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Abstract

Objectives: Betatrophin is a widely used diagnostic marker for type 2 diabetes mellitus (DM),
but its clinical utility in diagnosing gestational DM (GDM) is unclear. We evaluated the relationship
between betatrophin and the risk of GDM as well as the ability of betatrophin to predict
postpartum type 2 DM (PDM).

Methods: In total, 386 patients were categorized into those with and without PDM. All under-
went the oral glucose tolerance test while pregnant. Betatrophin was assessed to examine the
diagnostic characteristics of GDM.

Results: The betatrophin concentration was remarkably higher in patients with than without
GDM. The patients were categorized into three groups; those with a betatrophin concentration
of 300 to 600 pg/mL and >600 pg/mL had a higher risk of GDM after adjusting for body mass
index, age, homeostatic model assessment—insulin resistance (HOMA-IR) concentration, and
betatrophin concentration than those with a betatrophin concentration of <300 pg/mL.
The HOMA-IR concentration tended to increase as the betatrophin concentration increased,
and betatrophin was independently associated with GDM after adjusting for confounders.
The betatrophin concentration was higher among pregnant patients with than without PDM.
Conclusions: Betatrophin has high sensitivity but low specificity for diagnosing GDM and may be
a promising predictor of PDM.
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Introduction

Gestational diabetes mellitus (GDM) is
defined as glucose intolerance that occurs
during pregnancy.' The annual worldwide
incidence of GDM ranges from 3% to 14%
and has continued to increase. In north
urban China, 9.3% of all pregnant mothers
develop GDM.?> GDM usually disappears
spontaneously after childbirth.*> However,
it may cause complications such as macro-
somia.®” Hyperglycemia during pregnancy
is related to the development and progres-
sion of macrosomia, emergency cesarean
section (CS), and vaginal trauma after
birth.*? Pregnant women with GDM are
at higher risk of emergency CS, type 2 dia-
betes mellitus (T2DM), and pre-eclampsia.®
In general, T2DM is diagnosed based on
the World Health Organization criteria,
which consider the results of the oral glu-
cose tolerance test (OGTT), random fasting
plasma glucose (FPG) concentration, and
glycosylated hemoglobin concentration.
The majority of betatrophin is produced
in the liver.'” Several studies have demon-
strated that betatrophin negatively affects
the revival of pancreatic B cells.'"!?
Another study showed a positive relation-
ship between the betatrophin concentration
and indicators of glycemic regulation in
patients with T2DM.'"? However, insuffi-
cient data are available regarding betatro-
phin in pregnant women.'*!'> We examined
the correlation between the betatrophin
level and GDM and whether betatrophin
can be used as a predictor of postpartum
T2DM (PDM). Our research focused on
two factors: the applicability of betatrophin
in the diagnosis of GDM and in predicting
the development and progression of PDM.

Materials and methods

Patients

Pregnant women with GDM and healthy
pregnant women (controls) were recruited

from the Affiliated Hospital of Jiangsu
University. Women with a history of DM
or comorbidities and those with a lack of
betatrophin measurement within 1 month
of the 75-g OGTT were excluded from the
study. All participants were nondrinkers
and nonsmokers and did not have hyper-
parathyroidism. The baseline body weight,
height, and blood pressure were assessed.
The glucose, glycosylated hemoglobin, and
lipid levels were evaluated using blood sam-
ples obtained after overnight fasting. The
experimental design was approved by the
local Ethics Committee of the Affiliated
Hospital of Jiangsu University. All patients
provided consent for the use of their sam-
ples in this investigation.

GDM is routinely evaluated during
weeks 24 to 28 of gestation. GDM was
diagnosed in the present study as follows.
A 75-g 2-hour OGTT was performed in all
participants. The procedure for the
OGTT was discussed in detail with each
participant. The pregnant women were
categorized into three groups according
to their betatrophin concentration: TI
(<300pg/mL), T2 (300-600 pg/mL), and
T3 (>600 pg/mL).

The OGTT was performed in the morn-
ing after an overnight fast of at least
8 hours. GDM was diagnosed based on
the American Diabetes  Association
criteria as follows: FPG of >5.1 mmol/L,
plasma glucose (PG) of >10.0 mmol/L at
60 minutes, and/or PG of >8.5 mmol/L at
120 minutes.

Methods

The demographic and clinical characteris-
tics of all patients were obtained using ques-
tionnaires that assessed the pregnancy
period, alcohol and cigarette consumption,
and maternal history of malignancy and
other comorbidities. An enzyme-linked
immunosorbent assay (Wuhan EIAab
Science Co., Ltd., Wuhan, China) was
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used to evaluate betatrophin when GDM
was diagnosed. An automated bioanalyzer
(7600-020; Hitachi, Tokyo, Japan) was
used to evaluate the levels of triglycerides,
high-density lipoprotein cholesterol,
aspartate aminotransferase, alanine amino-
transferase, blood urea nitrogen, and uric
acid. The Glamour 2000 autoanalyzer
(Molecular Devices, Sunnyvale, CA, USA)
was used to assess the glucose concentra-
tion. A chemiluminescent enzyme immuno-
assay (Roche, Basel, Switzerland) was used
to evaluate the insulin concentration.
The homeostatic model assessment—insulin
resistance (HOMA-IR) concentration was
used to investigate insulin resistance (IR)
according to the following formula:
fasting glucose (mmol/L) x fasting insulin
(LU/mL) / 22.5 (threshold value > 2.7).

In terms of prognosis, only patients with
GDM who had at least 3 months of follow-
up information subsequent to childbirth
were chosen. These patients were catego-
rized into two groups: those with T2DM
(PDM) and those without T2DM (non-
PDM). The betatrophin concentration was
evaluated, and laboratory tests for diagno-
sis of DM were conducted.

Statistical analysis

IBM SPSS Statistics for Windows, Version
(IBM Corp., Armonk, NY, USA) was used
for all statistical analyses. Every variable
was assessed for a normal distribution.
The results are presented as mean
+ standard deviation. Student’s z-test and
the Mann—Whitney U test were used to
evaluate distinctions between groups.
Hierarchical variables manifested them-
selves as frequency proportion. The
chi-square test was also applied to evaluate
distinctions between groups. The correla-
tion between betatrophin and HOMA-IR
was demonstrated via Spearman’s correla-
tion evaluation. Linear regression analysis
was also used to assess the risk of GDM in

terms of various betatrophin quartiles.
A receiver operating characteristic curve
was then generated to determine the cutoff
point of betatrophin as an indicator of
GDM. A two-sided p-value of <0.05 was
considered statistically significant.

Results

Patient characteristics

In total, 400 pregnant women (96 with
GDM and 304 healthy controls) were
recruited from the Affiliated Hospital of
Jiangsu University. The mean age of the 96
women with GDM was 32.34 +2.25 years,
and that of the 304 healthy controls was
28.62+1.47 years. The TI1, T2, and T3
groups comprised 102, 176, and 108 patients,
respectively. In total, 72 patients with GDM
who had at least 3 months of follow-up
information subsequent to childbirth were
chosen for the prognostic evaluation. Of
these patients, 17 had PDM and 55 did not.

Evaluation of clinical differences between
patients with GDM and healthy controls

The characteristics of the pregnant women
with and without GDM are shown in
Table 1. In total, 386 participants with a
mean age of 30.36+3.45 years were
recruited for this study. Age, FPG level,
body mass index (BMI), 60-min PG level,
120-min PG level, uric acid level, triglycer-
ide level, HOMA-IR (p < 0.01), and systolic
and diastolic blood pressure (p < 0.05) were
significantly different between patients with
GDM and healthy controls. No significant
difference was found in the blood urea
nitrogen, alanine transaminase, aspartate
transaminase, low-density  lipoprotein
cholesterol, or high-density lipoprotein cho-
lesterol concentrations between the two
groups. The betatrophin level was higher
in patients with GDM than in healthy con-
trols (p <0.001). These findings indicate
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Table 1. Clinical characteristics.

Characteristics GDM (n=96) Non-GDM (n =270) p-value
Betatrophin (pg/mL) 589+ 132 343 +87 <0.001
Age (years) 32.34+225 28.62 + .47 <0.01
BMI (kg/m?) 24.89 +3.67 22.67 +3.01 <0.01
SBP (mmHg) 11525 £ 15.23 113.29 + 14.97 <0.05
DBP (mmHg) 69.92+10.14 67.12£9.12 <0.05
60-min PG (mmol/L) 9.78+1.38 8.12£ 1.0l <0.01
120-min PG (mmol/L) 854+ 1.29 6.231+0.98 <0.01
HbAlc (%) 5.34 (4.92-5.76) 5.01 (4.78-5.29) <0.01
FPG (mmol/L) 4.92 +£0.65 428+0.43 <0.01
UA (mmol/L) 223.65 +63.27 205.23 +39.87 <0.01
TG (mmol/L) 1.78 (1.26-2.56) 1.44 (1.02-2.11) <0.01
BUN (mmol/L) 2.65+0.55 2.63+0.51 0.432
HOMA-IR 2.22 (1.52-3.09) 1.43 (1.02-2.16) <0.01
ALT (U/L) 16 (12-20) 17 (12-21) 0.321
AST (U/L) 18 (14-24) 19 (14-25) 0.287
LDL-C (mmol/L) 1.79+£0.28 1.79+£0.32 0.639
HDL-C (mmol/L) 2.65+0.62 2.624+0.59 0.531

Data are presented as mean = standard deviation or median (range).

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; DBP,
diastolic blood pressure; FPG, fasting plasma glucose; GDM, gestational diabetes mellitus; HbA | c, glycosylated hemo-
globin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment—insulin resistance; LDL-C,
low-density lipoprotein cholesterol; PG, plasma glucose; SBP, systolic blood pressure; TG, triglycerides; UA, uric acid.

| comwithpDM |+ GDM without PDM |

96 pregnant women
with GDM

304 pregnant women

Healthy control

Low Betatrophin <300 Intermediate High Betatrophin =
pg/mL Betatrophin 300-600 600 pg/mL
pg/mL

Figure I. Study flow chart. GDM, gestational diabetes mellitus; PDM, postpartum diabetes mellitus.

that betatrophin can be used as a predictor
of GDM (Figure 1).

Prevalence of HOMA-IR and GDM with
regard to distinct betatrophin quartiles

With the T1 group as a reference, the prev-
alence of GDM was remarkably higher in

the T2 group (21.6% vs. 8.72%, respective-
ly; p<0.05) and T3 group (46.30% vs.
8.72%, respectively; p<0.01). Moreover,
the prevalence of GDM tended to increase
in the three groups (p < 0.05) (Figure 2(a)).
After adjusting for age, betatrophin level,
HOMA-IR, and BMI, the logistic regres-
sion analysis demonstrated that compared
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Figure 2. (a) Prevalence of GDM in the different betatrophin groups. (b) HOMA-IR level in the different
betatrophin groups. GDM, gestational diabetes mellitus; HOMA-IR, homeostatic model assessment—insu-

lin resistance.

Table 2. Association of betatrophin with risk of gestational diabetes mellitus.

Level of betatrophin OR (95% ClI) p-value Adjusted OR (95% CI) p-value
Tl | |

T2 2.12 (1.07-5.19) <0.05 1.675 (1.02-3.42) <0.05

T3 2.87 (1.43-3.68) <0.01 3.237 (1.79-4.07) <0.0l

Cl: confidence interval; OR: odds ratio.

TI, betatrophin of <300 pg/mL; T2, betatrophin of 300-600 pg/mL; T3, betatrophin of >600 pg/mL.
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Figure 3. Correlation of HOMA-IR and betatro-
phin concentration. HOMA-IR, homeostatic model
assessment—insulin resistance.

with patients in the T1 group, those in the
T2 group (odds ratio, 1.675; p <0.05) and
T3 group (odds ratio, 3.237; p<0.01) had a
higher risk of GDM (Table 2). The
HOMA-IR level tended to increase in the
three groups (p <0.05). Additionally, the
HOMA-IR level was higher in the T2 and
T3 groups than in the T1 group (p <0.05)
(Figure 2(b)). Finally, the HOMA-IR level
was correlated with the betatrophin level
(Figure 3).

Predictive value of betatrophin for IR
and GDM

Receiver operating characteristic analysis
was used to determine the accuracy of beta-
trophin as a predictor of GDM. The best
cutoff threshold of betatrophin for indicat-
ing GDM was 0.95x 10° pg/mL (area
under the curve, 0.812; 95% confidence
interval, 0.698-0.879; p<0.01; Youden’s
index, 0.122; sensitivity, 68.8%; specificity,
84.1%) (Figure 4).

Betatrophin as an indicator of PDM

To assess the predictive capability of beta-
trophin for PDM, a proportion of the
patients with GDM underwent evaluation.
The characteristics of these participants are
presented in Table 3. The BMI was higher
in patients with than without PDM. The
betatrophin concentration was also signifi-
cantly different between patients with and
without PDM (Table 3). The mean betatro-
phin concentration was 505+ 51 pg/mL in
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patients without PDM and 738 + 65 pg/mL
in those with PDM (p < 0.001).

Discussion

Several studies have shown that GDM is an
IR syndrome and can progress to DM.'%!7
GDM increases the risk of preeclampsia
and the need for emergency CS.'
Additionally, women with GDM have a
high risk of developing T2DM after preg-
nancy, and the risk of T2DM is high in the
offspring, particularly when accompanied
by obesity.'”?® Studies have shown that
betatrophin promotes IR.?""*> An increased
betatrophin concentration is a compensato-
ry reaction to IR because it enhances the
secretory capability of the liver and the
B-cell mass.'**¥2* A significant independent
relationship was noted between betatrophin
and the prevalence of GDM without depen-
dence on confounders. The current study
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Figure 4. Receiver operating characteristic analy-

sis of betatrophin for diagnosis of gestational dia-
betes mellitus.

also demonstrated a relationship between
metabolic disorders and an increased beta-
trophin concentration leading to GDM.
Consequently, the relationship between the
betatrophin concentration and GDM can
be attributed to the close relationship
between IR and betatrophin. Furthermore,
previous research has indicated that beta-
trophin and IR are reliable predictors of
T2DM.?* IR is known to contribute to the
development and progression of GDM.
Consequently, IR is hypothesized to be
involved in the relationship between GDM
and betatrophin despite the insufficient
understanding of its underlying etiology.

In our study, the betatrophin concentra-
tion and BMI were significantly different
between pregnant women with and without
GDM. We also demonstrated that betatro-
phin was positively associated with BMI
and HOMA-IR. The increased prevalence
of GDM led to an increased betatrophin
concentration. Nevertheless, the specificity
and sensitivity of these markers are relative-
ly limited. The BMI and age of the partic-
ipants with GDM were higher than those of
the healthy controls, indicating that the
incidence of GDM declines with a good
health status and young age.

Apart from evaluating the applicability
of betatrophin for diagnosing GDM, we
also explored whether betatrophin is a pre-
dictive indicator of T2DM among patients
with GDM. The American Diabetes
Association criteria include betatrophin as
a determinant of preliminary DM, and

Table 3. Characteristics of GDM with or without PDM.

Characteristics non-PDM (n=55) PDM (n=17) p-value
Age (years) 3L12+£2.19 32.62+2.34 0.09
Follow-up months 13.234+10.75 1456+ 11.31 0.11
BMI (kg/m?) 23.43£3.09 26.03+4.15 0.013
Betatrophin (pg/mL) 505+ 121 738 + 145 <0.001

BMI, body mass index; GDM, gestational diabetes mellitus; PDM, postpartum diabetes mellitus.
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betatrophin serves as indicator of a high
risk of T2DM. Patients with GDM are
more vulnerable to T2DM. Therefore, the
application of betatrophin in evaluating the
risk of PDM was examined. The extent of
preliminary DM was assessed according to
the betatrophin levels in the PDM sub-
group. On the basis of the betatrophin con-
centration during pregnancy, pregnant
women at risk for T2DM can be recognized
and given more appropriate clinical man-
agement. Our study is the first to assess
the applicability of betatrophin in predict-
ing GDM among Chinese women.

Our study has some limitations. First,
the sample size, particularly that of patients
with GDM, was relatively small. Second,
several women who underwent the OGTT
were excluded from our research because
betatrophin was not measured simulta-
neously. Third, several confounders includ-
ing diet, a family history of DM, and
physical exercise were not eliminated.
Fourth, the 3-hour 75-g OGTT rather
than the 2-hour 75-g OGTT, which is the
recommended test for accurate GDM diag-
nosis, was used in our research. Finally, the
patients were not screened for T2DM at
baseline before delivery. Well-designed pro-
spective studies are needed to address these
limitations and determine the role of beta-
trophin in the development of GDM and its
progression to T2DM.

In summary, our research showed a sig-
nificant correlation between IR and the
betatrophin level. Betatrophin was proven
to be an independent risk factor for GDM
progression. We also showed that an
increased betatrophin concentration at the
time of GDM diagnosis was associated with
a higher risk of T2DM after delivery.
Betatrophin was an independent predictor
of PDM with high specificity. To determine
the applicability of betatrophin in diagnos-
ing GDM, betatrophin should be assessed
using both laboratory tests and clinical

outcomes to more fully determine the appli-
cability of betatrophin in diagnosing GDM.
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