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confidence intervals (Cls) were calculated. I? tests were used to evaluate the het-

Results: Betatrophin levels were reported in 22 studies with a total of 3034 pregnant
women, and in seven studies including cord blood from 456 infants. Women with GDM
display higher betatrophin levels than the normoglycemic controls (SMD = 0.85, 95%
Cl: 0.38-1.31) during the second half of the pregnancy. The sensitivity analysis indi-
cated that no single study had significantly influenced the betatrophin overall out-
comes. There was heterogeneity between the studies as evidenced by high I values.
Meta-regression analysis indicated a significant regression coefficient for maternal
betatrophin and glycosilated haemoglobin. There was no significant difference in cord
blood betatrophin in infants from women with and without GDM (SMD = 0.34, 95%
Cl: —0.15-0.83). Women with GDM also had significantly higher insulin, glucose,
glycosylated haemoglobin, HOMA-IR, LDL-cholesterol, HDL-cholesterol, tri-
glycerides, and body mass index compared with the normoglycemic controls.

Conclusions: Maternal betatrophin levels were higher in women with GDM than in

the normoglycemic controls. There was no difference in cord blood betatrophin.
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1 | INTRODUCTION

Angiopoietin-like proteins are a group of compounds with a similar
structure to angiopoietins and with multibiological functions,
including participation in glucose and lipid metabolism, insulin resis-
tance, inflammation, and carcinogenesis.l'4 Those proteins are
considered orphan ligands since they do not bind to the receptors of
angiopoietins.® Angiopoietin-like protein 8 is also known as beta-
trophin, lipasin, recombinant B-cell trophic factor, refeeding induced
fat and liver, hepatocellular carcinoma-associated protein TD26, or
hepatocellular carcinoma-associated gene TD. It is a 198 amino acid
adipokine mainly secreted by the liver and adipose tissue that con-
trols pancreatic beta-cell proliferation.® It favours insulin resistance,”
and is an independent predictor of the development of type 2 dia-
betes mellitus (T2DM),® and reduces triglyceride clearance.® The risk
of developing diabetes has a stepwise increase across betatrophin
quartiles, having people in the highest hormone quartile at more than
a threefold higher risk of incident diabetes than the subjects in the
lowest quartile, although there is no significant relation between
serum betatrophin and indices of insulin resistance.”

GDM is a frequent medical complication of pregnancy and the
placenta is exposed to the concomitant hormones, cytokines, and
metabolic changes that affect both the mother and the foetus. Many
markers and hormones have been proposed to evaluate the endocrine
and metabolic changes associated with GDM, including betatrophin.'®
Maternal circulating betatrophin seems to be increased during the
third trimester in women with GDM.!! However, there is a scarce in-
formation during the first half of the pregnancy, results are hetero-
geneous during the second half of the pregnancy, and the infant
betatrophin information is limited. In addition, betatrophin participa-
tionin glucose tolerance and lipid metabolism remains unclear.>*¢ This
systematic review and meta-analysis evaluated maternal betatrophin
in early and late gestational phases and glucose- and lipid-related
changes in pregnant women with and without GDM as screened with

recommended oral glucose tolerance tests (OGTTs).

2 | METHODS
2.1 | Data sources and search strategy

This systematic review and meta-analysis was performed following the
Preferred Reporting Items for Systematic Reviews and Meta-analysis
Guidelines.'? The review protocol was registered with the Interna-
tional Prospective Register of Systematic Reviews (PROSPERO
CRD42022311372). Studies published up to May 2022 in English,

Chinese, French, Portuguese, German, and Spanish were considered
for inclusion in this review, without any restriction. The authors
translated the Chinese language articles into English. A comprehensive
search syntax using MeSH and free text terms was developed for
PubMed and adapted as appropriate for the other searched databases,
including Embase, Cochrane Library, LILACS (Literatura Latino Ameri-
cana e do Caribe em Ciéncias da Satde), China National Knowledge
Infrastructure, and Wang Fang (Table S1). There were no restrictions
during the search and no filters were applied. The search MeSH terms
included ‘betatrophin’, ‘angiopoietin-like protein 8’, ‘lipasin’, ‘recom-
binant B-cell trophic factor’, ‘refeeding induced fat and liver’, ‘hepato-
cellular carcinoma-associated protein TD26', or ‘hepatocellular
carcinoma-associated gene TD’, combined with ‘gestational diabetes
mellitus’, ‘GDM’, or ‘diabetes pregnancy’. A description of the search
terms and strategy is available in Table S1. We also performed a manual
search of the ‘grey literature’ (e.g., medRxiv and Grey Literature

Report) to detect other potentially eligible investigations.

2.2 | Eligibility criteria

The protocol specified to include prospective or retrospective
observational studies if they reported betatrophin (or synonymous
names) levels in maternal blood or cord blood immediately after
delivery. Studies were included if: (1) reported data on the maternal
and/or cord betatrophin in pregnant women with and without GDM
and/or their infants; (2) the studied population was screened for
GDM during the second half of the pregnancy with a validated pro-
cedure; (3) betatrophin levels were measured using enzyme-linked
immunosorbent assay (ELISA), radioimmunoassay, or other accept-
able methods; (4) the full-text was available and provided enough
information. We excluded studies focussing on women with other
concomitant gestational pathologies, review articles, and studies not

giving information about the GDM screening procedures.

2.3 | Data collection and quality assessment

The Population, Exposure, Comparators, Outcomes, Study Design
(PECOS) criteria were developed a priori to guide the scope of the
review, along with the procedures, selection, and synthesis of the
literature search. Studies were eligible if they met the following in-
clusion criteria: Population: pregnant women without pregestational
or obstetric pathology not receiving any treatment. Exposure: GDM
diagnoses reached by validated international scientific criteria or

other internationally recognised scientific organisations.'®~1?
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Comparator: participants without GDM and any other obstetric pa-
thology. Outcomes: The primary outcome was circulating maternal
and/or cord blood betatrophin levels. Secondary outcomes were in-
sulin-, glucose-, and lipid-related outcomes. Study design: observa-
tional studies including pregnant women with and without GDM and
without any other obstetric pathology. Cord blood betatrophin levels
were considered representative of infant values.

A pre-designed data extraction form was used to extract infor-
mation on the following variables: country, sample size, age, clinical
characteristics of pregnancy, gestational age (GA) at betatrophin
measurement, methods used to assess the presence and absence of
GDM, and measured outcomes. For the meta-analyses, we collected
mean and error measures. When these were not provided or when
mean and error measures were presented only in figures, we contacted
the corresponding author to obtain specific information. Results re-
ported as graphics were digitalised to obtain numerical data.?®?!

When the median and interquartile range (IQR) were provided,
the mean was estimated using the formula x = (a + 2m + b)/4 using
the values of the median (m), P25 and P75 (a and b, respectively)
and the standard deviation (SD) was estimated using SD = IQR/1.35.
When the median and range were provided, the mean was estimated
using the formula x = (@ + 2m + b)/4 using the values of the median
(m), the smallest value, and the largest value (a and b, respectively),
and the SD was estimated using the formula SD = range/4 if the
sample size was <70, and SD = range/6 if the sample size was >70.%2

Methodological quality of studies was assessed using the nine-
star Newcastle-Ottawa Scale (NOS), which uses pre-defined
criteria namely: selection (population representativeness), compara-
bility (adjustment for confounders), and ascertainment of outcome.?®
The NOS assigns a maximum of four points for selection, two points
for comparability, and three points for exposure or outcome. NOS
scores of >7 were considered as high-quality studies and NOS scores
of 5-6 were considered moderate quality. Any discrepancies were
addressed by a re-evaluation of the original article to reach a
consensus.

2.4 | Statistical analyses

Because studies might have potential differences in phenotype
baseline characteristics, recruitment procedures, lifestyle differences
(including nutrition and physical activity), and laboratory measure-
ment differences, we followed the DerSimonian and Laird random-
effects model.?* Continuous outcomes were planned as mean
(mean difference [MD] or standardised MD differences [SMDs]) with
their corresponding 95% confidence intervals (Cl). The effect size
presented as MD or SMD with a p value of <0.05 was considered
statistically significant. 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).2°

We evaluated statistical heterogeneity using the Chi?, the I
statistic, and the between-study variance using the Tau?. An I? value
of 0%-30% defined low heterogeneity, 30%-65% moderate

heterogeneity, and >65% substantial heterogeneity.?® A p < 0.1 for
the Chi? defined the presence of heterogeneity, and a Tau? > 1
defined the presence of substantial statistical heterogeneity. One-
study leave-out sensitivity analysis was performed to test the
robustness of the overall betatrophin result.?” We also performed
meta-regression analyses?® to explore the sources of heterogeneity
expected in meta-analyses of maternal betatrophin studies.

2.5 | Sub-group analyses and publication bias

We predefined subgroup analyses to explore betatrophin heteroge-
neity by (i) GA (first and second half of the pregnancy), (ii) ethnicity/
lifestyles (western women vs. Chinese women), (iii) small HOMA-IR
difference between women with GDM and normoglycemic controls
(<0.8 vs. >0.8), and (iv) high glycosilated haemoglobin levels versus
low glycosilated haemoglobin levels (cut-off 5.4% or 36 mmol/ml).??
Calculated betatrophin means were considered for sub-analyses if at
least three studies were in each subgroup factor.

Potential publication bias was estimated by the Begg's funnel

plot and the Egger's linear regression test.>°

Statistical analyses were
conducted using Review Manager (RevMan 5.3; Cochrane Collabo-

ration) and Open Meta software (GPR, FRPL, and SRV).

3 | RESULTS
3.1 | Characteristics of included studies

The electronic search from the databases yielded 115 records after
removing duplicated publications (83 in English and 32 in Chinese,
Table S1). The review after screening by title yielded 73 items, and
after evaluation of abstract content, 47 items were assessed for
eligibility, and 33 remained for full-text review. Ten articles did not
provide appropriate groups of study or had other limitations and
were excluded. The excluded studies along with the reason for their
exclusion are shown in Figure 1. Twenty-three articles provided in-
formation about maternal and/or cord blood betatrophin in preg-
nancies with and without GDM and were included for qualitative and
quantitative synthesis.>*~>3 In 22 studies, betatrophin was measured
using ELISA and in one study by radioimmunoassay.*® There was no
grey literature concerning the research topic. The authors were
contacted for clarification of the reported results.*

Studies of maternal betatrophin were carried out 15 in

China,33,34,38,40,42,43,45,46,48753 32,36,37,39 one in

four in Turkey,
Austria,** one in Egypt,®? one in Germany,® one in Poland,*” and one
in Spain.*' Table 1 displays information on the period of study,
number of participants, age, GA at maternal betatrophin and other
biochemical measurements, OGTT and GA at GDM screening, and
aims of studies. Table S2 summarises the exclusion criteria and main
results of the 23 meta-analysed studies.>'">® All pregnant women
were screened for GDM at 24-32 weeks of pregnancy using 75-g

OGTT 3133357404253 oycept for one study using an OGTT with

85U80|7 SUOWWIOD 3A a1 3|l (dde aL Aq peusenob afe sejonie VO ‘@sn Jo sa|ni Joj A%eiq18uljuO 8|1 UO (SUORIPUOD-pUe-SWLRI/LI0D A8 1M AeJq 1 BulUO//:SANY) SUORIPUOD pue sw | 8y} 89S *[£202/90/ST] uo AriqiTauluo fe|im ezobesez 8 pepsieAIuN AQ ZT9E"1IWP/Z00T OT/I0P/Wod" A8 | Azeiq1jeutjuo//Sdny wol papeojumod ‘¥ ‘€202 ‘09G025T



4020 | WILEY

PEREZ-LOPEZ €T AL

Records after removing duplicates: n = 115
(n =83 in English; n=32 in Chinese)

<

Records after screening by title: n =73

@

Records after screening by abstract: n = 47

@

Full-text articles assessed for eligibility: n = 33

@

—

Studies included in the qualitative synthesis: n = 23

<

Studied included in the quantiative synthesis: n = 23
(Western countries, n = 9; China, n = 14)

FIGURE 1 Flowchart of study selection.

100-g glucose,** and in another study, the glucose dose was not
specified®* (Table 1).

Twenty-two studies reported maternal betatrophin levels
among 1316 women with GDM and 1718 normoglycemic controls
(Table 1, Figure 2A),3174850-53 published between 201534364447
and 2022.37°! Seven studies reported cord blood betatrophin in
pregnancies with GDM (n = 232) and normoglycemic controls
(n = 224)#1454749-5153 (Taple 1, Figure 2B). Studies reporting
maternal betatrophin GDM sample sizes across studies ranged from
203747 to0 119,*% and in normoglycemic controls ranged from 1744
to 270.%? Betatrophin measurements were performed during the

34,38,39,43,52

first half of the pregnancy, second half of the preg-

nancy,31737:40-42:44-49.5253 and in one study during cesarean de-

liveries®® (Table 1).

3.2 | Risk of bias assessment

Using the NOS scale, 21 studies were identified as high quality,®'
3335-48,50-53 3nd the other two were of moderate quality®**° (Ta-
ble S3). All publications identified the study population and described
screening procedures to detect GDM and normoglycemic controls,
and betatrophin measurement methods. They were representative of
average GDM cases, and controls were derived from the same pop-

ulation as non-cases.

3.3 | Meta-analyses of maternal and neonate
outcomes

In 22 studies (n = 3304 participants),31~4850-53 there was not a sig-
nificant difference in maternal betatrophin levels during the first half
pregnancy in women with GDM compared to normoglycemic controls,

while during the second half of the pregnancy betatrophin levels were

Full-text articles excluded: n = 10

- Comparison with non-pregnant women, n =3
- No control group, n=3

- Preliminary results of another paper, n =2

- Implausible results, n =1

- Paper retracted, n=1

higher in women with GDM than in those in normoglycemic controls
(Figure 2A). Pre-pregnancy body mass index (BMI) was significantly
higher in women with GDM as compared to normoglycemic controls
(Figure 2B). BMI during the current pregnancy was also significantly
higher in women with GDM as compared to the control group

(Figure 2C). In seven studies,*14%#7:49-5153

there was no significant
difference in cord blood betatrophin (Figure 2D). In seven studies,
birthweight was significantly higher in neonates from GDM cases as
compared to those from normoglycemic controls (Figure 2E). All these
outcomes displayed high heterogeneity (Table 2).

Maternal fasting glucose (Figure 3A), insulin (Figure 3B), HOMA-
IR (Figure 3C), glycosilated haemoglobin (Figure 3D), and tri-
glycerides (Figure 3E) results were significantly higher in women with
GDM than in those with normoglycemic controls, while HDL-
cholesterol levels were significantly lower in women with GDM
than in normoglycemic controls (Figure 3F) with Hedges values >0.2.
The SMDs were high for total and LDL-cholesterol in women with
GDM (Figure 3G,H). There was high heterogeneity in all comparisons
(Table 2).

3.4 | Betatrophin sub-group analyses, meta-
regression, and sensitivity analysis

Pregnant women with GDM had increased betatrophin levels when
GDM cases were compared to normoglycemic controls by both
HOMA-IR difference between <0.8 and when the difference was
>0.8 (Figure 4A). The test for subgroup difference was significant
(Table 3). Pregnant women with high and normal glycosilated hae-
moglobin levels displayed similar increased betatrophin levels
without significant subgroup difference (Figure 4B, Table 3).
Pregnant women from western countries did not show a signif-
icant difference in betatrophin levels when compared with GDM

cases and normoglycemic controls. On the contrary, Chinese women
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with GDM displayed higher betatrophin levels than normoglycemic
controls. However, the test for sub-group difference was not signif-
icant (Figure 4C, Table 3).

The results of meta-regression analysis indicated a statistically
significant regression coefficient only for glycosilated haemoglobin.
Pre-pregnancy BMI, current pregnancy BMI, insulin, glucose, HOMA-
IR, total cholesterol, LDL-cholesterol, HDL-cholesterol, and tri-
glycerides variability across the included studies could not be the
source of heterogenitiy (Figure S1).

The results of a one-study-leave-out sensitive analysis for
maternal betatrophin levels during the second half of the pregnancy
seemed to be robust (Figure S2). The funnel plot analysis with Begg's
correlation (p = 0.79) and Egger's regression tests (p = 0.96) indi-
cated no significant publication bias (Figure S3).

4 | DISCUSSION

4.1 | Main findings and interpretation

In this systematic review and meta-analysis of 22 studies of high or

higher in pregnant women with GDM than in normoglycemic con-
trols, and in seven studies neonates did not have a difference in their
cord blood betatrophin levels. Also, women with GDM had signifi-
cantly higher levels of glucose, insulin, HOMA-IR, glycosylated hae-
moglobin, total cholesterol, LDL-cholesterol, and triglycerides, and
lower HDL-cholesterol levels than normoglycemic controls. Meta-
regression analysis of maternal betatrophin indicated a statistically
significant coefficient for glycosylated haemoglobin.

Betatrophin is a protein mainly originating from the liver and a
small fraction from adipose tissue that is involved in glucose and lipid
metabolism,®>*>% insulin resistance,*® T2DM,*”~> and atherogen-
esis.?C A previous meta-analysis in the general population reported a
correlation between betatrophin and insulin resistance, and associ-
ations were still significant when participants were separated as
diabetes mellitus, GDM, and non-diabetics.? Excessive body weight
and obesity have been related to elevated betatrophin levels and the
risk of developing metabolic syndrome in non-pregnant women,
although moderate and intense physical activity may reduce beta-
trophin levels.®* In pregnant women, GDM and excessive body
weight are risk factors for both the mother and the offspring due to

the associated reduced available foetal oxygen secondary to the in-

moderate quality, maternal betatrophin levels were significantly sulin stimulation of the foetal metabolism.°%%® However,
(a) Maternal betatrophin

Gestational diabetes Control group §td. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.2 First half of pregnancy
ChenJ, 2020 32537 6335 35 261.83 B61.52 35 43% 1.01 [0.51,1.51] -
Huang ¥ 2018 2,822 938 88 2120 1118 386  45% 0.64 [0.41, 0.88] -
Kirlanging MM, 2022 11.58 6.4 20 311 3 25 3T% -3.99[5.03,-2.959] —
SiF, 2021 31325  61.25 119 24125 3526 60 4.5% 1.33 [0.99, 1.67] =
Zhou C, 2019 31333 6247 43 251.02 60.1 51 4.4% 1.01 [0.58, 1.44] =t
Subtotal (95% CI) 305 557 21.5% 0.17 [-0.72,1.05] R
Heterogeneity: Tau®= 0.93; Chi*= 93.30, df= 4 (P = 0.00001); F= 96%
Testfor averall effect Z=0.37 (P=0.71)
1.1.3 Second half of pregnancy
Abdeltawah A, 2020 692 199 109 261 127 103 4.5% 2.56[2.19,2.97] b o
Bulmus FG, 2020 46319 22464 30 23313 14363 30 4.3% 1.20 [0.65, 1.76] =
ChenL 2018 35.28 719 119  21.39 428 100 4.5% 2.29[1.95, 2.64] i
EbertT, 2015 1.79 0.79 74 1.58 0.65 74 4.5% 0.29 [-0.04, 0.61] [=
Eral O, 2014 g508 44718 45 4179 2432 45 4.4% 1.191[0.74, 1.64] ==
Ersoy GS, 2017 1.75 0.74 62 1.23 052 73 4.5% 0.82[0.47,1.17] =
LuB, 2018 17244 11149 53 1,387.2 7904 57 44% 0.35 [-0.03, 0.73] T
Martinez-Pérez B, 2016 2,667.3 1,198.1 46 29413 11285 37  44% -0.23 [-0.67, 0.20] -t
Pan R, 20149 5849 132 96 343 ar 270 4.5% 24410214,273] .
Trebotic Lk, 2015 29.24 4.39 pal 18.12 8.65 19 4.1% 1.61[0.89, 2.34] =
Wang GH, 2016 765.3 227 30 5508 227 30 4.3% 0.93[0.40,1.47] e
Wang P, 2017 normal weight 17217 367.37 30 1,7935 45938 30 4.3% -0.17 [F0.68, 0.34] =
Wang P, 2017 overweight 20952 3503 30 1,858.3 511.04 30 4.3% 0.53[0.02,1.09] [
Wawrusiewicz-Kurylonek M, 2014 1.96 0.89 93 1.67 0.75 97 4.5% 0.35 [0.06, 0.64] =
Wu LJ, 2021 1.8 017 60 0.85 01 60 4.0% 6.06 [5.20, 6.91] —_—
Yang F, 2021 0.61 0.3 40 0.79 0.31 3r 4.4% -0.58 [-1.04,-0.13] -
YuanJ, 2022 1,417 43186 23 11,7608 6059 19 4.2% -0.65 [-1.28,-0.03] gE
Zhu Z, 2021 131 6.43 a0 11.83 9.21 a0 4.4% 0.15 [-0.25, 0.54] e
Subtotal (95% Cl) 1011 1161  78.5% 1.04 [0.48, 1.60] L 2
Heterogeneity: Tau®=1.41, Chi*= 551.04, df=17 (P = 0.00001}; F=97%
Test for overall effect: £= 3.65 (P = 0.0003)
Total (95% CI) 1316 1718 100.0% 0.85[0.38, 1.31] <
Heterogeneity: Tau®=1.21; Chi*= 648.53, df = 22 (P = 0.00001); F= 87% t t t

Test for overall effect: £= 3.59 (P = 0.0003)
Testfor subaroup differences: Chi*= 2,70, df=1 (P = 0100, F= 63.0%

.
4 2 0 2z 4
Control group Gestational diabetes

FIGURE 2 Forest plots of studies comparing (A) Maternal betatrophin, (B) Pre-pregnancy BMI, (C) Current pregnancy BMI, (D) Cord blood
betatrophin, and (E) Birthweight (grams) in pregnant women with and without gestational diabetes mellitus. BMI, body mass index.
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(b) Pre-pregnancy BMI

Gestational diabetes

Control group

Mean Difference

WILEY__|__ %2

Mean Difference

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

Eral O, 2015 246 a1 45 237 41 45 3T7% 0.90[1.01, 2.81]

Huang ¥ 2018 226 34 88 214 29 386 138% 1.20[0.43,1.97]

LuE, 2018 2585 4.34 83 246 3.28 57 6.0% 1.25[0.20, 2.70] I

Martinez-Pérez B, 2016 25.66 4.89 46 2475 414 37 3.6% 0.91 [-1.03, 2.85] —

Wang GH, 2016 24.48 3.83 30 2453 447 30 3.2% -0.05 [-2.16, 2.06]

Wang P, 2017 normal weight 2045 2 30 2035 1.84 30 9.8% 0.15[0.88,1.18] i

Wang P, 2017 overweight 26.54 2.34 30 2576 1.86 30 9.3% 0.78 [-0.29,1.85] ]
Wawrlsiewicz-Kurylonek M, 2015 251 5.63 a3 24 37 a7 6.2% 1.10[0.32, 2.53] =T
W Ld, 2021 21.66 1.93 60 21.85 1.84 B0 157% -0.19 [-0.86, 0.48] —

Yang F, 2021 23177 278 40 2248 324 37 BE%  1.20[0.06, 2.64]

Zhou C, 2019 23.2 2 43 235 19 51 13.4% -0.30 [-1.09, 0.49] ——

Zhu Z, 2019 23.39 3.22 a0 2247 248 a0 8.7% 0.92[-0.20, 2.04] T

Total (95% CI) 5498 910 100.0% 0.56 [0.16, 0.95] ’
Heterogeneity: Tau?=0.14; Chi*=15.99, df=11 (P=0.14); F=31% _?4 52 p é i

Testfor overall effect Z=2.75 (P =

(c) Current pregnancy BMI

0.006)

Gestational diabetes

Control group

Mean Difference

Control group Gestational diabetes

Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ahdeltawah A, 2020 2348 1.03 108 234 102 103 205% 010018, 0.38] i
Bulmus FG, 2020 2473 5.21 30 229 226 30 7.4% 1.83 [0.20, 3.86] y
ChenL 2018 25.36 2N 119 2528 231 100 183% 0.08 [-0.51, 0.67] =
Ehert T, 2015 245 9.78 74 224 993 T4 3.8% 210[-1.08, 5.28]
Eral 0, 2015 281 5.7 45 271 41 45 7.3% 1.00[-1.05, 3.08] —
Ersoy G5, 2017 26.55 6.52 62 26.38 4.52 T3 7.9% 047 [1.76,2.10] —_—
PanR, 2019 24.89 3.67 96 22.67 3.01 270 16.3% 2.221.40,3.04] —
Wawrusiewicz-Kurylonek N, 2015 28.45 5.48 93 2728 3493 97 11.5% 147 019, 2.53] T
YuanJ, 2022 26.9 4.02 23 26.72 3.05 19 6.9% 018 [1.96, 2.32] L —
Total (95% CI) 651 811 100.0% 0.85[0.16, 1.53] e
Heterogeneity: Tau®= 0.58; Chi®= 29.10, df= 8 (F = 0.0003), F=73% 54 ?2 b é jl
Testfor averall effect Z= 242 (P=0.02) Control group  Gestational diabetes
(d) Cord blood betatrophin

Gestational diabetes Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Martinez-Férez B, 2016 2,883.3 10438 46 3,325 B17.4 37 15.0% -0.50 [-0.94,-0.06]
Wang GH, 2016 1,605.51 337 30 1,317.2 417 30 14.3% 0.75[0.23,1.29]
Wawrusiewicz-Kurylonek N, 2015 1044  11.73 20 TBY 833 20 13.4% 0.25 [-0.37, 0.87] —
Hie ¥, 2016 5.47 1.53 23 449 084 31 13.9% 0.82[0.25,1.39] ——
Yang F, 2021 1.14 0.39 40 1.36 045 37 149% -0.52 [-0.97,-0.06] —
YuanJ, 2022 3,8831 6905 23 30778 9937 19 13.2% 0.94 [0.30, 1.58] —
Zhu Z, 2021 6.96 247 50 537 205 a0 15.3% 0.75[0.34,1.14] ——
Total (95% CI) 232 224 100.0% 0.34 [-0.15, 0.83] o
Heterogeneity: Tau®= 0.37; Chi*= 39.58, df=6 (P < 0.00001); F= 85% 5 51 b 15 25
Testfor overall effect Z=1.35 (F = 0.18) Control group Gestational diabetes

(e) Birthweight (grams)

Gestational diabetes Control group Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Martinez-Pérez B, 2016 3,284.4 43419 46 3,320 530008 37 12.4% -35.60[247.53, 176.33] ——
Wang GH, 2016 37414 2398 30 35029 2405 30 18.4% 238.50[116.97, 360.03] ——
Wawrusiewicz-Kurylonek N, 2015 36025 4815 20 34537 T444 20 5T7% 148.80[239.74,537.34] —
Xie ¥, 2016 3,300 100 23 3,200 60 31 231%  100.00[54.00,146.00] -
Yang F, 2021 3,708.75 341.87 40 352595 34807 37 16.0%  182.80[28.28, 337.32] ——
YuanJ, 2022 3,939.13 5604 23 341842 4264 19  84% 520.71[222.03, 819.39]
Zhu Z, 2021 3,530 360 50 3,620 430 50 16.0%  -90.00 [245.44, B5.44] —
Total (95% CI) 232 224 100.0% 129,58 [22.86, 236.30] ‘
Heterogeneity: Tau®= 12271.82; Chi*= 20.80, df= 6 (P = 0.002); F=71% 1_1 000 -5=UEI 5 550 10004

Test for overall effect 2= 238 (P =0.02)

FIGURE 2 (Continued)

experimental studies support a neutralising betatrophin effect on

insulin resistance,®*%°

and improving glucose tolerance.®®

reducing tissue inflammation and weight gain,

The meta-analysed women with GDM had higher

Control group Gestational diabetes

pre-

pregnancy and pregnancy BMI than the control group. They also

had higher maternal betatrophin levels and glucose metabolism
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TABLE 2 Pooled effects as MD or SMDs and 95% Cl using random effect models and heterogeneity (/%) in pregnant women with GDM

and those with NGT.

Outcome (Figures) Included studies (k) Participants GDM/NGT SMD or MD and 95% CI I (%) p
Maternal betatrophin (Figure 2A) 22 1316/1718 SMD 0.85 [0.38, 1.31] 97 <0.00001
First half of the pregnancy 5 305/557 SMD 0.17 [-0.72, 1.05] 96 <0.00001
Second half of the pregnancy 17 1011/1161 SMD 1.04 [0.48, 1.60] 97 <0.00001
Pre-pregnancy BMI (Figure 2B) 12 598/910 MD 0.56 [0.16, 0.95] 31 0.006
Current pregnancy BMI (Figure 2C) 9 651/811 MD 0.85 [0.16, 1.53] 73 0.02
Cord blood betatrophin (Figure 2D) 7 232/224 SMD 0.34 [-0.15, 0.83] 85 0.18
Birthweight (Figure 2E) 7 232/224 MD 129.58 [22.86, 236.30] 71 0.02
Maternal glucose (Figure 3A) 19 1088/1511 SMD 1.42 [1.07, 1.77] 93 <0.00001
First half of the pregnancy 5 305/557 SMD 1.32 [0.79, 1.85] 88 <0.00001
Second half of the pregnancy 14 783/954 SMD 1.46 [1.01, 1.91] 94 <0.00001
Maternal insulin (Figure 3B) 18 973/738 SMD 1.20 [0.66, 1.74] 94 <0.00001
First half of the pregnancy 4 217/171 SMD 0.64 [0.31, 0.98] 57 0.002
Second half of the pregnancy 14 756/738 SMD 1.20 [0.66, 1.74] 95 <0.00001
HOMA-IR (Figure 3C) 19 1069/1177 MD 0.85 [0.56, 1.14] 90 <0.00001
First half of the pregnancy 4 217/171 MD 0.92 [0.24, 1.59] 89 <0.00001
Second half of the pregnancy 15 852/1006 MD 0.83 [0.50, 1.16] 90 <0.00001
Glycosilated haemoglobin (Figure 3D) 13 858/963 SMD 0.97 [0.48, 1.47] 95 <0.00001
First half of the pregnancy 2 139/85 SMD 0.68 [0.29, 1.07] 34 0.0006
Second half of the pregnancy 11 719/878 SMD 1.04 [0.47, 1.62] 96 0.0004
Total cholesterol (Figure 3E) 18 1050/1276 SMD 0.25 [0.04, 0.47] 83 0.009
First half of the pregnancy 4 285/532 SMD 0.21 [-0.01, 0.43] 41 0.07
Second half of the pregnancy 13 765/744 SMD 0.25 [-0.03, 0.54] 86 0.08
LDL-cholesterol (Figure 2F) 16 989/1103 SMD 0.48 [0.12, 0.84] 93 0.09
First half of the pregnancy 3 197/146 SMD 0.99 [0.71, 1.27] 29 0.25
Second half of the pregnancy 13 792/957 SMD 0.37 [-0.04, 0.78] 94 0.08
HDL-cholesterol (Figure 2G) 16 1035/1140 SMD -0.35 [-0.50, —0.19] 67 <0.00001
First half of the pregnancy 3 197/146 SMD -0.99 [-0.71, —0.27] 29 <0.00001
Second half of the pregnancy 13 792/957 SMD -0.37 [-0.04, —0.78] 94 <0.00001
Triglycerides (Figure 2H) 16 939/877 SMD 0.68 [0.44, 0.92] 83 <0.00001
First half of the pregnancy 3 197/146 SMD 0.47 [0.24, 0.69] 0 0.53
Second half of the pregnancy 13 742/731 SMD 0.72 [0.44, 1.01] 85 <0.00001

Abbreviations: BMI, body mass index; Cl, confidence interval; GDM, gestational diabetes mellitus; MD, mean differences; NGT, normal glucose

tolerance; SMDs, standardised MDs.

alterations demonstrated by increased glucose, insulin, HOMA-IR,
and glycosylated haemoglobin as compared to normoglycemic
controls. These differences are probably related to hyper-
insulinemia in pregnant women with GDM and seems analogous to
those reported in the general population.? Also, insulin resistance is
well-known as a contributor to the metabolic disturbances of
GDM,*” and the HOMA-IR is an early marker and a predictive
surrogate index of GDM.®8 In this meta-analysis, insulin, glucose,

and the HOMA-IR were increased in GDM cases as compared to

normoglycemic controls during the early and second half of the
pregnancy. In the meta-regression analysis, we found that glycosi-
lated haemoglobin was associated with increased betatrophin.
Glycosilated haemoglobin is the result of non-enzymatic binding of
glucose to haemoglobin and other plasma proteins that represents
glucose levels during the previous 4-8 weeks with good reliability
and low intelaboratory variation,® and is not influenced by circa-
dian factors, meals, fasting stress, and treatments that alter glucose

metabolism.2%7071
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(a) Glucose

Gestational diabetes Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 First half of pregnancy
Chen¥J, 2020 5.01 1.03 35 398 092 3\ 50% 1.04 [0.54,1.54] ==
Huang ¥ 2018 518 0.7 88 451 028 386 54% 1.70[1.45,1.96] =
Kirlanging MM, 2022 86.5 478 200 B37 B.37 25 48% 0.48[0.12,1.08]
SiF, 2021 8.42 2.65 119 362 051 60 53% 2.19[1.80, 2.57] -
Zhou C, 20189 496 1.07 43 392 095 51 5.1% 1.02 [0.59, 1.46] -
Subtotal (95% CI) 305 557 25.4% 1.32[0.79, 1.85] e
Heterogeneity: Tau®= 0.32; Chi®= 33.66, df= 4 (P = 0.00001), F= 88%
Test for overall effect: Z= 4 .88 (P = 0.00001)
1.2.2 Second half of pregnancy
Abdeltawab A, 2020 7.94 1.08 109 458 058 103 51% 3.80[3.35, 4.26] —
Bulmus FG, 2020 90.03 1989 30 79.56 7.54 0 49% 0.69[0.17,1.21] —
Ebert T, 2015 45 1.33 74 43 074 74 53% 0.18[0.14,051] b
Erol O, 2015 96.1 8.3 45 812 58 45 49% 2.06 [1.55, 2.58] ==
Ersoy G5, 2017 93.43 12.8 62 7913 9.26 73 52% 1.29[0.92, 1.66] ==
Martinez-Pérez B, 2016 8538 11.03 40 B0.3 724 T 51% 0.53 [0.08, 0.99] =
PanR, 2018 492 065 95 428 043 270 5.4% 1.29[1.03, 1.54] ==
Trebotic LK, 2015 9452 11.41 21 8594 563 19 46% 0.92 [0.26, 1.58] —_—
Wang GH, 2016 5.34 0.57 30 4.34 046 0 47% 1.91[1.29, 2.52] —s
Wang P, 2017 normal weight 5.08 0.65 30 435 0327 30 48% 1.45[0.88, 2.02]
Wang P, 2017 averweight 53 0.64 30 432 035 30 47% 1.89 [1.28, 2.51] ==
Wawrusiewicz-Kurylonek N, 2015 48 0.549 93 44 03 97 5.3% 0.86 [0.56,1.14] —_
Wil L, 2021 5.27 0.41 60 4.43 038 60 51% 2.11 [1.66, 2.56] -
Yang F, 2021 5.04 0.64 40 42 052 T 50% 1.42[0.92,1.92] —
YuanJ, 2022 6.08 0.53 23 515 081 19 45% 1.61 [0.90, 2.32] —
Subtotal (95% CI) 783 954 T74.6% 1.46 [1.01,1.91] E-3
Heterogeneity: Tau®= 0.71; Chi*= 218.08, df= 14 (P = 0.00001); F= 94%
Test for overall effect: Z=6.41 (P = 0.00001)
Total (95% CI) 1088 1511 100.0% 1.42 [1.07,1.77] E3
Heterogeneity: Tau®= 0.57; Chi*= 255 60, df= 19 (P = 0.00001); F=93% t

-4 -2 0 2 4
Test for overall effect: 2= 8.00 (P = 0.00001) Control group Gestational diabetes

Test for subaroup differences: Chi*= 016, df=1 (P = 0.69), F= 0%

(b) Insulin

Gestational diabetes Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 First hald of pregnancy
Chen ¥J, 2020 13.31 5.06 35 10 425 35 54% 0.70[0.22,1.18] =
Kirlanging MM, 2022 1255  7.09 20 1031 782 25 53% 0.29[-0.30,0.88] ™
SiF, 2021 1039 3.39 119 752 106 60 57% 1.01 [0.68, 1.34] -
Zhou C, 2019 1224 519 43 1025 426 51 56% 0.42[0.01, 0.83] I~
Subtotal (95% CI) 217 171 21.9% 0.64 [0.31, 0.98] L]

Heterogeneity: Tau®= 0.07; Chi*=7.03, df=3{(P=0.07), F=57%
Test for averall effect: 2= 3.75 (P = 0.0002)

1.3.2 Second half od pregnancy

Bulmus FG, 2020 84.85 289 30 1383 669 30 1.8% 1360[11.03,16.17] —
ChenL 2018 11.37 1.95 119 782 0896 100 56% 2.2411.90, 2.58] i
EbertT, 2015 706 9891 74 579 569 74 57% 016 [-0.17,0.48] I

Erol 0, 2015 18.58 337 45 268 B3N 45 5.45% -0.16 [-0.57, 0.25] =k

Ersoy G5, 2017 9.1 B.67 62 B73 333 73 5E6% 0.46[0.12,0.80] ™

LuB, 2018 12.69 6.74 53 1008 3987 57 5.6% 0.47[0.09, 0.85] ¥
Martinez-Pérez B, 2016 4725 12489 46 786 425 37 48% 388[3.22,474] ==
Trebotic LK, 2015 772 577 21 751 603 19 52% 0.03 [-0.59, 0.66] T

Wang GH, 2016 8.42 222 30 784 173 30 5.4% 0.29[-0.22,0.80] I~

Wang P, 2017 normal weight 13.24 8.07 30 916 404 30 5.4% 0.63[0.11,1.15] ~
Wang P, 2017 overweight 14.37 5.84 30 1386 583 30 5.4% 0.07 [-0.44,0.57] T
Wiawrusiewicz-Kurylonek N, 2015 1118 51.41 93 9518 4215 97 57% 0.35[0.07, 0.64] -

Wiy LJ, 2021 12.36 6.4 G0 72 083 60 5.6% 1.121[0.74,1.51] &

Yang F, 2021 18.87 7.79 40 1264 448 a7 55% 0.96[0.49,1.43] x
YuanJ, 2022 7.93 072 23 7043 19  51% 1.50[0.81, 2.20] =
Subtotal (95% CI) 756 738 T78.1% 1.20 [0.66, 1.74] L

Heterogeneity: Tau®=1.04; Chi*= 308.26, df= 14 {P = 0.00001); P= 95%
Test for averall effect: 2= 4.34 (P = 0.0001)

>

Total {95% CI) 973 909 100.0% 1.03 [0.60, 1.46]
Heterogeneity: Tau®= 0.81; Chi*= 315.35, df= 18 (P = 0.00001}; F= 94%

Testfor averall effect: Z=4.74 (P = 0.00001)

Testfor subgroup differences: Chi*=2.91, df=1 (P=0.09), F=657%

| : \ L
-10 -5 0 5 10
Control group Gestational diabetes

FIGURE 3 Forest plots of studies comparing maternal (A) fasting glucose, (B) insulin, (C) HOMA-IR, (D) glycosilated haemoglobin, (E) total
cholesterol, (F) LDL-cholesterol, (G) HDL-cholesterol, and (H) triglycerides in pregnant women with and without gestational diabetes mellitus.

Sub-group analyses demonstrated that maternal betatrophin and (ii) in both GDM with both normal and increased glycosilated
levels were increased in pregnant women with GDM with (i) either haemoglobin levels. The sub-group analysis of women compared by
small or high HOMA-IR differences as compared to the control group, ethnicity/nationality indicates that women from western countries did
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(c) HOMA-IR

Gestational diabetes Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 First half of pregnancy
Chen¥J, 2020 2 0.65 35 184 032 35 48% 0.71[0.23,1.20]
Kirlanging MM, 2022 267 1.42 20 212 1.81 25 46% 0.35[-0.24, 0.85] = —
SiF, 2021 212 0.91 119 072 0335 60 5.2% 1.811[1.45, 2.17] =
Zhou C, 2019 2.2 0.66 43 183 036 51 5.1% 0.711[0.29,1.13] ==
Subtotal (95% CI) 217 171 19.9% 0.92 [0.24, 1.59] i
Heterogeneity: Tau®= 0.42; Chi*= 26.49, df= 3 (P = 0.00001}; F= 89%
Testfor overall effect 2= 2.66 (P = 0.008)
1.4.2 Second half of pregnancy
Bulmus FG, 2020 3.03 1.63 30 085 0458 30 46% 1.68[1.08, 2.27] E—
ChenL 2018 2.28 0.63 119 107 015 100 &53% 2.54[2.18, 2.89] o
EhertT, 2015 1.89 2.81 74157 144 T4 53% 0.19[-0.14,0.51] b
Erol ©, 2015 425 815 45 76 19.85 45 51% -0.22 [F0.63, 0.20] —r
Ersoy GS, 2017 2.1 1.63 62 123 067 73 53% 0.72[0.37,1.086] =
LuB, 2018 2.78 1.78 53 189 075 87 5.2% 0.65[0.26,1.03] —
Martinez-Férez B, 2016 2.23 1.47 46 156 0.88 F 50% 0.53[0.09, 0.97] —
PanR, 2019 2.26 1.16 96 1.51 084 270 55% 0.80[0.56, 1.04] =
Trehotic LK, 2015 1.83 1.46 21 161 1.3 17 45% 0.15[-0.49,0.79] —E
Wang GH, 2016 2.03 0.69 30 152 04 30 48% 0.89[0.35,1.42] —
Wang P, 2017 normal weight 27 1.07 30 178 082 30 48% 0.95[0.42,1.49] ——
Wang P, 2017 overweight 3.38 1.47 30 272 1.26 30 48% 0.48 [-0.04, 0.89] —
Wawrusiewicz-Kurylonek N, 2015 KRS 1.55 93 275 136 97 5.4% 0.45[0.16, 0.74] -
W LJ, 2021 2.96 1.57 60 1.68 0.4 60 5.2% 1.11[0.72,1.489] =
Yang F, 2021 424 1.89 40 237 087 37T 48% 1.24[0.75,1.73] —t
YuandJ, 2022 213 0.3 23 159 056 19 4.4% 1.21[0.55, 1.88] —
Subtotal (95% CI) 852 1006 80.1% 0.83 [0.50, 1.16] L 3
Heterogeneity: Tau®= 0.40; Chi*= 156.55, df=15 (P < 0.00001); = 90%
Test for overall effect: Z= 4.96 (F < 0.00001)
Total (95% CI) 1069 1177 100.0% 0.85[0.56, 1.14] &>
Heterogeneity: Tau®= 0.39, Chi®=187.81, df=19 (P = 0.00001}); = 90% _14 12 b é j‘

Test for overall effect Z=5.72 (P = 0.00001)
Testfor subaroup differences: Chi*= 0.05, df=1 (P=0.82), F=0%

(d) Glycosilated hemoglobin

Gestational diabetes Control group

Control group Gestational diabetes

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.6.1 First half of pregnancy

Kirlanging MM, 2022 523 023 20 513 027 25 T.3% 0.39 [-0.21, 0.98] T

SiF, 2021 7237 119 452 222 B0 T.9% 0.81[0.49,1.13] —-

Subtotal (95% CI) 139 85  15.2% 0.68 [0.29, 1.07] <>

Heterogeneity: Tau?= 0.03; Chi*= 1.52, df= 1 (P = 0.22); F= 34%

Test for overall effect: Z= 3.41 (P = 0.0006)

1.6.2 Second half of pregnancy

Abdeltawah A, 2020 829 082 108 429 1.02 103 7.E% 411 [3.63, 4.59] —
Bulmus FG, 2020 493 047 30 463 045 30 TA% 0.64[0.12,1.16] —

Chen L 2018 693 078 119 462 0.69 100 7.9% 1.76[1.45, 2.09] —-

EbertT, 2015 355 478 T4 344 078 T4 TO% 0.11 [0.21, 0.43] T

Erol 0, 2015 542 083 45 463 048 45  T7% 1.06 [0.62, 1.50] —

Ersoy G5, 2017 52 058 62 508 037 73 T.9% 0.25 [-0.09, 0.59] T

Pan R, 2019 534 062 96 602 038 270 B.0% 0.70 [0.46, 0.94] -

Trebotic LK, 2015 37 4 2133 32 19 T1% 1.08[0.41,1.74] —_—

Wang GH, 2016 561 043 30 517 339 30 TA% 0.18 [-0.33, 0.69] -
Wawrusiewicz-Kurylonek N, 2015 508 047 93 48 058 97 8.0% 0.56 [0.27, 0.85] -

Yang F, 2021 539 052 40 489 041 37 TE% 1.05[0.57,1.53] —

Subtotal (95% CI) 719 878  84.8% 1.04 [0.47, 1.62] -
Heterogeneity, Tau?= 0.90; Chi*= 257.08, df= 10 (P = 0.00001}; F= 86%

Test for overall effect: Z= 3.55 (P = 0.0004)

Total (95% CI) 858 963 100.0% 0.97 [0.48, 1.47] i
Heterogeneity, Tau?= 0.77; Chi*= 260.08, df= 12 (P = 0.00001}; = 85% + + i ¥ b

Test for averall effect: Z= 3.89 (P = 0.0001)
Testfor subgroup differences: Chi®=1.06, df=1 (P =0.30), F=5.2%

FIGURE 3 (Continued)

not show a difference in betatrophin levels compared with women
with and without GDM. However, Chinese women with GDM had
significantly higher betatrophin levels than normoglycemic controls,

whereas pregnant women from western countries did not display a

Control group Gestational diabetes

difference. Ethnicity, country of birth, and body composition deter-
mine the GDM risk.”2"74 There are several explanations for those
differences, including that pancreatic beta cells are less in Asian

women, limiting the possibility of compensating for insulin changes
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(e) Total cholesterol

Gestational diabetes Control group

Std. Mean Difference

Std. Mean Difference

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

1.7.1 First half of pregnancy

Chen ¥J, 2020 6.48 1.96 35 522 1.69 35 52% 0.68[0.20,1.16]

Huang Y 2018 48 0.87 a8 473 082 386 65% 0.08[-0.15,0.32] o

SiF, 2021 483 0.47 1149 479 0.31 60 B.1% 0.09 [0.22, 0.40] —

Zhou C, 2019 5.6 2 43 519 1.75 51 5.6% 0.22[-0.19, 0.62] =
Subtotal (95% CI) 285 532 23.4% 0.21[-0.01, 0.43] s
Heterogeneity: Tau®=0.02; Chi*= 511, df= 3 {P=016), F=41%

Test for overall effect: Z=1.83 (P =0.07)

1.7.2 Second half of pregnancy

Abdeltawab A, 2020 5.46 1.21 109 4.86 113 103 B.3% 0.51[0.24,0.78] =
Bulmus FG, 2020 228.56 40.4 30 2257 5114 30 51% 0.06 [-0.44, 0.57] ———

ChenL 2018 5.95 0.62 1149 5.11 057 100  6.2% 1.40[1.10,1.70] —
Ehert T, 2015 6.71 2.58 74 6.31 2.73 74 BIA% 015017, 0.47] T

Erol O, 2015 238.6 54.9 45 2429 47.4 45  56% -0.08 [-0.50,0.33] S

Ersoy G5, 2017 25493 4994 62 241.84 25493 73 B.0% 0.07 [0.27, 0.41] T

LuB, 2018 5.25 1.21 53 57 1.23 57 5.8% -0.37 [[0.74,0.01] —=
Martinez-Pérez B, 2016 254.06 416 46 25464 3652 37 55% -0.01 [-0.45, 0.42] =

Trehotic LK, 2015 27405 B2.88 21 23426 4533 19 4.3% 0.71[0.08, 1.35] —
Wang GH, 2016 B.16 1.37 30 5.3 0.87 30 50% 0.74[0.22,1.26] s
Wang P, 2017 normal weight 5.7 0.85 30 6.29 083 30 50% -0.62[1.14,-0.10] —

Wang P, 2017 overweight 5.95 1.06 i 5.64 0.96 30 51% 0.30 [0.21, 0.81] O e
Wawrusiewicz-Kurylonek N, 2015 6.38 1.1 93 6.15 1.04 97 B.2% 0.21 [0.07, 0.50] T

YuandJ, 2022 5.66 1.25 23 512 1.08 19 4.5% 0.45[0.17,1.07] o P
Subtotal (95% CI) 765 744 76.6% 0.25[-0.03, 0.54] [t
Heterogeneity: Tau®= 0.24; Chi*= 92.66, df=13 (P < 0.00001); F= 86%

Test for overall effect: Z=1.74 (P =0.08)

Total {95% Cl) 1050 1276 100.0% 0.25 [0.04, 0.47] £
Heterogeneity: Tau®= 0.17; Chi*= 99.74, df=17 (P = 0.00001); F= 83% 52 51 3 15 é

Test for overall effect: Z=2.28 (P =0.02)
Test for subaroup differences: Chi®= 0.06, df=1 (P=0.81), F=0%

(f) LDL-cholesterol

Gestational diabetes
Mean SD  Total

Control group

Study or Subgroup Mean SD Total Weight

Std. Mean Difference

IV, Random, 95% CI

Control group Gestational diabetes

Std. Mean Difference
IV, Random, 95% CI

1.8.1 First half of pregnancy

Chen ¥J, 2020 2.67 0. 35 231 0.3 3\ BI1%
SiF, 2021 272 0.69 119 201 025 B0 B6.4%
Zhou C, 20189 2.65 0.49 43 232 033 51 6.2%
Subtotal (95% CI) 197 146 18.8%
Heterogeneity: Tau®= 0.02; Chi*= 2.80, df= 2 (P = 0.25); F= 29%

Test for overall effect: 2= 6.97 (P = 0.00001)

1.8.2 Second half of pregnancy

Ahdeltawah A, 2020 332 0.41 109 246 028 103 64%
Bulmus FG, 2020 140,685 37.71 30 1298 383 30 6.0%
ChenL 2018 KR 0.59 119 285 037 100 66%
EhertT, 2015 405 2.83 74 373 233 74 B5%
Erol O, 2015 131.7 52.3 45 1316 351 45 B.3%
Ersoy GS, 2017 151.86 39.28 62 1399 411 73 B.4%
LuB, 2018 2.76 0.66 53 311 094 57  6.4%
FanR, 20149 1.79 0.28 96 1.79 032 270 BE%
Trehotic LK, 2015 167.5 50.6 21 1243 3818 18 56%
Wang GH, 2016 3.47 0.63 30 31 036 30 6.0%
Wang P, 2017 normal weight 2.8 0.87 30 321 069 30 6.0%
Wang P, 2017 overweight 2.76 0.83 30 261 081 30 6.0%
Wawrusiewicz-Kurylonek N, 2015 3.4 1.33 93 33 119 97 6.6%
Subtotal {95% CI) 792 957 81.2%
Heterogeneity: Tau®=0.53; Chi*=193.55, df=12 (P = 0.00001); F=94%

Test for overall effect: Z=1.76 (P = 0.08)

Total (95% CI) 989 1103 100.0%

Heterogeneity: Tau®= 0.49; Chi®= 221.32, df=15 (P = 0.00001); F=93%
Test for overall effect Z= 2.61 (P =0.009)
Test for subaroup differences: Chi®= 6.05, df=1 (P =001}, F=83.5%

FIGURE 3 (Continued)

during pregnancy compared with Western pregnant women. A second
possibility is that Asian pregnant women have more fat mass.”>”% In

addition, they also have a more visceral fat mass with similar BMI and
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1.22[0.88, 1.58]
0.80[0.37,1.22]
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018 [-0.33, 0.69]
0.08 [0.21, 0.36]
0.37 [0.04, 0.78]

0.48 [0.12, 0.84]

.

¢ } N

<>

-1

-2 0 2 4
Control group Gestational diabetes

are more prone to insulin resistance.”” Further studies should clarify
whether ethnicity, lifestyle, or nationality could determine beta-
trophin levels in pregnant women with GDM.
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(g) HDL-cholesterol

Gestational diabetes Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.8.1 First half of pregnancy
Chen¥J, 2020 267 0.5 3| 231 0N 3\ B1% 0.86 [0.37,1.35] =
SiF, 2021 272 0.69 119 201 0.25 B0 B.4% 1.22[0.88, 1.55] e
Zhou C, 2019 2,65 0.49 43 232 033 51 6.2% 0.80[0.37,1.22] ==
Subtotal (95% CI) 197 146  18.8% 0.99 [0.71, 1.27] &
Heterogeneity: Tau®=0.02; Chi*= 2.80, df= 2 (P = 0.25), F= 28%
Testfor overall effect: 2= 6.97 (P < 0.00001)
1.8.2 Second half of pregnancy
Ahdeltawah A, 2020 3.32 0.4 109 246 028 103 B4% 2.43[2.07,2.78] —
Bulmus FG, 2020 140685 3771 30 1288 383 30 B.0% 0.28[-0.23,0.79] o (-
ChenL 2018 KR 0.59 119 2495 037 100 B6% 0.91 [0.63,1.19] &
EhertT, 2015 4.058 2.83 T4 373 233 T4 B5% 0.12[-0.20,0.45) i
Erol O, 2015 1317 52.3 45 1316 351 45 B.3% 0.00[-0.41,0.42] =t
Ersoy GS, 2017 151.85 39.28 62 1399 411 73 BA4% 0.30 [-0.05, 0.64] —
LuB, 2018 2.76 0.66 53 311 0.94 57  B.4% -0.43 [-0.80,-0.08] |
PanR, 2018 1.79 0.28 96 1.79 032 270 B.E% 0.00[-0.23,0.23] Sl
Trehotic LK, 2015 167.5 50.6 21 1243 3498 18 56% 0.71 [0.06, 1.36] —
Wang GH, 2016 347 0.63 30 31 036 30 B.0% 0.71[0.19,1.23] —
Wang P, 2017 normal weight 28 0.87 30 321 069 30 B.0% -0.52 [11.03,-0.00] —
Wang P, 2017 overweight 2.76 0.83 30 261 0.8 30 B.0% 018 [-0.33, 0.69] T
Wawrusiewicz-Kurylonek N, 2015 34 1.33 93 33 119 97  B6% 0.08 [-0.21, 0.36] i 1
Subtotal (95% Cl) 792 957 B81.2% 0.37 [-0.04, 0.78] ‘
Heterogeneity: Tau®= 0.53; Chi*=193.55, df=12 (P = 0.00001); F= 94%
Testfor averall effect Z=1.76 (P = 0.08)
Total (95% CI) 989 1103 100.0% 0.48 [0.12, 0.84] L 3
Heterogeneity: Tau= 0.49; Chi*= 221.32, df= 15 (P < 0.00001); F= 93% _34 52 i é i
Test for overall effec_t: Z=12061 (F'=_ 0.009) Control group  Gestational diabetes
Testfor subgroup differences: Chi*=6.05, df=1 (P =001}, F=83.5%

(h) Triglycerides

Gestational diabetes Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.10.1 First half of pregnancy
Chen ¥J, 2020 242 0.86 35 185 074 3\ 5T% 0.70[0.22,1.19] ——
SiF, 2021 312 1.89 1149 2.37 1 60 6.6% 0.43[0.12,0.75] e
Zhou C, 2019 23 0.95 43 1.83 1.62 51 6.1% 0.35 [-0.06, 0.76] ==
Subtotal {95% CI) 197 146 18.3% 0.47 [0.24, 0.69] L 2
Heterogeneity: Tau®= 0.00; Chi*=1.27, df=2 (P =0.53); F= 0%
Testfor overall effect Z=4.12 (P = 0.0001)
1.10.2 Second half of pregnancy
Abdeltawab A, 2020 2.568 0.55 109 1.76 037 103 6.5% 1.69[1.38, 2.01] —
Bulmus FG, 2020 22656 8117 30 816 62.92 30 449% 1.97 [1.35, 2.589] —
EhertT, 2015 214 1.94 74 202 212 74 B5% 0.06 [-0.26, 0.38] T
Eral ©, 2015 2179 71.4 45 2112 684 45 B.0% 0.10[-0.32,0.51] -1
Ersoy GS, 2017 236.35 1022 62 186 67.41 73 B4% 0.59[0.24, 0.93] =t
LuB, 2018 3.05 1.68 53 2.2 068 57  6.2% 0.67 [0.28, 1.05] -
Martinez-Pérez B, 2016 193.06 ] 46 15982 39.55 37 54% 0.59[0.15,1.03] —
PanR, 2019 1.85 0.96 96 1.25 007 87  6.6% 0.86 [0.55, 1.16] —
Trehotic LK, 2015 263.57 95.49 21 186.53 TE.62 19 4.8% 0.85[0.20,1.50] =
Wang GH, 2016 3.23 1.16 30 222 066 30 53% 1.06[0.51, 1.60] —
Wang P, 2017 normal weight 2.63 0.74 an 231 084 30 55% 0.40 011, 0.91] T
Wang P, 2017 overweight 319 1.09 30 27 086 30 5.5% 0.49[-0.02,1.01] %
Wawrusiewicz-Kurylonek N, 2015 2.35 0.89 93 203 067 97 BT% 0.41[0.12, 0.69] =
YuanJ, 2022 2.26 0.82 23 1.81 059 19 449% 0.61 [0.01,1.23] s
Subtotal {(95% CI) 742 731 81.™% 0.72 [0.44, 1.01] L 2
Heterogeneity: Tau®= 0.24; Chi*= 87.15, df=13 (P < 0.00001); F=85%
Test for overall effect: Z= 4.97 (P < 0.00001)
Total (95% CI) 939 877 100.0% 0.68 [0.44, 0.92] L 2
Heterogeneity: Tau®= 0.20; Chi®= 91.70, df=16 (P = 0.00001); F=83% _54 =2 b é i
Testfor overall effect Z= 562 (P = 0.00001) Control group  Gestational diabetes
Test for subaroup differences: Chi*=1.96, df=1 (P =016, F= 49.0%

FIGURE 3 (Continued)
In seven studies, cord blood betatrophin did not display a sig- neonates from women with GDM. Both outcomes deserve to be

nificant difference between newborns from GDM cases and normo-

glycemic controls, and there was a significantly higher weight in

analysed in better studies, since insulin resistance, increased HOMA-

IR, and macrosomia are frequent among women with GDM.4%78
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(a) HOMA-IR < 0.8 versus HOMA-IR > 0.8

Gestational diabetes Control group Std. Mean Difference $td. Mean Difference
Study or Subgroup Mean S0 Total Mean 5D Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.17.1 HOMA-IR difference < 0.8
ChenXJ, 2020 27.36 418 35 26.98 3.25 35 398% 0.10[-0.37, 0.57] S
EhertT, 2015 1.79 0.79 74 1.58 0.65 74 82% 0.29[-0.04, 0.61] ™=
Erol O, 2015 89508 44718 45 #1789 2432 45 43% 1.19[0.74,1.64] =
Ersoy GS, 2017 1.75 0.64 62 1.23 0.52 73 B8% 0.89[0.54,1.25] =
Kitlanging MM, 2022 11.58 6.4 20 3N 3 25 08% -3.89 [-5.03,-2.95] ==
LuE, 2018 17244 111489 53 1,387.2 7904 87 B.0% 0.35[-0.03,0.73] ™
Martinez-Pérez B, 2016 26673 11981 46 29413 11285 7 45% -0.23 F0.67, 0.20] =0
FanR, 20149 589 132 96 343 87 270 10.0% 2442142773 -2
Trebotic LK, 2015 29.24 439 21 1812 8.65 19  1.6% 1.61[0.89, 2.34] =
Wang P, 2017 overweight 20852 3503 30 1,858.3 511.04 0 32% 0.53[0.02,1.08] i
Wawrusiewicz-Kurylonek M, 2015 1.96 0.89 93 1.67 0.75 97 10.4% 0.35[0.08, 0.64] =
Zhou C, 20149 31333 6217 43 251.02 601 a1 46% 1.01[0.58, 1.44] ==
Subtotal (95% CI) 618 813 64.2% 0.76 [0.64, 0.87] L

Heterogeneity: Chi*= 265.20, df=11 (P = 0.00001); F= 96%
Test for overall effect: Z=12.89 (P = 0.00001)

1.17.2 HOMA-IR difference > 0.8

Bulmus FG, 2020 46319 224 64 30 22313 14363 30 28% 1.26 [0.70,1.81] =

ChenlL 2018 35.28 719 119 21.39 428 100 7.3% 2.29[1.95, 2.64] =

SiF, 2021 31325  61.25 119 24125 3526 60 7.4% 1.33[0.99, 1.67] -

Wang GH, 2016 765.3 227 30 5504 227 30 3.0% 0.93[0.40,1.47] -

Wang P, 2017 normal weight 17217 367.37 30 1,793.5 45938 30 33% -0.17 [-0.68, 0.34] -T

Wi L, 2021 1.8 017 60 0.95 0.1 60 1.2% 6.06 [5.20, 6.91] —
Yang F, 2021 0.61 0.3 40 0.79 0.3 3T 41% -0.58[-1.04,-0.13] g

Yuand, 2022 1417 4315 23 17608 6064 19 2.2% -0.65 [-1.28,-0.03] ==r|

Zhou C, 2019 31333 8217 43 251.02 601 51 4.6% 1.01 [0.58, 1.44] oy

Subtotal (95% CI) 494 417  35.8% 1.12 [0.96, 1.27] +

Heterogeneity: Chi®= 283.77, df=8 (P = 0.00001); F=97%
Testfor overall effect Z=14.19 (P = 0.00001)

Total (95% CI) 1112 1230 100.0% 0.89 [0.80, 0.98] }
Heterogeneity: Chi*= 562.38, df= 20 (P = 0.00001); F=96% 54 52 b 3 i
Testfor overall effect: Z=18.81 (P = 0.00001)

8 . Control group Gestational diabetes
Testfor subgroup differences: Chi*=13.41, df=1 (P =0.0003), F=92.5%

(b) Glycosilated hemoglobin

Gestational diabetes Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean S0 Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 First half of pregnancy
Kirlanging b, 2022 5.23 0.23 20 513 027 25 T3% 0.39[-0.21, 0.98] e
SiF, 2021 7.2 37 119 452 222 60 7.8% 0.81[0.49,1.13] =
Subtotal (95% CI) 139 85 15.2% 0.68 [0.29, 1.07] 3
Heterogeneity: Tau®= 0.03; Chi*=1.52, df=1 (P=022), F= 34%
Testfor averall effect: Z= 3.41 (P = 0.0006)
1.6.2 Second half of pregnancy
Ahdeltawahb A, 2020 8.29 0.92 108 428 102 103 7.6% 411 [3.63, 4.59] —
Bulmus FG, 2020 493 0.47 30 463 045 a0 TE% 0.64[0.12,1.16] ——
Chen L 2018 6.93 0.78 119 562 069 100 7.9% 1.76[1.45, 2.08] -
Ehert T, 2015 355 9.78 74 344 978 74 TEH% 011 [-0.21, 0.43] e
Eral O, 2015 542 0.93 45 463 048 5  TT7% 1.06 [0.62, 1.50] —%
Ersoy GS, 2017 5.2 0.59 62 508 037 73 TE% 0.25[-0.09, 0.59] i
PanR, 2019 5.34 062 96 502 038 270 B.0% 0.70[0.46,0.94] A
Trebotic LK, 2015 37 4 21 33 32 19 7% 1.08[0.41,1.74] E—
Wang GH, 2016 861 0.43 30 &817 3.39 o TE% 0.18[0.33, 0.69)] =T
Wawrusiewicz-Kurylonek M, 2015 5.08 0.37 93 48 059 97 8.0% 0.56 [0.27, 0.85] =
Yang F, 2021 5.39 0.52 40 489 0.4 a7 TE% 1.06[0.57,1.53] —E
Subtotal (95% CI) 719 878 84.8% 1.04 [0.47,1.62] k3
Heterogeneity: Tau®= 0.90; Chi*= 257.09, df=10 (P = 0.00001); F= 96%
Testfor overall effect: Z= 3.55 (P = 0.0004)
Total (95% CI) 858 963 100.0% 0.97 [0.48, 1.47] L
Heterogeneity: Tau®= 0.77, Chi®= 260.05, df=12 (P < 0.00001); = 95% t

-4 =2 0 2 4

Testfor averall effect: 2= 3.89 (P = 0.0001) Control group  Gestational diabetes

Testfor subgroup differences: Chi®=1.06, df=1 (P =030, F=5.2%

FIGURE 4 Sub-group analyses comparing betatrophin in pregnant women with and without gestational diabetes mellitus: (A) by HOMA-
IR values <0.8 versus >0.8, (B) by normal glycosilated haemoglobin (<5.4% or 36 mmol) or increased glycosilated haemoglobin (>5.4% or
36 mmol), and (C) by ethnicity/world region (Western countries vs. Chinese women).
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(c) Maternal betatrophin by world region countries (Western women versus Chinese women).

Gestational diabetes Control group

§td. Mean Difference Std. Mean Difference

Study or Subgroup Mean S0 Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.18.1 Western women

Abdeltawah A, 2020 692 199 109 261 127 103 47% 2.56([2.19, 292 &
Bulmus FG, 2020 46319 22486 30 23313 14363 30 45% 1.20 [0.65, 1.76] -
EhertT, 2015 1.79 079 T4 1.58 0.65 T4 AT% 0.29[-0.04, 0.61] e

Eral ©, 2015 8508 4478 45 4178 2432 45 46% 1.191[0.74,1.64] =
Ersoy GS, 2017 1.5 0.74 62 1.23 0.52 73 4T% 0.82[0.47,1.17] =
Kirlanging MM, 2022 11.58 6.4 20 3111 3 25 3T7% -3.99[-5.03,-2.95] _—

Martinez-Pérez B, 2016 2,667.3 1,198 46 29413 11285 37 46% -0.23 [-0.67, 0.20] =T

Trebotic LK, 2015 29.24 4.38 21 1812 8.65 19 4.2% 1.61[0.89, 2.34] —F—
Wanrusiewicz-Kurylonek N, 2015 1.96 0.589 93 1.67 0.75 97 47% 0.35 [0.06, 0.64] P
Subtotal (95% CI) 500 503  40.3% 0.49 [-0.25,1.23] B
Heterogeneity: Tau®=1.21; Chi*= 220.31, df= 8 (P = 0.00001); F= 96%

Testfor overall effect: Z=1.30{F=0.19)

1.18.2 Chinese women

Chen L2018 35.28 718 119 21.39 428 100 47% 2.29[1.95, 2.64] =
ChenJ, 2020 27.36 418 35 26.98 3.25 35 46% 0.10 [0.37,0.57] =

Huang ¥ 2018 2,822 938 88 2120 1118 386  48% 0.64 [0.41, 0.88] =

LuB, 2018 17244 11149 53 1,387.2 7904 57 4.6% 0.35 [0.03,0.73] B

PanR, 2019 589 132 96 343 87 270 47% 2.44[214,273] =
SiF, 2021 31325 61.25 119 24125 3526 B0 4.7% 1.33[0.99, 1.67] ==
YWang GH, 2016 765.3 227 30 5504 227 30 45% 0.93[0.40,1.47] —
YWang P, 2017 normal weight 1,721.7 367.37 30 1,793.5 45938 30 45% -0.17 [-0.68, 0.34] -

Wang P, 2017 overweight 20952 3503 30 1,858.3 511.04 30 4.5% 0.53[0.02,1.08] —

Yang F, 2021 0.61 0.3 40 0.79 0.31 37 46% -0.58 [-1.04,-0.13] o

Yuand, 2022 1417 4315 23 1,760.8 6059 19 4.4% -0.65[-1.28,-0.03] =

Zhou C, 2019 31333 6217 43 251.02 60.1 51 4.6% 1.01 [0.58, 1.44] =

Zhu Z, 2021 13.11 6.43 50 11.93 9.21 50 4.6% 0.15 [-0.25, 0.54] T
Subtotal (95% CI) 756 1155 59.7% 0.66 [0.12, 1.20] 3
Heterogeneity: Tau®= 0.93; Chi*= 2896.87, df=12 (P = 0.00001); F= 96%

Testfor averall effect 2= 239 (P=0.02)

Total (95% CI) 1256 1658 100.0% 0.60 [0.17,1.02] E 3
Heterogeneity: Tau®= 0.87; Chi*= 518.82, df= 21 (P = 0.00001); F= 96% 54 52 5 é 4:1

Testfor averall effect: Z=2.75 (P = 0.0086)
Testfor subaroup differences: Chi*=012, df=1 (FP=073,F=0%

FIGURE 4 (Continued)

Control group Gestational diabetes

TABLE 3 Betatrophin sub-analyses in women with and without GDM by HOMA-IR difference, glycosated haemoglobin (increased or
normal), and ethnicity/world regions (Western women vs. Chinese women).

Betatrophin sub-analyses Included studies (k) Participants GDM/NGT SMD and 95% ClI 12 (%) p
Betatrophin sub-analysis HOMA-IR (Figure 4A)
HOMA-IR difference <0.8 12 618/813 SMD 0.76 [0.64, 0.87] 96 <0.00001
HOMA-IR difference >0.8 9 494/417 SMD 1.12 [0.96, 1.27 ] 97 <0.00001
Betatrophin sub-analyses by glycated haemoglobin levels (Figure 4B)
Normal glycosilated haemoglobin 4 259/274 SMD 0.62 [0.26, 0.98] 75 0.008
Increased glycated haemoglobin 7 460/604 SMD 1.42 [0.56, 2.28] 97 <0.00001
Betatrophin sub-analysis (Figure 4C)
Western women 9 500/503 SMD 0.49 [-0.25, 1.23] 96 <0.00001
Chinese women 12 756/1155 SMD 0.66 [0.12, 1.20] 96 0.02

Abbreviations: Cl, confidence interval; GDM, gestational diabetes mellitus; NGT, normal glucose tolerance; SMDs, standardised MDs.

Further studies should clarify the associations of betatrophin with
neonatal variables.

In healthy subjects, there is an association of betatrophin and
triglycerides.”’ In non-pregnant premenopausal women, betatrophin
is correlated with both triglycerides and triglyceride/HDL-cholesterol
index®° and regulates the activity of lipoprotein lipase.®* Patients
with GDM usually display increased levels of triglyceride, total

cholesterol, and LDL-cholesterol and lower HDL-cholesterol during
pregnancy, and high BMI.8! Our current results suggest a positive
association between betatrophin and both triglycerides and LDL-
cholesterol and an inverse association with HDL-cholesterol. On
the other hand, it has been reported that insulin increases the
expression of betatrophin in white adipose tissue®2, which might
explain the increased betatrophin reported in this meta-analysis.
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4.2 | Limitations and strength

Our findings should be interpreted with caution to some limita-
tions of observational studies, including the heterogeneity in study
designs, selection bias, small samples, different scientific objectives,
and exageration of associations. Although studies included in our
meta-analysis could be considered as having a low or moderate
rate of bias, there are confounding factors such as ethnicity, life-
style, socioeconomic status, and provided healthcare. For some
associations, the number of studies included in a meta-analysis was
small (e.g., women during early pregnancy, cord blood outcomes).
Overall limitations and heterogeneity were quantified by the high
I? values.

Strengths of this study include (i) a clear and detailed clinical and
molecular classification of GDM and normoglycemic controls based
on international recommendations; (ii) a random-effect model used
for cumulative meta-analyses; and (iii) the sensitivity analysis indi-
cated the robustness of the overall maternal betatrophin outcome.
Moreover, no significant publication bias was detected. Heteroge-
neity was addressed through sub-group analyses showing that
betatrophin results were not influenced by the HOMA-IR and the
proposed glycosylated haemoglobin cut-off. On the contrary, we
found that ethnicity/lifestyle (Chinese vs. western countries' women)
is associated with different maternal betatrophin results.

Further studies are needed (i) to confirm the association of
increased maternal betatrophin in Chinese women living outside
China and in other Western ethnic groups, and (ii) to study cord

blood betatrophin and other neonatal metabolic outcomes.

5 | CONCLUSION

Maternal betatrophin levels were increased in pregnant women with
GDM compared with normoglycemic controls, and there was no
difference in cord blood betatrophin. Women with GDM had
increased pregestational and gestational BMI, insulin, glucose,
HOMA-IR, glycosylated haemoglobin and triglyceride levels, and
reduced HDL-cholesterol. Increased betatrophin levels in women
with GDM were demonstrated in Chinese women and not in those
living in western countries. Cord blood betatrophin did not display a
statistical difference between neonates from women with and
without GDM.
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