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ARTICLE INFO ABSTRACT

Keywords: Background: The implication of intermediately elevated fasting plasma glucose (FPG) in the first trimester of
Fasting plasma glucose pregnancy is uncertain.

Pregnancy

Purpose: The primary outcome of the meta-analysis was to analyze if intermediately elevated first-trimester FPG
could predict development of GDM at 24-28 weeks. The secondary outcomes were to determine if the commonly
used FPG cut-offs 5.1 mmol/L (92 mg/dL), 5.6 mmol/L (100 mg/dL), and 6.1 mmol/L (110 mg/dL) correlated
with adverse pregnancy events.

Data sources: Databases were searched for articles published from 2010 onwards for studies examining the
relationship between first-trimester FPG and adverse fetomaternal outcomes.

Study selection: A total of sixteen studies involving 115,899 pregnancies satisfied the inclusion criteria.

Data extraction and data synthesis: Women who developed GDM had a significantly higher first-trimester FPG than
those who did not [MD 0.29 mmoL/1 (5 mg/dL); 95 % CI: 0.21-0.38; P < 0.00001]. First-trimester FPG >5.1
mmol/L (92 mg/dL) predicted the development of GDM at 24-28 weeks [RR 3.93 (95 % CI: 2.67-5.77); P <
0.0000], pre-eclampsia [RR 1.55 (95%CI:1.14-2.12); P = 0.006], gestational hypertension [RR1.47 (95%
CL:1.20-1.79); P = 0.0001], large-for-gestational-age (LGA) [RR 1.32 (95%CIL:1.13-1.54); P = 0.0004], and
macrosomia [RR1.29 (95%CI:1.15-1.44); P < 0.001]. However, at the above threshold, the rates of preterm
delivery, lower-segment cesarean section (LSCS), small-for gestational age (SGA), and neonatal hypoglycemia
were not significantly higher. First-trimester FPG >5.6 mmol/L (100 mg/dL) correlated with occurrence of
macrosomia [RR1.47 (95 % CI:1.22-1.79); P < 0.0001], LGA [RR 1.43 (95%CI:1.24-1.65); P < 0.00001], and
preterm delivery [RR1.51 (95%CI:1.15-1.98); P = 0.003], but not SGA and LSCS.

Limitations: Only one study reported outcomes at first-trimester FPG of 6.1 mmol/L (110 mg/dL), and hence was
not analyzed.

Conclusion: The risk of development of GDM at 24-28 weeks increased linearly with higher first-trimester FPG.
First trimester FPG cut-offs of 5.1 mmol/L (92 mg/dL) and 5.6 mmol/L (100 mg/dL) predicted several adverse
pregnancy outcomes.

Gestational diabetes mellitus
Fetal outcome
Maternal outcome
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1. Introduction

The escalating rates of diabetes and obesity have coincided with the
rise in the identification of both overt diabetes and gestational diabetes
mellitus (GDM) during pregnancy. GDM, classically defined as an
abnormal glucose tolerance first recognized during pregnancy, impacts
around 14 % of pregnancies globally [1]. Hyperglycemia during preg-
nancy not only adversely affects maternal and neonatal health but also
poses a potential risk for future cardiometabolic disorders in both the
mother and the offspring.

GDM, referred to as conventional GDM (cGDM) in this article, is
diagnosed during 24-28 week gestation by the traditional two-step
Carpenter-Coustan criteria or the more recent one-step method pro-
posed by the International Association of the Diabetes and Pregnancy
Study Groups (IADPSG) [2]. The IADPSG, in 2010, other than modifying
the diagnostic criteria of cGDM, also emphasized the importance of
screening for hyperglycemia early in pregnancy, particularly for at-risk
groups. Early screening aims to identify undiagnosed overt diabetes to
prevent congenital malformations [3].

Most guidelines recommend using FPG, glycated hemoglobin (A1C),
or oral glucose tolerance test (OGTT) for first-trimester screening [2,
4-6]. The IADPSG suggested that any one of FPG, A1C, or random
plasma glucose (RPG) with subsequent confirmation, can be employed
[2]. The World Health Organization (WHO) favored the use of OGTT
applying IADPSG cut-offs [5], while the recent American Diabetes As-
sociation (ADA) guidelines propose FPG and A1C as the preferred tests
for first trimester [4].

The recent 2023 ADA statement recommends an A1C > 5.9 % (41
mmol/mol) or an FPG >6.1 mmol/L (110 mg/dL) as indicative of early
abnormal glucose metabolism for potentially identifying pregnancies at
higher risk of adverse outcomes [4]. However, it’s important to note that
very few studies have examined the validity of these thresholds [7]. FPG
and A1C are considered simpler and easily executable options and are
usually preferred over the more cumbersome OGTT in the first trimester
[4,8].

The term early gestational diabetes mellitus (eGDM) has also been
used for pregnancies found to have intermediately elevated glucose
levels detected during screening in early pregnancy [4,9]. In eGDM, the
glucose values are above the threshold used for diagnosing GDM be-
tween 24 and 28 weeks, but do not reach the cut-offs for overt diabetes.
The significance of intermediately elevated glucose values is currently
unclear. There is also no consensus on the criteria for diagnosis and
management of eGDM.

In 2010, the IADPSG had proposed that FPG level >5.1 mmol/L (92
mg/dL) during first-trimester as diagnostic of GDM [2]. The IADPSG
cut-offs were however derived from data obtained during the latter half
of pregnancy, and the committee issued a clarification in 2015 advising
against the use of the criteria in the first trimester [10]. However, by that
time, some guidelines had already endorsed the criteria [11,12]. On the
other hand, in the United Kingdom, the National Institute for Health and
Care Excellence recommends using FPG >5.6 mmol/L (100 mg/dL) or
2-h plasma glucose >7.8 mmol/L (140 mg/dL) during an OGTT as
criteria for diagnosing GDM, irrespective of the pregnancy trimester
[13]. Diverse diagnostic criteria for eGDM contribute to the complexity
in defining the condition [4,5,11,13].

Some of the studies exploring FPG cut-off points of 5.1 mmol/L (92
mg/dL) [14-16], and 5.6 mmol/L (100 mg/dL) [17], reveal an increased
likelihood of adverse outcomes above these levels. Moreover, prospec-
tive studies [18-22] and retrospective analysis of medical records
[23-25] associate intermediately elevated first-trimester FPG with
worsened fetomaternal outcomes and the risk of cGDM. Nomograms
predicting cGDM using first-trimester FPG have been developed but lack
large-scale validation [26-28]. However, studies linking first-trimester
FPG to adverse outcomes are mainly observational. This highlights the
crucial need for well-designed clinical trials to determine the appro-
priate diagnostic threshold for eGDM.
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This systematic review and meta-analysis explores the link between
intermediately elevated first-trimester FPG and the risk of development
of GDM between 24 and 28 weeks and other related fetomaternal out-
comes. This is the first meta-analysis to examine the clinical implications
of intermediately elevated first-trimester FPG.

2. Methods

The systematic review and meta-analysis was done using the
Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines. The predefined protocol has been registered in
PROSPERO with the registration number CRD42023415490.

2.1. Eligibility criteria for study selection

Utilizing the PICOS criteria, we included studies published after
2010 involving pregnant women with data available on first-trimester
FPG and the occurrence of cGDM or other fetomaternal outcomes. We
included studies post-2010 due to significant heterogeneity in study
designs before IADPSG recommendations. Articles correlating the risk of
development of cGDM to first-trimester FPG as a continuous variable
were analyzed. Additionally, studies assessing FPG as a dichotomous
variable at the diagnostic cut-points 5.1 mmol/L (92 mg/dL), 5.6 mmol/
L (100 mg/dL), and 6.1 mmol/L (110 mg/dL) were separately examined.
Case reports, case series, review articles, abstracts, and animal studies
were excluded. Furthermore, studies involving interventions for eGDM
in the first trimester were excluded. Two authors independently iden-
tified eligible articles based on the criteria, and any discrepancies in
study inclusion were resolved through consensus.

2.2. Search strategy

We systematically searched Embase database, Web of Science,
Cochrane Library, Medline (PubMed), clinicaltrials.gov, CNKI database,
ctri. nic.in, and Google Scholar as either keywords or MESH terms:
(fasting plasma glucose) OR (fasting glucose) OR (glucose) AND (preg-
nancy trimester, first). In addition, we manually searched review articles
and checked reference lists of original articles to identify studies that
might have been missed from the electronic search.

The primary outcome of the meta-analysis was to analyze if inter-
mediately elevated first-trimester FPG could predict development of
GDM at 24-28 weeks. Secondary outcomes included assessing whether
first-trimester FPG values at cut-offs of 5.1 mmol/L (92 mg/dL), 5.6
mmol/L (100 mg/dL), and 6.1 mmol/L (110 mg/dL) could predict
various pregnancy-related outcomes such as cGDM, gestational hyper-
tension, pre-eclampsia, preterm delivery, rates of lower-segment cesar-
ean section (LSCS), macrosomia, small for gestational age (SGA), large
for gestational age (LGA), and neonatal hypoglycemia.

2.3. Data extraction and risk of bias assessment

Data extraction was conducted independently by two authors. The
review encompassed the extraction of the following details from all
eligible studies: author(s), publication year, title, journal, study design,
participant count, age, body mass index (BMI), parity, mean or median
FPG in the first trimester, criteria employed for diagnosing cGDM, as
well as obstetric and neonatal outcomes. For studies that reported data
as median and interquartile range, standard method (outlined by Wan)
was used to convert to mean and standard deviation (SD).

Two authors assessed study bias using the Newcastle-Ottawa Scale.
This scale evaluates potential bias in prospective studies based on three
key aspects: participant selection, comparability, and outcomes.
Participant selection includes criteria like representativeness, compa-
rability, exposure ascertainment, and absence of the outcome at the
study’s outset, representativeness of the exposed cohort, comparable
derivation of exposed and non-exposed participants, proper
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ascertainment of exposure, and absence of the outcome of interest at the
study’s commencement. Comparability is based on analysis design,
assigning zero points if odds ratios or relative risks relied solely on raw
participant numbers. Outcome assessment considers adequacy, follow-
up duration, and sufficiency. Scores on the Newcastle-Ottawa Scale
range from O to 9, categorizing studies as low (0-3 points), moderate
(4-6 points), or high (7-9 points) quality. In the event of any dis-
agreements, consensus was achieved through discussion.

2.4. Data synthesis and analysis

We used the International System of Units (SI units) for all analyses.
Continuous variables were presented as mean differences (MD), while
dichotomous variables were expressed as risk ratios (RR) with 95 %
confidence intervals (CI). Statistical analysis and forest plot generation
were conducted using RevMan 5.4. The random-effects model was used,
and the results were presented as 95 % CIs. Heterogeneity was assessed
using the Chi? test with N-1 degrees of freedom, with a significance level
of @ = 0.05, and the I? test. Heterogeneity was categorized as low,
moderate, or high, with upper limits of 25 %, 50 %, and 75 %, respec-
tively. N-1 degrees of freedom, with an alpha of 0.05 was used for sta-
tistical significance and for the I? test.

Publication bias was evaluated using Funnel Plots, as elaborated in
Supplementary Fig. 1. The presence of one or more smaller studies
outside the inverted funnel plot was considered indicative of significant
publication bias. We graded key outcomes using the GRADE software
(https://gdt.gradepro.org/app/).

Diabetes & Metabolic Syndrome: Clinical Research & Reviews 18 (2024) 103051
3. Results

Initially, 5336 articles were identified through the search process,
and after screening titles and abstracts, 217 studies were subjected to
detailed evaluation (Fig. 1). Ultimately, 16 studies involving 115,899
participants met all the criteria and were included in the analysis
(Supplementary Table 1 and Supplementary Table 2). The salient fea-
tures of the included studies is presented in Table 1. The risk of bias for
the case-control and cohort studies is outlined in Supplementary
Table 3.

3.1. First-trimester FPG and development of cGDM

Eleven studies investigated the relationship between first-trimester
FPG levels and the risk of developing cGDM [18-22,24-29]. Guo et al.
[27] reported prospective and retrospective cohorts in the same study,
which were analyzed separately. Our meta-analysis reveals that women
with intermediate levels of first-trimester fasting hyperglycemia had a
significantly greater risk of developing cGDM at higher FPG values [MD
0.29 mmol/L (5 mg/dL); 95 % CI: 0.21-0.38; P < 0.00001; 12 = 97 %,
high heterogeneity (HH), Supplementary Fig. 1]. The included studies
showed high heterogeneity that persisted even after sensitivity analysis.

3.2. Pregnancy outcomes based on first-trimester FPG >5.1 mmol/L (92
mg/dL)

Five studies were identified that examined the relationship between
pregnancy outcomes at a first-trimester FPG >5.1 mmol/L (92 mg/dL)

Identification of studies via databases and registers W

c
'% Records identified from:
::-‘f_' Databases (n = 5336)
_§ Registers (n = 0)
Records screened by title
and abstract (n =4754)
Reports sought for retrieval
2 (n=410)
c
8
: !
Reports assessed in detail
for eligibility (n=217)

Records removed before screening:
Duplicate records removed (n =
582)

Records marked as ineligible by
automation tools (n =0)

Records removed for other reasons
(n=0)

Records excluded (n =4334)

Reports not retrieved (n = 0)
Reports removed (n=193)

Reports excluded as they did not fulfil
all inclusion and exclusion criteria
(n=201)

systematic review

Included

Data from 16 studies were analysed in this

Figure-1. Flowchart elaborating on study retrieval and inclusion in this systematic review.
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Table 1

Summary of findings of key outcomes of the meta-analysis.
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Outcomes

Anticipated absolute effects* (95 % CI)

Relative effect (95

N2 of participants (studies)

Certainty of the evidence

FPG in control group FPG in GDM % CD (GRADE)
FPG in GDM vs Mean FPG in the control group - MD 0.29 higher (0.21-0.38 - 67,466 (11 observational BPOOLow™?
controls 4.6 mmoL/1 higher) studies)
Outcomes Anticipated absolute effects* (95 % CI) Relative effect (95 % N2 of participants (studies) Certainty of the evidence
Risk with FPG <5.1 Risk with FPG >5.1 @ (GRADE)
mmol/L mmoL/1
Preeclampsia 23 per 1000 36 per 1000 RR 1.55 (1.14-2.12) 24,381 (3 observational PDOOLow
studies)
Gestational HTN 23 per 1000 34 per 1000 RR 1.47 (1.20-1.79) 23,623 (2 observational HDOOLow
studies)
Preterm Delivery 44 per 1000 57 per 1000 RR 1.30 (0.88-1.93) 46,220 (4 observational SOOOVery low?
studies)
LSCS 373 per 1000 417 per 1000 RR 1.12 (0.99-1.27) 46,224 (4 observational BDOOLow
studies)
LGA 135 per 1000 178 per 1000 RR 1.32 (1.13-1.54) 48,433 (5 observational SPOOLow
studies)
Macrosomia 67 per 1000 86 per 1000 RR 1.29 (1.15-1.44) 24,842 (3 observational SPOOLow
studies)
SGA 42 per 1000 39 per 1000 RR 0.91 (0.77-1.07) 25,850 (3 observational SPOOLow
studies)
Neonatal 4 per 1000 5 per 1000 RR 1.29 (0.32-5.18) 23,223 (2 observational SOOOVery low*
Hypoglycemia studies)
Outcomes Anticipated absolute effects* (95 % CI) Relative effect (95 % CI) N2 of participants (studies) Certainty of the evidence
Risk with FPG <5.6 mmoL/ Risk with FPG >5.6 mmoL/ (GRADE)
1 1
Macrosomia 67 per 1000 99 per 1000 RR 1.47 (1.22-1.79) 25,844 (3 observational SPOOLow
studies)
SGA 39 per 1000 33 per 1000 RR 0.84 (0.67-1.05) 24,625 (2 observational DPOOLow
studies)
LGA 156 per 1000 224 per 1000 RR 1.43 (1.24-1.65) 23,596 (2 observational SPOOLow
studies)
Preterm 46 per 1000 70 per 1000 RR 1.51 (1.15-1.98) 23,599 (2 observational PDOOLow
delivery studies)
LSCS 447 per 1000 475 per 1000 RR 1.12 (0.97-1.31) 23,614 (2 observational DSPOOLow

studies)

FPG - fasting plasma glucose, GDM - gestational diabetes mellitus, HTN — hypertension, LGA — large for gestational age, LSCS — lower segment Caesarean section, SGA —
small for gestational age.

(b)

L FPG251  FPG <51 Risk Ratio Risk Ratio FPG251  FPG<S5.1 Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Benhalima 2021 (15) 2 78 30 1760 4.9% 1.50 [0.37, 6.18] — Benhalima 2021 (15) 5 72 1760  5.1% 1.570.65,3.77]
Mane 2019 (9) 15 308 32 850 27.3% 1.29[0.71, 2.36] —t— Wang 2021 (14) 117 3729 387 18056 94.9% 1.46 [1.19, 1.79] E =
Ye 202131) 27 693 481 20692 67.8% 1.68 [1.15, 2.45] —a—
Total (95% CI) 3807 19816 100.0% 147 [1.20, 1.79] <
Total (95% CI) 1079 23302 100.0% 1.55 [1.14,2.12] g Total events 122 459
Total events \ 4 543 , Heterogeneity: Tau? = 0.00; Chi? = 0.02, df = 1 (P = 0.88); I = 0% 5o 5
Heterogeneity: Tau? = 0.00; Chi? = 0.52, df = 2 (P = 0.77); I* = 0% o o + Test for overall effect: Z = 3.80 (P = 0.0001) Eavours FPGTe 54 TEavel e FPCes
Test for overall effect: Z = 2.76 (P = 0.006) Favours FPG = 5.1 Favours FPG <5.1
© FPG251  FPG<5.1 Risk Ratio Risk Ratio b FPG251  FPG<5.1 Risk Ratio Risk Ratio
Study or Subgroup __Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Benhalima 2021 (15) 12 78 222 1760 15%  1.22[0.71,2.08] —— Benhalima 2021 (15) 9 78 158 1760  3.0%  1.29[0.68,2.42] —7
Jayasinghe 2022 (30) 39 350 111 1877  2.8%  1.88[1.33,2.66 Mane 2019 (9) 26 325 51 894  6.1%  1.40[0.89,2.21] B
Mane 2019 (9) 48 318 89 880  3.9%  1.49[1.08,2.07] Wang 2021 (14) 310 3729 1174 18056 90.8%  1.28[1.13,1.44] | |
Wang 2021 (14) 670 3729 2787 18056 77.9%  1.16[1.08, 1.26]
Ye 2021(31) 110 693 2624 20692 13.9% 1.25 [1.05, 1.49] Total (95% CI) 4132 20710 100.0% 1.29 [1.15, 1.44] <>
Total events 34 1383
Total (95% CI) 5168 43265 100.0%  1.21[1.13,1.29] * Heterogeneity: Chi? = 0.15, df = 2 (P = 0.93); I* = 0% T o5 5 T
Total events 879 5833 Test for overall effect: Z = 4.32 (P < 0.0001) G T . —
Heterogeneity: Chi? = 8.99, df = 4 (P = 0.06); I* = 55% o ]
Test for overall effect: Z = 5.61 (P < 0.00001) Favours FPG = 5.1 Favours FPG <5.1
) FPEESE  IFPGIG Risk Ratio RiskiRatio o FPG > 5.1 FPG <5.1 Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI Study or Subgroup __ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Benhalima 2021 (15) 8 78 94 1760 16.5% 1.92 097, 3.81] Benhalima 2021 (15) 18 78 367 1760  0.9%  1.11[0.73, 1.68]
Mane 2019 (9) 23 332 60 880 22.8% 1.02 (0.64, 1.62] — Mane 2019 (9) 99 323 228 893  3.6%  1.20[0.98, 1.46]
Wang 2021 (14) 164 3729 821 18056 31.8% 0.97 [0.82, 1.14] —= Wang 2021 (14) 1724 3729 8220 18056 82.9%  1.02[0.98, 1.05]
Ye 202131) S0 693 845 20692 28.9% 1.77[1.34,233] — Ye 202131) 267 693 6612 20692 12.6%  1.21[1.10,1.33] —
Total (95% CI) 4832 41388 100.0% 1.30 [0.88, 1.93] e Total (95% CI) 4823 41401 100.0%  1.05[1.01,1.08] L 2
Totalevents ) el 1820 , Total events 2108 15427
Pty T =010 O =10 e 00000 e B0 o5 07 i Heterogeneity: Chi? = 12.64, df = 3 (P = 0.005); I = 76% Ty T 5
Jestforoverall effect zi=1.33(P'=0:15) Favours FPG = 5.1 Favours FPG <5.1 Test for overall effect: Z = 2.59 (P = 0.010) Favours FPG = 5.1 Favours FPG <5.1
@ FPG251  FPG<5.1 Risk Ratio Risk Ratio ® FPG251  FPG<5.1 Risk Ratio Risk Ratio
Study or Subgroup __Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Benhalima 2021 (15) s 78 8 1760 2.6% 131[0.55,3.14] —— Benhalima 2021 (15) 2 78 68 1760 51.0% 0.66 [0.17, 2.66]
Jayasinghe 2022 (30) 55 350 337 1877 37.3%  0.88[0.67, - Ye 202131) 2 693 23 20692 49.0%  2.60[0.61,10.99]
Wang 2021 (14) 94 3729 498 18056 60.1%  0.91[0.74, 1. -
Total (95% CI) 771 22452 100.0% 1.29 [0.32, 5.18]
Total (95% CI) 4157 21693 100.0%  0.91[0.77,1.07] ¢ Total events 4 91
Total events 154 921 Heterogeneity: Tau? = 0.48; Chi? = 1.92, df = 1 (P = 0.17); I = 48%
Heterogeneity: Chi? = 0.76, df = 2 (P = 0.68); I = 0% Test for overall effect: Z = 0.37 (P = 0.71) 0:002 0L ¢ — 00
. g 0.01 100 Favours FPG = 5.1  Favours FPG <5.1

Test for overall effect: Z = 1.13 (P = 0.26)

0.1 10
Favours FPG = 5.1 Favours FPG <5.1

Figure-2. Forest plot highlighting the impact of fasting plasma glucose >5.1 mmol/L in the first trimester as compared to controls on the occurrence of (a) pre-
eclampsia, (b) gestational hypertension, (c) large for gestational age, (d) macrosomia, (e) preterm delivery, (f) lower-segment Caesarean section, (g) small for
gestational age, and (h) neonatal hypoglycemia. FPG — fasting plasma glucose (value in mmol/L).
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[7,14,15,30,31]. Women with first-trimester FPG levels above the
threshold exhibited a significantly increased risk of various pregnancy
complications. A higher probability of pre-eclampsia [RR 1.55 (95%
CI:1.14-2.12); P = 0.006], gestational hypertension [RR 1.47 (95%
CI:1.20-1.79); P = 0.0001], LGA [RR 1.32 (95%CI:1.13-1.54); P =
0.0004], and macrosomia [RR1.29 (95%CI:1.15-1.44); P < 0.001] was
seen above this cut-off (Fig. 2a-d). These findings were statistically
significant and consistent across the studies included in the analysis. The
risk of developing cGDM at 24-28 weeks was also significantly higher
[RR 3.93 (95 % CI: 2.67-5.77); P < 0.00001; n = 2445] above this FPG
threshold. However, there was no difference in the occurrence of pre-
term delivery, rates of LSCS, SGA, and neonatal hypoglycemia above the
threshold. (Fig. 2e-h).

3.3. Pregnancy outcomes in women with first-trimester FPG >5.6 mmol/L
(100 mg/dL)

Three studies were identified investigating the relationship between
pregnancy outcomes at a first-trimester FPG >5.6 mmol/L (100 mg/dL)
[7,14,30]. Higher FPG levels predicted the occurrence of macrosomia
[RR1.47 (95 % CL:1.22-1.79); P < 0.0001], LGA [RR 1.43 (95%
CI:1.24-1.65); P < 0.00001], and preterm delivery [RR1.51 (95%
CI:1.15-1.98); P = 0.003]. The incidence of neonates with SGA was
similar in both groups (Fig. 3a—d). The rates of LSCS were also identical

(a)
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[RR 1.12 (95 % CI: 0.97-1.31); P = 0.13; n = 23,614].

3.4. Other findings

The certainty of the evidence for the outcomes in this meta-analysis
ranged from low to very low and is a major limitation. The funnel plots
were plotted to evaluate the presence of publication bias and is depicted
in Supplementary Fig. 2. Only one study assessed FPG >6.1 mmol/L
(110 mg/dL) as a cut-off and could not be analyzed [7].

4. Discussion

The approach to intermediately elevated hyperglycemia during the
first-trimester of pregnancy or eGDM is uncertain. This condition arises
when plasma glucose levels in the first trimester satisfy the diagnostic
criteria used for GDM between 24 and 28 weeks [8,9]. There is a lack of
systematic information on fetomaternal outcomes in pregnancies with
eGDM. The diagnostic cut-offs for cGDM applied during 24-28 weeks
lack validation in the first trimester [2,4,5,11]. While various retro-
spective and prospective studies have explored the association of
elevated first-trimester FPG to adverse fetomaternal outcomes, there is
no consensus on the threshold at which treatment should commence.
Ours is the first systematic review and meta-analysis to examine
first-trimester FPG as a determinant of gestational outcomes.
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Figure-3. Forest plot highlighting the impact of fasting plasma glucose >5.6 mmol/L in the first trimester as compared to controls on the occurrence of (a) mac-

Favours FPG > 5.6 Favours FPG < 5.6

rosomia, (b) large for gestational age, (c) preterm delivery, and (d) small for gestational age. FPG - fasting plasma glucose (value in mmol/L).
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We analyzed 11 studies that examined whether first-trimester FPG as
a continuous variable below the threshold for diagnosis of overt diabetes
is associated with the risk of developing cGDM. Our meta-analysis
suggests a linear association between elevated first-trimester FPG and
the risk of cGDM with a MD of 0.28 mmol/L (5 mg/dL) between the two
groups. A cut-off value, however, could not be derived because of the
lack of individual patient-level data in the included studies.

In the study by Riskin-Mashiah et al. [32], a strong graded linear
relationship was observed between first-trimester FPG and the devel-
opment of cGDM. The median first-trimester FPG in women with and
without ¢cGDM were 4.3 mmol/L (79 mg/dL) and 4.8 mmol/L (86
mg/dL) respectively. The major limitation of the study was use of FPG
>5.8 mmol/L (105 mg/dL) as an exclusion criterion. In the recently
published study by Tong et al. [26], retrospective analysis of data from
48,444 pregnancies demonstrated that increased first-trimester FPG, in
addition to risk of ¢cGDM, was associated with LSCS, macrosomia,
gestational hypertension, and LGA. A linear association between
elevated first-trimester FPG and LGA [20,33,34], macrosomia [33],
LSCS/assisted vaginal delivery [20,33], and gestational hypertension
[21] have been reported. Interestingly, a few studies found that the
worsened outcome persisted even in the absence of development of
cGDM at 24-28 weeks [15,34].

Despite emerging evidence of a linear risk of development of cGDM
and other adverse impacts on pregnancy with rising first trimester FPG,
a consensus on a diagnostic threshold for eGDM has not been reached. In
our systematic review, an FPG cut-off value of 5.1 mmol/L (92 mg/dL)
could predict the development of pre-eclampsia, gestational hyperten-
sion, LGA, macrosomia, and cGDM though there was no relationship to
rates of preterm delivery, LSCS, SGA, and neonatal hypoglycemia. A
diagnostic threshold of 5.6 mmol/L (100 mg/dL) showed an association
with LGA, macrosomia, and preterm delivery but not SGA or LSCS. The
RR of macrosomia went up from 1.29 to 1.47, and LGA increased from
1.32 to 1.43 as the FPG cut-off changed from 5.1 mmol/L (92 mg/dL) to
5.6 mmol/L (100 mg/dL), underscoring the probability of linearity of
the association.

The ADA has recently endorsed an FPG cutoff of 6.1 mmol/L (110
mg/dL) for the diagnosis of early abnormal glucose metabolism, indi-
cating that treatment may be advantageous when levels exceed this
threshold [4]. Our literature search, however, revealed only one study
assessed this cut-off. An association with pre-eclampsia, LSCS, birth
weight >90th percentile, or preterm delivery was not observed above
this threshold. However, of the 1228 pregnancies, only 27 had an
first-trimester FPG >6.1 mmol/L (110 mg/dL), and the number of events
was too few for a meaningful analysis [7]. Another study reported a
¢GDM incidence of 50 % with first-trimester FPG levels between 5.60
mmol/L (100 mg/dL) and 6.1 mmol/L (110 mg/dL). The incidence of
c¢GDM went up to 66.2 % at FPG level >6.1 mmol/L (110 mg/dL). The
specificity for diagnosis of cGDM was 0.99 and 1 at FPG cut-points of 5.6
mmol/L (100 mg/dL) and 6.1 mmol/L (110 mg/dL), respectively.
However, the study did not report findings related to perinatal outcomes
[35].

Though our systematic review suggests that the first trimester FPG
>5.1 mmol/L (92 mg/dL) can predict the development of several
adverse gestational outcomes, it is noteworthy that the included studies
were observational, and the benefits of commencing treatment at this
threshold are unclear. The results of early intervention in women
diagnosed with eGDM have been variable. While one study reported
benefit [36], others have suggested that early treatment does not alter
the outcome [37,38]. The pilot trial of Treatment of Booking Gestational
Diabetes Mellitus (TOBOGM) using WHO-OGTT criteria suggested early
intervention could decrease the rates of LGA at the cost of increased risk
of SGA and fetal undernutrition [39].

The TOBOGM trial was completed recently and the findings suggest
that glucose-lowering intervention before 20 weeks led to a significantly
lower incidence of a composite of adverse neonatal outcomes. No dif-
ference was observed in the other two primary outcomes of pregnancy-
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related hypertension and neonatal lean body mass. Interestingly, pre-
specified subgroup analysis indicate a greater benefit on the composite
adverse neonatal outcome in women who underwent OGTT before 14
weeks gestation. Additionally, another subgroup analysis demonstrated
a more pronounced effect among women with higher plasma glucose
values (high risk group) during OGTT. The FPG criteria used to define
higher and lower risk groups were 5.1-5.2 mmoL/1 (92-94 mg/dL) and
5.3-6.9 mmol/L (95-125 mg/dL) respectively. Thus, the TOBOGM trial
findings implies that early intervention especially in women with higher
plasma glucose values could be beneficial [40].

Our meta-analysis has several limitations. Key among them is the
significant heterogeneity in design and diagnostic methods among the
included studies. Most studies were cohort or case-control in nature,
resulting in lower-quality of evidence. Some studies had sampling bias
due to targeting high-risk women. Additionally, our review excluded
first-trimester interventions, precluding the evaluation of the impact of
glucose-lowering therapy on eGDM outcome.

This systematic review is the first to demonstrate a linear increase in
the risk of adverse maternal and fetal outcomes with elevated first-
trimester FPG. Our findings further reveal that even above an FPG cut-
off of 5.2 mmol/L (92 mg/dL) in the first trimester, the risk of cGDM
escalates. Therefore, early FPG testing during pregnancy, beyond diag-
nosing overt diabetes, may aid in identifying individuals needing pro-
active GDM screening at 24-28 weeks. This approach could be especially
relevant in resource-limited settings. However, to fully ascertain the
utility and effectiveness of this strategy, further well-designed trials are
needed. Our findings also emphasize the need for further research to
assess the short-term and long-term impact of early glucose-lowering
intervention in pregnant women with FPG levels above 5.2 mmol/L
(92 mg/dL).

5. Conclusion

Our meta-analysis indicates that intermediately elevated first-
trimester FPG levels increases the likelihood of developing GDM at
24-28 weeks in a linear fashion. Furthermore, our observations have
highlighted an increase in adverse perinatal outcomes when FPG levels
surpassed 5.1 mmol/L (92 mg/dL) during the initial stages of pregnancy.
To ascertain the clinical significance of our findings, it is imperative that
appropriately designed trials to assess therapeutic interventions target-
ing lower first-trimester FPG thresholds be conducted.
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