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Aims: Diagnostic criteria for type 2 diabetes mellitus (T2DM) applied to women with gesta-

tional diabetes mellitus (GDM) may predict postpartum T2DM but requires validation.

Methods: Women with GDM aged � 18-years were prospectively evaluated 6–12 weeks after

delivery at Tygerberg Hospital, Cape Town, South-Africa (November 2015- December 2018).

Glucose status at GDM diagnosis was categorized into i) International Association for Dia-

betes in Pregnancy Study Group (IADPSG) T2DM (fasting glucose � 7 mmol/L and/or 2hr-g

lucose � 11.1 mmol/L) or ii) modified National Institute for Care Excellence (NICE) GDM

(fasting glucose � 5.6 mmol/L-6.9 mmol/L and/or 2hr-glucose � 7.8 mmol/L-11 mmol/L)

and compared with postpartum OGTT.

Results: IADPSG T2DM and NICE GDM was present in 35% (n = 64) and 65% (n = 117) of the

181 women who completed the 8 ± 2 weeks postpartum evaluation respectively. Postpar-

tum, the prevalence of T2DM and prediabetes was 26% (n = 47/181) and 15% (n = 28). Ante-

natal IADPSG T2DM categorization identified 31/47 women with postpartum T2DM

(sensitivity 75%; specificity 48%). All of the modified NICE GDM category women who devel-

oped T2DM (n = 16/117) had elevations of both fasting and 2hr-glucose values antenatally.

Conclusion: The utility of the IADPSG T2DM criteria to predict T2DM postpartum is con-

firmed. Women with both fasting and 2hr-glucose values above GDM cut-offs emerged as

another high-risk category.
� 2020 Elsevier B.V. All rights reserved.
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1. Introduction

The epidemic of Type 2 Diabetes Mellitus (T2DM) is a serious

public health issuewith available resources insufficient to off-

set the anticipated complications [1–3]. However, the T2DM

burden can be greatly decreased when timely diagnoses are

made and appropriate interventions employed [3]. T2DM

and its metabolic precursors, obesity and prediabetes, are tra-

ditionally linked to aging [4] but currently the problem also

extends to younger populations. The significance of ‘‘dia-

besity” in younger women is revealed during pregnancy.

Hyperglycemia in pregnancy affects 1 in 7 live births [5].

When the self-perpetuating nature of the T2DM cycle through

metabolic imprinting of the fetus is considered, it is clear why

the health of future generations is also at risk [6–9]. This risk

to the offspring, together with the mother’s risk to develop

overt diabetes in the future makes hyperglycemia during

pregnancy one of the greatest current public health concerns

[5].

The unfavorable perinatal consequences associated with

hyperglycemia in pregnancy were confirmed in the landmark

Hyperglycemia and Adverse Perinatal Outcome (HAPO) trial

[10,11]. The HAPO trial demonstrated that glucose levels pre-

viously considered normal in pregnancy do confer maternal

and fetal risks, and that the degree of hyperglycemia corre-

lates with risk [11]. Consequently, the International Associa-

tion for Diabetes in Pregnancy Study Group (IADPSG)

proposed stricter diagnostic criteria for gestational diabetes

mellitus (GDM) [12]. The lower GDM diagnostic fasting glucose

level remains controversial in low-middle-income countries

[13]. This controversy centers around the logistic and finan-

cial challenges the IADPSG criteria impose on overstretched

healthcare systems [13,14].

In South Africa, resource constraints limit optimal screen-

ing and management of non-communicable diseases such as

T2DM.Whilst universal screening for GDM is ideal, this is sel-

dom achieved outside of research settings. During pregnancy,

the access to healthcare usually improves. Hyperglycemia is

often first detected in pregnancy due to GDM screening, (usu-

ally selective and based on risk factors) performed at antena-

tal clinics. This diagnosis thus includes a wide spectrum of

glucose abnormalities ranging from mild to overt

hyperglycemia.

The IADPSG categorizes pregnant women who meet WHO

diagnostic criteria for T2DM (fasting plasma glucose

of � 7 mmol/l and/or 2 h post 75 g glucose value (2hr

PG) � 11.1 mmol/L) as overt diabetes or T2DM even if the diag-

nosis occurs for the first time in pregnancy. The diagnosis of

GDM is consequently reserved for women with milder

degrees of hyperglycemia (fasting glucose � 5.1 mmol/L

and < 7 mmol/L and/or 2hr PG value � 8.5 mmol/l and < 11.

1 mmol/l) [11].

At the time of the index study, the Western Cape Province

of South-Africa, used diagnostic glucose thresholds similar to

those proposed by the United Kingdom National Institute of

Health and Care Excellence (NICE) guidelines [15,16]. GDM

was diagnosed with a fasting glucose of � 5.6 mmol/L and/or
a 2hr postprandial value of � 7.8 mmol/L exclusive of an

upper level threshold [16]. This non-discriminating strategy

pools women with glucose values in keeping with overt

T2DM (FPG � 7 mmol/L and/or 2hr post 75- gram glucose

value (2hr PG) � 11.1 mmol/L) with the GDM cohort.

In accordance with the American College of Obstetricians

and Gynecologists (ACOG) and the NICE guidelines, the glu-

cose status of all women with GDM are then re-evaluated

with a 75-gram oral glucose tolerance test (OGTT) 6–12 weeks

after delivery [16,17]. The postpartum evaluation is important

for many reasons. It conclusively differentiates between GDM

and pre-existing T2DM, as with T2DM first detected in preg-

nancy, abnormal glucose homeostasis is expected to still be

present postpartum [16,17]. Secondly it offers the opportunity

to reiterate the importance of a healthy lifestyle to prevent

T2DM. Thirdly, it ensures timeous diagnosis of T2DM and pre-

diabetes and facilitates optimal inter-pregnancy care and

long-term metabolic control.

We hypothesized that a significant number of GDM

women fulfil the IADPSG criteria for T2DM in pregnancy and

investigated the clinical utility of the IADPSG T2DM criteria,

retrospectively assigned to our GDM cohort, to identify indi-

viduals with pre-existing T2DM based on glucose status

6–12 weeks after delivery.

2. Materials and methods

This study prospectively evaluated women who had hyper-

glycemia first detected in pregnancy (HFDP) and attended

the scheduled 6–12 weeks postpartum visit. The study

spanned 38 months (01/11/2015 to 15/12/2018). Women aged

18 years or older with a diagnosis of GDM as defined by the

locally modified NICE criteria in their most recent pregnancy

were eligible for inclusion. Women with pre-existing diabetes

(known or suspected type 1 diabetes mellitus and/or known

T2DM) were excluded from study entry. The entire cohort

received antenatal care and delivered at Tygerberg Hospital

(TH), Cape Town, South Africa. Tygerberg Hospital is a sec-

ondary and tertiary public health facility with the largest

catchment area in theWestern Cape Province. At TH pregnant

women are selectively screened using risk factors. Due to

resource constraints, formal 75-gram OGTTs are not per-

formed, rather, fasting and 2hr post-breakfast capillary glu-

cose values are used. The breakfast is brought by the

patient and is therefore not standardized. This approach

has been carefully described elsewhere [18–20]. Women with

GDM are routinely booked for a postpartum OGTT at TH, per-

formed 6–12 weeks after delivery.

The diagnostic glucose values in the most recent preg-

nancy were re-categorized postpartum with either IADPSG

T2DM or NICE GDM based on NICE criteria and upper level

IADPSG cut-offs (modified NICE GDM). Women were thus ret-

rospectively re-categorized as overt IADPSG T2DM if antena-

tal glucose values exceeded WHO diagnostic thresholds.

Antenatal data was collected at the postpartum visit and

verified with electronic hospital patient records. Anthropo-

metric (height, weight) measurements and documentation
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of glucose control during pregnancy was sourced from elec-

tronic hospital and clinic records. Glucose measurements

were verified with the National Health Laboratory Service

(NHLS). Antenatal use of prescribed medicine was self-

reported.

Pharmacological therapy for hyperglycemia in GDM

women with HFDP following delivery is routinely discontin-

ued, provided that they do not require insulin postpartum

and that the glucose profiles prior to discharge remains

normal.

Clinical data was collected at the postpartum visit on stan-

dardized data sheets and included demographic parameters

(breastfeeding, parity, education, employment status and

family history) and a list of current medication. A dedicated

diabetes nursing sister performed all anthropometric and

blood pressure measurements, blood sampling and the OGTT

according to standardized protocols. Women were excluded if

they were not fasted for the OGTT or if they continued use of

hypoglycemic medication.

Postpartum glucose homeostasis was evaluated with a 75-

gram OGTT. The participants ingested the pre-measured glu-

cose for the postpartum OGTTwithin 10-minutes and venous

samples for HbA1c, fasting plasma glucose (FPG) as well as

2hr post glucose load plasma glucose (2hr-PG) were obtained.

Women in whom a glucose test result was only available at

one of the OGTT time-points, were classified on the single

value.

Biochemical measurements were performed at the NHLS,

a South African National Accreditation Service accredited lab-

oratory. Plasma glucose was collected in sodium fluoride

tubes and was measured by means of the glucose oxidase

method on the Siemens ADVIA 1800 platform from 1 Nov

2015 to 12 September 2016. The assay has a measuring range

from 0 to 41.6 mmol/L with a reported coefficient of variation

(CV) of 1.7% at a glucose level of 4.4 mmol/L and 17.5 mmol/L

respectively. From 13 September 2016 the glucose was mea-

sured by means of the hexokinase method on the Roche

Cobas 6000 platform (Roche Diagnostics, Mannheim, Ger-

many) platform. The assay has a measurement range from

0.11 to 41.6 mmol/L with a reported CV of 1.3% at a glucose

level of 5.38 mmol/L and 1.1% at 13.4 mmol/L. HbA1c was

determined. HbA1c was initially measured by a Siemens

Advia 1800 (Siemens Diagnostics, New York, United States)

initially and changed over to the Roche Cobas c501 (Roche

Diagnostics, Mannheim, Germany) on 12 September 2016.

The methodology used in the Roche is turbidimetric inhibi-

tion immunoassay, in comparison to Siemens Advia utilizing

latex agglutination inhibition. The measuring range of the

Roche platform is 4.2% – 20.1% (22 to 195 mmol/mol and

more) with a CV of 1.3% at HbA1c of 5.3% (34 mmol/mol)

and 1.1% at HbA1c of 9.9% (85 mmol/mol). The measuring

range of the Siemens is 0.23% � 17.8% (<9 to 171 mmol/mol)

with a coefficient of variation of 0.8% at HbA1c of 5.08%

(32 mmol/mol) and 1.3% at HbA1c of 10.1% (87 mmol/mol).

Statistical analysis was performed by using IBM SPSS

Statistics version (25). Numbers are reported as n (%). Contin-

uous variables are reported as mean ± SD or 95% confidence

intervals (CI’s). A two-sided P < 0.05 was considered statisti-

cally significant. Categorical risk factors were cross-

tabulated as well as continuous variables, Chi-squared and
t-tests were performed respectively (if there was a normal

distribution).

The Stellenbosch University Health Research Ethics

approved the study HEA-2019–8297. Awaiver of informed con-

sent was granted as de-identified antenatal datawas obtained

retrospectively and because the study protocol forms part of

the standard of care at the TH postpartum clinic.
3. Results

The study population consisted of 181 participants. Treat-

ment withmedical nutritional therapy (MNT) ensured glucose

targets in only 27/181 (15%) of women with GDM. Most of the

women required a combination of MNT and metformin to

achieve optimal glucose control (129/181, 71%). A small num-

ber of women required insulin therapy in addition to MNT

and metformin (25/181, 14%). Metformin was well tolerated

in most, with gastrointestinal side-effects necessitating with-

drawal in only two participants.

Complete antenatal and postnatal glucose evaluation pro-

files (paired fasting and 2hr glucose levels) were available in

91% (n = 165/181) and 85% (n = 154/181) of participants respec-

tively. The 2hr glucose value were unavailable in 16 women

for the antenatal and in 23 women for the postnatal evalua-

tion, whereas the fasting glucose assessment was not docu-

mented in only 4 of the participants tested postpartum.

3.1. Re-categorization of antenatal glucose status

In pregnancy, all women had GDM as defined by the NICE cri-

teria. For the purpose of the study, they were re-categorized

based on IADPSG criteria for overt diabetes in pregnancy as

either IADPSG T2DM or as modified NICE GDM (Fig. 1).

Patients with IADPSG T2DM fulfilled WHO criteria for overt

diabetes at GDM diagnosis. Individuals re-categorized as

modified NICE GDM had the WHO diagnostic criteria added

as an upper limit i.e. the two categories were mutually

exclusive.

An elevated fasting glucose was documented in 133/181

women at GDM diagnosis, representing 73% of the study pop-

ulation. Upon re-categorization most of the elevated fasting

glucose values (77/133; 57%) remained in the NICE GDM range

(glucose � 5.6 mmol/L and < 7 mmol/L) with 56/133 values

meeting criteria for IADPSG T2DM.

The glucose at the 2hr time-point was elevated in the

majority (129/165; 78%) of women in whom 2hr values were

available (16 missing values at this time point). Most 2hr val-

ues (n = 100/129; 78%) were in the NICE GDM range (glu-

cose � 7.8 and < 11.1 mmol/L) upon re-categorization. The

balance of 29/129 (22%) elevated 2 h-glucose values exceeded

the overt diabetes threshold (>11.1 mmol/L).

Just over a third (n = 64/181; 35%) of women fulfilled

IADPSG criteria for overt T2DM at GDM diagnosis. Overt

T2DM was based on either a fasting value or a 2hr value or

both values in keeping with WHO diagnostic criteria (Fig. 1).

The antenatal re-categorization to T2DMwas based on an ele-

vated fasting glucose value of � 7 mmol/L in 35/64 women, on

a 2hr glucose level � 11.1 mmol/L in 8/64 women and on con-

current elevated fasting and 2hr values in 21 women. In
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Fig. 1 – Recategorization of antenatal and categorization of postpartum glucose status. *GDM = Gestational diabetes mellitus

based on National Institute of Care excellence (NICE) criteria (fasting glucose � 5.6 mmol/L and/or 2hr

postprandial � 7.8 mmol/L). $Overt IADPSG T2DM = Fasting glucose > 7 mmol/L and/or 2 h glucose > 11.1 mmol at GDM

diagnosis. **GDM based on fasting glucose � 5.6 mmol/L and < 7 mmol/L and/or 2hr postprandial load � 7.8 mmol/L

and < 11.1 mmol/L. DM = Diabetes Mellitus.
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women re-categorized as T2DM, 56/64 (88%) women thus had

a fasting value of � 7 mmol/L with or without an elevated 2hr

glucose measurement.

An elevated glucose value at both time points (fasting

glucose value � 5.6 mmol/L and a concurrent 2hr

value � 7.8 mmol/L) was documented in 88(49%) of the 181

women. Criteria in keeping with IADPSG T2DM in this subset

was present in 52 women (fasting value � 7 mmol/L only in 23

women, a 2hr value exceeding 11.1 mmol/L only in 12 women

and T2DM criteria at both time points in 17 participants). In

these women who exceeded GDM thresholds at fasting and

at 2hrs, 59% were thus re-categorized as IADPSG T2DM.

3.2. Descriptive characteristics of the different study
cohorts

Descriptive characteristics of the total study cohort, the

re-categorized modified NICE GDM group and the

re-categorized IADPSG overt T2DM group are summarized in

Table 1. The mean age of study participants was

32 ± 5 years, the majority were multigravidas (155/181; 86%)

and the mean gestation at antenatal diagnosis 23.5 ± 8.8 wee

ks. The mean gestation at delivery was 37 ± 4 weeks with cae-

sarean sections performed on 46% of the total cohort (84/181).

At diagnosis, an HbA1c � 6.5% in keeping with T2DMwas pre-

sent in 40% of women. There were 9 third trimester losses,

with 4 of the losses in women who met IADPSG criteria for

T2DM. Twenty percent of babies born to these mothers were

macrosomic (birth weight > 4000 g). Modified NICE GDM
women tended to be younger, more booked after 24 weeks

and they were diagnosed with hyperglycemia at a later gesta-

tion compared to the women re-categorized as T2DM.Women

with T2DM had a first degree relative with diabetes in near

90% of cases (56/64) compared to a lower percentage reported

in the modified NICE GDM group (35%).The vast majority of

women in both groups had BMI measurements in the WHO

obese category (�30 kg/m2), and mean weight did not differ

significantly between the two cohorts.

3.3. Postpartum outcome in re-categorized diabetes
subgroups

The mean interval from delivery to postpartum evaluation

was 8 ± 2 weeks. Breastfeeding status was available in most

(177/181) women at the time, with exclusive breastfeeding

reported by 139 mothers. The BMI at antenatal booking did

not differ significantly between the diabetes sub-groups

(Table 1, p = 0.21). Repeat anthropometry performed at the

postpartum visit was also similar between the two diabetes

subgroups. A trend towards a lower BMI in the IADPSG

T2DM was observed, but did not reach statistical significance

(p = 0.08).

Glucose homeostasis remained abnormal in 41% (75/181)

of the study cohort 6–12 weeks after delivery. Glucose values

in keeping with T2DM and prediabetes respectively were pre-

sent in 47/75 and 28/75 of these women (Fig. 1).

The postpartum biochemical assessments are tabulated in

Table 2. An elevated fasting blood glucose was present in



Table 1 – Descriptive characteristics of study participants.

Descriptive characteristics Total Study cohort
(n = 181)

GDM
(NICE modified)
(n = 117)

T2DM
(IADPSG)
(n = 64)

P value

Age (years) 32(5) 31(5) 33(6) 0.025
Advanced maternal age > 40 years 16(9%) 7(6%) 9(14%) 0.101
Level of education
Primary only 20(11%) 12(10%) 8(13%) 0.623
Secondary 135 (75%) 92(79%) 43(67%) 0.293
HIV positive status 15(8%) 8 (7%) 7(11%) 0.647
First degree relative with T2DM 97(51%) 41 (35%) 56 (88%) 0.049
Gravidity 3(2) 3(2) 3(2) 0.397
Primigravida 26 (14%) 15 (13%) 11(17%) 0.511
Parity 2(1) 2(1) 2(1) 0.913
Gestation
Booking (weeks) 13.8(5.9) 14.1(6.0) 13.4(5.7) 0.401
Booking after 24 weeks 112(59%) 81(69%) 31(48%) 0.005
Antenatal GDM diagnosis (weeks) 23.5(8.8) 25.5(7.8) 20.2(9.4) <0.0001
Anthropometry at booking visit
Weight in kg 94(22) 96(23) 90(19) 0.072
BMI in kg/m2 37(9) 38(10) 36(7) 0.205
BMI > 30 kg/m2 163(86%) 91(78%) 61(95%) 0.920
Biochemistry at diagnosis
Fasting glucose mmol/L 6.6(1.8) 5.6(0.8) 8.2(1.8) <0.0001
2hr glucose mmol/L 9.1(2.5) 8.1(1.6) 11.2(2.9) <0.0001
HbA1c % (mmol/mol) 6.6(1.6) 6.2(1.3) 7.3(1.6) <0.0001
HbA1c � 6.5% 74(40%) 28(24%) 46(72%) <0.0001
Hemoglobin < 10 g/dl 8 (4%) 6(5%) 2(1%) 0.575
Birthweight in grams 3318(846) 3352(762) 3257(938) 0.470
Macrosomia > 4000 g 38 (20%) 25(21%) 13(20%) 0.852
Third trimester loss 9(5%) 5(4%) 4(6%) 0.298

Values are given in mean and SD or number (%) unless otherwise specified. NICE GDM = National Institute of Health Care Excellence cut-off for

diagnosing Gestational Diabetes Mellitus excluding Overt Diabetes (fasting glucose � 5.6 mmol/L to < 7 mmol/L and 2 h-hour

glucose � 7.8 mmol/L to 11.1 mmol/L). IADPSG T2DM = International Association for Diabetes in Pregnancy Study Group criteria for

Overt Diabetes (fasting plasma glucose of � 7 mmol/l and/or 2 h post 75 g glucose value (2hr PG) � 11.1 mmol/l).

BMI = Body Mass Index in kg/m2 ;p-values refer to comparison between NICE GDM and IADPSG T2DM cohorts.

Table 2 – Postpartum biochemical assessment of glucose homeostasis.

Postpartum glucose categories
Biochemical parameter Total cohort

(n = 181)
Normal
(n = 106; 59%)

Prediabetes
(n = 28; 15%)

Diabetes
(n = 47; 26%)

Elevated FPG 45(25%) 9/28*(32%) 36/47**(77%)
Elevated 2hr PG 47(26%) 19/28* (68%) 28/47**(60%)
Mean fasting glucose in mmol/L 6.1 ± 2.5 4.8 ± 0.5 5.7 ± 0.9 9.3 ± 3.2
Mean 2hr glucose in mmol/l 7.5 ± 3.3 5.5 ± 1.1 8.2 ± 1.5 13.0 ± 3.1
HbA1C
% 6.1 ± 1.2 5.5 ± 0.6 6.0 ± 0.6 7.5 ± 1.5
Mmol/mol 41 ± 1.2 37 ± 0.6 42 ± 0.6 58 ± 1.5
Number of participants with concurrent HbA1c’s 172 100 27 45
HbA1c diagnostic of diabetes (�6.5%) 40/172(23%) 6/100(6%) 3/27(11%) 36/45(76%)
HbA1c indicative of prediabetes (�5.7% � 6.4%) 48(28%) 22/100(22%) 18/27(37%) 8/45(18%)

Values are given in mean and SD or number (%) FPG = Fasting plasma glucose. 2hr PG = . Plasma glucose 2hrs after 75-gram OGTT. Value exceed

WHO cut off level for *pre-diabetes and **diabetes.
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most women with T2DM (36/47; 77%), both fasting and 2hr

values were diagnostic for T2DM in 17 women. A diagnosis

of T2DM was made based on an elevated fasting value only

in 19/47 (40%) and on an elevated 2hr value only in 11/47

(23%) of women. The diagnosis of prediabetes was based on
impaired fasting glucose (IFG) in 9/28 (32%) and on impaired

glucose tolerance (IGT) in 19/28 (68%) women.

Near half (31/64) of the women with antenatal re-

categorized IADPSG T2DM had persistent T2DM postpartum

and 11 women had glucose values in keeping with
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prediabetes. Twenty-two women within this subgroup

reverted to normal glucose homeostasis postpartum (34%).

The majority of these women indicated exclusive breastfeed-

ing up to the time of evaluation (14/22; 64%).

In the modified NICE GDM group, the majority of women

had normal glucose homeostasis at postpartum assessment

(84/117; 72%). A diagnosis of T2DM was confirmed in 16

women (14%) within this diabetes subcategory (Fig. 1).

The sensitivity, specificity, positive predictive value and

negative predictive value of the antenatal IADPSG T2DM crite-

ria to predict persistently abnormal glucose homeostasis and

T2DM at 6–12 weeks postpartum are tabulated in Table 3. The

antenatal IADPSG T2DM criteria demonstrates a sensitivity of

69% and 75% to predict abnormal glucose homeostasis

respectively at early postpartum assessment.

4. Discussion

In the study of women with hyperglycemia first detected in

pregnancy (HFDP), one out of every three women retrospec-

tively fulfilled IADPSG criteria for T2DM.

In the women retrospectively assigned an antenatal diag-

nosis of IADPSG T2DM, abnormal glucose homeostasis was

documented in two-thirds (42/65) at early postpartum assess-

ment with diagnostic criteria for overt T2DM present in 48%

(31/64). The majority of women with postpartum T2DM had

antenatal IADPSG T2DM (31/47; 66%). All 16 women with

GDM based on the modified NICE criteria who had sustained

T2DM postpartum, met glucose criteria for GDM at both time-

points measured i.e. at fasting and at 2hrs.

In the local cohort, women at highest risk for sustained

T2DM at early postpartum follow-up are both those with

antenatal IADPSG T2DM and those with modified NICE GDM

where both glucose values exceed diagnostic thresholds.

The latter half of normal pregnancy is a state of increased

insulin resistance (IR) aimed at generating a glucose gradient

towards the fetus. In women with adequate pancreatic

reserve, insulin secretion increases accordingly. In GDM, mild

hyperglycemia develops due to an insufficient increase in

insulin secretion to respond appropriately to the physiologi-

cal state of IR, therefore unmasking chronic maternal b-cell

defect. Upon delivery, insulin sensitivity returns to pre-

pregnancy levels within hours [21].

Women re-categorized as having GDM based on modified

NICE criteria represent women with a milder degree of hyper-

glycemia. Glucose homeostasis is expected to normalize in

these women soon after delivery. This was indeed the case

in themajority of thesewomen with documented normal glu-

cose values early postpartum in 84/117 women with GDM

(72%). All women with modified NICE GDM who progressed
Table 3 – The utility of IADPSG T2DM criteria to predict abnorm

Prediction Sensitivity Specificity Positive p

T2DM 75% 48% 59%
Abnormal glucose$ 69% 79% 77%

* IADPSG T2DM includes either antenatal fasting glucose value > 7 mmo

homeostasis = T2DM and prediabetes.
to T2DM postpartum had increased glucose values at both

measured time-points at GDM diagnosis (paired fasting and

2hr). So the inability to maintain both fasting and postpran-

dial glucose values may represent a GDM subgroup at higher

risk of postpartum T2DM. GDM populations are indeed

heterogeneous with b-cell dysfunction and IR contributing

to hyperglycemia to varying degrees. Liu et al defined the

heterogeneity of GDM by categorizing GDM women into those

with predominant b-cell dysfunction, predominant IR, or

those with both beta cell dysfunction and IR (mixed group).

He noted that the mixed group represent the group with the

highest risk for adverse perinatal outcomes [22]. Benhalmina

et al also demonstrated differences in perinatal outcome

between women with predominantly IR versus those with

predominant b-cell dysfunction but failed to show any differ-

ence in maternal glucose homeostasis between these two

groups 14 weeks after delivery [23]. The magnitude of hyper-

glycemia and the presence of postpartum T2DM were signifi-

cantly less in the aforementioned studies compared to

findings in our study.

The 43% prevalence of postpartum hyperglycemia follow-

ing HFDP in the current study is concerning but has been

reported before in a similar population [2]. This suggests

pre-existing b-cell dysfunction and abnormal glucose home-

ostasis prior to the index pregnancy. The limited screening

for T2DM outside of pregnancy, the local selective screening

protocol in pregnancy and the adoption of the modified NICE

guidelines for GDM diagnosis with no upper glucose threshold

for T2DM all potentially contribute.

The prevalence of sustained T2DM in our cohort as early as

6–12 weeks postpartum is very close to the 45% reported by

Chivese et al after 5–6 years follow-up in a similar cohort from

Cape Town [24]. This finding implies more advanced disease

in our cohort who had sustained T2DM as early as 6 weeks

postpartum in a significant percentage of women with HFDP.

The authors previously reported a 46% prevalence of abnor-

mal postpartum glucose homeostasis early postpartum (DM

in 27%) in a smaller cohort of patients (n = 78) [2]. Univariate

analysis in the mentioned study identified the degree of

hyperglycemia at diagnosis as a significant risk factor for

early postpartum diabetes [2,25].

In a recent study conducted in an urbanized adult commu-

nity within the TH reference area, the crude prevalence of

T2DMwas 28.2% (age-adjusted 26.3%, 95% confidence interval

(CI) 22.0 – 30.3), with undiagnosed T2DM present in 18.1%

(age-adjusted 16.8%, 95% CI 13.3 – 20.4) of the study popula-

tion. This study indicated an enormous increase in T2D

prevalence based on the percentage of previously undiag-

nosed individuals. Interestingly, almost half of the study pop-

ulation were women younger than 49 years. The respective
al glucose 6–12 weeks after GDM.

redictive value Negative predictive value Accuracy

65% 61%
72% 74%

l/L and/or 2 h post glucose load > 11.1 mmol/L $ Abnormal glucose
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crude prevalence of T2D was 7.7% and 14.7% in the age groups

30–39 years and 40–49 years [26]. Pregnancy is often the first

exposure to formal health care in resource-limited settings.

The high prevalence of sustained T2DM following HFDP may

reveal the prevalence of undiagnosed T2DM in the back-

ground population of women in the reproductive age category

and support the need to distinguish between GDM and T2DM

in HFDP. Antenatal differentiation further permits timely

identification of a notable subgroup of women with T2DM

first identified when presenting with HFDP.

Although the distinction between IADPSG T2DM and NICE

GDM do not necessarily directly influence the antenatal man-

agement of hyperglycemia, it fosters added awareness and

alertness of persistent hyperglycemia postpartum. Long-

term follow-up after GDM is suboptimal globally despite

extensive efforts to engage women [27]. Identification of

women at highest risk for sustained hyperglycemia should

be prioritized considering the undisputable benefits of early

intervention [27,28].

We report that IADPSG T2DM in pregnancy pose a signifi-

cant risk of sustained T2DM postpartum, however it was

not a universal finding. Twenty-two women within this sub-

group reverted to normal glucose homeostasis and eleven

improved to a state of pre-diabetes. All women had HFDP

with no prior knowledge or guidance as to ideal nutrition.

Whilst the improved glucose homeostasis postpartum may

denote improved insulin sensitivity after delivery, medical

nutrition education coupled with the application of feasible

dietary modifications likely also first ensued in the index

pregnancy.

Another maternal protector to consider is breastfeeding.

Fourteen of the 22 women who reverted to normal glucose

homeostasis reported exclusive breastfeeding at the time of

the postpartum visit. A systematic review of published stud-

ies suggests that women with GDM are less likely to exclu-

sively breastfeed their babies and tend to breastfeed for a

shorter time compared to women without GDM [29].

Breastfeeding has been reported to have both short- and

long-term benefits on glucose metabolism in GDM women.

Long-term benefits include a decreased risk of developing

T2DM. Similarly, breastfeeding has been shown to have

favourable short-term effects within cross-sectional and

prospective study designs. Documented short-term effects

of breastfeeding include a lowering of total area under the

curve for postpartum glucose, and lower mean fasting and

2-hr glucose levels 4–12 weeks postpartum [30]. Moreover,

improved glucose levels are attributed to enhanced pancre-

atic b-cell function demonstrated by lowered insulin disposi-

tion indices as early as 3 months postpartum [31]. In the

Atlantic Diabetes in Pregnancy study, the presence of persis-

tent hyperglycemia following OGTTwas decreased by 10% in

breastfeeding women compared to women who formula-fed

12 weeks postpartum [32]. While this may signify improved

pancreatic function, the impact of breastfeeding on glucose

handling at the time of the OGTT have also been studied.

Gunderson et al. found a small but significant reduction in

the 2-hr glucose values (�5%), but no effect on fasting glucose

and insulin levels [33]. Our study did not specifically exclude

breastfeeding at the time of the OGTT and it is thus conceiv-

able that most women who breastfed continued to do so
during the performance of the OGTT. The magnitude of the

change Gunderson observed in the 2-hr glucose values, how-

ever, makes it unlikely that the impact on our postpartum

assessment and glucose categorization was significant.

Limitations of our study involve an inability to report on

the underlying physiological processes leading to hyper-

glycemia in pregnancy. Such assessment may be valuable

for future risk stratification and management. The retrospec-

tive re-categorization of antenatal glucose status did not

include a subgroup with IADPSG GDM (utilising lower fasting

glucose thresholds than NICE). This could have provided

information on an even milder spectrum of hyperglycemia

in pregnancy. Formal antenatal 75 g OGTTs were not per-

formed. The 6–12 weeks post-partum timeline is early for

evaluation of the development of de novo T2DM and it is

plausible that the sensitivity and specificity of IADPSG

T2DM criteria to identify development of T2DM will increase

with longitudinal follow-up. We did not perform a statistical

sample size calculation for this non-intervention study, but

the number of 181 women adequately addressed the study

objectives.
5. Conclusion

In this study a third of women with hyperglycemia first

detected in pregnancy (HFDP) retrospectively fulfilled IADPSG

criteria for T2DM. IADPSG T2DM predicted sustained DM early

postpartum with a sensitivity of 75%. Women with antenatal

IADPSG T2DM and women with modified NICE GDM in whom

glucose values exceeded the diagnostic thresholds both at

fasting and after a glucose load were at highest risk for

T2DM at early postpartum follow-up. Universal screening

and lower diagnostic cut-offs for GDM may not be possible

in resource constrained health care systems, but IADPSG

T2DM criteria and concordantly elevated glucose values in

women with GDM indicate high risk for postpartum glucose

abnormalities and are noteworthy.
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