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Abstract

Aim: The objective of this meta-analysis was to evaluate obstetric outcomes in
gestational diabetes mellitus (GDM) patients treated with flexible management
based on intrauterine ultrasound fetal growth (FMIUFQG) or strict maternal gly-
cemic adjustment (SMGA).

Methods: We performed a comprehensive systematic review of electronic data-
bases for randomized clinical trials (RCTs) comparing obstetrics outcomes of sin-
gleton GDM patients managed according to FMIUFG or SMGA. The review
protocol was registered in PROSPERO (CRD497888). Searches were conducted
in PubMed, Embase, Cochrane, and LILACS. Primary outcomes were gestational
age at delivery and birth weight. Random-effect model meta-analyses were used
to minimize the effects of uncertainty associated with inter-study variability.
Results are reported as standardized mean differences (SMDs) or as odds ratios
(ORs) and their 95% confidence interval (CI). Heterogeneity between studies was
estimated using the I statistic. The Cochrane Risk of Bias Scale was used to
assess the quality of studies. There were five RCTs with low to moderate risk of
bias, including 450 patients managed according to the FMIUFSG and 381 accord-
ing to the SMGA.

Results: The macrosomia (birthweight >4000 g) rate was lower in pregnancies
managed according to FMIUFG than SMGA adjustments (OR: 0.34; 95%CI:
0.16, 0.71). There were no significant differences in hypertensive disorder, cesar-
ean section, neonatal intensive care unit admission, and large newborn for gesta-
tional age rates.

Conclusions: The macrosomia rate was lower in women managed with the
FMIUFG. There were no significant differences in other obstetric and neonate
outcomes.

KEYWORDS
birth weight, fetal growth, gestational diabetes mellitus, macrosomia, maternal glycemic parameters,
ultrasound fetal growth

consequences, including preeclampsia, metabolic compli-
cations, macrosomia, increased risk of cesarean delivery,

Gestational diabetes mellitus (GDM) is the most preva-
lent complication among pregnant women. It is related to
maternal hyperglycemia, insulin resistance, body mass
index (BMI), and higher glucose passage through the pla-
centa into the fetal circulation. Both the mother and the
child are at risk of a wide variety of negative clinical

and neonatal complications.! The GDM diagnosis is pre-
ceded by excessive fetal growth between 20 and 28 weeks
of gestation, and maternal obesity has an additive fetal
effect’’ Fetuses at 12-16 weeks of gestation in women
who later developed GDM were smaller and grew faster
from 24 weeks until delivery time as compared to fetuses

J Obstet Gynaecol Res. 2024;1-12.

wileyonlinelibrary.com/journal/jog

© 2024 Japan Society of Obstetrics and Gynecology. | 1


https://orcid.org/0000-0002-4844-2145
https://orcid.org/0000-0001-5279-7013
https://orcid.org/0000-0002-0686-6468
https://orcid.org/0000-0002-2801-416X
mailto:anafernandez.alonso@gmail.com
http://wileyonlinelibrary.com/journal/jog
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjog.16059&domain=pdf&date_stamp=2024-08-25

FERNANDEZ-ALONSO ET AL.

2 P A
—o-@
from normoglycemic mothers.** Several authors have
reported the use of fetal ultrasound to study GDM preg-
nancies at risk of metabolic complications, and the early
identification of fetal overgrowth or macrosomia.>®

The main treatment of GDM goal is to neutralize
those changes and the fetal hyperglycemia related to the
higher glucose passage through the placenta into the fetal
circulation. Conventional management of GDM is asso-
ciated with persistence until delivery of fetal abdominal
obesity is detected at 24-28 weeks of pregnancy.’ In addi-
tion, the hypertensive disorders of pregnancy, macroso-
mia risk, and dystocia rates are related to maternal
plasma fasting glucose.®>® On the contrary, there is evi-
dence that GDM is not a significant risk of macrosomia
in women with intensive diabetic treatment.'® Therefore,
some evidence supports the management of GDM based
on ultrasound fetal growth rather than the conventional
management to neutralize glucose metabolism alter-
ations.'! A previous meta-analysis of two articles demon-
strated that ultrasound-guided management was
associated with increase in insulin dose treatment.'? The
present systematic review and meta-analysis report
the available evidence concerning fetal development,
pregnancy evolution, and risks in GDM patients fol-
lowed up according to flexible management based on
intrauterine ultrasound fetal growth (FMIUFG) or a
strict maternal glycemic adjustment (SMGA).

METHODS
Protocol, data sources, and search strategy

This systematic review and meta-analysis of randomized
clinical trials (RCTs) followed the Preferred Reporting
Items for Systematic Reviews and Meta-analysis Guide-
lines.'® The review protocol was registered with the Inter-
national Prospective Register of Systematic Reviews
(PROSPERO-University of York CRD 497888). Studies
published in English, French, Portuguese, German, and
Spanish were considered for inclusion in this review with-
out restriction. A literature search of electronic databases
was performed on PubMed, Embase, Cochrane, and
LILACS (Literatura Latino Americana ¢ do Caribe em
Ciencias da Saude) via specific strategies using the key-
words “treatment,” “therapy,” “intervention,” ‘gesta-
tional diabetes,” “GDM,” “prenatal ultrasonography,”
“fetal ultrasound,” “fetus echography,” “blood glucose,”
“glycemic control,” and “hyperglycemia” up to December
20, 2023, based on internationally established GDM cri-
teria (Table S1, Supporting Information). References
from selected articles were also screened, seeking addi-
tional potential publications not captured by the elec-
tronic database searches. We also hand-searched the
reference lists of articles identified, looking for additional
papers. Articles were excluded if they were narrative
reviews, abstracts, and conference proceedings, lacked

results with validated methods, or were non-human stud-
ies. All disagreements regarding inclusion/exclusion were
discussed and solved by consensus with all authors.

Study selection, data extraction, and quality
assessment

To assess the association between exposures and out-
comes we defined the population, exposure, comparator,
outcomes, and study design criteria were developed a
priori to guide the scope of the review, along with the
procedure, selection, and synthesis of the literature search
studies were eligible if they met the following inclusion
criteria: Population: pregnant women with GDM diagno-
ses reached by validated international scientific criteria or
other internationally recognized scientific organizations,
without pregestational or obstetric pathology not receiv-
ing any treatment. Exposure: GDM flexible management
according to ultrasound fetal growth. Comparator: GDM
strict management according to maternal glycemic treat-
ment. Qutcomes: primary outcomes were gestational age
at delivery and birth weight. Secondary outcomes were
other maternal and newborn outcomes related to GDM.
Study design: randomized clinical trials (RCTs) including
pregnant women with GDM, without any other obstetric
pathology, managed strict management according to
ultrasound fetal growth versus strict maternal glycemic
treatment of GDM.

The quality of the selected articles was independently
assessed by two researchers, in a blinded fashion with the
Cochrane Collaboration Risk of Bias tool for RCTs.'*
The following items were evaluated: generation of the
allocation sequence, concealment of the allocation
sequence, blinding of participants and personnel to out-
come assessment, incomplete outcome data, selective
outcome, and other biases. For each RCT, each scale
item was described as having a low, moderate, high, or
unclear risk of bias (Table S3).

Statistical analyses and publication bias

Because studies might have potential differences in phe-
notype baseline characteristics, recruitment procedures,
lifestyle differences, and laboratory measurement differ-
ences, we followed the DerSimonian and Laird random-
effect model."> Continuous outcomes were reported as
standardized mean difference (SMD) and standard devia-
tion (SD). Events were expressed as odds ratio (OR) and
their 95% confidence intervals (Cls). The Hedges’ g
method was used to measure effect sizes, interpreting the
magnitude of SMDs as small (0.20), moderate (0.50), or
large (0.80).'°

We planned to evaluate statistical heterogeneity using
the chi’, the I? statistic, and the between-study variance
using the Tau’. An I” value of 0%-30% defined low
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heterogeneity, 30%-65% moderate heterogeneity, and
>65% substantial heterogeneity.'” A p < 0.1 for the chi
and a Tau”? >1 defined the presence of statistical hetero-
geneity. One-study leave-out sensitivity analysis was per-
formed to test the robustness of the overall results.'®
Potential publication bias will be estimated if there are
enough studies by Begg’s funnel plot and Egger’s linear
regression test if enough studies are available.'® Statisti-
cal analyses were performed using the Review Manager
(RevMan 5.3; Cochrane Collaboration, Oxford, UK).

RESULTS

A total of 399 studies were retrieved from databases.
After deleting duplicates and screening titles and
abstracts, 40 items were identified for abstract evaluation.
Twenty-one articles were excluded due to the lack of a
control group, five were narrative reviews, and two were
unrelated research topics. Finally, five articles

@21

were considered for qualitative and quantitative synthesis
(Figure 1, Table 1).>°%* Meta-analyzed studies were per-
formed in Italy,zo the United States,”!?* Spain,22 and
Germany.’* Table 1 displays detailed information on the
study periods, location, number of participants, age, ges-
tational age, inclusion or exclusion criteria, study aims,
and main GDM results. Further details are displayed in
Table S2, including the exclusion criteria and main
results of the five meta-analyzed studies. The risk of bias
assessment is shown in Table S3: four studies have a low
risk of bias,”’ > and one study has a moderate risk of
bias.?

Figure 2 and Table 2 display SMD results of forest
plots according to FMIUFG and SMGA managements
without significant differences between the two
approaches for (A) gestational age at delivery
(Figure 2a), maternal BMI (Figure 2b), maternal weight
gain (Figure 2¢), maternal age (Figure 2d), maternal fast-
ing glucose (Figure 2¢), and (E) maternal glycosylated
hemoglobin (Figure 2f). Figure 3 and Table 2 display

Records identified through Pubmed n =150
database searching Embase n= 242
g (n=399) Cochrane Library n=7
g LILACSn=0
Q
= v
£ :
= Records after removing
duplicates
(n=321)
—
— \
Records after screening
by title
%0 (n=168)
8
2 v
w2
Records after screening
by abstract
\ ) (n=40)
Full text articles excluded:
— \l, T ————= | +No control group (n=21)
- * Narrative reviews (n = 5)
g Full-text artllc.le‘s ‘assessed for « Unrelated topic (n = 2)
= eligibility
R (n=12)
m
N v
Articles included in the
( \ qualitative synthesis
(n=3)
=
[
£ \
é) Articles included in the
quantitative synthesis
FIGURE 1 Flowchart of study (n=15)
selection. _
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TABLE 1 Characteristics of randomized controlled clinical trials of singleton pregnancies in women with gestational diabetes mellitus,
comparing FMIUFG versus SMGA managements.
Location
and period  Sample Gestational age at
of size and Inclusion criteria (IC) screening. Maternal
study age of or reason for glycosylated
Authors (PoS) patients exclusion (EC) Study aims hemoglobin (HbA1c) Main results
Bonomo Milano, USFGF: IC: pregnant women To study obstetric Between 24 and Pregnancy outcome
etal.” Italy. n=151; with GDM diagnosed outcomes in patients 28 weeks of gestation. was better in
PoS: not age = 33.8  between 24 and with GDM, assigned to  HbAlc: USFGF: 2.05 ultrasound-modified
reported +4.6. 28 weeks of gestation, a treatment protocol + 0.2; SMGA: 2.05 treatment with a lower
SMG: without other providing different +0.2 rate of large for age
n=78; complications. glucose targets in the gestational (7.9% vs.
age = 33.5  Ultrasound fetal function of the 17.9%), small for age
+42 biometry every 2 weeks  ultrasound gestational (6.0% vs.
from 34 to 38 weeks of  measurement of insulin- 9.0%), and macrosomia
pregnancy in the sensitive fetal tissues. (3.3% vs. 11.5%).
USFGF group.
Buchanan  Los USFGF: IC: Women with To test whether fetal Between 29 and Fetal ultrasound early
etal.?! Angeles, n=29; GMD and fetal growth parameters 33 weeks gestation. in the third trimester
USA. PoS: age=324 abdominal could be used to HbA lc: not reported identified women with
October +54 circumference >75th identify pregnancies at mild GDM. Insulin
1989 SMG: percentile. risk for fetal treatment reduced the
through n =30, age overgrowth and macrosomia risk,
March 30.03+5.9 whether intensive indicating that fetal
1992 insulin treatment could ultrasound can be used
reduce that risk. to guide metabolic
therapy in pregnancies
complicated by mild
GDM
Fernandez- Murcia, USFGF: IC: Maternal age of To compare Gestational age The treatment of
Lépez Spain. n=121, >18 years, singleton conventional GDM <34 weeks. USFGF: flexible GDM
etal.” PoS: age 34.06 pregnancy, and GDM treatment to flexible 29.26 * 2.8 weeks, according to the
February +4.74; diagnosis before treatment based on the HbAlc: 5.16 £ 0.43; measurement of fetal
2017 SMG: <34 weeks. measurement of fetal SMGA: 29.31 abdominal
through n =125, abdominal + 2.74 weeks, HbAlc: circumference is safe
March age 33.47 circumference 5.18 £0.38 for the mother and the
2019 +4.73 fetus.
Kjos Los USFGF: IC: Gestational age This study combined Gestational age >14 In women with GDM
et al.? Angeles, n=49 >34 weeks at the time higher glycemic and <34 weeks. and fasting
USA. PoS:  patients; of study entry. EC: thresholds to initiate USFGF: 26.96 hyperglycemia, glucose
October SMG: multiple pregnancy; insulin therapy, with + 6.2 weeks, HbAlc plus fetal abdominal
1995 n=49 medical complications ~ monthly ultrasound 6.4 + 0.83; SMGA: circumference
through patients. (e.g., hypertension or assessments of fetal 26.9 * 6.2 weeks; measurements
November  Age: no vascular disease, except ~ growth. Pregnancies HbAlc: 6.8 + 1.2 and identified pregnancies
1997. reported. GDM); no estimation that continued to have a  diagnosis diabetes: at low risk for

of gestational age, first
clinical exam

>20 weeks; use of
tobacco, alcohol, or
illicit drugs during
pregnancy.

low risk for
macrosomia (normal
fetal abdominal
circumference) were
permitted more relaxed
glycemic targets.
Pregnancies with a
greater risk of
macrosomia initiated
intensive insulin therapy
with titration to achieve
strict euglycemic
control

USFGF:20.6 + 7.4;
SMGA: 0.7%7.5

macrosomia and
resulted in the
avoidance of insulin
therapy in 38% of
patients without
increasing rates of
neonatal morbidity.
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TABLE 1 (Continued)
Location
and period  Sample Gestational age at
of size and Inclusion criteria (IC) screening. Maternal
study age of or reason for glycosylated
Authors (PoS) patients exclusion (EC) Study aims hemoglobin (HbA1c) Main results
Schaefer- Berlin, USFGEF: EC: Multiple To compare Gestational age 16-34 GDM management
Graf Germany. n = 100; pregnancy, gestational ~ management based completed weeks: predominantly based
etal.® PoS: SMGA: 99 age >34 weeks, solely on strict glycemic ~ USFGF: 26.2 on USFGF resulted in
January patients. maternal medical criteria with a strategy + 4.3 weeks and entry a treatment assignment
2000 Age not complications; abuse of  based predominantly on  in 29.1 + 3.4 weeks; in 34% of women that
through reported. tobacco, alcohol, or fetal abdominal growth ~ HbAlc: 5.2 + 1.0. would have been
January illicit drugs during in Caucasian women SMGA: 26.1 different had a
2003. pregnancy with GDM + 4.3 weeks at maternal glycemia-only

diagnosis, 29.0 + 3.8 at

strategy been applied.

entry. HbAlc: 5.1 The inclusion of

+0.6 ultrasound fetal growth
provides the
opportunity to reduce
glucose testing in
GDM low-risk
pregnancies.

neonatal outcomes of the two management options
(FMIUFG vs. SMGA) which were not significant for
birthweight (Figure 3a), newborn length (Figure 3b), and
newborn abdominal circumference (Figure 3c).

Figure 4 and Table 2 display the risks of obstetric and
neonatal events. There were no significant differences
between the FMIUFG versus SMGA management
options for maternal hypertensive disorders of pregnancy
(Figure 4a), cesarean section rate (Figure 4b),
(C) neonatal hypoglycemia rate (Figure 4c), or
(D) transfer to the Neonatal Intensive Care Unit
(Figure 4d). The risk of macrosomia (birthweight
>4000 g) was lower in patients managed according to
ultrasound fetal growth compared to management
according to maternal glycemic control (Figure 4e,
Hedges’ g moderate).

The results of a one-study-leave-out sensitive analysis
for birth weight are robust, without significant changes
as a representation of fetal global outcome (Table 3).
There were no options to design a funnel plot analysis
with Begg’s correlation and Egger’s regression tests or
subgroup analyses since the few available studies.

DISCUSSION
Main findings and interpretation

This systematic review and meta-analysis demonstrated
that FMIUFG versus SMGA management options
reported similar quantitative outcomes in maternal and
fetal continuous outcomes. In addition, the macrosomia
risk (neonatal weight >4000 g) was significantly lower in
patients following the fetal ultrasound growth assessment

management compared to those following the strict gly-
cemic option. Other categorical variables were not signifi-
cantly different in both types of management.
Ultrasound exam is an essential technique for the evalua-
tion of pregnancy, clinical evolution, GDM risks, and
related adverse events. Ultrasound pregnancy exam
allows us to assess the clinical evolution and to determine
the fetal weight and liver volume® - which are predictors
of GDM macrosomia.?’ This finding suggests that fetal
ultrasound provides earlier evidence of the macrosomia
risk, suggesting the early fetal lability to undetected
changes despite the appropriate GDM treatment accord-
ing to maternal glucose metabolism. Fortunately, ultra-
sound exams of fetal growth are currently a common
clinical practice to identify excessive fetal growth and
health status.”®

GDM is a frequent complication of pregnancy whose
prevalence is high and increasing among women with a
later age of pregnancy, multiparity, cesarean delivery
rate, excessive body weight, previous history of GDM,
family history of diabetes, ethnicity, and low physical
activity.””* Diagnosis is usually performed during the
second trimester of pregnancy, although metabolic glu-
cose dysfunction is present before the conventional
period of its diagnosis.*>*' At 22-24 weeks of gestation,
some 3 weeks before the GDM metabolic diagnosis,
fetuses display lower head circumference, femur length,
and fetal weight, being the findings among parous preg-
nant women.>> From 24 weeks of pregnancy, the fetal
size is progressively greater in GDM patients compared
to those without the endocrine disorder,* and there is a
positive association between increasing maternal glucose
levels with macrosomia, preeclampsia, incidence of cesar-
ean section, macrosomia, shoulder dystocia, primary
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(a) Gestational age at delivery

US fetal growth Maternal glycemic control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD _Total Mean SD Total g IV, Rand 95% CI IV, Rand 95% CI
Bonomo M, 2004 39 16 151 39 15 78 255% 0.00[-0.27,0.27] E—
Buchanan TA, 1994 386 11 30 395 1.1 29 7.3% 0.09[-0.42,0.60)
Fernandez-Lépez M, 2022 387 16 11 38.7 1.7 125 305% 0.00 [-0.25, 0.25) p—
Kjos SL, 2001 383 12 49 382 09 49 121% 0.09 [-0.30,0.49)
Schaefer-Graf UM, 2004 39 19 99 39.3 13 100 246% -0.18 [-0.46, 0.09] -_—1
Total (95% Cl) 450 381 100.0% -0.03 [-0.17,0.11) ’-

= . 2 - = B t + t + y

Heterogeneity: Tau®= 0.00, Chi*=1.86, df= 4 (P = 0.76), F= 0% s 055 1] 055 o5

Test for overall effect: Z= 0.39 (P = 0.70) US fetal growth Maternal glycemic control

(b) Maternal body mass index

US fetal growth Maternal glycemic control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total ig IV, R: 95% CI IV, Rand 95% CI
Bonomo M, 2004 251 47 131 251 49 78 36.9% 0.00[-0.27,0.27)
Ferndndez-L6pez M, 2022 26.3 6 121 271 56 125 40.4% -0.14 [-0.39,0.11]
Kjos 5L, 2001 312 46 49 338 6.5 49 227% -0.46 [-0.86,-0.06] —_—
Total (95% CI) 3 252 100.0% -0.16 [-0.39, 0.07]
Heterogeneity: Tau*= 0.02; Chi*=3.42, df= 2 (P=0.18); F= 42% ':| -Uils : 055 i

Testfor overall effect. Z=138 (P=017)

(c) Maternal weight gain

US fetal growth  Maternal glycemic control

US fetal growth Maternal glycemic control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bonomo M, 2004 1.2 5 151 109 45 78 60.2% 0.06 [-0.21,0.34]
Buchanan TA, 1994 29 21 30 1.7 21 29 39.8% 0.56 [0.04, 1.09] —
Total (95% CI) 181 107 100.0% 0.26 [-0.22,0.74]
Heterogeneity: Tau®= 0.08; Chi*= 2.80, df=1 (P = 0.09); F= 64% _?2 11 3 1¢ :;

Test for overall effect Z=1.07 (P = 0.29) US fetal growth Maternal glycemic control

(d) Maternal age

US fetal growth Maternal glycemic control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weig! IV, Rand 95% CI IV, Random, 95% CI
Bonomo M, 2004 335 42 151 338 46 78 401% -0.07 [-0.34,0.20]
Buchanan TA, 1994 324 54 30 30 59 29 15.0% 0.42[-0.10,0.94)
Fernandez-L6pez M, 2022 335 47 11 341 47 125 449% -0.02[-0.27,0.23)
Total (95% CI) 302 232 100.0% 0.03 [-0.19, 0.24)

Heterogeneity: Tau®= 0.01, Chi*= 2.78, df= 2 (P = 0.25), F= 28%
Testfor overall effect: Z= 0.25 (P = 0.80)

(e) Maternal fasting glucose

-05 0 05 1
US fetal growth Maternal glycemic control

US fetal growth Maternal glycemic control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bonomo M, 2004 806 77 151 81.5 6.8 78 40.9% -0.12[-0.39,0.19) — ]
Kjos SL, 2001 1155 68 49 117.4 1.6 49 194% -0.20 [-0.60, 0.20]
Schaefer-Graf UM, 2004 942 151 99 95.7 15.7 100 39.6% -0.10[-0.38,0.18] B E—
Total (95% CI) 299 227 100.0% -0.13 [-0.30, 0.05] —oi——
Heterogeneity: Tau*= 0.00; Chi*=017,df=2(P=0.92); F= 0% + t t +
i - 05  -0.25 0 0.25 05
Testfor overall effect. Z=1.42 (P=0.16) US fetal growth Maternal glycemic control
(f) Maternal glycosylated hemoglobin
US fetal growth Maternal glycemic control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
Bonomo M, 2004 52 05 151 5.1 04 78 347% 0.10(0.02,0.22)
Fernandez-Lépez M, 2022 516 043 121 518 0.38 125 379% -0.02[0.12,0.09]
Kjos SL, 2001 64 083 49 6.8 1.2 49 82% -0.40[0.81,0.01)
Schaefer-Graf UM, 2004 52 1 99 51 06 100 19.2% 010[0.13,033) N S
Total (95% CI) 420 352 100.0% 0.01[-0.11,0.14] ?
Heterogeneity. Tau*= 0.01; Chi*= 6.84, df= 3 (P = 0.08); I*= 56% ¢ + t + t
Testf Il effect 7= 020 (P = 0.84 g " . g5 !

estioroveraiefiect 2= (P=084) US fetal growth Maternal glycemic control

FIGURE 2 Forest plots of studies comparing (a) gestational age at delivery, (b) maternal weight gain, (c) maternal body mass index,
(d) maternal age, (¢) maternal fasting glucose, and (f) maternal glycosylated hemoglobin in pregnant women with gestational diabetes mellitus

managed according to ultrasound fetal growth or maternal glycemic control.
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TABLE 2 Meta-analyses of outcomes, involved studies, subjects according to FMIUFG and SMGA, standardized mean differences (SMD) and
95% confidence interval (C.L.), Z scores (p values for comparisons), and heterogeneity (/?) for maternal and newborn outcomes.

Outcomes Involved studies  Subjects (n): FMIUFG/ISMGA  SMD (95% C.L.) Z score (p) 1% (%)
Gestational age at delivery 5 450/381 —0.03 (=017, 0.11) 0.39 (0.70) 0
Maternal body mass index 3 321/252 0.6 (—0.39, 0.07) 1.38 (0.17) 42
Maternal weight gain 2 181/107 0.26 (—0.22,0.74)  1.07(0.29) 64
Maternal age 3 302/232 0.03 (—0.19,0.24)  0.25(0.80) 28
Maternal fasting glucose 3 2997227 —0.13 (-0.30, 0.05) 1.42 (0.16) 0
Maternal glycosylated hemoglobin 4 420/352 0.01 (—0.11,0.14) 0.20 (0.84) 58
Birthweight 5 450/381 —0.11 (-0.30,0.07)  1.19(0.23) 39
Newborn length 3 230/156 0.13(—0.42,0.15)  0.91(0.38) 42
Newborn abdominal circumference 2 272/203 0.17 (-5.00, 5.35)  0.02 (0.95) 25
Hypertensive disorders of pregnancy 4 401/332 0.78 (0.56, 1.08) 1.49 (0.14)
Cesarean section rate 4 401/332 0.78; (0.56, 1.08) 1.49 (0.14)
Neonatal hypoglycemia 2 272/203 1.00 (0.42, 2.39) 0(1)

Transfer to the neonatal intensive care unit 4 419/351 0.85(0.51, 1.40) 0.63 (0.53)
Newborn large for gestational age 5 449/380 0.65 (0.33, 1.28) 1.23(0.22) 53
Birthweight >4000 g 4 350/280 0.34 (0.16, 0.71) 2.86(0.004) 17

(a) Birthweight
US fetal growth Maternal glycemic control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bonomo M, 2004 3,267 499 151 3,359 495 78 24.3% -0.18 [-0.46, 0.09] —_— T
Buchanan TA, 1994 3,647 3669 30 3,878 387.7 29 10.0% -0.60 [1.13,-0.08]
Fernandez-Lopez M, 2022 3,268 467.7 121 3,2856 496.9 125 26.6% -0.04 [-0.29,0.21] —_—
Kjos SL, 2001 3369 461 49 327 458 49 152% 0.21 [0.19, 0.61] P —
Schaefer-Graf UM, 2004 33061 558 99 337.2 500 100 23.8% -0.12[-0.40,0.186) —_—T
Total (95% CI) 450 381 100.0% -0.11 [-0.30, 0.07] q
Heterogeneity: Tau®= 0.02; Ch*= 6.57, df= 4 (P = 0.16); = 39% ?1 05 S 055 1‘

Testfor overall effect Z=1.19 (P=0.23) US fetal growth Maternal glycemic control

(b) Newborn length

US fetal growth Maternal glycemic control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Bonomo M, 2004 496 23 151 50.1 1.8 78 459% -0.23-0.51,0.04] ——

Buchanan TA, 1994 521 22 30 528 16 28 224% -0.36 [[0.87,0.16]

Kjos 8L, 2001 504 26 49 50 21 49 31.6% 017 [-0.23, 0.56) —_—

Total (95% CI) 230 156 100.0% -0.13[-0.42, 0.15] —q—-

Heterogeneity: Tau*= 0.03; Chi*=3.44, df=2 (P=0.18); I*= 42% 51 _055 ; 0?5 11

Testfor overall effect Z= 0.91 (P = 0.36) US fetaal growth Maternal glycemic control

(c¢) Newborn abdominal circumference

US fetal growth

Maternal glycemic control

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Bonomo M, 2004 633 248 151 66 24 4 78 458% -270[9.41,4.01] =

Fernandez-Lopez M, 2022 668 261 121 643 2186 125 542% 2,60 [-3.40, 8.60] L

Total (95% CI) 272 203 100.0%  0.17 [-5.00, 5.35] -—*—
Heterogeneity: Tau*= 3.51; Chi*=1.33,df= 1 (P = 0.25), F= 25% 55 S é 1?0

Test for overall effect Z= 0.06 (P = 0.95)

US fetal growth Maternal glycemic control

FIGURE 3 Forest plots of studies comparing (a) birthweight, (b) newborn length, and (c) newborn abdominal circumference from pregnant
women with gestational diabetes mellitus in infants from pregnant women managed according to ultrasound fetal growth or maternal glycemic
control.

similar among different ethnic groups**® and related to
pregravid BMI, gestational weight gain, and prior
macrosomia' %3436

cesarean section, and clinical and metabolic complica-
tions in neonates as compared to pregnancies without
GDM.*® These risks, trajectories, and complications are
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(a) Hypertensive disorders of pregnancy

US fetal growth  Maternal glycemic control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, 95% CI M-H, Rand 95% CI
Bonomo M, 2004 46 151 32 78 34.0% 0.63(0.36,1.11) —
Buchanan TA, 1994 6 30 4 29 58% 1.56 (0.39, 6.23)
Fernandez-Lopez M, 2022 36 12 45 125 38.6% 0.75(0.44,1.298) —lr
Schaefer-Graf UM, 2004 18 99 19 100 21.6% 0.95(0.46,1.94) -_—
Total (95% ClI) 401 332 100.0% 0.78 [0.56, 1.08] B
Total events 106 100
Heterogenelty: Tau*= 0,00, Chi*=1.81,df=3 (P =0.61), F=0% b + + 4 4 J
e _ 01 02 05 2 5 10
Testfor overall effect: Z=1.48 (P = 0.14) UF fetal grwoth Maternal glycemic control
(b) Cesarean section
US fetal growth  Maternal glycemic control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, R: 95% CI M-H, R 95% CI
Bonomo M, 2004 46 151 32 78 34.0% 0.63([0.36,1.11) —
Buchanan TA, 1994 6 30 4 29 58% 1.56[0.39,6.23)
Fermnandez-Lopez M, 2022 36 121 45 125 386% 0.75(0.44,1.28) —
Schaefer-Graf UM, 2004 18 99 19 100 216% 0.95(0.46,1.94) —_—
Total (95% CI) 401 332 100.0% 0.78 [0.56, 1.08] =i
Total events 106 100
Heterogeneity: Tau®= 0.00; Chi*=1.81, df= 3 (P = 0.61); F= 0% k + + 1 } J
e ~ 01 02 05 2 5 10
Testfor overall effect Z=1.49 (P =0.14) UF fetal grwoth Maternal glycemic control
(c) Neonatal hypoglycemia
US fetal growth  Maternal glycemic control Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, 95%Cl M-H, 95% Cl
Bonomo M, 2004 7 151 3 78 39.7% 1.22[0.31,4.84) -
Femandez-Lopez M, 2022 6 1 7 126 60.3% 0.88(0.29,2.70) L
Total (95% CI) 272 203 100.0% 1.00 [0.42, 2.39) e —
Total events 13 10
Heterogeneity, Tau®= 0,00, Chi*= 013, df=1 (P=0.72), F=0% 042 0=5 } é
Test for overall effect: Z= 0.00 (P = 1.00) US fetal growth Maternal glycemic control
(d) Transfer to the Neonatal Intensive Care Unit
US fetal growth  Maternal glycemic control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, 95% CI M-H, 95% ClI
Bonomo M, 2004 10 151 7 78 249% 0.72[0.26,1.97) D E—
Femnandez-Lopez M, 2022 1 121 3 125 4.9% 0.34[0.03,3.30]
Kjos SL, 2001 12 48 12 48 296% 1.00[0.40, 2.52] —_——
Schaefer-Graf UM, 2004 14 99 15 100 40.7% 0.93[0.42, 2.05)
Total (95% Cl) 419 351 100.0% 0.85 [0.51, 1.40]
Total events 37 37
Heterogeneity: Tau*= 0.00; Chi*= 0.91, df= 3 (P = 0.82); I*= 0% 0 65 042 é 2:0
Testfor overall effect: Z= 0.63 (F = 0.53) US fetal grwoth  Maternal glycemic control
(e) Newborn large for gestational age
US fetal growth  Maternal glycemic control 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, 95%ClI M-H, 95% CI
Bonomo M, 2004 12 161 14 78 2456% 0.39[0.17,0.90] . —
Buchanan TA, 1994 4 30 13 29 16.2% 019[0.05,068 —
Fernandez-Lopez M, 2022 10 121 " 125 231% 0.93[0.38,2.29] .
Kjos SL, 2001 4 48 3 48 127% 1.36 [0.29, 6.45)
Schaefer-Graf UM, 2004 12 99 10 100 233% 1.24[0.51,3.02) I B —
Total (95% CI) 449 380 100.0% 0.65[0.33, 1.28] B ==
Total events 42 51
Heterogeneity: Tau®=0.30; Chi*= 8.49, df= 4 (P = 0.08); I*=53% 6 05 032 é 26
Testfor overall effect: 2= 1.23 (P = 0.22) US fetal growth Maternal glycemic control
(f) Birthweight > 4000 grams
US fetal growth  Maternal glycemic control Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, 95% CI M-H, 95%Cl
Bonomo M, 2004 5 161 9 78 33.2% 0.26 [0.08,0.81) —_—
Buchanan TA, 1994 4 30 13 289 27.2% 019(0.05 068 —®&—
Fernandez-Lépez M, 2022 3 121 8 126 24.9% 0.37[0.10,1.44) —_——
Kjos SL, 2001 3 48 2 48 14.6% 1.53(0.24,9.61)
Total (95% Cl) 350 280 100.0% 0.34[0.16,0.71] —coi—
Total events 16 32
ity Tau? = - Chi#= = = . + + : +
Heterogeneity: Tau*= 0.10; Chi*= 3,60, df= 3 {P=0.31); F=17% bos 02 : 20

Test for overall effect: Z= 2.86 (P = 0.004)

US fetal growth Maternal glycemic control

FIGURE 4 Forest plots of studies reporting odds ratios and their 95% confidence interval of rates in gestations managed according to ultrasound
fetal growth or strict maternal glycemic control: (a) hypertensive disorders of pregnancy; (b) cesarean section; (c) neonatal hypoglycemia; (d) newborn
transfer to the neonatal intensive care; (¢) newborn large for gestational age; (f) birthweight >4000 g.
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TABLE 3 Sensitivity analyses (by excluding one trial at one time) reporting standardized mean difference (SMD) and 95% confidence interval of
birthweight and 95% confidence interval, Z score (p values), and heterogeneity (7).

Deleted study Ultrasound fetal growth (n)/maternal glycemic control () SMD (confidence interval) Z score (p) I* (%)
None deleted 4597383 —0.11 (-0.30, 0.07) 1.20 (0.16) 39
Bonomo et al.>° 299/303 —0.10 (—0.34, 0.15) 0.77 (0.44) 51
Buchanan et al.*! 429/354 —0.07 (-0.21, 0.07) 0.94 (0.35) 0

Ferndndez-Lépez et al.> 338/258
Kjos et al.?* 410/334
Schaefer-Graf et al.** 360/283

~0.04 (~0.29, 0.21)
~0.16 (~0.33, 0.01)
—0.12 (—037,0.13)

1.13 (0.26) 51
1.84 (0.07) 21
0.91 (0.36) 54

Different fetal growth markers have been suggested in
the diagnosis of maternal GDM. However, since it is a
heterogeneous condition different pathogenetic factors
may be involved, including genetic, endocrine, lifestyle,
and placental hormones which adjust the pregnant
women’s pathophysiology to allow fetal development.
However, the common nexus is insulin resistance and
hyperglycemia which favors maternal metabolic dysregu-
lation, oxidative stress, inflammation, and insulin recep-
tor dysfunction.**-*” Maternal weight and BMI gain may
increase the risk of large gestational age fetuses in both
pregnancies with and without GDM.* The maternal
hyperglycemia that develops during GDM merits its
early diagnosis and treatment during pregnancy, being
the treatment reducing fetal and maternal morbidity.
There are different approaches for GDM diagnosis to
obtain the best obstetric outcomes.>® Maternal glucose
and glycosylated hemoglobin can be considered the first
screening approach for GDM according to two recent
meta-analyses,**** although there is a 10% false positive
rate. The current meta-analysis showed that there was no
difference in glycosylated hemoglobin levels in women
with GDM according to the two management protocols.
Previous evidence demonstrated that maternal weight
gain and high BMI may contribute to altering maternal
glucose and glycosylated hemoglobin levels.*® In our
meta-analysis, there were no significant differences in
both factors according to management approaches.

GDM carries a risk of complications for overgrowth
neonates, large for gestational age or macrosomia
(e.g., shoulder dystocia, postpartum hemorrhage, cesar-
ean sections).*> Pregnancy ultrasound assessment allows
fetal morphologic and functional evolution, weight esti-
mation or macrosomia, and to plan birth if needed in
GDM cases.***> The evidence from the current meta-
analysis did not show a difference in maternal and fetal
clinical and laboratory-measured outcomes, although the
macrosomia rate was lower in the FMIUFG pregnancies
compared to SMGA adjustments. Therefore, clinical
management of GDM cases should provide adequate
ultrasound assessment to identify the risk of macrosomia.
In the present meta-analysis, the majority of outcomes
did not display significant differences between the two
studied approaches, suggesting the maternal control of

GDM reached a similar level. However, the prevalence
of macrosomia was significantly lower in GDM patients
managed according to ultrasound assessment.

Ultrasound fetal biometry, pregnancy functional
assessment, and pregnancy progression in GDM patients
are representative of the endocrine and metabolic adjust-
ments along the entire reproductive process.*® Fetal
macrosomia increases maternal and neonatal complica-
tions, including, shoulder dystocia, brachial plexus injury,
birth fractures, emergency cesarean, postpartum hemor-
rhage, and anal sphincter injury.*” Fetal macrosomia is an
obstetric outcome related to high pre-pregnancy BMI, ges-
tational weight gain, and GDM.*® Our current results
demonstrate that clinical management of GDM patients
according to ultrasound fetal evolution benefits from ther-
apy adjustments reducing the risk of macrosomia.

The Balsells et al'' meta-analysis of two studies com-
pared the management guided by the fetal growth ultra-
sound assessment and insulin treatment to glycemic
metabolic control, showing that the first approach was
associated with a lower rate of large for gestational aged
and a higher rate of insulin treatment. In the present
meta-analysis, we demonstrated no significant differences
in gestational age at delivery, hypertensive disorders of
pregnancy, cesarean section rate, birth weight, newborn
length, and newborn -circumference comparing the
FMIUFG and the SMGA approaches. In addition,
the macrosomia risk was significantly lower in
FMIUFG. In addition, we demonstrated a significantly
lower risk of macrosomia in GDM patients managed
with the FMIUFG than with the SMGA management
options. This meta-analysis confirms that fetal ultraso-
nography can predict fetal growth and macrosomia risk
for gestational age at birth.® The GDM management of
patients with evidence of excessive intrauterine fetal
weight gain can benefit from specific treatments.*” On
the other hand, glycosylated hemoglobin is considered a
suitable biomarker for GDM prediction.”® In the present
meta-analysis, there were no significant differences in gly-
cosylated hemoglobin and glucose levels between GDM
studied populations, suggesting that both clinical man-
agement options had similar efficacy in maintaining ade-
quate glucose levels. Other factors involved in excessive
fetal growth were not identified in available studies.
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Limitations and strength

The present systematic review and meta-analysis have
some limitations due to the intrinsic characteristics of the
specific available evidence. Although all studies adhered
to established GDM definitions, there was variability in
study designs and sample sizes that may limit the general-
izability of our findings. The meta-analyzed studies did
not separate results by the newborn gender to compare
reported outcomes. The few available studies do not
allow adequate adjustment for confounders and do
not separate results by newborn gender to compare
results at diagnosis of gestational diabetes.’’>* In addi-
tion, studies do not evaluate nutrition adjustments and
exercise or other parameters such as HOMA-IR. Despite
those limitations, our meta-analysis of randomized clini-
cal trials has the strength to demonstrate that studied out-
comes were not significantly different between the two
management options. However, our results pointed out a
significant advantage concerning the macrosomia risk for
the FMIUFG compared to the SMGA strategy.

CONCLUSIONS

In this systematic review and meta-analysis, the
FMIUFG versus the SMGA managements displayed
similar quantitative outcomes in maternal and fetal con-
tinuous variables. However, the sole difference was that
the management according to fetal ultrasound assessment
was associated with a lower risk of macrosomia com-
pared to strict glycemic management. The current wide
availability, almost universal, of ultrasound assessments
is progressively limiting the need to choose between one
of the two options studied in this meta-analysis. A clini-
cal exam before pregnancy is recommended to manage
those factors that might contribute to the GDM risk of
complications and to correct the risk factors associated
with GDM pregnancies. Finally, the current wide avail-
ability, almost universal, of ultrasound assessments
allows GDM patients to early diagnosis of excessive fetal
growth and macrosomia risk for following appropriate
ultrasound assessment and clinical management.
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