not adequately prepared for the
consequences of being diagnosed with GDM. For example, they reported being emotionally
distressed on diagnosis and they remained anxious throughout the pregnancy. They also
assumed that health behaviour changes were necessary only for the duration of the
pregnancy. However, GDM is an index event that heralds a lifetime risk for T2D. Women
would likely benefit from pre-test and post-test counselling before screening for GDM. This
may reduce the risk of emotional distress associated with a GDM diagnosis, facilitate
acceptance of the long-term risk associated with this diagnosis, and improve the likelihood of

retention of health behaviour changes initiated in pregnancy.

The ADA, NICE and SEMDSA recommendations include preconception counselling for
women known to have overt pre-conception DM, but no guidelines are given for pretest
counselling for GDM screening. The NICE guidelines suggest that informed consent, rather
than counselling, is obtained prior to GDM screening and the information that should be
disclosed is prespecified (Table 6.2). The tone of the information disclosed may be
interpreted as dissuasive and possibly untrue. For example, most women with GDM do not

need pharmacological intervention. Education on the need for lifelong health behaviour
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change is unfortunately not included in the recommendations of the ADA, NICE or

SEMDSA.

Table 6.2. NICE recommended disclosures for informed consent prior to GDM
screening.®

1. In some women, gestational diabetes will respond to changes in diet and exercise

2. The majority of women will need oral blood glucose-lowering agents or insulin
therapy if changes in diet and exercise do not control gestational diabetes effectively

3. If gestational diabetes is not detected and controlled, there is a small increased risk
of serious adverse birth complications such as shoulder dystocia

4. A diagnosis of gestational diabetes will lead to increased monitoring, and may lead

to increased interventions, during both pregnancy and labour.

In the SADH guidelines for maternity care, essential screening investigations for pregnant
women include syphilis serology, human immunodeficiency virus (HIV) serology, urine
dipstick for protein and glucose, haemoglobin level and Rhesus (D) blood group. Point of
care testing is used for all these investigations and so results are available on the day of
testing.”> Only HIV testing, a chronic disease which requires ongoing treatment postpartum,
attracts routine pre-test and post-test counselling. In South Africa, the Prevention of Mother-
To-Child HIV Transmission (PMTCT) program reduced the rate of infection of HIV exposed
infants to 2.6% nationally.?®* This approximates the transmission rate under clinical trial

conditions.?%*

Developers of GDM screening programs should consider applying strategies successfully
used in the PMTCT program in a South African setting.”22%2% These include:
e Testing and counselling initiated by the health care worker rather than the patient.
e Patients may refuse testing and should be offered ‘post-refusal’ counselling.

e Group-based pretest counselling.
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e Rapid testing with same day results using glucometers.

e Use of lay counsellors for testing and counselling for optimal use of human resources.
e Ongoing training of staff to ensure the delivery of consistent health care information.
e Male partner involvement and couples counselling.

e Extension of testing and counselling into all health care centres.

e Developing community involvement by:

= creating social spaces for dialogue within communities,

promoting a local sense of ownership of the problem,

= identifying and emphasizing community strengths and resources,
= building knowledge and basic skills,

= mobilizing existing local formal and informal networks,

= building partnerships between local, national and international agencies.

6.4 Recommendations based on research results

“This study adds to existing published research that plasma glucose concentrations measured
by a routine clinical laboratory should be interpreted with caution by clinicains.”%%:145.207
(Chapter 2 and 3) Based on the endorsement of the WHO and the FIGO, previous reports of
under-diagnosis of GDM by routine laboratory services and our research findings, the roll out
of GDM screening using glucometers is possible.®>% In addition, a dual threshold FPG has
greater sensitivity and specificity than a risk factor based selective screening strategy in
identifying GDM positive urban indigenous South African women. Applying a dual FPG
threshold would reduce the number of women requiring a resource intensive complete
OGTT.

Traditional components included in GDM screening and treatment guidelines are diagnostic

thresholds, screening strategies and treatment algorithms. The SEMDSA recommendation of
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2017 includes the comment that “universal screening for gestational diabetes may be adopted
in well-resourced settings”. A systemic inequity of GDM screening in South African
maternity care would be inevitable if this was applied to clinical practice. This should serve
as an urgent stimulus for action in order to reduce GDM related morbidity and mortality in

less affluent communities.

The following measures may address the gaps in GDM screening procedures that currently
exist in South African antenatal services:
e Women should be offered pre-test and post-test counselling.
e Using glucometers to measure plasma glucose concentrations would enable screening
for GDM at the CHC, with the immediate availability of results.
e A dual threshold FPG should be applied at 24-28 weeks' gestation, using glucometers
to measure blood glucose concentrations before proceeding to a complete OGTT.
e Women with overt DM (WHO 2013) should be referred for specialist care.
e Antenatal visits should occur at two-week intervals from the diagnosis of GDM until
the birth.
e Women who fail to maintain euglycaemia as the pregnancy progresses should be

referred for specialist care.

An increased number of women with GDM will need health care support and so efficient
systems are necessary across all levels of health care. Engagement with multidisciplinary
health care professionals is necessary to establish diagnostic and treatment priorities, clinical
guidelines and an optimal referral system for women in need of more advanced care.
Interdisciplinary collaboration is essential for patient safety. Avoidance of excessive delays in

initiating treatment should be emphasised. Once consensus is established, guidelines and
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training should be made available in all institutions and to both midwives and doctors. Robust
medium to long term surveillance systems are necessary to track and manage progress and

obstacles in the implementation of these guidelines.

Changing from selective to universal screening for GDM, and from hospital-based to the
availability of GDM services at all health care centres, should be carefully managed. Pilot
programs are necessary to inform policy formation, planning and implementation of a
universal GDM screening and treatment program. GDM guidelines should be standardized,
with reasonable flexibility, across provinces, in all health care facilities and in both urban and
rural areas. GDM screening should be integrated into basic antenatal care in low resource

settings which should include CHCs.

The responsibility of the laboratory regarding acknowledging the level of accuracy of results
generated is unclear. Chemical pathologists and/or laboratory technicians should be
compelled to disclose the limitations of glucose results based on current laboratory quality
controls. The effect of prolonged laboratory turn-around times should also be disclosed. This
would allow clinicians to make informed decisions, with optimal interpretation of laboratory

results, reducing the likelihood of misdiagnosis and patient mismanagement.

6.5 Strengths and limitations of this research

In this cross-sectional study, participants were recruited consecutively and not preselected
based on prior testing, thus minimizing the risk of bias. In the pilot phase, either rather than
both laboratories were used as the reference test. The pilot phase data were excluded from the

analysis, meaning that all participants were evaluated with a similar, composite reference test
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and this reduced the risk of bias. Diagnostic thresholds were prespecified and identical for
both the index and reference test. Bias was unlikely to affect the diagnostic process of

determining women’s GDM status.

Glucometers are cost effective with a fast turn-around time to results availability and the
finger-prick blood sampling is less invasive than the multiple venous punctures required for
laboratory testing. However, a higher proportion of women were identified as being GDM
positive with the glucometers. It is important to note that one glucometer brand, the
Glucocheck Classic was responsible for 26 of the 48 (54.2%) glucometer false positive GDM
diagnoses. (Chapter 2; Appendix 1l Supplementary data) Appropriate selection of

glucometers may reduce the frequency of misdiagnosis of GDM.

This pragmatic study investigated testing procedures that are simple, economical and feasible
on a large scale. Selected glucometers to measure glucose in the OGTT and screen for GDM
is possible, but caution is indicated. Glucometer results were higher than both laboratories at
all time points of the OGTT. However, this increase was above the ISO 15197:2013
recommended TAE at one and two hours of the OGTT for all glucometers evaluated. There
was variation in the extent of this error between glucometer brands, and it was most

pronounced with the One Touch Select Plus Flex. (Figure 2.1)

In women of South Asian descent, an elevated one and two-hour OGTT result may be more
likely to identify GDM than the FPG.®2 Based on glucometers tendency to overestimate
glucose concentrations at one and two hours of the OGTT, false positives may be more likely
in this subgroup of women. For example, it is possible that South African women of South
Asian descent may be more likely to identify as GDM positive based on an elevated level one

and two hours of the OGTT. There were no participants of Asian descent in this study
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because of the patient profile of this CHC. The use of glucometers for diagnostic purposes

should be examined in a more diverse sample of South Africans.

6.6 Future research

6.6.1 Measurement of glucose

The WHO 2013 diagnostic criteria for GDM requires a single abnormality of the OGTT to
establish a positive diagnosis. Routine clinical laboratories may not be suited for this demand
for accuracy. Due to preanalytical, inter-laboratory variability and inter-method variability,
laboratory methods may not be the ideally suited to measure plasma glucose concentrations
in low resource settings concerned with identifying GDM affected women Future research
should be directed toward glucometer use for diagnostic purposes. Identifying a suitable
reference test for evaluation of glucometers remains a concern. Expert opinion suggests

radiometer arterial blood gas analysers may be used as a reference test against glucometers.1%

6.6.2 Assumption of false positive results

In the absence of a true gold standard, all methods of measurement of blood glucose in a
routine clinical setting are flawed. The limitations of the method of measurement selected for
screening should be taken into consideration. The glucometers, GOx method and HK method
identified a GDM prevalence of 12.7%, 6.9%, and 5.1% respectively. However, the
composite prevalence of GDM using all methods of measurement was 16.1%, and this is not

different from global estimates of GDM. The composite test in the study, which includes all



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 170

glucometers and laboratories, may be more reflective of the true prevalence of GDM in South

Africa.

The laboratory results defined participants’ GDM status in this study, and participants
identified as GDM positive by either or both laboratories were offered clinical intervention.
Participants with a positive GDM diagnosis uniquely identified by glucometers were not
offered clinical intervention. The WHO endorsement of the IADPSG recommendation
included the observation that there is an absence of data on the consequence of false positive
or false negative test results.*’ Based on this study’s results, the definition of a laboratory
false positive and negative test for GDM is unknown. In rolling out GDM screening
programs, clear guidelines on the preferred method of measuring glucose concentration in a
routine clinical setting are necessary. In future studies, all positive cases, whether determined
by glucometer or laboratory, should be offered clinical intervention, until such time as the

definition of a negative GDM test is clarified.

6.6.3 Intervention development

Once identified as having GDM, women should be offered an intervention to restore
euglycaemia in pregnancy. In the FGD sessions (Chapter 5), women reported that informal
peer support provided relief from anxiety and this was also a source of health information.
Women identified as GDM positive in this study were given an intervention which was
delivered at the CHC at two-week intervals by research staff. GDM is currently not a defined
clinical entity and so support was not otherwise available. The intervention delivered
included dietary advice, an exercise program, daily self-monitoring of blood glucose and

FGD of 20-30 minutes duration. The Diabetes Conversation Map was used to deliver health
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information to groups of women. These sessions were well received, and women often
extended their discussions beyond the time allocated. With participant consent, these sessions
were recorded and will be analysed with the intention of refining the intervention. It is
possible that in future, lay-health care workers could be trained to facilitate these peer

support, group based, diabetes education sessions.

6.6.4 Multicentre GDM screening

This pilot study has demonstrated that a GDM screening, diagnosis and lifestyle intervention
program is feasible in a CHC. Recommendations arising from this study should inform a
scaled-up version of this study. A stepped wedge study design would suit this purpose
because it will allow a randomized sequential roll-out of the intervention to a cluster of
CHCs.2%8 At the end of the random allocation, all CHCs in a district would have participated
in the active arm of the intervention. Because the intervention is assumed to be beneficial
rather than causing harm, withholding the intervention from a proportion of participants
would be unethical but unavoidable in a traditional parallel study design. Potential challenges
in a roll-out of the intervention may include logistical, practical and financial constraints, and
a stepped wedge study design will allow the intervention to be implemented in stages. This
study design is also used for cost-effective analysis of interventions that are previously

demonstrated to be effective.?®
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6.7 Conclusion statement

Universal screening for GDM based on a dual threshold FPG in a low resource setting and
this has greater sensitivity and specificity than a risk factor based selective screening strategy.
The use of selected glucometers to measure plasma glucose concentrations is inexpensive,

with reduced turn-around time and possibly less ambiguity than a routine laboratory service.
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6.8 Executive Summary

A South African GDM Screening Strategy

What is the issue?

Revision in current diagnostic thresholds is necessary

Following revised international diagnostic thresholds, the development of a feasible, efficient
and accessible universal GDM screening program is urgently required. The WHO adopted
the stringent diagnostic thresholds for GDM recommended by the IADPSG in 2013. The
SEMDSA adopted the WHO GDM recommendations in 2017. Historically, the South
African National Department of Health guidelines for diabetes care are based on the WHO

and the SEMDSA recommendations.

Disease burden

DM is the second leading cause of death of all South Africans. T2D is preventable and if
identified in the early stages of the disease, may be reversible. GDM is a T2D precursor. The
WHO estimates that 16% of pregnancies are affected by GDM globally.

Two recent South African reports of GDM prevalence are 9.1% and 26.7%.

Screening strategies

South Africa currently has a risk factor based selective screening program for GDM.
Universal screening for GDM is recommended by the IADPSG and the FIGO. GDM
screening is usually done at 24-28 weeks’ gestation with an OGTT. Traditionally, the two-

hour OGTT is dependent on a calibrated laboratory service. The WHO (2016) and the FIGO
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(2015) have endorsed the use of plasma calibrated glucometers for diagnostic purposes, as an
alternative to a laboratory service. The accuracy of these inexpensive devices is not yet

established.

Why is it important?
There is an urgent need to develop a local, sustainable, feasible, cost-effective and
accessible GDM screening program.
Effective screening will allow an opportunity to reduce GDM associated morbidity and
mortality.
Identifying these high-risk individuals will allow early implementation of effective

interventions such as the Diabetes Prevention Program.

What did we do?

This pilot study was concerned with the feasibility of screening for, diagnosing and
offering a lifestyle intervention for GDM within the usual functioning of an urban CHC.
592 consecutive urban black South African women had a modified OGTT to evaluate the
accuracy of five glucometer brands against two calibrated laboratories.

Retrospectively, strategies to reduce the number of women requiring a complete OGTT
were compared, namely, risk-factor based selective screening and a universally applied
FPG.

The experiences of women previously affected by diabetes were examined in a series of

focus group discussions.
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What evidence did we find?

% GDM Prevalence
> The prevalence of GDM by all methods of measuring plasma glucose concentration
was 16%, and this is identical to the estimated global prevalence of GDM.
> The glucometer determined prevalence of GDM was 12.7%
Glucometers were most accurate at fasting of the OGTT.
> Composite laboratory determined prevalence of GDM: 9.0%
Only 34% of GDM positive diagnoses were common to both laboratories.
> An elevated FPG identified >80% of GDM positive diagnoses by all methods.
% OGTT: measuring plasma glucose concentrations
» Glucometers
= Glucometers were inexpensive, easy to use, and results were available in five
seconds.
= Glucometers missed fewer diagnoses than either laboratory. They were effective
in ruling out GDM.
» Laboratory method
= A medical research laboratory used a GOx method and a private medical
laboratory used a hexokinase method to measure plasma glucose.
= A negative systematic bias of the HK method contributed to a low agreement
between laboratories on GDM positive status.
= The HK laboratory missed 23 of the GOx laboratory GDM positive results

The GOx laboratory missed 12 of the HK laboratory GDM positive results.
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= Glucometers missed 3 of the HK and18 of the GOx laboratory GDM positive
results.

This suggests that the glucometers were more accurate than either laboratory.

%+ Screening strategy
» Risk factor-based selective screening indicated:
= 204 of 592 (34.6%) participants needed an OGTT, however, 18 of 41 (43.9%) of
GDM positive cases would have been missed.
= The sensitivity and specificity of > one risk factor was 56% and 67% respectively.
» Universal screening using the FPG indicated:
= 152 of 592 (25.8%) participants needed an OGTT, however, one of 41 (2.4%) of
GDM positive cases were missed.
= The sensitivity and specificity of an elevated FPG was 98% and 80% respectively.
= This suggests that the universal application of the FPG is superior to a risk factor
based selective screening strategy, which is the current South African standard
practice, in identifying GDM affected women.
% Women’s perspective of GDM
Women previously affected by GDM viewed being HIV positive as preferable to having
diabetes, and this may reflect their distress caused by inadequate pre-test counselling,
inconsistent health information, inconsistent screening practices and suboptimal support from
health care professionals.
Adopting a healthy lifestyle was considered as a positive consequence of diagnosis.

Lifestyle changes were partially maintained and positively affected the family.
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What does this mean?

» Universal screening for GDM is feasible in a low resource setting in South Africa,
thus allowing equity in access, regardless of whether women reside in urban or rural

area of South Africa.

» The use of glucometers to screen for GDM
= reduced the number of missed diagnoses; the glucometers were more accurate
than either laboratory in identifying GDM affected women
= results were available within five seconds, thus
+ avoiding the need for an additional antenatal visit
+ reducing the demands on the time of health care professionals
+ allowing the immediate initiation of treatment
+ reducing the inconvenience to women
= By avoiding the need for laboratories in universal screening,
+ the need for additional laboratory services is avoided
«+ the transport of samples in those centers without an on-site laboratory is
avoided
«+ the additional demands on skilled health care professionals is avoided.
= The glucometers required a finger prick rather than the invasive venous punctures
required by a conventional, laboratory requiring OGTT, thus reducing pain and

discomfort to women

» The use of the FPG to screen for GDM
= improved the efficiency and effectiveness of screening by increased the

probability of identifying those affected,
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= reduces the demands of time spent by health care professionals
= reduces the cost of material resources,
= reduces the number of women required to ingest for the unpalatable and nausea

inducing oral glucose solution

CONCLUSION

This pilot study has demonstrated that a universal GDM screening program is feasible in a
low resource CHC. Universal screening for GDM using the FPG and glucometers is feasible
has greater sensitivity and specificity than a risk factor based selective screening strategy,
requires fewer women to undergo a resource-intensive diagnostic OGTT, with reduced turn-
around time and possibly less ambiguity than the costly laboratory measurements of plasma

glucose.



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 179

REFERENCES

1. Mead, N. & Bower, P. Patient-centredness: a conceptual framework and review of the
empirical literature. Soc. Sci. Med. 51, 1087-1110 (2000).

2. Gabbay-Benziv, R. & Baschat, A. A. Gestational diabetes as one of the ‘great
obstetrical syndromes’ - The maternal, placental, and fetal dialog. Best Pract. Res. Clin.
Obstet. Gynaecol. 29, 150-155 (2015).

3. International Association of Diabetes and Pregnancy Study Groups Consensus Panel.
International Association of Diabetes and Pregnancy Study Groups recommendations on the
diagnosis and classification of hyperglycemia in pregnancy. Diabetes Care 33, 676682
(2010).

4. Hod, M., Kapur, A., Sacks, D. A., Hadar, E., Agarwal, M., Di Renzo, G.C., et al. The
International Federation of Gynecology and Obstetrics (FIGO) Initiative on gestational
diabetes mellitus: A pragmatic guide for diagnosis, management, and care. Int. J. Gynecol.
Obstet. 131, S173-S211 (2015).

5. Nadeau, K. J., Anderson, B. J., Berg, E. G., Chiang, J. L., Chou, H., Copeland, K. C.,
et al. Youth-onset type 2 diabetes consensus report: Current status, challenges, and priorities.
Diabetes Care 39, 1635-1642 (2016).

6. World Health Organization. Global report on diabetes 2016. WHO Libr. 978, 88
(2016).

7. World Health Organization | Top 10 causes of death. World Health Organization
(WHO) [Internet]. [updated 2017; accessed 22 Jun 2018] Available at:
http://www.who.int/gho/mortality_burden_disease/causes_death/top_10/en/.

8. Bullard, K. M. K., Saydah, S. H., Imperatore, G., Cowie, C. C., Gregg, E. W., Geiss,

L. S., etal. Secular changes in U.S. prediabetes prevalence defined by hemoglobin A 1c and



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 180

fasting plasma glucose: National Health and Nutrition Examination Surveys, 1999-2010.
Diabetes Care 36, 22862293 (2013).

9. International Diabetes Federation (Editorial), The Lancet Diabetes & Endocrinology.
Diabetes: mapping the titanic struggle ahead. Lancet Diabetes Endocrinol. 6, 1 (2018).

10.  Geiss, L. S., Kirtland, K., Lin, J., Shrestha, S., Thompson, T., Albright, A., et al.
Changes in diagnosed diabetes, obesity, and physical activity prevalence in US counties,
2004-2012. PLoS One 12, (2017).

11.  Selvin, E. & Ali, M. K. Declines in the incidence of diabetes in the U.S.-real progress
or artifact? Diabetes Care 40, 1139-1143 (2017).

12.  Ogurtsova, K., da Rocha Fernandes, J. D., Huang, Y., Linnenkamp, U., Guariguata,
L., Cho, N. H., et al. IDF Diabetes Atlas: Global estimates for the prevalence of diabetes for
2015 and 2040. Diabetes Res. Clin. Pract. 128, 40-50 (2017).

13.  World Health Organisation. Definition and diagnosis of diabetes mellitus and
intermediate hyperglycemia. WHO Libr. 50 (2006). doi:ISBN 92 4 159493 4

14. Ratner, R. E. Prevention of type 2 diabetes in women with previous gestational
diabetes. Diabetes Care 30, 242-245 (2007).

15.  Abdul-Ghani, M. A. & DeFronzo, R. A. Plasma glucose concentration and prediction
of future risk of type 2 diabetes. Diabetes Care 32 Suppl 2, S194-S198 (2009).

16. Kahn, S. E., Hull, R. L. & Utzschneider, K. M. Mechanisms linking obesity to insulin
resistance and type 2 diabetes. Nature 444, 840-846 (2006).

17. Nathan, D. M., Davidson, M. B., DeFronzo, R. A., Heine, R. J., Henry, R. R., Pratley,
R., et al. Impaired fasting glucose and impaired glucose tolerance: Implications for care.

Diabetes Care 30, 753-759 (2007).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 181

18.  Lean, M. E.J,, Leslie, W. S., Barnes, A. C., Brosnahan, N., Thom, G., McCombie, L.
et al. Primary care-led weight management for remission of type 2 diabetes (DIRECT): an
open-label, cluster-randomised trial. Lancet 391, 541-551 (2018).

19.  American Diabetes Association. Standards of Medical Care in Diabetes—2019.
Diabetes Care 42, S4-S6 (2019).

20. Ng, M., Fleming, T., Robinson, M., Thomson, B., Graetz, N., et al. for the GBD 2013
Obesity Collaboration. Global, regional and national prevalence of overweight and obesity in
children and adults 1980-2013: A systematic analysis. Lancet 384, 766781 (2014).

21. NCD Risk Factor Collaboration (NCD-RisC) — Africa Working Group. Trends in
obesity and diabetes across Africa from 1980 to 2014: An analysis of pooled population-
based studies. Int. J. Epidemiol. 46, 1421-1432 (2017).

22. Norris, S. A., Osmond, C., Gigante, D., Kuzawa, C. W., Ramakrishnan, L., Lee, N. R.
et al. Size at birth, weight gain in infancy and childhood, and adult diabetes risk in five low-
or middle-income country birth cohorts. Diabetes Care 35, 72-79 (2012).

23.  World Health Organization. The double burden of malnutrition: policy briefing.
World Heal. Organ. WHO/NMH/NH, 1-12 (2017).

24.  Statistics South Africa. Mortality and causes of death in South Africa, 2016: Findings
from death notification. Stats SA Statistica. [Internet] [updated 2016; accessed Apr 2018]
Available at http://www.statssa.gov.za/publications/P03093/P030932016.pdf.

25.  Peer, N., Kengne, A. P., Motala, A. A. & Mbanya, J. C. Diabetes in the Africa region:
An update. Diabetes Res. Clin. Pract. 103, 197-205 (2014).

26. Hall, V., Thomsen, R. W., Henriksen, O. & Lohse, N. Diabetes in Sub Saharan Africa

1999-2011 Epidemiology and Public Health Implications. BMC Public Health 11, (2011).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 182

27. Matsha, T. E., Hassan, M. S., Kidd, M. & Erasmus, R. T. The 30-year cardiovascular
risk profile of South Africans with diagnosed diabetes, undiagnosed diabetes, pre-diabetes or
normoglycaemia: the Bellville, South Africa pilot study. Cardiovasc. J. Afr. 23, 5-11 (2012).
28.  Peer, N., Steyn, K., Lombard, C., Lambert, E. V., Vythilingum, B. & Levitt, N. S.
Rising diabetes prevalence among urban-dwelling black South Africans. PLoS One 7, (2012).
29.  Statistics South Africa. The South Africa | Know, The Home | Understand. Stats SA
[internet] [updated 2016; accessed 30 Sep 2018]. Available at: http://beta2.statssa.gov.za/.
30. Dabelea, D., Snell-Bergeon, J. K., Hartsfield, C. L., Bischoff, K. J., Hamman, R. F. &
McDuffie, R. S. Increasing prevalence of gestational diabetes mellitus (GDM) over time and
by birth cohort: Kaiser Permanente of Colorado GDM screening program. Diabetes Care 28,
579-584 (2005).

31. Fadl, H. & Simmons, D. Trends in diabetes in pregnancy in Sweden 1998-2012. BMJ
open Diabetes Res. Care 4, (2016).

32.  Zhang, F., Dong, L., Zhang, C. P., Li, B., Wen, J., Gao, W. et al. Increasing
prevalence of gestational diabetes mellitus in Chinese women from 1999 to 2008. Diabet.
Med. 28, 652-657 (2011).

33.  Waugh, N., Pearson, D. & Royle, P. Screening for hyperglycaemia in pregnancy:
Consensus and controversy. Best Pract. Res. Clin. Endocrinol. Metab. 24, 553-571 (2010).
34. Macaulay, S., Dunger, D. B. & Norris, S. A. Gestational diabetes mellitus in Africa:
A systematic review. PLoS One 9, (2014).

35. Macaulay, S., Ngobeni, M., Dunger, D. B. & Norris, S. A. The prevalence of
gestational diabetes mellitus amongst black South African women is a public health concern.

Diabetes Res. Clin. Pract. 139, 278-287 (2018).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 183

36.  Adam, S. & Rheeder, P. Screening for gestational diabetes mellitus in a South African
population: Prevalence, comparison of diagnostic criteria and the role of risk factors. South
African Med. J. 107, 523-527 (2017).

37.  Baz, B., Riveline, J. P. & Gautier, J. F. Gestational diabetes mellitus: Definition,
aetiological and clinical aspects. Eur. J. Endocrinol. 174, R43-R51 (2016).

38. Barbour, L. A. Metabolic culprits in obese pregnancies and gestational diabetes
mellitus: Big babies, big twists, big picture. Diabetes Care 42, 718-726 (2019).

39. Law, K. P. & Zhang, H. The pathogenesis and pathophysiology of gestational
diabetes mellitus: Deductions from a three-part longitudinal metabolomics study in China.
Clin. Chim. Acta 468, 60—70 (2017).

40. Meek, C. L. Natural selection? The evolution of diagnostic criteria for gestational
diabetes. Ann. Clin. Biochem. 54, 33-42 (2017).

41.  Al-Saeed, A. H., Constantino, M. ., Molyneaux, L., D'Souza, M., Limacher-Gisler,
F., Luo, C., et al. An inverse relationship between age of type 2 diabetes onset and
complication risk and mortality: The impact of youth-onset type 2 diabetes. Diabetes Care
39, 823-829 (2016).

42. HAPO Study Cooperative Research Group. Hyperglycaemia and adverse pregnancy
outcomes. N. Engl. J. Med. 358, 1991-2002 (2008).

43. HAPO Follow-Up Study Cooperative Research Group. Hyperglycemia and Adverse
Pregnancy Outcome Follow-Up Study (HAPO FUS). Diabetes Care 42, 381-392 (2019).
44, Kubo, A., Ferrara, A., Windham, G. C., Greenspan, L. C., Deardorff, J., Hiatt, R. A.
et al. Maternal hyperglycemia during pregnancy predicts adiposity of the offspring. Diabetes

Care 37, 2996-3002 (2014).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 184

45, Hanson, M. A., Gluckman, P. D., Ma, R. C. W., Matzen, P. & Biesma, R. G. Early
life opportunities for prevention of diabetes in low- and middle-income countries. BMC
Public Health 12, (2012).

46. Monteiro, L. J., Norman, J. E., Rice, G. E. & lllanes, S. E. Fetal programming and
gestational diabetes mellitus. Placenta 48, S54-S60 (2016).

47.  World Health Organization. Diagnostic Criteria and Classification of Hyperglycaemia
First Detected in Pregnancy. World Heal. Organ. WHO/NMH/MN, 1-63 (2013).

48. Mcintyre, D., Desoye, G., Dunne, F., Simeoni, U., Visser, H. A., Kapur, A., et al.
FIGO analysis of research priorities in hyperglycemia in pregnancy. Diabetes Res. Clin.
Pract. 145, 5-14 (2018).

49, Ramos, A., Caimari, F., Pujol, I. M., Garcia-Patterson, A., Ginovart, G., Adelantado,
J. M., et al. In women with gestational diabetes mellitus factors influencing growth have a
larger effect on placental weight than on birth weight. Eur. J. Obstet. Gynecol. Reprod. Biol.
202, 60-65 (2016).

50. Desoye, G. & Hauguel-De Mouzon, S. The human placenta in gestational diabetes
mellitus: The insulin and cytokine network. Diabetes Care 30, S120-S126 (2007).

51.  South African National Department of Health. Saving Mothers 2014-2016: Seventh
triennial report on confidential enquiries into maternal deaths in South Africa: Short report.
[Internet] [updated 2016; accessed Apr 2017]. Available at
https://www.sasog.co.za/Content/Docs/Saving_Mothers.pdf.

52. Michalow, J., Chola, L., McGee, S., Tugendhaft, A., Pattinson, R., Kerber, K., et al.
Triple return on investment: the cost and impact of 13 interventions that could prevent
stillbirths and save the lives of mothers and babies in South Africa. BMC Pregnancy

Childbirth 15, 1-13 (2015).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 185

53. Huddle, K. R. Audit of outcomes of pregnancy in diabetic women in Soweto, South
Africa, 1992 - 2002. South African Med. J. 95, 789-794 (2005).

54.  Sacks, D. B. Diagnosis of gestational diabetes mellitus: It is time for international
consensus. Clin. Chem. 60, 141-143 (2014).

55.  American Diabetes Asociation. Standards of Medical care in Diabetes 2009. Diabetes
Care 32, S13-S61 (2009).

56. Nielsen, K. K., Kapur, A., Damm, P., de Courten, M. & Bygbjerg, I. C. From
screening to postpartum follow-up — the determinants and barriers for gestational diabetes
mellitus services, a systematic review. BMC Pregnancy Childbirth 14, (2014).

57. Benhalima, K., Mathieu, C., Van Assche, A., Damm, P., Devlieger, R., Mahmood, T.,
et al. Survey by the European Board and College of Obstetrics and Gynaecology on screening
for gestational diabetes in Europe. Eur. J. Obstet. Gynecol. Reprod. Biol. 201, 197-202
(2016).

58. National Institute for Health and Care Excellence. Diabetes in pregnancy:
management from preconception to the postnatal period. National Institute for Health and
Care Excellence (2015). [Internet] Available at https://www.nice.org.uk/guidance/ng3.
Accessed on 30 May 2017

59.  Guideline Committee. The 2017 SEMDSA Guideline for the Management of Type 2
Diabetes. J. Endocrinol. Metab. Diabetes South Africa 22, S104-S107 (2017).

60.  American Diabetes Association. Standards of Medical Care in Diabetes 2016.
Diabetes Care 39, S13-598 (2016).

61. Guideline Committee. The 2012 SEMDSA Guideline for the Management of Type 2
Diabetes. J. Endocrinol. Metab. Diabetes South Africa 17, S76-S78 (2012).

62. Simmons, D., McEIlduff, A., Mclintyre, H. D. & Elrishi, M. Gestational diabetes

mellitus: NICE for the U.S.? Diabetes Care 33, 34-37 (2010).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 186

63. HAPO Study Cooperative Research Group. Frequency of gestational diabetes mellitus
at collaborating centers based on IADPSG Consensus. Diabetes Care 35, 526-528 (2012).
64. Nesbitt, G. S., Smye, M., Sheridan, B., Lappin, T. R. & Trimble, E. R. Integration of
local and central laboratory functions in a worldwide multicentre study: Experience from the
Hyperglycemia and Adverse Pregnancy Outcome ( HAPO ) Study. Clin. Trials 3, 397-407
(2006).

65. Meek, C. L., Lewis, H. B., Patient, C., Murphy, H. R. & Simmons, D. Diagnosis of
gestational diabetes mellitus: falling through the net. Diabetologia 58, 2003-2012 (2015).

66. Romero, R. Giants in Obstetrics and Gynecology: A profile of Donald R. Coustan,
MD. Am. J Obs. Gynaecolerican J Obs. Gynaecol 217, 505-511 (2017).

67. Duran, A., Saenz, S., Torrejon, M. J., Bordiu, E., Del Valle, L., Galindo, M., et al.
Introduction of IADPSG criteria for the screening and diagnosis of gestational diabetes
mellitus results in improved pregnancy outcomes at a lower cost in a large cohort of pregnant
women: The St. Carlos gestational diabetes study. Diabetes Care 37, 2442-2450 (2014).

68. Lohse, N., Marseille, E. & Kahn, J. G. Development of a model to assess the cost-
effectiveness of gestational diabetes mellitus screening and lifestyle change for the
prevention of type 2 diabetes mellitus. Int. J. Gynecol. Obstet. 115, S20-S25 (2011).

69.  Canadian Diabetes Association. Clinical Practice Guidelines. Can. J. Diabetes 42,
S1-S342 (2018).

70. Utz, B., Kolsteren, P. & De Brouwere, V. A snhapshot of current gestational diabetes
management practices from 26 low-income and lower-middle-income countries. Int. J.
Gynecol. Obstet. 134, 145-150 (2016).

71. Olagbuji, B. N., Atiba, A. S., Olofinbiyi, B. A., Akintayo, A. A., Awoleke, J. O., Ade-
Ojo, I. P., et al. Prevalence of and risk factors for gestational diabetes using 1999, 2013 WHO

and IADPSG criteria upon implementation of a universal one-step screening and diagnostic



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 187

strategy in a sub-Saharan African population. Eur. J. Obstet. Gynecol. Reprod. Biol. 189, 27—
32 (2015).

72.  South African National Department of Health. Guidelines for Maternity Care in South
Africa. A manual for clinics, community health centres and district hospitals. 1-174 (2015).
[Internet] [updated 2015; accessed 20 Feb 2017]. Available at www.health.gov.za > policies-
and-guidelines » category » 230-2015p.

73.  Agarwal, M. M., Weigl, B. & Hod, M. Gestational diabetes screening: The low-cost
algorithm. Int. J. Gynecol. Obstet. 115, S30-S33 (2011).

74.  Andermann, A., Blancquaert, I., Beauchamp, S. & Déry, V. Revisiting Wilson and
Jungner in the genomic age: A review of screening criteria over the past 40 years. Bulletin of
the World Health Organization 86, (2008).

75. Kanguru, L., Bezawada, N., Hussein, J. & Bell, J. The burden of diabetes mellitus
during pregnancy in low- and middle-income countries: A systematic review. Glob. Health
Action 7, (2014).

76. Nielsen, K. K., de Courten, M. & Kapur, A. The urgent need for universally
applicable simple screening procedures and diagnostic criteria for gestational diabetes
mellitus - lessons from projects funded by the World Diabetes Foundation. Glob. Health
Action 5, (2012).

77.  Trujillo, J., Vigo, A., Duncan, B. B., Falavigna, M., Wendland, E. M., Campos, M.
A., et al. Impact of the International Association of Diabetes and Pregnancy Study Groups
criteria for gestational diabetes. Diabetes Res. Clin. Pract. 108, 288-295 (2015).

78. Farrar, D., Simmonds, M., Bryant, M., Lawlor, D. A., Dunne, F., Tuffnell, D., et al.
Risk factor screening to identify women requiring oral glucose tolerance testing to diagnose
gestational diabetes: A systematic review and meta-analysis and analysis of two pregnancy

cohorts. PLoS One 12, (2017).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 188

79. Murphy, N. M., McCarthy, F. P., Khashan, A. S., Myers, J. E., Simpson, N. A.B.,
Kearney, P. M. et al. Compliance with National Institute of Health and Care Excellence risk-
based screening for gestational diabetes mellitus in nulliparous women. Eur. J. Obstet.
Gynecol. Reprod. Biol. 199, 60-65 (2016).

80.  Di Cianni, G., Gualdani, E., Berni, C., Meucci, A., Roti, L., Lencioni, C., et al.
Screening for gestational diabetes in Tuscany, Italy. A population study. Diabetes Res. Clin.
Pract. 132, 149-156 (2017).

81. Hayes, L., Bilous, R., Bilous, M., Brandon, H., Crowder, D., Emmerson, C. et al. et
al. Universal screening to identify gestational diabetes: A multi-centre study in the North of
England. Diabetes Res. Clin. Pract. 100, e74—e77 (2013).

82. Berger, H. & Sermer, M. Counterpoint: Selective screening for gestational diabetes
mellitus. Diabetes Care 32, 1352-1354 (2009).

83. Lamain-de Ruiter, M., Kwee, A., Naaktgeboren, C. A., de Groot, I., Evers, I. M.,
Groenendaal, F., et al. External validation of prognostic models to predict risk of gestational
diabetes mellitus in one Dutch cohort: prospective multicentre cohort study. BMJ 354, 14338
(2016).

84. Mwanri, A. W., Kinabo, J., Ramaiya, K. & Feskens, E. J. M. Gestational diabetes
mellitus in sub-Saharan Africa: systematic review and meta-regression on prevalence and risk
factors. Trop. Med. Int. Health 20, 983-1002 (2015).

85. Utz, B., Delamou, A., Belaid, L. & De Brouwere, V. Detection and management of
diabetes during pregnancy in low resource settings: Insights into past and present clinical
practices. J. Diabetes Res. Article ID 3217098, (2016).

86.  Trujillo, J., Vigo, A., Reichelt, A., Duncan, B. B. & Schmidt, M. I. Fasting plasma
glucose to avoid a full OGTT in the diagnosis of gestational diabetes. Diabetes Res. Clin.

Pract. 105, 322-326 (2014).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 189

87.  The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus.
Report of the Expert Committee on the diagnosis and classification of diabetes mellitus.
Diabetes Care 20, 1183-1197 (1997).

88.  Sacks, D. B., Arnold, M., Bakris, G. L., Bruns, D. E., Horvath, A. R., Kirkman, M. S.,
et al. Guidelines and recommendations for laboratory analysis in the diagnosis and
management of diabetes mellitus. Diabetes Care 34, e61-€99 (2011).

89. Donovan, L., Hartling, L., Muise, M., Guthrie, A., Vandermeer, B., Dryden, D. M., et
al. Screening tests for gestational diabetes: A systematic review for the U.S. Preventative
Services Task Force. Ann. Intern. Med. 159, 115-122 (2013).

90. Bonongwe, P., Lindow, S. W. & Coetzee, E. J. Reproducibility of a 75 g oral glucose
tolerance test in pregnant women. J. Perinat. Med. 43, 333-338 (2015).

91.  AKinci, B., Celtik, A., Yener, S. & Yesil, S. Is fasting glucose level during oral
glucose tolerance test an indicator of the insulin need in gestational diabetes? Diabetes Res.
Clin. Pract. 82, 219-225 (2008).

92. Legardeur, H., Girard, G., Journy, N., Ressencourt, V., Durand-Zaleski, 1.,
Mandelbrot, L., et al. Factors predictive of macrosomia in pregnancies with a positive oral
glucose challenge test: Importance of fasting plasma glucose. Diabetes Metab. 40, 43-48
(2014).

93.  Caudana, A. E. L., Ridaura, R. L., Villalpando, C. G., Ponce, E. C. L., Lopez, E. M.,
Avila, M., et al. Prediction of alterations in glucose metabolism by glucose and insulin
measurements in early pregnancy. Arch. Med. Res. 42, 70-76 (2011).

94, Harrison, C. L., Lombard, C. B., East, C., Boyle, J. & Teede, H. J. Risk stratification
in early pregnancy for women at increased risk of gestational diabetes. Diabetes Res. Clin.

Pract. 107, 61-68 (2015).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 190

95.  Agarwal, M. M., Punnose, J. & Dhatt, G. S. Gestational diabetes: Problems associated
with the oral glucose tolerance test. Diabetes Res. Clin. Pract. 63, 73-74 (2004).

96.  Sievenpiper, J. L., Jenkins, D. J. A., Josse, R. G. & Vuksan, V. Dilution of the 75-¢g
oral glucose tolerance test improves overall tolerability but not reproducibility in subjects
with different body compositions. Diabetes Res. Clin. Pract. 51, 87-95 (2001).

97.  Sacks, D. B., Coustan, D. R., Cundy, T., Donovan, L. & Hod, M. Gestational diabetes
mellitus: Why the controversy? Clin. Chem. 64, 431-438 (2018).

98.  Pasqualetti, S., Braga, F. & Panteghini, M. Pre-analytical and analytical aspects
affecting clinical reliability of plasma glucose results. Clin. Biochem. 50, 587-594 (2017).
99. vanden Berg, S. A. A., de Groot, M. J. M., Salden, L. P. W., Draad, P. J. G. J.,
Dijkstra, I. M., Lunshof, S., et al. Pregnancy diabetes: A comparison of diagnostic protocols
based on point-of-care, routine and optimized laboratory conditions. Sci. Rep. 5, 16302
(2015).

100. Daly, N., Flynn, I., Carroll, C., Farren, M., Mckeating, A. & Turner, M. J. Impact of
implementing preanalytical laboratory standards on the diagnosis of gestational diabetes
mellitus: A Prospective observational study. Clin. Chem. 62, 387-391 (2016).

101. Munang, Y. N., Noubiap, J. J., Danwang, C., Sama, J. D., Azabji-Kenfack, M.,
Mbanya, J. C., et al. Reproducibility of the 75 g oral glucose tolerance test for the diagnosis
of gestational diabetes mellitus in a sub-Saharan African population. BMC Res. Notes 10, 622
(2017).

102. Mishra, S., Rao, C. R. & Shetty, A. Trends in the diagnosis of gestational diabetes
mellitus. Scientifica. Article ID 5489015 (2016).

103. Theodorsson, E., Magnusson, B. & Leito, I. Bias in clinical chemistry. Bioanalysis 6,

28552875 (2014).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 191

104. Hagvik, J. Glucose measurement: time for a gold standard. J. Diabetes Sci. Technol.
1, 169-172 (2007).

105. Schroeder, L. F. & Amukele, T. Medical laboratories in sub-Saharan Africa that meet
international quality standards. Am. J. Clin. Pathol. 141, 791-795 (2014).

106. World Health Organization. WHO | Countries. [Internet] World Health Organization
[Updated 2018; Accessed May 2019]. Available at: http://www.who.int/countries/en/.

107. American Diabetes Association. Management of diabetes in pregnancy: Standards of
medical care in diabetes. Diabetes Care 42, S165-S172 (2019).

108. Perera, N. J., Molyneaux, L., Constantino, M. ., McGill, M., Yue, D. K. S., Twigg, S.
M., et al. Suboptimal performance of blood glucose meters in an antenatal diabetes clinic.
Diabetes Care 34, 335-337 (2011).

109. Parwaiz, M., Lunt, H., Florkowski, C. M., Logan, F. J., Irons, L., Perwick, C., etal.
Assessment of glucose meter performance at the antenatal diabetes clinic: exploration of
patient-related and pre-analytical factors. Ann. Clin. Biochem. 51, 47-53 (2014).

110. Daly, N., Carroll, C., Flynn, ., Harley, R., Maguire, P. J., Turner, M. J., et al.
Evaluation of point-of-care maternal glucose measurements for the diagnosis of gestational
diabetes mellitus. BJOG. 124, 1746-1752 (2017).

111. Daly, N. & Turner, M. Laboratory diagnosis of gestational diabetes mellitus. BJOG
123, 1430-1433 (2016).

112.  Freckmann, G., Schmid, C., Baumstark, A., Pleus, S., Link, M., Haug, C., et al.
System accuracy evaluation of 43 blood glucose monitoring systems for self-monitoring of
blood glucose according to DIN EN 1SO 15197. J. Diabetes Sci. Technol. 6, 1060-1075

(2012).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 192

113.  Mwanri, A. W., Kinabo, J., Ramaiya, K. & Feskens, E. J. M. Prevalence of
gestational diabetes mellitus in urban and rural Tanzania. Diabetes Res. Clin. Pract. 103, 71—
78 (2014).

114. Utz, B., Assarag, B., Smekens, T., Ennassiri, H., Lekhal, T., EI Ansar, N., et al.
Detection and initial management of gestational diabetes through primary health care services
in Morocco: An effectiveness- implementation trial. PLoS ONE 13, e0209322. (2018).

115. Bhavadharini, B., Mahalakshmi, M. M., Maheswari, K., Kalaiyarasi, G., Anjana, R.
M., Deepa, M., et al. Use of capillary blood glucose for screening for gestational diabetes
mellitus in resource-constrained settings. Acta Diabetol. 53, 91-97 (2016).

116. Clarke, S. F. & Foster, J. R. A history of blood glucose meters and their role in self-
monitoring of diabetes mellitus. Br. J. Biomed. Sci. 69, 83-93 (2012).

117. Moodley, N., Ngxamngxa, U., Turzyniecka, M. J. & Pillay, T. S. Historical
perspectives in clinical pathology: A history of glucose measurement. J. Clin. Pathol. 68,
258-264 (2015).

118. Buhling, K. J., Wolfgang, H., Kjos, S. L., Siebert, G., Starr, E., Dreweck, C., et al.
Comparison of point-of-care-testing glucose meters with standard laboratory measurement of
the 50 g glucose challenge test during pregnancy. Clin. Biochem. 36, 333-337 (2003).

119. Yoo, E.-H. & Lee, S.-Y. Glucose Biosensors: An Overview of use in clinical practice.
Sensors 10, 4558-4576 (2010).

120. Klonoff, D. C. & Reyes, J. S. Do currently available blood glucose monitors meet
regulatory standards? 1-day public meeting in Arlington, Virginia. J. Diabetes Sci. Technol.
7,1071-1083 (2013).

121. Freckmann, G., Schmid, C., Baumstark, A., Rutschmann, M., Haug, C., Heinemann,
L., et al. Analytical performance requirements for systems for self-monitoring of blood

glucose with focus on system accuracy. J. Diabetes Sci. Technol. 9, 885-894 (2015).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 193

122.  Freckmann, G., Baumstark, A., Schmid, C., Pleus, S., Link, M. & Haug, C.
Evaluation of 12 Blood Glucose Monitoring Systems for Self-Testing: System Accuracy and
Measurement Reproducibility. Diabetes Technol. Ther. 16, 113-122 (2014).

123.  Mclntyre, H. D., Oats, J. J. N., Zeck, W., Seshiah, V. & Hod, M. Matching diagnosis
and management of diabetes in pregnancy to local priorities and resources: An international
approach. Int. J. Gynecol. Obstet. 115, S26-S29 (2011).

124. Nielsen, K. K., De Courten, M. & Kapur, A. Health system and societal barriers for
gestational diabetes mellitus (GDM) services - Lessons from World Diabetes Foundation
supported GDM projects. BMC Int. Health Hum. Rights 12, 1 (2012).

125.  Brown, J., Alwan, N. A., West, J., Brown, S., Mckinlay, C. J.D., Farrar, D., et al.
Lifestyle interventions for the treatment of women with gestational diabetes. Cochrane
Database of Systematic Reviews. CD011970 (2017).

126. Crandall, J. P., Knowler, W. C., Kahn, S. E., Florez, J. C., Bray, G. A., Haffner, S.
M., et al. The prevention of type 2 diabetes. Nat. Clin. Pract. Endocrinol. Metab. 4, 382-393
(2008).

127. Hoskin, M. A., Bray, G. A., Hattaway, K., Khare-Ranade, P. A., Pomeroy, J., Semler,
L. N, et al, for the Prevention Program Research Group. Prevention of diabetes through the
lifestyle intervention: Lessons learned from the Diabetes Prevention Program and Outcomes
Study and its translation to practice. Curr Nutr Rep 3, 364-378 (2014).

128. Dasgupta, K., Terkildsen Maindal, H., Kragelund Nielsen, K. & O’Reilly, S.
Achieving penetration and participation in diabetes after pregnancy prevention interventions
following gestational diabetes: A health promotion challenge. Diabetes Res. Clin. Pract. 145,
200-213 (2018).

129. Carolan-Olah, M. C. Educational and intervention programmes for gestational

diabetes mellitus management: An integrative review. Collegian 23, 103-114 (2016).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 194

130. Lipscombe, L. L., Banerjee, A., T., McTavish, S., Mukerji, G., Lowe, J., Ray, J., et al.
Readiness for diabetes prevention and barriers to lifestyle change in women with a history of
gestational diabetes mellitus: Rationale and study design. Diabetes Res. Clin. Pract. 106, 57—
66 (2014).

131. Bentley-Lewis, R., Levkoff, S., Stuebe, A. & Seely, E. W. Gestational diabetes
mellitus: postpartum opportunities for the diagnosis and prevention of type 2 diabetes
mellitus. Nat. Clin. Pract. Endocrinol. Metab. 4, 552-558 (2008).

132.  Van Ryswyk, E. M., Middleton, P. F., Hague, W. M. & Crowther, C. A. Women’s
views on postpartum testing for type 2 diabetes after gestational diabetes: Six-month follow-
up to the DIAMIND randomised controlled trial. Prim. Care Diabetes 10, 91-102 (2016).
133. Paez, K. A., Eggleston, E. M., Griffey, S. J., Farrar, B., Smith, J., Thompson, J., et al.
Understanding why some women with a history of gestational diabetes do not get tested for
diabetes. Women's Heal. Issues 24, e373—-e379 (2014).

134. Infanti, J. J., O’Dea, A., Gibson, 1., McGuire, B. E., Newell, J., Glynn, L. G., et al.
Reasons for participation and non-participation in a diabetes prevention trial among women
with prior gestational diabetes mellitus (GDM). BMC Med. Res. Methodol. 14, 1-13 (2014).
135. Muhwava, L. S., Murphy, K., Zarowsky, C. & Levitt, N. Policies and clinical
practices relating to the management of gestational diabetes mellitus in the public health
sector, South Africa — a qualitative study. BMC Health Serv. Res. 18, 1-16 (2018).

136. Glazier, R. H., Bajcar, J., Kennie, N. R. & Willson, K. A systematic review of
interventions to improve diabetes care in socially disadvantaged populations. Diabetes Care
29, 1675-1688 (2006).

137. Attridge, M., Creamer, J., Ramsden, M., Cannings-John, R. & Hawthorne, K.
Culturally appropriate health education for people in ethnic minority groups with type 2

diabetes mellitus. Cochrane database Syst. Rev. 9, CD006424 (2014).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 195

138. Hernandez, T. L. & Brand-Miller, J. C. Nutrition therapy in gestational diabetes
mellitus: Time to move forward. Diabetes Care 41, 1343-1345 (2018).

139. Yamamoto, J. M., Kellett, J. E., Balsells, M., Garcia-Patterson, A., Hadar, E., Sola, I.,
et al. Gestational diabetes mellitus and diet: A systematic review and meta-analysis of
randomized controlled trials examining the impact of modified dietary interventions on
maternal glucose control and neonatal birth weight. Diabetes Care 41, 1346-1361 (2018).
140. Han, S., Middleton P., Shepherd E., Van Ryswyk E. & Crowther C. A. Different
types of dietary advice for women with gestational diabetes mellitus. Cochrane database
Syst. Rev. 3, CD009275 (2013).

141. Reaney, M., Eichorst, B. & Gorman, P. From acorns to oak trees: The development
and theoretical underpinnings of diabetes conversation map education tools. Diabetes Spectr.
25, 111-116 (2012).

142. Dorland, K. & Liddy, C. A pragmatic comparison of two diabetes education programs
in improving type 2 diabetes mellitus outcomes. BMC Res. Notes 7, 1-6 (2014).

143. Mash, B, Levitt, N., Steyn, K., Zwarenstein, M. & Rollnick, S. Effectiveness of a
group diabetes education programme in underserved communities in South Africa: pragmatic
cluster randomized control trial. BMC Fam. Pract. 13, 1-7 (2012).

144. Mansell, E., Lunt, H. & Docherty, P. Laboratory diagnosis of gestational diabetes: An
in-silico investigation into the effects of pre-analytical processing on the diagnostic
sensitivity and specificity of the oral glucose tolerance test. Clin. Biochem. 50, 506-512
(2017).

145. Adam, S. & Rheeder, P. Evaluating the utility of a point-of-care glucometer for the
diagnosis of gestational diabetes. Int. J. Gynecol. Obstet. 141, 91-96 (2017).

146. Gambino, R. Glucose: A simple molecule that is not simple to quantify. Clin. Chem.

53, 2040-2041 (2007).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 196

147.  Giampietro, O., Pilo, A., Buzzigoli, G., Boni, C. & Navalesi, R. Four methods for
glucose assay compared for various glucose concentrations and under different conditions.
Clin. Chem. 28, 2405-7 (1982).

148. Twomey, P. J. Plasma glucose measurement with the Yellow Spring Glucose 2300
STAT and the Olympus AU640. J. Clin. Pathol. 57, 752-754 (2004).

149. Agarwal, M. M., Dhatt, G. S. & Othman, Y. Gestational diabetes mellitus prevalence:
Effect of the laboratory analytical variation. Diabetes Res. Clin. Pract. 109, 493-499 (2015).
150. Shen, S., Lu, J., Zhang, L., He, J., Li, W., Chen, N., et al. Single fasting plasma
glucose versus 75 g oral glucose-tolerance test in prediction of adverse perinatal outcomes: A
cohort study. EBio Medicine 16, 284-291 (2017).

151. O’Dea, A., Infanti, J. J., Gillespie, P., Tummon, O., Fanous, S., Glynn, L. G., et al.
Screening uptake rates and the clinical and cost effectiveness of screening for gestational
diabetes mellitus in primary versus secondary care: study protocol for a randomised
controlled trial. Trials 15, 1-9 (2014).

152. Donovan, L. E., Edwards, A. L., Savu, A., Butalia, S., Ryan, E. A., Johnson, J. A., et
al. Population-level outcomes with a 2-step approach for gestational diabetes screening and
diagnosis. Can. J. Diabetes 41, 596-602 (2017).

153. Eades, C. E., Cameron, D. M. & Evans, J. M. M. Prevalence of gestational diabetes
mellitus in Europe: A meta-analysis. Diabetes Res. Clin. Pract. 129, 173-181 (2017).

154. Tamayo, T., Tamayo, M., Rathmann, W. & Potthoff, P. Prevalence of gestational
diabetes and risk of complications before and after initiation of a general systematic two-step
screening strategy in Germany (2012-2014). Diabetes Res. Clin. Pract. 115, 1-8 (2016).
155. Schwartz, N., Nachum, Z. & Green, M. S. The prevalence of gestational diabetes
mellitus recurrence - Effect of ethnicity and parity: A meta-analysis. Am. J. Obstet. Gynecol.

213, 310-317 (2015).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 197

156. Dickson, L. M., Buchmann, E. J., Janse van Rensburg, C. & Norris, S. A. Accuracy of
five plasma calibrated glucometers to screen for and diagnose gestational diabetes mellitus in
a low resource clinic setting. J. Clin. Transl. Endocrinol. 16, 100174 (2019).

157. Veeraswamy, S., Vijayam, B., Gupta, V. K. & Kapur, A. Gestational diabetes: The
public health relevance and approach. Diabetes Res. Clin. Pract. 97, 350-358 (2012).

158. Agarwal, M. M., Dhatt, G. S., Punnose, J. & Koster, G. Gestational diabetes in a high-
risk population: using the fasting plasma glucose to simplify the diagnostic algorithm. Eur. J.
Obstet. Gynecol. Reprod. Biol. 120, 39-44 (2005).

159. Dickson, L. M., Buchmann, E. J., Janse Van Rensburg, C. & Norris, S. A. The impact
of differences in plasma glucose between glucose oxidase and hexokinase methods on
estimated gestational diabetes mellitus prevalence. Sci. Rep. 9, 7238 (2019).

160. Fakier, A., Petro, G. & Fawcus, S. Mid-upper arm circumference: A surrogate for
body mass index in pregnant women. South African Med. J. 107, 606-610 (2017).

161. WHO Technical Report Series. Obesity: preventing and managing the global
epidemic. WHO, Geneva 894, (2000).

162. Miailhe, G., Kayem, G., Girard, G., Legardeur, H. & Mandelbrot, L. Selective rather
than universal screening for gestational diabetes mellitus? Eur. J. Obstet. Gynecol. Reprod.
Biol. 191, 95-100 (2015).

163. Agarwal, M. M., Punnose, J., Sukhija, K., Sharma, A. & Choudhary, N. K.
Gestational Diabetes Mellitus: Using the fasting plasma glucose level to simplify the
International Association of Diabetes and Pregnancy Study Groups diagnostic algorithm in an
adult South Asian population. Can. J. Diabetes. 42, 500-504 (2018).

164. Fadl, H., Ostlund, 1., Nilsson, K. & Hanson, U. Fasting capillary glucose as a

screening test for gestational diabetes mellitus. BJOG. 113, 1067-1071 (2006).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 198

165. Nolan, C. J. Controversies in gestational diabetes. Best Pract. Res. Clin. Obstet.
Gynaecol. 25, 37-49 (2011).

166. Chola, L., Mutyambizi, C., Sewpaul, R., Parker, W., Mchiza, Z., Labadarios, D., et al.
Self-reported diabetes during pregnancy in the South African National Health and Nutrition
Examination Survey: extent and social determinants. BMC Pregnancy Childbirth 17, 20
(2017).

167. Kaptein, S., Evans M., McTavish S., Banerjee A.T., Feig D. S., Lowe J., et al. The
Subjective impact of a diagnosis of gestational diabetes among ethnically diverse pregnant
women: A qualitative study. Can. J. Diabetes 39, 117-122 (2015).

168. Martis, R., Crowther, C. A., Shepherd, E., Jane Alsweiler, J., Michelle R Downie, M.
R. & Brown, J. Treatments for women with gestational diabetes mellitus: an overview of
Cochrane systematic reviews. Cochrane Database Syst. Rev. CD012327 (2018).

169. Han, S., Crowther, C. A. & Middleton, P. Interventions for pregnant women with
hyperglycaemia not meeting gestational diabetes and type 2 diabetes diagnostic criteria.
Cochrane Database Syst. Rev. CD009037 (2012).

170.  Seidel, M., Powell, R., Zgibor, J., Siminerio, L. M. & Piatt, G. Translating the
Diabetes Prevention Program into an urban medically underserved community. Diabetes
Care 31, 684-689 (2008).

171. Chapman, E., Reveiz, L., Sangalang, S., Manu, C., Bonfill, X., Mufioz, S. & Abalos,
Edgardo. A survey study identified global research priorities for decreasing maternal
mortality. J. Clin. Epidemiol. 67, 314-324 (2014).

172. World Health Organization (WHO). Interventions on diet and physical activity: What
works summary report. Geneva: World Health Organization (2009).

doi:10.1017/CB0O9781107415324.004



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 199

173.  Kulkarni, K. D. Food, Culture, and Diabetes in the United States. Clin. Diabetes 22,
190-192 (2007).

174. Pantoja, T., Opiyo, N., Lewin, S., Paulsen, E., Ciapponi, A., Wiysonge, C. S., et al.
Implementation strategies for health systems in low-income countries: An overview of
systematic reviews. Cochrane Database Syst. Rev. CD011086. (2017).

175. Moore, G. F., Audrey, S., Barker, M., Bond, L., Bonell, C., Hardeman, W., et al.
Process evaluation of complex interventions: UK Medical Research Council guidance. BMJ,
350 (2014).

176. May, C. R., Mair, F. S., Dowrick, C. F. & Finch, T. L. Process evaluation for complex
interventions in primary care: understanding trials using the normalization process model.
BMC Fam. Pract. 8, (2007).

177.  Osborn, C. Y., Amico K. R., Cruz N., Perez-Escamilla R., Kalichman S. C.,
O'Connell A. A, et al. Development and implementation of a culturally tailored diabetes
intervention in primary care. Transl. Behav. Med. 1, 468-479 (2011).

178. Hennink, M. M., Kaiser, B. N., Sekar, S., Griswold, E. P. & Ali, M. K. How are
qualitative methods used in diabetes research? A 30-year systematic review. Glob. Public
Health 12, 200-219 (2017).

179. Lapolla, A., Di Cianni, G., Di Benedetto, A., Franzetti, I., Napoli, A., Sciacca, L., et
al. Quality of life, wishes, and needs in women with gestational diabetes: Italian DAWN
pregnancy study. Int. J. Endocrinol. 784726, (2012).

180. Morrison, M. K., Lowe, J. M. & Collins, C. E. Australian women’s experiences of
living with gestational diabetes. Women and Birth 27, 52-57 (2014).

181. Gibson-helm, M., Teede, H., Block, A., Knight, M., East, C., Wallace, E. M., et al.

Maternal health and pregnancy outcomes among women of refugee background from African



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 200

countries: a retrospective, observational study in Australia. BMC Pregnancy Childbirth 14,
(2014).

182. Hijelm, K., Bard, K. & Apelqvist, J. A qualitative study of developing beliefs about
health, illness and healthcare in migrant African women with gestational diabetes living in
Sweden. BMC Womens’. Health 18, 1-14 (2018).

183. Draffin, C. R., Alderdice, F. A., McCance, D. R., Maresh, M., Harper, R., McSorley,
0., et al. Exploring the needs, concerns and knowledge of women diagnosed with gestational
diabetes: A qualitative study. Midwifery 40, 141-147 (2016).

184. Hui, A. L., Sevenhuysen, G., Harvey, D. & Salamon, E. Food choice decision-making
by women with gestational diabetes. Can. J. Diabetes 38, 26-31 (2014).

185. Carolan, M., Steele, C. & Margetts, H. Knowledge of gestational diabetes among a
multi-ethnic cohort in Australia. Midwifery 26, 579-588 (2010).

186. Hui, A. L., Sevenhuysen, G., Harvey, D. & Salamon, E. Barriers and coping strategies
of women with gestational diabetes to follow dietary advice. Women and Birth 27, 292-297
(2014).

187. Han S, Middleton P, Shepherd E & Van Ryswyk E, C. C. Different types of dietary
advice for women with gestational diabetes mellitus. Cochrane Database Syst Rev CD009275
(2017).

188. Tieu J., Shepherd, E. & Middleton P, C. C. Dietary advice in pregnancy for
preventing gestational diabetes mellitus-a Cochrane Review. Cochrane Database of
Systematic Rev. CD006674 (2017).

189. Crowther, C., Hiller, J. E., Moss, J. R., McPhee A. J., Jeffries, W. S. & Robinson, J.
S. for the Australian Carbohydrate Intolerance Study in Pregnant Women (ACHOIS) Trial
Group. Effect of treatment of gestational diabetes mellitus on pregnancy outcomes. The New

England Journal of Med 352, 2477-2486 (2005).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 201

190. Muktabhant, B., Lawrie, T. A., Lumbiganon, P. & Laopaiboon, M. Diet or exercise,
or both, for preventing excessive weight gain in pregnancy. Cochrane Database Syst. Rev. 6,
CD007145 (2015).

191. Kaiser, B., Jeannot, E. & Razurel, C. Determinants of Health Behaviors After
Gestational Diabetes Mellitus: A Prospective Cohort Study in Geneva. J. Midwifery Womens.
Health 61, 571-577 (2016).

192. Woods-Giscombé, C. L., Lobel, M. & Crandell, J. L. The Impact of Miscarriage and
Parity on Patterns of Maternal Distress in Pregnancy. Res Nurs Heal. 33, 316-328 (2011).
193. Gravensteen, I. K., Jacobsen, E., Sandset, P. M., Helgadottir, L. B., Radestad, 1.,
Sandvik, L., et al. Anxiety, depression and relationship satisfaction in the pregnancy
following stillbirth and after the birth of a live-born baby: A prospective study. BMC
Pregnancy Childbirth 18, 1-10 (2018).

194. Onwuegbuzie, A. J., Dickinson, W. B., Leech, N. L. & Zoran, A. G. A qualitative
framework for collecting and analyzing data in focus group research. Int. J. Qual. Methods 8,
1-21 (2009).

195. Kim, C., McEwen L. N., Piette J. D., Goewey J., Ferrara, A. & Walker E. A. Risk
perception for diabetes among women with histories of gestational diabetes mellitus.
Diabetes Care 30, 2281-2286 (2007).

196. Chasan-Taber, L. Lifestyle interventions to reduce risk of diabetes among women
with prior gestational diabetes mellitus. Best Pract. Res. Clin. Obstet. Gynaecol. 29, 110-122
(2015).

197.  WHO. Diet, nutrition and the prevention of chronic diseases. World Health Organ.

Tech. Rep. Ser. 916, 1-149 (2003).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 202

198. Whitaker, K. M., Wilcox, S., Liu, J., Blair, S. N. & Pate, R. R. African American and
White women’s perceptions of weight gain, physical activity, and nutrition during pregnancy.
Midwifery 34, 211-220 (2016).

199. Sibiya, M. N., Ngxongo, T. S. P. & Bhengu, T. J. Access and utilisation of antenatal
care services in a rural community of eThekwini district in KwaZulu-Natal. Int. J. Africa
Nurs. Sci. 8, 1-7 (2018).

200. Kaswa, R., Rupesinghe, G. F. D. & Longo-Mbenza, B. Exploring the pregnant
women’s perspective of late booking of antenatal care services at Mbekweni Health Centre in
Eastern Cape, South Africa. African J. Prim. Heal. Care Fam. Med. 10, 1-9 (2018).

201. South African Department of Health. The Chris Hani Baragwanath Hospital, South
Africa. [Updated 2016; accessed May 2019). Available at:
https://www.chrishanibaragwanathhospital.co.za/.

202. Hill, L. M., Maman, S., Groves, A. K. & Moodley, D. Social support among HIV-
positive and HIV-negative adolescents in Umlazi, South Africa: changes in family and
partner relationships during pregnancy and the postpartum period. BMC Pregnancy
Childbirth 15, 1-9 (2015).

203. Aykal, G., Yegin, A., Tekeli, O. & Yilmaz, N. A model for managing and monitoring
the quality of glucometers used in a high-volume clinical setting. Biochem. medica 26, 202—
209 (2016).

204. Barker, P., Barron, P., Bhardwaj, S. & Pillay, Y. The role of quality improvement in
achieving effective large-scale Prevention of Mother-To-Child Transmission of HIV in South
Africa. Aids 29, S137-S143 (2015).

205. Bolu, O. 0., Allread V., Creek T., Stringer E., Forna F., Bulterys M., et al.

Approaches for scaling up human immunodeficiency virus testing and counseling in



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 203

prevention of mother-to-child human immunodeficiency virus transmission settings in
resource-limited countries. Am. J. Obstet. Gynecol. 197, S83-S89 (2007).

206. Campbell, C., Nair, Y. & Maimane, S. Building contexts that support effective
community responses to HIV/AIDS: A South African case study. Am. J. Community Psychol.
39, 347-363 (2007).

207. Schrot, R. J., Patel, K. T. & Foulis, P. Evaluation of inaccuracies in the measurement
of glycemia in the laboratory, by glucose meters, and through measurement of hemoglobin A
1c. Clin. Diabetes 25, 43-49 (2007).

208. Brown, C. A. & Lilford, R. J. The stepped wedge trial design: A systematic review.

BMC Med. Res. Methodol. 6, 1-9 (2006).



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 204

APPENDICES



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 205

I. Human Research Ethics Committee Clearance Certificate

Letter of approval from the University of the Witwatersrand Human Research Ethics
Committee (Medical) to conduct this research.



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 206

R14/49 Dr Lynnsay Marcia Dickson

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)

CLEARANCE CERTIFICATE NO. M150365

NAME: Dr Lynnsay Marcia Dickson e o e e STarots -
. {Principal Investigator) : et ——
DEPARTMENT: MRC Developmental Pathways for Health Research Unit

Zola Primary Health Care Antenatal Clinic, Soweto

PROJECT TITLE: Screening, Diagnosis and Lifestyle Intervention
Program for Gestational Diabetes Mellitus in an
Urban Primary Health Clinic in South Africa

DATE CONSIDERED: 2710312015

DECISION: Approved unconditionally
CONDITIONS:

SUPERVISOR: Prof Shane Norris and Prof Eckhart Buchmann

/ ’
APPROVED BY: Q{[ sl
Professor P Cleaton-Jones, Chairperson, HREC (Medical)

DATE OF APPROVAL:  22/06/2015

This clearance certificate is valid for 5 years from date of approval. Extension may be applied for.

DECLARATION OF INVESTIGATORS

To be completed in duplicate and ONE COPY returned to the Secretary in Room 10004, 101h floor,
Senate House, University

liwe fully understand the canditions under which | am/we are autnorized to carry out the above-mentioned
research and liwe undertake to ensure compiance with these conditions. Shoule any departure be
contemplated, from the research protocol as approved, l/we undertake to resubmit the

appication to the Committee. | agree to submit a vearly proar: re
%/C_ ‘L'Li Qb iwl.s
Al L

pal Investigator Signature Date

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 207

Il.  Johannesburg District Department of Health

Letter of approval from the Johannesburg District Department of Health of South Africa to

conduct this study at the Zola Community Health Clinic.



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 208



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING.

I11.  Supplementary data

A. Bland Altman Plots of Glucose concentrations (mmol/l) measured by specific

glucometer brands against the HK method at t=0, t=60 and t=120 of the OGTT.

209

Figure S1. Bland Altman Plots of Glucose concentrations (mmol/l) measured by Contour

Plus glucometer s against the HK method at t=0, t=60 and t=120 of the OGTT.
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Figure S2. Bland Altman Plots of Glucose concentrations (mmol/lI) measured by Accu-Chek

glucometer s against the HK method at t=0, t=60 and t=120 of the OGTT.
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Figure S3. Bland Altman Plots of Glucose concentrations (mmol/l) measured by Glucocheck

glucometer against the HK method at t=0, t=60 and t=120 of the OGTT.
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Figure S4. Bland Altman Plots of Glucose concentrations (mmol/l) measured by Freestyle

glucometers against the HK method at t=0, t=60 and t=120 of the OGTT
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Figure S5. Bland Altman Plots of Glucose concentrations (mmol/l) measured by One touch

Select Plus glucometer s against the HK method at t=0, t=60 and t=120 of the OGTT.
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ABBREVIATIONS
POC = Point of care glucometer
HK = Hexokinase laboratory method

OGTT = Oral glucose tolerance
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B. The HK method and composite laboratory results serve as the reference test o evaluate the

accuracy of the glucometers.

Prevalence of GDM

GDM prevalence determined by all test methods (all glucometers and all laboratories) was
16%. The prevalence of GDM as determined by the POCs (all brands) and the composite
reference test was 12-7%, and 9-0% respectively. Overt DM was consistently identified by all
test methods in three participants (0-5%). Within the reference test, 34% of positive GDM
diagnoses (18 of 53 participants) were common to both laboratories. The GOx laboratory
identified 23 participants as having GDM that were not identified by the HK laboratory. The
HK laboratory had 12 GDM positive results not identified by the GOx laboratory. The POCs
identified 42 unique positive GDM cases not detected by the reference test (Supplementary

Figure 1.).

Agreement between test methods

The mean blood glucose for all OGTT results at all time points (1776 observations) for the
POCs, the GOx and the HK laboratories were 5-6 (1-4) mmol/L, 4-8 (1-4) mmol/L and 5-0
(1-3) mmol/L respectively. The POCs mean glucose was higher than that of the laboratories
and the HK result was higher than the GOx laboratory. The laboratory range of plasma
glucose concentrations at the time points of zero, 60 and 120 minutes were 2-5-8-3mmol/L,
2:2-14-2mmol/L, and 2-2-16-3mmol/L for the GOx and 3-0-8-8mmol/L, 2-3—

13-5mmol/L, and 2-7-14-7mmol/L for the HK laboratory.
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Accuracy of POCs against the composite reference test (GOx and HK methods)

The sensitivity and specificity of the POCs varied between glucometer brands. Both the
Contour Plus and Freestyle Optium Neo correctly classified eight of the nine (89%) positive
GDM participants and both failed to identify one positive participant each compared to the
composite reference test. The One Touch Select performed poorly with a sensitivity of 20%
and failed to identify eight of the ten participants who had GDM. One in five participants
tested with the Glucocheck Classic were falsely identified as having GDM. The Accu-Check
Active had the lowest sensitivity (13%), highest specificity (98%) and a high false negative

rate compared to the composite reference test. (Supplementary Table 1.)

The positive likelihood ratios (PLR) and negative likelihood ratios (NLR) served as an
overall indicator of the diagnostic accuracy of the POCs against the composite reference test.
A PLR >10 and a NLR <0-1 were assumed to be favourable associations.”? The ability of the
Contour Plus and Freestyle Optium Neo to diagnose GDM was superior to that of the other
POCs with a PLR of 29-78 and 19-85 respectively as compared to the One Touch Select
which had the lowest PLR of 2-7. Both the Contour Plus and the Freestyle Optium Neo

had favourable NLRs of 0-11 and 0-12 respectively. The Accu-Chek Active had the poorest

NLR of 0-86. (Supplementary Table 1)

We used the area under the ROC curve (AUC) to establish the ability of the POCs to
discriminate between a GDM positive and negative state compared to the individual
laboratory methods. All the POCs performed less well against the GOx laboratory. The AUC
for the Contour Plus, Freestyle Optium Neo, Accu-Chek Active, Glucocheck Classic and One
Touch Select against the GOx laboratory were 78-3%; 77-3%; 81%; 80-3% and 63-3%.

Against the HK laboratory these were 91-3%; 86-3%; 99-3%; 87-3% and 72%
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respectively. The AUC was mostly optimal at zero minutes of the OGTT, but this

varied slightly between POC brands. (Supplementary Table 2)

Figure S 6. Venn Diagram lllustrating the Distribution of GDM Positive Participants as

Defined by the Different Test Methods.

GDM Positive: Complete 2 Hour OGTT

Allr Glucose
Point-of-care Oxidase
Glucometers Laboratory

Hexokinase Laboratory

Table S1. Number of GDM positive diagnoses missed by the glucometers, GOx and HK

laboratories methods compared with composite of GDM positive results (n=95).

N

Number of positive GDM diagnoses missed | 20
by the glucometers against all methods

Number of positive GDM diagnoses missed | 54
by the GOx laboratory against all methods

Number of positive GDM diagnoses missed | 65
by the HK laboratory against all methods
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Table S 2. Statistical Analysis Results of the Plasma Calibrated Glucometers Against
the Composite Laboratory Reference Test.

All Contour [Freestyle  |Accu- Glucocheck [One
POCs  Plus Optium Chek Classic touch
(Bayer) Neo Active (TaiDoc)  [Select
(Abbott)  ((Roche) (Lifescan)
Number of participants 592 143 143 56 105 145
Number of glucometers [165 18 32 56 28 31
used
True Positive 33 8 8 1 14 2
False Positive 42 A 6 1 21 10
True Negative 497 130 128 A7 67 125
False Negative 20 1 1 7 3 8
Sensitivity 0-62 0-89 0-89 0-13 0-82 0-20
Specificity 0-92 0-97 0-96 0-98 0-76 0-93
Positive Predictive Value [0-44 0-67  [0-57 0-50 0-40 0-17
Negative Predictive 0-96 0-99 [0-99 0-87 0-96 0-94
\Value
Positive Likelihood 7-99 29-78 [19-85 6-00 3-45 R2-7
Ratio
Negative Likelihood 0-41 0-11 0-12 0-89 0-23 0-86

ratios
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Table S 3. Area Under ROC values by Glucometer Brand Against the Composite and

Individual Reference Test at Different Time Points in the OGTT.

Laboratory(s) [POC Glucometers Time=0min [Time=60min  [Time=120min
AUC AUC AUC
(95% CI) (95% ClI) (95% CI)
Composite  [Contour Plus 00% (79; 100) [77% (57; 97)  83% (64; 1.00)

Reference test

IAccu-Chek Active

92% (83;100)

83% (69; 97)

68% (48: 0.89)

Glucocheck Classic

80% (66; 94)

82% (71; 92)

81% (72; 0.91)

Freestyle Optium Neo

82% (64; 100)

75% (48; 100)

81% (60; 1.00)

One Touch Select

82% (71; 92)

60% (39; 82)

60% (42; 0.78)

Glucose
Oxidase
Method

Contour Plus

86% (70; 100)

70% (42; 98)

79% (51; 1.00)

Accu-Chek Active

02% (84; 100)

83% (69; 97)

68% (48; 0.89)

Glucocheck Classic

78% (63; 93)

81% (69; 92)

829 (72; 0.91)

Freestyle Optium Neo

77% (50; 100)

79% (44; 100)

76% (38; 1.00)

One Touch Select

72% (59; 85)

58% (35; 81)

60% (42; 0.78)

Hexokinase
Method

Contour Plus

01% (79; 84)

88% (75; 100)

95% (87; 100)

IAccu-Chek Active

08% (94; 100)

100% (100;100)

100%
(100; 100)

Glucocheck Classic

87% (69; 100)

01% (83; 99)

B84% (75; 94)

Freestyle Optium Neo

849 (64; 100)

83% (60; 100)

02% (83; 100)

One Touch Select

04% (88; 100)

63% (18; 100)

59% (20; 99)
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Table S4. Summary statistics of glucose values measured by POC, GOx and HK at
fasting, 1hr, and 2hr of the OGTT

Variable | POC GOx HK POC GOx HK POC GOx HK

t0 t0 t0 t60 t60 t60 1120 1120 t120
mean 4.35 4.01 4.13 6.58 5.42 5.62 6.00 5.12 5.27
Sd 0.65 0.75 0.49 1.34 151 1.39 1.18 1.37 1.21

variance | 0.42 0.56 0.24 1.79 2.27 1.93 1.38 1.88 1.46

cv 0.15 0.19 0.12 0.20 0.28 0.25 0.20 0.27 0.23
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C. Passing Bablok analysis of comparison between methods

Figure S6. Passing Bablok Fit: Glucometers against the GOx laboratory results
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Figure S7. Passing Bablok Fit: Glucometers against the HK laboratory results
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Figure S8. Passing Bablok Fit: HK against the GOx laboratory method results
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Table S5. Passing Bablok Summary Statistics of Glucose values Measured by POC,
GOx anf HK at Fasting, 1hr and 2hr of the OGTT

95% CI
pamsing bablok pas hk 0 Intercepe 9 -1.85 -2.24 -1.17
passing bahlok pac hk 0 Slopes 150 133 1.60
passing bablok pec hk &0 Intercept 10 0.90 0.90 136
passing bablok pac hk 50 Slope.10 1.00 0.93 1.00
passing bahlok pac hk 120 Intercepe 11 0.80 0.60 1.20
passing bablok pac hk 120 Slope.11 0.98 0.90 1.00
passing bablok pec gox 0 Intercept. 12 1.51 L18 1.80
passing bablok poc BOX 0 Slope.12 0.69 0.62 0.78
passing bablok poc gox &0 Intercepe 13 1.82 1.49 210
passing bablok poc EOX &0 Slope.13 0.88 0.82 0.94
passing bablok poc gox 120 Intercept 14  1.84 150 n
passing bablok P EOX 120 Slope.14 0.81 0.75 0.87
passing bablok hk gox 120 Intercept 15 0.98 0.73 L
passing bablok hk gox 120 Slope15  0.85 0.80 0.90
passing bahlok hk gox &0 Intercept 16 0.77 0.53 L0
passing bablok hk gox &0 Slopel6  0.90 0.86 095
passing bablok hk BOX 0 Intercept.17 5 207 44
passing bablok hk gox 0 Slopel7 045 0.41 051



GESTATIONAL DIABETES SCREENING IN A LOW RESOURCE SETTING. 225

D. Deming regression analysis of comparison between methods

Figure S9. Deming Regression Plots For Glucometers against GOx Laboratory method

results

Deming Fit: POX vs GOX @ fasting Deming Fit: POX vs GOX @ 1hr post load
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Figure S10. Deming regression plots for Glucometers against the HK laboratory method
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Figure S11. Deming Regression Plots for HK and GOx laboratory methods
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Table S6. Deming Regression Summary Statistics of Glucose values Measured by POC,
GOx anf HK at Fasting, 1hr and 2hr of the OGTT

95% ClI

Regression New Old ) ] int/slope

method methods method Time paint | effect estimate - Vel
deming poc hk 0 Intercept  -1.79 -3.10 -0.92
deming poc hk 0 Slope 1.49 1.27 1.81
deming poc hk 60 Intercept.1 1.21 0.86 1.54
deming poc hk 60 Slope.1 0.95 0.90 1.02
deming poc hk 120 Intercept.2 0.90 0.54 1.20
deming poc hk 120 Slope.2 0.97 0.91 1.04
deming poc gox 0 Intercept.3 1.37 0.89 1.87
deming poc gox 0 Slope.3 0.74 0.62 0.86
deming poc gox 60 Intercept.4 1.96 1.58 2.33
deming poc gox 60 Slope.4 0.85 0.79 0.92
deming poc gox 120 Intercept.5 1.86 1.53 2.14
deming poc gox 120 Slope.5 0.81 0.76 0.88
deming hk gox 120 Intercept.6 0.88 0.59 1.12
deming hk gox 120 Slope.6 0.86 0.81 0.91
deming hk gox 60 Intercept.7 0.70 0.43 0.94
deming hk gox 60 Slope.7 0.91 0.87 0.96
deming hk gox 0 Intercept.8 2.14 1.70 2.56
deming hk gox 0 Slope.8 0.50 0.39 0.61
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E. Pitmans Test Results

Table S7. Pitmans test for equal variances (assuming bivar normality) for 5992 participants

Variable POC_GOx POC_GOx POC_GOx POC_HK POC_HK POC_HK GOx_HK GOx_HK GOx_HK_t120
t0 t60 t=120 t0 t60 120 t=0 t60

Bland- LoA LoA LoA LoA LoA LoA LoA LoA LoA

Altman -1.07-1.74 -0.91-3.23 -1.08-2.84 -0.71-1.14 -0.68-2.59 -0.76-2.22 -1.34-1.10 -1.83-1.43 -1.73-1.43

comparison Mean=0.34 Mean=1.16 Mean=0.88 Mean=0.22 Mean=0.96 Mean=0.73 Mean -0.12 Mean=-0.20 Mean -0.15
(o] (o] (o] (o]l (o] (o] (@] (@] (o]
0.28-0.40) | 1.08—1.24) | 0.80-0.96) | 0.18-0.26) 0.89 - 1.02) 0.67-0.79 -0.17--0.17) | -0.27--0.14) | -0.22—

-0.09)

Pitman’s r=-1.17 r=-0.18 r=-0.21 r=0.31 r=-0.07 r=-0.05 r=0.48 r=0.150 r=0.22

test of p<0.001 p<0.001 p<0.001 p<0.001 p=0.108 p=0.280 p<0.001 p<0.001 p<0.001

Difference

in variance
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F. Analysis of Cutpoints of Fasting Plasma Glucose Concentrations

Figure 12. Analysis of Cutpoints of Fasting Plasma Glucose Concentrations — GOx

laboratory method

Analysis of Cutpoints of Fasting Plasma Glucose Concentrations = GOX laboratory method

Cutpoint  Sensitivity Specificity Classified LR+ LR- Youden
3 100,00% 0,00% 6,96% 1 0,00%
3,1 100,00% 0,18% 7,13% 1,0018 0 0,18%
3,2 100,00% 0,73% 7,64% 1,0074 0 0,73%
3,3 100,00% 1,09% 7,98% 1,0111 0 1,09%
3,4 100,00% 2,19% 9,00% 1,0224 0 2,19%
3,5 100,00% 5,47% 12,05% 1,0579 0 5,47%
3,6 100,00% 6,57% 13,07% 1,0703 0 6,57%
3,7 100,00% 10,40% 16,64% 1,1161 0 10,40%
1,8 100,00% 15,15% 21,05% 1,1785 0 15,15%
3,9 97,56% 20,80% 26,15% 1,2319 01172  18,36%
4 95,12% 27,19% 11,92% 1,3064 0,1794  22,31%
4,1 92,68% 33,39% 17,52% 1,3915 02191  26,07%
4,2 92,68% 43,43% 46,86% 1,6384  0,1685  36,11%
4,3 90,24% 51,46% 54,16% 1,8592 0,1896  41,70%
4,4 80,49% 59,31% 60,78% 1,9779 0,329 39,80%
4,5 75,61% 67,52% 68,08% 2,3278  0,3612  43,13%
4,6 75,61% 72,26% 72,50% 2,7259  0,3375  47,87%
4,7 68,29% 79,01% 78,27% 3,2543 0,4013  47,30%
4,8 65,85% B4,85% B3,53% 4,3479  0,4024  50,70%
4,9 60,98% 87,77% 85,91% 4,9873 04446  48,75%
5 51,22% 89,60% 86,93% 4,9243 05444  40,82%
5,1 43,90% 91,61% B8,29% 5,2301 06124  35,51%
5,2 43,90% 94,16% 90,66% 7,5183 05958  38,06%
5,3 41,46% 95,99% 92,19% 10,3281 0,6098  37,45%
5,4 36,59% 97,26% 93,04% 13,3659 0,652 33,85%
5,5 34,15% 97,45% 93,04% 13,3659 0,6758  31,60%
5,6 29,27% 97,99% 93,21% 14,5809 0,7218  27,26%
5,8 29,27% 98,18% 93,38% 16,039  0,7205  27,45%
5,9 26,83% 98,54% 93,55% 18,378  0,7425  25,37%
6 24,39% 98,72% 93,55% 19,094 0,7659  23,11%
6,1 19,51% 98,91% 93,38% 17,8212 0,8138  18,42%
6,2 17,07% 99,09% 93,38% 18,7122 0,8369  16,16%
6,5 14,63% 99,09% 93,21% 16,0391 0,8615  13,72%
6,6 12,20% 99,27% 93,21% 16,7073 0,8845  11,47%
6,7 12,20% 99,82% 93,72% 66,83  0,8797  12,02%
6,8 9,76% 99,82% 93,55% 53,464 09041  9,58%
6,9 9,76% 100,00% 93,72% 0,9024 9,76%
7,2 4,88% 100,00% 93,38% 0,9512 4,88%
8,6 2,44% 100,00% 93,21% 0,9756 2,44%
8,6 0,00% 100,00% 93,04% 1 0,00%
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Figure 13. Analysis of Cutpoints of Fasting Plasma Glucose Concentrations — HK laboratory
method

Analysis of Cutpoints of Fasting Plasma Glucose Concentrations = HK laboratory method

Cutpoint Sensitivity Specificity Classified LR+ LR- Youden
3 100,00% 0,00% 5,09% 1 0,00%
3,1 100,00% 0,18% 5,26% 1,0018 0 0,18%
3,2 100,00% 0,72% 5,77% 1,0072 D 0,72%
3,3 100,00% 1,07% 6,11% 1,0108 0 1,07%
3,4 100,00% 2,15% 7,13% 1,0219 0 2,15%
3,5 100,00% 5,37% 10,19% 1,0567 0 5,37%
3,6 100,00% 6,44% 11,21% 1,0688 0 B5,44%
3,7 100,00% 10,20% 14,77% 1,1135 0 10,20%
3,8 100,00% 14,85% 19,19% 1,1744 0 14,85%
3,9 96,67% 20,39% 24,28% 1,143 0,1635 17,06%
4 96,67% 26,83% 30,39% 1,3212 0,1242  23,50%
4,1 90,00% 32,74% 35,65% 1,338 0,3055  22,74%
4,2 90,00% 42,58% 44,99% 1,5673  0,2349  32,58%
4,3 90,00% 50,63% 52,63% 1,8228  0,1975  40,63%
4,4 BE,67% 58,86% 60,27% 2,1064 0,2265 45,53%
4,5 BE,67% 67,26% 68,25% 2,6474 0,1982 53,93%
4,6 BE,67% 71,91% 72,67% 3,0858 0,1854 58,58%
4,7 86,67% 79,07% 79,46% 4,1407 0,1686  65,74%
4,8 83,33% B4,79% 84,72% 5,4804 0,1966 68,12%
4,9 80,00% B7,84% 87,44% 6,5765 0,2277  67,84%
5 73,33% £9,98% 89,13% 7,3202  0,2964  63,31%
5,1 70,00% 92,31% 91,17% 9,1 0,325  62,31%
5,2 70,00% 94,81% 93,55% 13,4931 0,3164  64,81%
5,3 70,00% 96,78% 95,42% 21,7389 0,31  66,78%
5,4 63,33% 98,03% 96,26% 32,1849 0,374  61,36%
5,5 56,67% 98,03% 95,93% 28,797 0,442  54,70%
5,6 46,67% 98,39% 95,76% 28,9852 05421  45,06%
5,8 46,67% 98,57% 95,93% 32,6085 10,5411  45,24%
5,9 43,33% 98,93% 96,10% 40,3724 05728  42,26%
6 36,67% 98,93% 95,76% 34,1612 0,6402  35,60%
6,1 30,00% 99,11% 95,59% 33,54  0,7063  29,11%
6,2 23,33% 99,11% 95,25% 26,0867 10,7736  22,44%
6,5 23,33% 99,28% 95,42% 32,6081 10,7722 22,61%
6,6 16,67% 99,28% 95,08% 23,2915 0,8393  15,95%
6.7 13,33% 99,64% 95,25% 37,2668 0,8698  12,97%
6,8 10,00% 99,64% 95,08% 27,9501 09032  9,64%
6,9 10,00% 99,82% 95,25% 55,899 0,9016  9,82%
7,2 6.67% 100,00% 95,25% 0,9333 6,67%
8,6 3,33% 100,00% 95,08% 0,9667 3,33%

8,6 0,00% 100,00% 94,91% 1 0,00%
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ABSTRACT

Keywords:

Gestational diabetes
Screening, primary care
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Aims: We investigated the clinical and analytic accuracy of five plasma calibrated glucometers, the use of which
is advocated by the World Health Organisation and the International Federation of Gynaecology and Obstetrics,
to screen for and diagnose gestational diabetes mellitus (GDM) in low resource settings.

Methods: 592 consecutive black African women underwent a 75g oral glucose tolerance test (OGTT) at
24-28 weeks gestation at an urban South African community health clinic. Capillary glucose was measured by
one of five glucometer brands, each paired with a routine laboratory hexokinase method of plasma glucose
measurement. The laboratory results served as the gold standard reference test for GDM diagnosis. World Health
Organisation GDM diagnostic thresholds were applied to glucometer and laboratory results.

Results: Glucometer and laboratory determined GDM prevalence was 75/592 (12.7%) and 30/592 (5.1%) with
an elevated fasting glucose diagnostic in 64/75 (85%) and 24/30 (80%) of cases respectively. The proportion of
glucometer results fulfilling ISO 15197:2013 recommended analytic accuracy at fasting, 60, and 120 min of the
OGTT was 92.4%, 49.8% and 61.5%, with Bland Altman method revealing a positive glucometer bias of
0.22 mmol/1 (—0.69-1.12 mmol/1), 0.96 mmol/1 (—0.65-2.56 mmol/1) and 0.73 mmol/l (—0.73-2.19 mmol/1)
respectively. Only three of the glucometer brands evaluated fulfilled ISO 15197:2013 analytic accuracy re-
quirements and this was only achieved at fasting. All glucometers tested were inaccurate at one and two hours of
the OGTT.

Conclusions: Not all glucometers may be suitable for GDM screening as only three were accurate compared to the
reference test and then only at fasting of the OGTT. Importantly, laboratory fasting glucose was diagnostic of
GDM in 80% of cases in this study population.

Introduction

means of a 75g two-hour oral glucose tolerance test (OGTT) at
24-28 weeks gestation is recommended [1]. Several low-middle income

The prevalence of Gestational Diabetes Mellitus (GDM) is increasing
in parallel with that of type 2 diabetes mellitus. Identifying this usually
transient and asymptomatic condition will allow clinical interventions
to reduce the perinatal morbidity associated with these high-risk
pregnancies [1]. An estimated 16% of pregnancies are affected globally
[2]. The World Health Organization (WHO) has adopted the diagnostic
criteria for GDM advocated by the International Association of Diabetes
in Pregnancy Study Group (IADPSG) [1,3]. Universal screening by

countries have adopted the WHO diagnostic criteria, including the re-
commendation for universal screening for GDM. In 2017, the Society
for Endocrinology, Metabolism, and Diabetes of South Africa (SEMDSA)
adopted these guidelines [4]. The South African National Department of
Health’s policy is guided by the WHO and SEMDSA recommendations,
although universal screening for GDM has not yet been implemented in
South Africa. Potential barriers to implementing universal screening in
low resourced clinic settings include the limitations of administering
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We evaluated the extent of measurement discordance between glucose oxidase and hexokinase
laboratory methods and the effect of this on estimated gestational diabetes mellitus (GDM) prevalence
in a routine clinical setting. 592 consecutive urban African women were screened for GDM. Paired
venous specimens were submitted to two independent calibrated laboratories that used either
method to measure plasma glucose concentrations. World Health Organisation diagnostic criteria
were applied. GDM prevalence determined by the glucose oxidase and hexokinase methods was 6.9%
and 5.1% respectively. The overall GDM prevalence was 9%. Only 34% of GDM positive diagnoses were
common to both laboratory methods. Bland Altman plots identified a bias of 0.2 mmol/l between
laboratory methods. Plasma glucose concentrations measured by the glucose oxidase method were
more platykurtic in distribution. Low diagnostic agreement between laboratory methods was further
indicated by a Cohen'’s kappa of 0.48 (p < 0.001). Reports of GDM prevalence using either the glucose
oxidase or hexokinase laboratory methods may not be truly interchangeable or directly comparable.

Identifying usually asymptomatic gestational diabetes mellitus (GDM) will allow interventions to improve per-
inatal and long-term outcomes for both mother and her child"?. In the Hyperglycaemia and Adverse Pregnancy
Outcome study, which investigated the relationship between glycemia and birth outcomes, stringent research
laboratory standards were applied across multiple research centres’. Evidence from controlled research labora-
tory settings, rather than routine clinical settings, informed the GDM clinical diagnostic criteria recommended
by the International Association of Diabetes and Pregnancy Study Group (IADPSG)'. These recommendations
were later adopted by the World Health Organisation (WHO)?. The WHO recommended gold standard 75 g oral
glucose tolerance test (OGTT), which is used in both research and routine clinical settings to identify dysgly-
caemia, describes blood sample collection and transport methods*. However, it does not indicate a standardized
laboratory method of measurement of plasma glucose concentrations*.

Laboratory methods commonly used to measure plasma glucose concentrations include the enzymatic glu-
cose oxidase (GOx) and hexokinase (HK) methods®. It has been reported that results of the HK method are
negatively biased relative to the GOx method®” but this does not affect the estimated prevalence of overt diabetes
mellitus’. GDM has lower diagnostic thresholds than dysglycaemia in a non-pregnant adult*. Typically, GDM
prevalence studies use either GOx**!! or HK laboratory methods'?"'* to measure plasma glucose concentra-
tions. Meta-analyses on GDM prevalence often do not distinguish between laboratory methods used to measure
plasma glucose concentrations'*~>°. The effect of measurement discordance between laboratory methods on the
determined prevalence of GDM remains unknown. The presence of significant discordance between laboratory
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Background. Identifying women with gestational diabetes mellitus (GDM) allows interventions to improve perinatal outcomes.
A fasting plasma glucose (FPG) level 5.1 mmol/L is 100% specific for a diagnosis of GDM. The International Association of Diabetes
and Pregnancy Study Groups acknowledges that FPG <4.5 mmol/L is associated with a low probability of GDM.

Objectives. The validity of selective screening based on the presence of risk factors was compared with the universal application of FPG
>4.5 mmol/L to identify women with GDM. FPG >4.5 mmol/L or the presence of one or more risk factors was assumed to indicate an
intermediate to high risk of GDM and therefore the need for an oral glucose tolerance test (OGTT).

Methods. Consecutive black South African (SA) women were recruited to a 2-hour 75 g OGTT at 24 - 28 weeks’ gestation in an urban
community health clinic. Of 969 women recruited, 666 underwent an OGTT, and of these 589 were eligible for analysis. The glucose
oxidase laboratory method was used to measure plasma glucose concentrations. The World Health Organization GDM diagnostic
criteria were applied. All participants underwent a risk factor assessment. The x* test was used to determine associations between
risk factors and a positive diagnosis of GDM. The sensitivity and specificity of a positive diagnosis of GDM were calculated for FPG
>4.5 mmol/L, FPG 25.1 mmol/L, and the presence of one or more risk factors.

Results. The prevalence of overt diabetes mellitus and GDM was 0.5% and 7.0%, respectively. Risk factor-based selective screening
indicated that 204/589 (34.6%) of participants needed an OGTT, but 18/41 (43.9%) of positive GDM diagnoses were missed. Universal
screening using the FPG threshold of >4.5 mmol/L indicated that 152/589 (25.8%) of participants needed an OGTT, and 1/41 (2.4%)
of positive diagnoses were missed. An FPG of >5.1 mmol/L identified 36/41 (87.8%) of GDM-positive participants. The sensitivity and
specificity of the presence of one or more risk factors were 56% and 67%, respectively. The sensitivity and specificity of FPG >4.5 mmol/L
were 98% and 80%, respectively.

Conclusions. Universal screening using FPG >4.5 mmol/L had greater sensitivity and specificity in identifying GDM-affected women
and required fewer women to undergo a resource-intensive diagnostic OGTT than risk-factor based selective screening. A universal
screening strategy using FPG >4.5 mmol/L may be more efficient and cost-effective than risk factor-based selective screening for GDM
in black SA women.

S Afr Med ] 2020;110(1):xxxx. https://doi.org/10.7196/SAM]J.2020.v110i1.14089

The World Health Organization (WHO) estimates that 16% of
pregnancies are affected by gestational diabetes mellitus (GDM)
globally." Although there is a paucity of data on South African
(SA) women, GDM prevalences of 9.1% and 25.8% have recently
been reported.?* Identifying affected women allows interventions
to improve perinatal outcomes.”! Both screening strategies and
diagnostic thresholds for GDM attract controversy.”’ The
International Association of Diabetes and Pregnancy Study Groups
(IADPSG) advocates universal screening for GDM, but the WHO
recommends that screening strategies be based on disease burden
and the availability of resources.*® Risk factor-based selective
screening for GDM is currently applied in SA.” A selective screening
strategy may fail to identify a high proportion of women affected by
GDM.#1 In addition to being inadequate, this strategy is difficult to
implement and women at risk may not be offered screening, even in
well-resourced settings.!""'?!

1 samy

An alternative to selective or universal application of the oral
glucose tolerance test (OGTT) is universal screening using the
fasting plasma glucose (FPG) level. According to the WHO 2013
recommendation,” an elevated FPG of 25.1 mmol/L is 100%
specific for a GDM diagnosis. However, the sensitivity of this
diagnostic threshold varies between countries and ethnicities." The
Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study
group has suggested that ‘in populations in which FPG is diagnostic
in more than half of those with GDM, it may be reasonable to
perform an accurately measured FPG as an initial step, reserving a
full OGTT for those with a non-diagnostic FPG.!"*) The IADPSG
acknowledges the low probability of GDM and the low risk of
adverse outcomes in the HAPO study cohort associated with FPG
<4.5 mmol/L.!" Women with an FPG <4.5 mmol/L are therefore at
low risk of GDM and may not require an OGTT. Because women
with an FPG 24.5 mmol/L are at intermediate to high risk for GDM,
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