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Abstract

Purpose of Review We conducted a systematic review to eval-
uate the current evidence for screening and treatment for
early-onset gestational diabetes mellitus (GDM)

Recent Findings Many of the women with early GDM in the
first trimester do not have evidence of hyperglycemia at 24—
28 weeks’ gestation.

Summary A high proportion (15-70%) of women with GDM
can be detected early in pregnancy depending on the setting,
criteria used and screening strategy. However, there remains
no good evidence for any of the diagnostic criteria for early-
onset GDM. In a meta-analysis of 13 cohort studies, perinatal
mortality (relative risk (RR) 3.58 [1.91, 6.71]), neonatal hy-
poglycemia (RR 1.61 [1.02, 2.55]), and insulin use (RR 1.71
[1.45, 2.03]) were greater among early-onset GDM women
compared to late-onset GDM women, despite treatment.
Considering the high likelihood of benefit from treatment,
there is an urgent need for randomized controlled trials that
investigate any benefits and possible harms of treatment of
carly-onset GDM.
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Introduction

Gestational diabetes mellitus (GDM) affects up to 25% preg-
nancies worldwide [1]. According to World Health
Organization (WHO) 2013 criteria, GDM is hyperglycemia
first recognized at any time in pregnancy that is below the
diagnostic threshold for undiagnosed diabetes in pregnancy
(DIP) [2+]. GDM affects outcomes for both mother and baby
during and beyond pregnancy [3ee,4¢¢,5¢]. Treatment is effec-
tive after 24 weeks when the diabetogenic effect of pregnancy
is most marked [6°¢,7¢¢].

Early screening for DIP is recommended for pregnant
women with risk factors to identify undiagnosed type 2 dia-
betes [8e¢]. This also detects women with lesser degrees of
hyperglycemia that would be diagnostic of GDM at 24—
28 weeks based on WHO 2013 criteria [2¢], but the diagnos-
tic criteria for such “early” or “booking” GDM remain uncer-
tain [9ee], particularly as many of those with “early GDM” in
the first trimester, do not have evidence of hyperglycemia at
24-28 weeks [10e¢]. It is unknown whether the evidence for
treating GDM, and the intensity of treatment, can be applied to
women diagnosed < 24 weeks’ gestation, as this is derived
from studies between 24 and 34 weeks’ gestation [3ee, Gee,
7ee]. Because of the heterogeneous nature of GDM, this early
group may represent a different range of phenotypes, com-
pared with women diagnosed later in pregnancy.
Furthermore, if there are benefits from identifying and treating
early GDM, then the “test characteristics” of using risk factor
screening for DIP need to be considered. Risk factor screening
is unreliable later in pregnancy [11] and is unlikely to fare
better earlier in pregnancy.

We conducted this systematic review to evaluate the avail-
able screening and diagnostic approaches for detecting GDM
in early pregnancy (early-onset GDM) and compare the clin-
ical characteristics and pregnancy outcomes of women with
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GDM who were diagnosed and treated early in pregnancy
(< 24 weeks of gestation) with women who were diagnosed
and treated late in the pregnancy (24-28 weeks of gestation).
During this review, we aimed to identify the highest quality
studies, use them for a pooled meta-analysis to draw conclu-
sions, and thereby assess relevant knowledge gaps.

Materials and Methods
Data Sources and Searches

This systematic review and meta- analysis was performed
according to Meta-Analysis of Observational Studies in
Epidemiology (MOOSE) guidelines [12]. A title and abstract
search of five electronic databases (PubMed, CINAHL,
EMBASE, Cochrane Library, and Scopus) was performed
using MeSH (Medical subject headings) terms such as “ges-
tational diabetes,” “pregnancy induced diabetes,” “hypergly-
cemia,” “first trimester pregnancy,” “early screening,” “early
diagnosis,” and “early treatment.” Keywords such as “book-
ing gestational diabetes mellitus,” “early gestational diabetes,”
and “early pregnancy” were also used if MeSH terms were not
found. A hand search was then conducted using the reference
list of retrieved articles. The search strategy is summarized in
Supplementary Table 1.

EEINT3

Study Selection

Any studies that assessed the screening, diagnostic thresholds,
treatment, and neonatal or obstetric outcomes of early-onset
GDM women were eligible for inclusion, regardless of mater-
nal characteristics, research design, publication year, setting,
or test method. Studies that included only a subgroup of the
population, a small sample size of < 10, and those that were
published in non-English languages were excluded. Studies
with inadequate description of research methodology,
abstract-only studies, and those studies that used non-fasting
oral glucose tolerance test (OGTT) for diagnosis were also
excluded from the review. The primary pregnancy outcome
evaluated in this review was large for gestational age (LGA),
and the secondary outcomes were as follows: macrosomia,
neonatal hypoglycemia, small for gestational age (SGA), hy-
pertensive disorders in pregnancy, perinatal mortality,
hyperbilirubinemia, neonatal intensive care unit (ICU) admis-
sion, cesarean delivery, respiratory distress syndrome, preterm
delivery, shoulder dystocia, or insulin use.

Articles retrieved from the literature search were screened for
duplicates. Titles and abstracts were screened for potential eligi-
bility for inclusion. The selected articles were further analyzed
by a full-text review to assess their eligibility for final inclusion.
The reasons for final inclusion were reviewed by the second
author, and disagreements were resolved by further discussion.
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Data Extraction and Quality Assessment

The data from the selected articles were extracted using two
data extraction forms: one for screening studies (consisting of
author, year, setting, study design, selection criteria, evaluated
test, study population, diagnostic criteria, and study results)
and one for treatment outcome studies (consisting of author,
year, research design, aim of the study, population, setting,
period of study, selection criteria, screening test, treatment
provided, ethnicity, age, prepregnancy body mass index
(BMI), gestational BMI, family history of diabetes, bad ob-
stetric history, multiparity, gestational weight gain (GWG),
glycemic profile on diagnosis, and study results). The meth-
odological quality of the cohort studies was analyzed using
the Newcastle Ottawa scale, which assesses three main do-
mains: selection, comparability, and outcome [13]. The
Cochrane risk of bias assessment tool was used to evaluate
the included randomized controlled trials (RCTs), which
covers six domains of bias: selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other bias
[14]. The quality assessment of cohort studies and RCTs are
summarized in Supplementary Tables 2 and 3. The Grading of
recommendations, Assessment, Development and Evaluation
(GRADE) approach was used to assess the quality of the body
of evidence for each outcome in the meta-analysis [15].

Meta-analysis

A meta-analysis was performed using Review Manager
(RevMan 5.3) statistical software provided by the Cochrane
Collaboration. The risk ratio and 95% confidence interval
were used to measure the effect size of the dichotomous out-
comes, and mean difference was used to measure the effect
size of the continuous outcome. A random-effects model was
employed to pool data across studies. An I statistic was used
to measure the heterogeneity of the studies; values of 25, 50,
and 75% were considered as low, moderate, and high hetero-
geneities, respectively. Publication bias was not determined,
as there were only 13 studies included for the meta-analysis. A
subgroup analysis was performed, considering the potential
effects of obstetric care in a lower resource setting, by strati-
fying the studies into developed and developing countries.
Inequality in maternity care has been found between devel-
oped and developing countries [16].

Results

A literature search identified 1495 articles, of which 35 met
the inclusion criteria (21 based on early screening and 14
based on treatment outcomes) and were included in the sys-
tematic review (Supplementary Fig. 1). The meta-analysis in-
cluded 13 cohort studies that were based on treatment
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outcomes. Most studies were observational besides two that
were RCTs: one comparing the diagnostic performance of
three tests: fasting plasma glucose (FPG), two-step 50-g glu-
cose challenge test (GCT)/OGTT, and 75-g OGTT in early
pregnancy [17¢] and the second study examining the benefits
of treating pregnant women with prediabetes (defined by he-
moglobin Alc (HbAlc)) early in pregnancy [18]. Studies were
conducted in different settings, with seven conducted in the
USA.

Diagnostic Criteria for Early GDM

There is consensus that DIP is diagnosed if one or more of the
following criteria is met: Fasting plasma glucose (FPG)
> 7.0 mmol/l (126 mg/dl) or HbAlc > 6.5% (48 mmol/mol)
or random plasma glucose (RPG) > 11.1 mmol/l (200 mg/dl)
with a confirmatory FPG or HbAlc [8<¢]. Most national/
international organizations make no distinction between
GDM criteria at or up to 24-28 weeks’ gestation besides the
International Association of Diabetes in Pregnancy Study
Group (IADPSG) which has recently recommended not to
use their criteria [9+¢] but have recommended no alternative.

HbA1c for Diagnosis in Early Pregnancy

We identified three observational studies (Supplementary
Table 4) that investigated the association of higher first trimes-
ter HbAlc (5.9-6.4%; 41-46 mmol/mol) and adverse preg-
nancy outcomes [19ee, 20, 21¢]. The largest and the highest
quality study among these was by Hughes et al. [19+] who
studied Europid women to determine the optimal threshold for
diabetes in early pregnancy but excluded GDM treated wom-
en in the analysis. The study reported greater than 2-fold in-
creased risk of preeclampsia, shoulder dystocia, major con-
genital anomaly, and greater than 3-fold increased risk of peri-
natal death associated with a higher first trimester HbAlc
threshold. Mafié et al. [20] studied a multiethnic group to
identify women without diabetes at increased risk of adverse
pregnancy outcomes. Women with GDM diagnosed at 24—
28 weeks’ gestation were also included in the analysis. The
study found a 3-fold increased risk of macrosomia and pre-
eclampsia associated with an early HbAlc of 5.9-6.4% (41—
46 mmol/mol). Sweeting et al. [21¢] studied a multiethnic
group of early- and late-onset GDM women to examine the
relationship between antenatal HbA 1¢ at GDM diagnosis with
adverse pregnancy outcome. The early-onset GDM women
were preselected from a group of high-risk women. The study
reported significantly increased risk of adverse pregnancy out-
comes such as macrosomia, hypertensive disorders, and cesar-
ean section among women with HbAlc of 5.9-6.4% (41—
46 mmol/mol). However, unlike in late-onset GDM, the asso-
ciation between the higher HbA 1¢ level and adverse pregnan-
cy outcomes was less distinct in early-onset GDM. The higher

HbA 1¢ did not adequately capture all the risks associated with
early-onset GDM such as LGA, SGA, and neonatal hypogly-
cemia. Only one study [20¢] included hemoglobin(Hb) and
mean corpuscular volume (MCV) levels in the analysis to
adjust for the presence of microcytic anemia. None of the
studies used electrophoresis for identifying potential
hemoglobinopathies.

While it is inevitable that there will be women with abnor-
mal HbAlc and normal OGTT and vice versa, Balaji et al.
[22] described a subset of GDM women in the first trimester
population, with positive OGTT values but with low HbAlc
levels (< 6% (42 mmol/mol)): it was suggested that the period
of hyperglycemia in this category of women was not long
enough to influence HbAlc. Maiié et al. [20¢] reported that
only half of the women with first trimester HbAlc > 5.9%
(=41 mmol/mol) developed GDM in later pregnancy, whereas
Hughes et al. [19+] found that 74% of the women with first
trimester HbAlc of > 5.9% (> 41 mmol/mol) developed ab-
normal OGTT at some stage during gestation and over two
thirds of these women were detected during early pregnancy.

We identified 6 studies (Supplementary Table 5) that inves-
tigated the prognostic values of first trimester HbAlc for de-
veloping GDM, using different glycemic thresholds.
Osmundson et al. [23] reported a 50% excess risk of GDM
(adjusted relative risk 1.48 (1.15-1.89), p < 0.001) among
women with HbAlc threshold of 5.7-6.4% (39-46 mmol/
mol) compared with women with a normal HbAlc (< 5.7%
(39 mmol/mol). In a study conducted in Switzerland, all high-
risk women with a value > 6.0% (42 mmol/mol) developed
GDM, while no GDM was found among women with HbA lc
< 4.5% (26 mmol/mol) [24]. Another study conducted in a
high-risk ethnic population reported a cutoff value of 6.0%
(42 mmol/mol) for GDM and 5.3% (34 mmol/mol) for normal
pregnant women [22]. Although a threshold of > 5.7%
(39 mmol/mol) to > 5.9% (> 41 mmol/mol) showed high
specificity (94-100%) for GDM, four studies reported low
sensitivity (13-28.6%) of first trimester HbA 1c¢ for predicting
GDM at a level usually recommended for identification of
“prediabetes” outside of pregnancy [19e, 20e, 23, 25¢].

OGTT for Diagnosis in Early Pregnancy (Supplementary
Table 6)

The DALI (Vitamin D And Lifestyle Intervention for GDM
prevention) pilot and lifestyle pan-European multicenter trial
reported the use of 75-g OGTT with IADPSG criteria in iden-
tifying high-risk obese women obese women (BMI>29.0 kg/
m2) with significant metabolic disturbances in early pregnan-
cy [26¢]. The RCT comparing the diagnostic performance of
the three tests: FPG, 50-g two-step GCT/OGTT, and 75-g
GTT reported better performance of the 75-g GTT for
predicting GDM in the first trimester. The 75-g GTT showed
the highest sensitivity (87%) and specificity (100%) for GDM
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prediction and larger area under the curve (AUC) (0.792) than
FPG (sensitivity 47%, specificity 77%, AUC 0.623) and two-
step GCT (sensitivity 68%, specificity 100%, AUC 0.708)
[17¢]. Another study in a high-risk Arab population found that
early multiple screening using 75-g OGTT at two monthly
intervals helped to detect majority of GDM cases (> 88%)
before seventh month of pregnancy [27]. A retrospective
study that evaluated the diagnostic performance of an early
75-g OGTT in predicting late-onset GDM reported that mor-
bidly obese women (BMI > 40 kg/m?) with a 2-h value of
< 6 mmol/l can be excluded from a repeat OGTT at 28 weeks,
avoiding a second OGTT in > 50% of women [28].

FPG for Diagnosis in Early Pregnancy

In the nine identified studies (Supplementary Table 7), Riskin-
Mashiah et al. [29+¢] reported a strong graded association be-
tween higher first trimester FPG values, below DIP, and ad-
verse pregnancy outcomes (e.g., LGA, macrosomia, primary
cesarean section). Higher FPG was an independent risk factor
for developing GDM, with a 1.5-fold increase in GDM for
every 0.27 mmol/l (5 mg/dl) rise in FPG [30]. However, opin-
ions have varied regarding the utility of FBG for detecting
hyperglycemia and the optimal FPG level that would best
predict GDM. Zhu et al. [10e°] recommended a threshold of
6.1 mmol/l (110 mg/dl), providing 100% specificity. Two
studies evaluated the diagnostic value of first trimester FPG
of > 5.1 mmol/l and found a lack of complete agreement
between the first trimester FPG values and the third trimester
OGTT results [10ee, 31¢] with only 39.8% of women with
FPG of > 5.1 mmo/l in the first trimester diagnosed with
GDM at 24-28 weeks [10¢°]. A study in a high-risk ethnic
population found no correlation between first trimester FPG
levels and GDM development at 2428 weeks [32]. Although
a first trimester FPG of > 5.1 mmol/l is highly predictive of
GDM (adjusted odd ratio (aOR) of 9.32 [5.07-17.14] [29],
aOR of 7.1 [3.8-13.1] [31°°]), two studies [33, 34] reported
low specificity and high false positive rate of first trimester
FPG for diagnosing GDM.

Screening Tests in Early Pregnancy

RPG in Early Pregnancy In the two comparative studies
identified (Supplementary Table 8), one reported RPG as a
better predictor for GDM than maternal age or BMI [35] while
the second reported poor performance of RPG as a screening
tool, comparing its test characteristics with 50-g GCT [25¢].

Risk Factor-Based Screening There are multiple publica-
tions relating to risk factor-based screening for GDM in
late pregnancy; however, evidence is limited for women
at booking in early pregnancy (Supplementary Table 6).
In current practice, screening for DIP is recommended to
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be based on risk factors alone [8¢¢]. However, early uni-
versal screening, especially in populations with a high
prevalence of type 2 diabetes helps to detect GDM women
with no risk factors (21%) [36], and is more likely to iden-
tify women including those with auto-immune diabetes
[37]. More GDM is diagnosed before 24 weeks’ gestation
in “early universal” compared with risk factor based
screening (27.7 vs 6.3%) [38].

GDM Found Early in Pregnancy: Proportions
and Prevalence

The prevalence of GDM found in early pregnancy ranged
between 0.8 and 22.9% (Supplementary Table 9).
The proportion of GDM women diagnosed before 24 weeks’
gestation varied widely (15-70%) depending on the setting,
criteria used and screening strategy. (Supplementary Table 10
describes various GDM criteria used in the selected studies).

The proportions and prevalence of early-onset GDM
estimated in this review may not represent the true preva-
lence of early GDM due to the limitations of the studies
involved in this review. One of the challenges in determin-
ing the true prevalence of early-onset GDM was the pres-
ence of biased study populations due to selective screening
of high-risk women and/or mixing of DIP with the early
GDM group.

Maternal Characteristics of Those Found Early vs Late

Table 1 summarizes the comparison of maternal characteris-
tics of early- and late-onset GDM women in the treatment
studies. Compared with late-onset GDM, women with early
GDM were older, more likely to be multiparous, with a higher
pregestational BMI and diabetes family history, HbAlc and
fasting glucose on OGTT, and features of the metabolic
syndrome.

Insulin therapy is often, but not always, required.

A Japanese study [39] that evaluated the effectiveness of
nutritional therapy among early-onset GDM women, diag-
nosed as per IADPSG criteria, reported less frequency of
post-partum type 2 diabetes among those who had glucose
tolerance normalized during midgestation with diet therapy
alone. This subset of women was more likely to be younger
primipara, with greater first trimester weight gain compared to
those women who retained GDM in midgestation. Beta cell
function (ISSI-2) was significantly higher in this subgroup in
the post-partum period who also showed an upward trend in
insulin secretion over gestation.

Treatment Outcomes of Early-Onset GDM

The selected studies (Supplementary Table 11) were catego-
rized into the following four groups.
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Early-onset GDM  Late-onset GDM Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI| IV, Random, 95% CI
1.3.1 Developed countries
Barahona et al, 2005 [40] 7 302 3 653 21.8% 5.05[1.31, 19.38] —_—
Bartha et al, 2000 [41] 3 50 0 133 4.5% 18.39[0.97, 349.85) ——
Berkovitz et al, 1992 [42) 1 102 1 252 5.2% 2.47 [0.16, 39.12] —
De Mupder 1984 [44] 1 50 0 64 3.9% 3.82[0.16, 91.90] S —
Hawkins et al, 2008 [47]) 0 339 3 2257 4.5% 0.95 [0.05, 18.33]
Sweeting et al, 2016 [52] 12 1315 10 3493 56.3% 3.19[1.38, 7.36]) ——
Subtotal (35% CI) 2158 6852 96.1% 3.61 [1.90, 6.84) B
Total events 24 17
Heterogeneity: Tau? = 0.00; Chi2 = 2.35, df = 5 (P = 0.80); I = 0%
Test for overall effect: Z = 3.93 (P < 0.0001)
1.3.3 Developing countries
Easmin et al, 2015 [45] 1 60 0 60 3.9% 3.00[0.12, 72.20) s S —
Subtotal (95% CI) 60 60 3.9%  3.00[0.12, 72.20) —ee -
Total events 1 0
Heterogeneity: Not applicable
Test for overall effect: Z = 0.68 (P = 0.50)
Total (95% CI) 2218 6912 100.0% 3.58(1.91,6.71) L 2
Total events 25 17

i 2 = - i = = - R = + + 4 4
Heterogeneity. Tau® = 0.00; Chi* = 2.36, df = 6 (P = 0.88); I = 0% o005 o1 10 330

Test for overall effect: Z = 3.98 (P < 0.0001)
Test for subgroup differences: Chi? = 0.01, df = 1 (P = 0.91), I = 0%

b

Favours Early GDM Favours Late GDM

Early GDM treated  Late GDM treated Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 Developed countries
Barahona et al, 2005 [40] 10 302 23 653 19.7% 0.94 [0.45, 1.95] —
Bartha et al, 2000 [41] 4 50 0 133 2.3% 23.65 [1.30, 431.44] _—
Berkovitz et al, 1992 [42] 4 102 4 252 8.7% 2.47 [0.63, 9.69] —
De Muyider 1984 [44] 3 50 0 64 2.3% 8.92[0.47, 168.83] B —
Sweeting et al, 2016 [52] 266 1315 601 3493 38.1% 1.18[1.03, 1.34] ]
Subtotal (35% CI) 1819 4595 71.2% 1.47 [0.82, 2.64] <
Total events 287 628
Heterogeneity. Tau? = 0.17; Chi? = 7.40, df = 4 (P = 0.12); ? = 46%
Test for overall effect: Z = 1.29 (P = 0.20)
1.4.2 Developing countries
Boriboonhirunsarn and Kasempipatchai, 2016 [43] 20 142 12 142 21.2% 1.67 [0.85, 3.28) T
Easmin et al, 2015 [45] 9 60 2 60 7.6%  4.50[1.01, 19.96] e
Subtotal (95% CI) 202 202 28.8% 2.17 [0.92, 5.15) ~—
Total events 29 14
Heterogeneity: Tau? = 0.14; Chiz = 1.42, df = 1 (P = 0.23); I = 29%
Test for overall effect: Z = 1.77 (P = 0.08)
Total (95% C) 2021 4797 100.0% 1.61[1.02, 2.55) <
Total events 316 642
Heterogeneity. Tau? = 0.14; Chi? = 11.34, df = 6 (P = 0.08); I* = 47% '001 0‘1 1‘0 100‘
Test for overall effect: Z = 2.03 (?f - N Favours early GDM Favours Late GDM
Test for subgroup differences: Chi2 = 0.54, df = 1 (P = 0.46), I = 0%
C

Early group treated Late group treated Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight 1V, di 95% CI v, d 95% CI
1.6.1 Developed countries
Bartha et al, 2000 [41] S 50 14 133 6.3%  0.95[0.36, 2.50] —
Hawkins et al, 2008 [47] 9 339 44 2257 10.9%  1.36[0.67, 2.76]) S
Rowan et al, 2016 [49] 18 134 23 151  15.5% 0.88 [0.50, 1.56] —_—
Sweeting et al, 2016 [52] 505 1315 1188 3493 63.1% 1.13[1.04, 1.23] | |
Subtotal (95% CI) 1838 6034 95.8% 1.12(1.04, 1.22] ¢
Total events 537 1269
Heterogeneity. Tau? = 0.00; Chi? = 1.10, df = 3 (P = 0.78); I? = 0%
Test for overall effect: Z = 2.85 (P = 0.004)
1.6.2 Developing countries
Easmin et al, 2015 [45] 12 60 3 60 4.2% 4.00[1.19, 13.46] —_—
Subtotal (95% CI) 60 60 4.2% 4.00 (1.19, 13.46) e
Total events 12 3
Heterogeneity. Not applicable
Test for overall effect: Z = 2.24 (P = 0.03)
Total (95% CI) 1898 6094 100.0% 1.16 [0.90, 1.49]
Total events 549 1272
i 2 _ CChi2 = - - 2 L " N y
?eterogeneny Tau = 0.03; Chi* =5.28, df = 4 (P = 0.26); I° = 24% 5os o3 T 3 >0
est for overall efrec_(. Z=111 (I? =0.26) Favours Early GDM Favours Late GDM

Test for subgroup differences: Chi? = 4.18, df = 1 (P = 0.04), I* = 76.1%

Early GDM treated  Late GDM treated Risk Ratio Risk Ratio
Study or Subgroup Events Total  Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.10.1 Developed countries
Barahona et al, 2005 [40] 230 302 371 653 18.2% 1.34[1.22, 1.47] -
Bartha et al, 2000 [41] 22 65 12 170 5.1%  4.79(2.52, 9.12]
Berkovitz et al, 1992 [42] 57 102 75 252 13.3% 1.88(1.45, 2.43]) —_
De Muyider 1984 [44] 13 50 15 64 5.1% 1.11(0.58,2.11] —_—
Gupta et al, 2016 [46] 2 60 4 221 1.0%  1.84[0.35, 9.81]
Most et al, 2009 [48] 25 98 21 242 6.6%  2.94(1.73,5.00] —
Rowan et al, 2016 [49] 37 134 39 151 9.6% 1.07[0.73, 1.57] e
Svare et al, 2001 [51) 18 50 24 277 6.6%  4.16[2.44, 7.07]
Sweeting et al, 2016 [52] 788 1315 1491 3493 18.8% 1.40(1.32, 1.49] -
Subtotal (95% CI) 2176 5523 84.3% 1.75 [1.44,2.12) L 2
Total events 1192 2052
Heterogeneity: Tau? = 0.04; ChiZ = 45.61, df = 8 (P < 0.00001); I* = 82%
Test for overall effect: Z = 5.69 (P < 0.00001)
1.10.2 Developing countries
Boriboonhirunsarn and Kasempipatchai, 2016 [43] 10 142 5 142 2.3%  2.00[0.70, 5.70] —
Easmin et al, 2015 [45] 51 60 33 60 13.4%  1.55(1.20, 1.99] —
Subtotal (95% CI) 202 202 15.7% 1.57[1.23, 2.00] L 2
Total events 61 38
Heterogeneity. Tau? = 0.00; ChiZ = 0.22, df = 1 (P = 0.64); I = 0%
Test for overall effect: Z = 3.53 (P = 0.0003)
Total (95% CI) 2378 5725 100.0% 1.71[1.45, 2.03] L 2
Total events 1253 2090
Heterogeneity: Tau? = 0.04; Chi® = 46.41, df = 10 (P < 0.00001); > = 78% 0‘1 0‘2 0‘5 é § 1'0

Test for overall effect: Z = 6.24 (P < 0.00001)
Test for subgroup differences: Chi2 = 0.48, df = 1 (P = 0.49), I? = 0%

Favours Early GDM Favours Late GDM
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4 Fig. 1 Forest plots comparing pregnancy outcomes between “treated”
early- and late-onset GDM women. a Forest plot 1: perinatal mortality. b
Forest plot 2: neonatal hypoglycemia. ¢ Forest plot 3: neonatal intensive
care unit admission. d Forest plot 4: insulin use

(1) Early treatment vs usual prenatal care: We identified one
RCT that evaluated the treatment outcomes among wom-
en with prediabetes (HbAlc 5.7-6.4% (39—46 mmol/
mol)) in early pregnancy [18]. The study found no sig-
nificant difference in outcomes except a lower overall
mean HbA Ic, and a 50% risk reduction for GDM among
non-obese women, in the treatment group. The study was
underpowered due to its small sample size.

(2) Comparison of pregnancy outcomes between early- and
late-onset GDM: We identified 13 cohort studies that
compared the treatment outcomes of early and late-
onset GDM women [40, 41, 42-47, 48+, 49, 50e, 51,
52¢]. All studies used OGTT for GDM diagnosis except
one [49] which used HbAlc. In our meta-analysis, the
early-onset GDM women had significantly higher likeli-
hood of perinatal mortality (relative risk (RR) 3.58 [1.91,
6.71]), neonatal hypoglycemia (RR 1.61 [1.02, 2.55]),
and insulin use (RR 1.71 [1.45, 2.03]) compared to
late-onset GDM women (Fig. 1). There was no signifi-
cant difference between early- and late-onset GDM in
mean birth weight, LGA, or SGA (Table 2).

Subgroup Analysis In the subgroup analyses, the early-onset
GDM women in the developed countries had significantly
higher likelihood of neonatal ICU admission (RR1.12 [1.04,
1.22]) compared to late-onset GDM women (Fig. 1).

In the three identified studies [49, 51, 52¢] that investigated
post-partum screening rates, a significant follow-up loss (46—
49%) for the post-partum OGTT was reported [49, 52¢].
Compared to late GDM women, a higher rate of impaired
glucose tolerance (23 vs 14%) and diagnosis of type 2 diabetes
(5 vs 1%) were found in early GDM women [52¢].

(3) Comparison of outcomes between women with early treat-
ed GDM and normal glucose tolerance (NGT): Of the two
studies [42, 50¢], one reported that the birth weight of
babiesbornto early treated GDM women were comparable
to that of NGT women [50¢]. In the other, there was no
significant difference in LGA, hyperbilirubinemia or peri-
natal mortality; however, hypertensive disorders (pre-
eclampsia 14.7 vs 5.4%, p < 0.001, chronic hypertension
11.8 vs 3.8%, p < 0.001), preterm delivery (19.6 vs 7.6%,
p < 0.057), RDS (3.0 vs 0.5%, p = 0.02), and neonatal
hypoglycemia (4.0 vs 1.0%, p = 0.02) were significantly
higherintheearly treated GDM group compared to women
in the NGT group [42].

(4) Comparison of treatment outcomes between women
with early-onset GDM and preexisting diabetes: In the
two identified studies [46, 52¢] that compared pregnancy
outcomes between women with early-onset GDM and
preexisting diabetes, one [46] reported a significantly
higher rate of macrosomia and insulin need in women
with preexisting diabetes while the second study showed
comparable rates of pregnancy outcomes between wom-
en with preexisting diabetes and those with GDM diag-
nosed in < 12 weeks of gestation [52¢].

Discussion

Evidence is growing that many (15 to 70%) women with
GDM have evidence of hyperglycemia before 24 weeks’ ges-
tation. Our meta-analysis shows that such hyperglycemia is
associated with significantly increased risk for perinatal mor-
tality, neonatal hypoglycemia, and insulin therapy (based up-
on the glycemic thresholds in use). These women also are at
increased risk of neonatal ICU admission in developed coun-
tries. Our systematic review, however, reveals multiple knowl-
edge gaps, with insufficient data to identify how to diagnose
early GDM, what therapeutic targets should be used, and how
best to screen for early GDM. Early GDM appears to represent
at least four different phenotypes: those with one or more
features of the metabolic syndrome [26¢], those with autoim-
mune etiology [53], those with impaired beta cell function
[26°], and those with monogenic diabetes [54]. Although most
of these women do not appear to have glycaemia elevated
sufficiently to have impaired fasting glucose (IFG) or im-
paired glucose tolerance (IGT) outside of pregnancy, they
could be said to have “prevalent” GDM, while those develop-
ing GDM by the time of the 24-28-week OGTT could be said
to have “incident” GDM. The situation is made more complex
by the variation in glycemic profile through pregnancy, with a
very early increase in glycaemia after implantation, followed
by reduced glycaemia with increased insulin sensitivity to 18—
20 weeks, and then increasing glycaemia with the growing
insulin resistance from placental hormonal secretion (HPL,
PGH) [55]. Though the current IADPSG criteria have a high
“detection rate,” capturing high-risk women with metabolic
disturbances early in pregnancy (as shown by the DALI study
(26¢)), it is unknown whether early treatment will prevent
adverse pregnancy outcomes. The first trimester HbAlc has
limited utility in diagnosing early-onset GDM with inconsis-
tent evidence for a proportionate increase in adverse pregnan-
cy outcomes with higher values. Its low sensitivity in captur-
ing GDM makes it a less desirable tool in early pregnancy.
Although, an HbA1c of 5.9-6.4% (41-46 mmol/mol) is con-
sidered as prediabetes in the general population and is associ-
ated with increased risk of adverse pregnancy outcomes

@ Springer
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Table 2  Summary of evidence: comparison of pregnancy outcomes between treated early- and late-onset GDM women
Outcomes No. of participants Quality of the Relative effect Anticipated absolute effects
(studies) evidence (95% CI)
Follow-up (GRADE) Risk with late Risk difference with
GDM treated early GDM treated
Large for gestational age 9622 (7 observational studies) ~ @&®&00 LOW RR 1.07 (0.86 to 1.35) 187 per 1000 13 more per 1000
(26 fewer to 66 more)
Perinatal mortality 9130 SDo0 LOW RR 3.58 (1.91t0 6.71) 2 per 1000 6 more per 1000
(7 observational studies) (2 more to 14 more)
Neonatal hypoglycemia 6818 (7 observational studies) ~ ©&00 LOW RR 1.61 (1.02t02.55) 134 per 1000 82 more per 1000
(3 more to 207 more)
Neonatal intensive care 7992 (5 observational studies) Se00 LOW RR 1.16 (0.90 to 1.49) 209 per 1000 33 more per 1000
unit admission (21 fewer to 102 more)
Insulin use 8103 (11 observational studies) @000 VERY LOW* RR 1.71 (1.45t02.03) 365 per 1000 259 more per 1000
(164 more to 376 more)
Macrosomia 9966 (10 observational studies) ©SOO LOW RR 1.05(0.77 to 1.41) 108 per 1000 5 more per 1000
(25 fewer to 44 more)
Small for gestational age 5900 (5 observational studies) @S0 LOW RR 1.27(0.92t0 1.75) 73 per 1000 20 more per 1000
(6 fewer to 55 more)
Hypertensive disorders 10,091 (10 observational studies) @000 VERY LOW® RR 1.34 (0.98 to 1.82) 93 per 1000 32 more per 1000
in pregnancy (2 fewer to 76 more)
Preterm delivery 7039 (7 observational studies) SDO0 LOW RR 1.16 (0.84 to 1.61) 80 per 1000 13 more per 1000
(13 fewer to 49 more)
Cesarean delivery 9685 (9 observational studies) G000 VERY LOW® RR 1.09 (0.94 to 1.26) 313 per 1000 28 more per 1000
(19 fewer to 81 more)
Shoulder dystocia 2936 (2 observational studies) @000 VERY LOWY RR 1.76 (0.96 to 3.24) 16 per 1000 12 more per 1000
(1 fewer to 36 more)
Hyperbilirubinemia 9231 (7 observational studies) DSHOO0 LOW RR 1.16 (0.91 to 1.48) 130 per 1000 21 more per 1000
(12 fewer to 62 more)
Respiratory distress 6351 (5 observational studies) G000 VERY LOWY RR 1.00 (0.76 to 1.32) 38 per 1000 0 fewer per 1000
syndrome (9 fewer to 12 more)

Early applies to diagnosis before 24 weeks’ gestation, late to 24 weeks’ gestation or beyond. Low quality: Our confidence in the effect estimate is limited:
The true effect may be substantially different from the estimate of the effect. Very low quality: We have very little confidence in the effect estimate: The

true effect is likely to be substantially different from the estimate of effect
CI confidence interval, RR risk ratio

? Heterogeneity: 77 = 0.04; x> =46.41, df= 10 (P <0.00001); > = 78%. Criteria for the initiation of insulin for high glucose values varied across studies
® Heterogeneity: 7 = 0.15; x> = 32.86, df = 9 (P = 0.0001); > = 73%. Selective screening of high-risk women in few studies

©Heterogeneity: 7 = 0.03; x> = 33.28, df = 8 (P < 0.0001); P = 76%

9Few events

[19e¢], this threshold has not been evaluated among women of
reproductive age outside of pregnancy. Approximately 7 to
66% of women of reproductive age are affected by anemia
worldwide [56] with various etiologies such as insufficient
iron intake, inability to absorb iron, vitamin B12 or folate
deficiency, and menstrual blood loss [57]. While a higher first
trimester HbA 1¢ at a prediabetes range is highly specific for
GDM, there remain concerns over the influence of minor
changes in red cell turnover which can falsely lower HbAlc
values [58, 59]. Therefore, further evidence is required to as-
sess whether HbAlc is reliable enough in early pregnancy
and, if so, to define an appropriate HbA ¢ threshold for diag-
nosing GDM in early pregnancy. The efficacy of FPG as a
screening tool in early pregnancy is limited by its high false

@ Springer

positive rate. The gestational week at which the women are
screened and referred to treatment is crucial in determining the
benefits of screening. This review was unable to determine the
most appropriate gestational week for early screening.

Not only is there uncertainty whether women with early
GDM benefit from treatment, there are concerns about risks
from over-treatment. Currently, there is no evidence of the
optimal glucose threshold for glycemic management in early
pregnancy. If the fetus is exposed to relative undernutrition
from over treatment, fetal programming for future metabolic
disease could increase [60]. This over-treatment/undernutri-
tion paradigm has emerged with excess number of SGA
babies in GDM studies [61] and in clinical treatment of wom-
en with Mature Onset Diabetes of the Young (MODY 2),
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whose MODY 2 offspring may be SGA from over-vigorous
treatment of the maternal elevated glycemic set point [62].
More recently, bariatric surgical registries have shown in-
creased SGA in pregnancy, and others have shown undernu-
trition with reduced lean body mass in offspring of obese
women who have lost weight during pregnancy [63].

Limitations

One of the limitations in this review was the heterogeneity of
the studies. The review involved a mix of studies with differ-
ent study designs and various screening and diagnostic ap-
proaches. There was a lack of uniformity among studies in
relation to the interventions provided. Interventions were car-
ried out with various glycemic targets. Some studies were
associated with sampling bias as they were carried out with
purposive or selective sampling of high-risk women. A few
studies combined GDM and DIP. No study was identified that
provided a cost-benefit analysis of early treatment. And final-
ly, no studies demonstrated the long-term effects of early treat-
ment on mothers and offspring. One of the key strengths of
this study is that it includes a comprehensive search for the
best possible evidences that were currently available. To our
knowledge, this is the first study of its kind.

Conclusion and Recommendations

Women with relative hyperglycemia early in pregnancy are at
increased risk of some adverse pregnancy outcomes despite
early treatment. Such early, or “prevalent GDM,” is common
and appears to have a range of etiologies. There is no good
evidence for appropriate diagnostic criteria, optimal screening
procedures, or approaches to management, and suitable RCTs
are urgently required. At this point in time, pending RCTs
before 24 weeks’ gestation, a pragmatic approach to “diag-
nose” GDM may be to use the 24-28 week GDM criteria in
the second trimester. In the first trimester, we recommend the
use of a fasting glucose of 6.1-6.9 mmol/l, but there are in-
sufficient data to recommend 1- or 2-h glucose or HbAlc
criteria to diagnose GDM currently. Pragmatically, 24-28-
week GDM criteria could be used with the 1- or 2-h OGTT
results. Glucose targets should be comparable to those for
pregnant women with preexisting diabetes.
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