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Abstract
Background: Lipids and adipokines including leptin, resistin and visfatin play various roles in the pathophysiology
of Gestational Diabetes Mellitus (GDM). This study was aimed at determining whether serum leptin, resistin and
visfatin are significantly altered during the first trimester of pregnancies that subsequently develop GDM and
whether such changes are useful in predicting the disease.
Methods: This was a case-case control study which compared first trimester biochemical and anthropometric
parameters in 70 pregnant women who subsequently developed GDM and 70 pregnant women without GDM at
the Volta Regional Hospital, Ho, Ghana. Lipid profile and some selected adipokines were analyzed and first trimester
body mass index (BMI) was determined.
Results: There were significant differences (p < 0.05) in leptin, resistin, and visfatin as well as significant dyslipidemia
among those with GDM compared to those without GDM. Furthermore, the area under the Receiver Operating
Characteristic Curves (AUCs) for leptin, resistin and visfatin were; 0.812, 0.836 and 0.799 respectively. Increased first
trimester leptin (OR = 1.166; CI = 1.104–1.233; p < 0.0001), resistin (p < 0.0001) and visfatin (p < 0.0001) were associated
with GDM.
Conclusion: Hyperleptinemia, hyperesistinemia and hypervisfatinemia precede GDM and can serve as good predictive
indices for gestational diabetes mellitus.
Keywords: Adipokines, Pregnancy, Glucose intolerance

Background
The main objective of the current study was to explore
the association and accuracy of some adipokines in predicting GDM. GDM is the occurrence of glucose intolerance which is diagnosed for the first time during
pregnancy [1]. Available data point to the involvement
of some adipocytokines in glucose metabolism [2]. Adipokines are made up of peptides and proteins with diverse functions and include mediators of vascular
hemostasis [3], blood pressure regulation and angiogenesis [4]. They also include cytokines [5, 6], chemokines
like monocyte chemoattractant protein-1 [7] and hormones such as resistin [8] and leptin [9, 10] which are
all involved in glucose homeostasis.
Hyperleptinemia in early stages of pregnancy may
be predictive of an increased risk of developing GDM
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in the later stages of pregnancy irrespective of obese
status [11].
Leptin levels in amniotic fluid at 15–17 weeks of gestation is significantly higher in women with GDM as compared to women with euglycemia throughout the period
of pregnancy [12]. Other authors have reported different
findings about leptin in GDM; Simmons and Breier [13]
reported no difference in serum concentration of leptin
between normal pregnancies and pregnancies complicated by GDM while some researchers reported decreased plasma leptin in women with GDM [14].
Available information on plasma concentrations of
resistin in gestational diabetes mellitus have not been
consistent; some reports indicated no alteration of resistin concentration in GDM as compared to healthy pregnant women [15], while others have reported increased
[16] or decreased [17] levels in women with GDM.
Visfatin displays nicotinamide phosphoribosyltransferase activity [18] and is secreted from the epithelial cells
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of amniotic sac during pregnancy [19]. Visfatin levels
during pregnancy complicated by glucose intolerance
may be increased [20] or decreased [21] and also involved in apoptosis [19]. The main aim of this study was
to determine whether in the first trimester of pregnancy,
serum concentrations of leptin, resistin and visfatin are
altered in pregnancies that subsequently develop GDM
and whether such changes are significant to the extent
of elucidating pregnancies that are likely to develop
GDM.
Several risk factors have been associated with GDM
including; earlier diagnosis of GDM, advanced maternal
age and history of type 2 diabetes mellitus among first
degree relatives of the pregnant woman [22]. Others are;
ethnic background, overweight and obesity, as well as
macrosomia from previous pregnancies [23].
Lipid profile changes in normal pregnancies are characterized by hypercholesterolemia and hypertriglyceridemia
and elevated levels of very low density lipoproteincholesterol (VLDL-C) in the liver as a result of increased
level of estrogen [24]. The reduction in lipoprotein lipase
(LPL) activity due to down regulation of the LPL gene expression caused by estrogen during pregnancy decreases
the clearance of VLDL-C [25]. GDM affects the cardiovascular and metabolic processes of the baby and in-utero
hyperinsulinemia independently predicts glucose intolerance in childhood [26]. The changes in the lipid profile
and the disparities in the metabolism of some adipokines
as reported by various studies requires close scrutiny of
their roles in the pathophysiology of GDM. Therefore, this
study sought to determine whether in the first trimester of
pregnancy, metabolism of leptin, resistin, visfatin and
lipids are affected in pregnancies that subsequently develop GDM and whether these variations can be used as
basis to predict GDM so as to elicit interventions early
enough to save the mother and the baby.

Materials and methods
Study design and site

This prospective case-control study was carried out from
August 2014 to August 2016 at the antenatal clinic of
the Volta Regional Hospital in the Ho Municipality of
Ghana.
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Inclusion criteria

Women who developed GDM with no preexisting glucose intolerance.
Exclusion criteria

Women with liver disease, kidney disease and chronic
diseases such as diabetes mellitus and hypertension.
Anthropometric measurement

Height was measured without participants wearing foot
wear using a stadiometer to the nearest 0.5 cm with the
study participants standing upright and heels put together and the head in the horizontal plane and weight
was measured in kilograms with participants wearing
light clothing using the bioimpedance analyzer (BIA);
(BSD01, Pure Pleasure, a division of the Stingray Group,
Capetown, South Africa). The BMI, was determined
using the BIA according to the manufacturer’s instruction. All measurements and samples were taken between
7:00 am and 8:00 am after an overnight fast for a period
of 10 to 16 h [27].
Biochemical analysis

Five milliliters of venous blood samples were taken from
all participants between 11 and 13 weeks of gestation,
after an overnight fast and 2 ml put into potassiumEDTA anti-coagulated tube and the remaining 3 ml into
serum separator tubes. The blood samples were then
centrifuged to obtain serum samples which were stored
in several aliquots at − 80 °C until sample analysis.
Hemoglobin A1c was determined in all participants and
those who had values ≥6.5% were deemed to have preexisting diabetes mellitus and therefore excluded from
the study. Lipid profile and the plasma glucose were determined using the Vitros dry chemistry analyzer (OrthoClinical Diagnostics, Johnson & Johnson, High Wycombe,
UK). Leptin, Resistin and Visfatin in the participants were
estimated quantitatively by sandwich Enzyme-linked Immunosorbent Assay technique (Elabscience Biotechnology
Co. Ltd., Wu Han, People’s Republic of China). Repeated
freezing and thawing of samples were avoided as much as
possible.

Study population

Pregnant women who visited the hospital between 11
and 13 weeks of gestation for their first routine antenatal
care and agreed to take part in this study were recruited.
In this study, we recorded maternal characteristics and
also took blood samples of all participants.
A standard pretested questionnaire was used to obtain
information on demographic data, family history of diabetes mellitus, parity, gravidity, history of stillbirth and
miscarriages.

Outcome variable

The primary outcome was GDM, defined as the occurrence of hyperglycemia in pregnant women who have
never had diabetes. We conducted a 2-h, 75-g Glucose
challenge test (GCT) on all participants at 26 ± 2.6 weeks
gestation. If the GCT value was ≥7.8 mmol/l, a 3-h, 100-g
oral glucose tolerance test (OGTT) was conducted. Diagnosis of GDM was based on the criteria of the American
Diabetes Association [28].
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Power and statistical analysis

All data analyses were performed using the SPSS software (version 11.0 systat, Inc. Germany) and GraphPad
Prism, (version 5.0, San Diego California, USA). Data
was presented as mean ± SD. Area under receiver operating characteristic curves (AUCs) were determined for
each biomarker. Logistic regression was used to evaluate
the effect of maternal characteristics on the predictive
abilities of the adipokines. In all the statistical analysis, a
value of p < 0.05 was considered to be significant and at
a 95% confidence interval.
The area under the receiver operating characteristic
curve (AUC) is usually regarded as a measure of the accuracy of a test/marker. Therefore, if the AUC is 50% or
less, then the result can be seen as a random guessing
and therefore not significant. This is represented by diagonal line in the ROC plot [29]. We tested leptin, resistin and visfatin to see whether each of them had some
accuracy (AUC ~ 60%). Therefore, we determined minimum power of 80% with alpha 5%.
Pregnant women in this hospital are routinely
screened for GDM between 24 and 28 weeks of gestation
for GDM. We had earlier reported a GDM prevalence of
7% in our previous study in the Volta Region of Ghana
[30]; therefore, we assumed that 7% of the study population would develop GDM. Consequently, out of a total
of 1047 participants 70 developed GDM. We therefore
took 70 cases and 70 randomly selected controls making
a total of 140 pregnant participants. The sample size and
power calculation were performed using SAS® %ROCPOWER macro [31].

Results
The baseline anthropometrics, lipids and adipokines as
stratified by GDM (Table 1) indicated that the mean age
and BMI of those who developed GDM were significantly higher than those without GDM (p = 0.023) and
(p = 0.004) respectively. The first trimester lipid profile
also showed significant differences (p < 0.05) in the triglycerides (TG), total cholesterol (TC), low density lipoprotein cholesterol (LDL-C) and very low density
lipoprotein cholesterol (VLDL-C). There was, however,
no significant difference in the high density lipoprotein
cholesterol (p = 0.319) between the GDM group and
those without GDM. Assessment of adipokine status
during the first trimester also showed significantly
higher leptin, resistin and visfatin among those who subsequently developed GDM as compared to those without
GDM (p < 0.0001).
Correlation of anthropometric and biochemical parameters of participants are shown in (Table 2). With the exception of HDL which had negative correlation with
GDM, all the parameters in the lipid panel had significantly positive correlations with GDM. Age correlated
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Table 1 Comparison of anthropometric and biochemical
markers among the participants
Variable

GDM (N = 70)

NO GDM (N = 70)

P values

AGE (Years)

30.8714 ± 5.743

28.7571 ± 5.094

0.023

BMI (Kg/m2)

27.5257 ± 3.931

25.5843 ± 3.843

0.004

TG (mmol/L)

2.7346 ± 0.706

1.5123 ± 0.686

< 0.0001

TC (mmol/L)

7.2029 ± 1.204

5.1801 ± 1.556

< 0.0001

HDL-C (mmol/L)

1.3239 ± 0.958

1.4816 ± 0.908

0.319

LDL-C (mmol/L)

4.6933 ± 1.436

3.269 ± 1.574

< 0.0001

VLDL-C (mmol/L)

1.2421 ± 0.320

0.6899 ± 0.316

< 0.0001

Leptin (ng/ml)

35.0434 ± 8.700

21.9352 ± 9.192

< 0.0001

Resistin (ng/ml)

9.7129 ± 2.314

6.4049 ± 2.441

< 0.0001

Visfatin (ng/ml)

8.7714 ± 4.010

4.6725 ± 2.739

< 0.0001

BMI Body mass index, TG Triglycerides, TC Total cholesterol, HDL-C High
density lipoprotein cholesterol, LDL-C Low density lipoprotein cholesterol,
VLDL-C cholesterol. Data is presented as mean ± SD

positively with BMI (r = 0.348, p < 0.0001), GDM (r =
0.192, p = 0.023), leptin (r = 0.221, p = 0.009) and visfatin
(r = 0.191, p = 0.024). A similar correlation was observed
between BMI and GDM (r = 0.244, p = 0.004). However,
these correlations were largely weak (Table 2). There were
significant positive correlations between leptin and GDM,
resistin and GDM as well as between visfatin and GDM.
The area under the receiver operator characteristic
curve as shown in Table 3 and Fig. 1 indicates the ability
of the adipokines to positively predict GDM. The areas
under the curve for leptin resistin and visfatin are; 0.812,
0.836 and 0.799 respectively. The sensitivity, specificity
and threshold levels of these adipokines are also shown
in Table 3. Analyses of the results indicate that at a cutoff point of ≥18.9 ng/ml, leptin showed a sensitivity and
specificity of 95.7 and 68.6% respectively in the prediction of GDM. Similarly, resistin and visfatin showed high
sensitivity and specificity in predicting GDM at threshold level of ≥5.3 ng/ml and ≥ 2.8 ng/ml respectively However, BMI showed a sensitivity and specificity of 51.4
and 67.1% respectively at a cut of point of ≥27 kg/m2
(Table 3).
Multivariate logistic regression of factors associated
with GDM is shown in Table 4. High BMI (OR = 1.128;
CI = 1.012–1.257, P = 0.03), previous miscarriages (OR =
3.143; CI = 1.22–8.095; P = 0.018) history of stillbirth
(OR = 4.542; CI = 1.159–17.795; P = 0.03) and previous
caesarean operation (OR = 13.716; CI = 4.146–45.382;
P < 0.0001) were significantly associated with the development of GDM. However, parity (P = 0.494) and gravidity (P = 0.477) were not significantly associated with
GDM among our participants. Elevated serum leptin
(OR = 1.166; CI = 1.104–1.233; p < 0.0001), resistin (OR =
1.772; CI = 1.432–2.192; p < 0.0001) and visfatin (OR =
1.342; CI = 1.185–1.518; p < 0.0001) were associated with
GDM. However, first trimester TG (p = 0.543) and TC
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Table 2 Correlation of demographic, clinical, and biochemical parameters of participants
AGE
AGE

R

1

P value
BMI

R

BMI

TG

TCHOL

LDL

VLDL

LP

RESTN

VISF

GDM

0.348a

0.019

0.190b

−.288a

0.202b

0.153

0.221a

0.071

.191b

0.192b

0

0.738

0.024

0.001

0.017

0.071

0.009

0.402

0.024

0.023

0.130

0.069

−0.112

0.083

0.091

0.159

0.136

0.128

0.244a

0.021

0.42

0.186

0.332

0.285

0.06

0.108

0.132

0.004

1

P value
TG

R

b

a

1

0.502

P value
TCHOL

R

HDL

−0.107

VISF

GDM

0.325a

0.214

.957

0.120

0.115

.159

0

0

0.035

0.043

0.005

0.859

.664

0

0

0

1

−.440

−.366

−.229

−.257

−.287

−0.334a

0

0

0.007

0.002

0.001

0

a

a

R

R

a

a

1

R

a

R

a

0.320
0
a

a

a

0.325
0

a

0.383

.310

0

0

1

0

a

0.219
0.009

a

0
a

0.667a
0

a

a

.399
a

0.276

0.581a

0.001

0

0.394

0.276

0.305

0.603a

0

0.001

0

0

1

P value
RESTN

a

−.421

P value
LP

b

1

a

P value
VLDL

b

0.059

P value
LDL

a

0

P value
HDL

a

a

a

a

0.608

.719

0

0

0.594a
0

0.562

0.574a

P value

0

0

R

1

0.515a

R

1

a

P value

0

R

1

P value
TG Triglycerides, TCHOL Total cholesterol, HDL High density lipoprotein cholesterol, LDL Low density lipoprotein cholesterol, VLDL Very low density lipoprotein
cholesterol, ADP Adiponectin, LP Leptin, RESTN Resistin, VISF Visfatin, GDM Gestational diabetes mellitus
a
Correlation is significant at the 0.01 level (2-tailed)
b
Correlation is significant at the 0.05 level (2-tailed)

(p = 0.588) were not associated with the development
GDM.

Discussion
We assessed the association between first trimester leptin, resistin, visfatin, BMI and maternal characteristics
and the development of gestational diabetes mellitus in
the Ho municipality. Our report indicated that leptin,
resistin and visfatin were all independently elevated in
women with GDM many weeks before the diagnosis of
the disease. We also report that the elevations in these
adipokines were independent of maternal age, family
Table 3 Area under ROC (AUC), threshold level, sensitivity and
specificity of the biochemical markers in GDM
AUC

Cutoff point

Sensitivity

Specificity

Leptin (ng/ml)

0.812

≥ 18.90

95.7

68.6

Resistin (ng/ml)

0.836

≥ 5.30

95.7

61.4

Visfatin (ng/ml)

0.799

≥ 2.80

87.1

70

BMI (Kg/m2)

0.642

≥ 27.05

51.43

67.14

history of diabetes, parity and lipid levels. These results
showed that serum leptin, resistin, and visfatin were
higher among those who subsequently developed gestational diabetes mellitus. Serum lipids (TG, TC, LDL, and
VLDL) were higher among those who developed GDM
and high BMI, previous miscarriages, stillbirth as well as
previous cesarean operation were independently associated with GDM.
Increased obesity had been reported previously to increase the risk of developing GDM by about 3 fold in
pregnant women [22] and this is in agreement with this
present study which alludes to the fact that participants
with GDM were more obese than the healthy controls
(Table 1) but not in consonant with a study carried out
in Korle-Bu, Accra, which reported no significant difference in the BMI of women with GDM and those without
GDM [32]. In an earlier study we demonstrated that
higher maternal pre-pregnancyBMI was linked to the
development of preeclampsia, which usually occurs during the second trimester [33]. It is therefore not surprising that this study also provides additional evidence of
the link between maternal BMI and pregnancy
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Fig. 1 ROC curves for Body mass index (BMI), Leptin (LP), Resistin (RESTN) and Visfatin (VISF)

complications like GDM which develops after 24 weeks
of gestation.
Our study revealed strong positive correlations between lipids and GDM with the exception of HDL which
showed negative correlation. This is in consonance with
previous reports which reported strong correlations between lipids and glucose intolerance during pregnancy
[34, 35]. Hyperlipidemia could contribute to the insulin
resistance which is a feature of gestational diabetes
Table 4 Multivariate logistic regression of factors and
biochemical markers associated with GDM
Variable

Regression coefficient (β)

OR (95% CI)

P value

AGE

0.043

1.044 (0.964–1.13)

0.292

BMI

0.12

1.128 (1.012–1.257)

0.03

RWD

−0.611

0.543 (0.18–1.638)

0.278

Parity

−0.319

0.727 (0.292–1.812)

0.494

MC

1.145

3.143 (1.22–8.095)

0.018

SB

1.513

4.542 (1.159–17.795)

0.03

CS

2.619

13.716 (4.146–45.382)

< 0.0001

Gravidity

−0.304

0.738 (0.319–1.705)

0.477

Leptin

0.154

1.166 (1.104–1.233)

< 0.0001

Resistin

0.572

1.772 (1.432–2.192)

< 0.0001

Visfatin

0.294

1.342 (1.185–1.518)

< 0.0001

TG

14.42

183 (0.00–2.750)

0.543

TC

0.282

1.325 (0.478–3.677)

0.588

BMI Body mass index, RWD Relatives with diabetes, MC Miscarriages, CS
caesarean operation, SB Stillbirth, TG Triglycerides, TC Total cholesterol

mellitus; and so when there is high plasma lipids especially hypertriglyceridemia, the consequence could be
glucose intolerance leading to GDM. Our study also
showed that significantly higher serum leptin determined
between 11 and 13 weeks of gestation existed in women
who later developed GDM than the healthy controls and
could be used to predict the occurrence of GDM
(Table 1 and Table 3). This study also reports high sensitivity, specificity and high accuracy (Table 3) of using
first trimester leptin measurement in the prediction of
GDM. The Normal physiological functions of leptin are;
regulation of inflammation, immune response, endocrine
function, reproduction and angiogenesis [36]. Leptin
modulates pancreatic β-cell function and enhances peripheral insulin sensitivity and has been established as a
key regulator of glucose homeostasis, both in rodents
and humans [37]. In some pregnancies, as may be the
case in the participants in this study, these normal functions of leptin become disrupted. Consequently, leptin
resistance develops causing insulin resistance and impaired glucose tolerance. The placenta also produces
leptin during pregnancy resulting in further hyperleptinemia [38]. The hyperleptinemia due to excessive fat accumulation, fetal and placental production all contribute
to leptin resistance and subsequently insulin resistance
resulting in gestational diabetes mellitus in individuals
who are not able to compensate for the metabolic
deregulation.
Our study also revealed that significantly higher
plasma resistin between 11 and 13 weeks of pregnancy
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existed in participants who later developed GDM as
compared to their healthy control counterparts [16] but
this finding is contrary to a previous report which indicated that GDM is associated with lower resistin levels
[17]. The exact function of resistin in GDM is still unclear, however this finding which showed increased
levels of resistin between 11 and 13 weeks of pregnancy
in women who later developed GDM suggest that this
adipokine may have a role to play in the pathophysiology
of GDM and that hyperesistinemia possibly precede the
onset/ diagnosis of GDM. It could be responsible for the
initial insulin resistance that eventually result in glucose
intolerance and either reduce or stabilize to levels similar to uncomplicated pregnancies after the onset of the
GDM. This could be the possible reason why different
researchers reported different findings.
This study has shown that during pregnancy visfatin is
increased weeks before the onset of GDM and could be
used as a predictive index of the disease irrespective of
the maternal characteristics. This is similar to a report
which found increased visfatin levels weeks before clinical diagnosis of the disease [39]. Another report indicated that visfatin levels in pregnancy complicated by
glucose intolerance was significantly higher than those
with normal glucose tolerance [20]. Visfatin is produced
by adipose tissue, placenta and the fetal membrane [40].
The significant increase in visfatin levels in pregnancies
that resulted in GDM compared to those who remained
normoglycemic suggest that this peptide might be involved in the exacerbation of insulin resistance seen in
normal pregnancies leading to gestational diabetes mellitus. Other reports have, however, reported lower visfatin
levels [21] in GDMs compared with the controls. One
study reported that visfatin levels did not vary significantly between the women with GDM and those with
normal response to glucose challenge test between 26
and 33 weeks of gestation but were significantly lower in
GDM than in those with normal glucose tolerance at the
end of the pregnancy [41]. The finding in this study,
when compared with the different results as reported by
other researchers suggest that, initially visfatin may rise
in pregnancy complicated by glucose intolerance but
negative fee back mechanism might result in the level
reducing to similar level as in the normal glucose tolerant pregnant women and may even fall further at term
before probably stabilizing. More work is required to
elucidate usefulness of this peptide in the prediction of
GDM.
There were also significant positive correlations between leptin, resistin, and visfatin and gestational diabetes mellitus (Table 2). Advanced maternal age, obesity,
family history of diabetes mellitus, history of poor obstetric outcome [23] as well as abnormal lipid levels, especially TG [42] contribute to the development of GDM.
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When we controlled for age and other confounders
through multivariate logistic regression analysis, those
who developed GDM were obese and had history of
poor obstetric outcomes like miscarriages, stillbirths and
caesarean operation. However, the overall abilities of
these adipocytokines to positively predict GDM were
not affected (Table 4).
In this study it was observed that in general, several
significant changes involving first trimester triglycerides,
total cholesterol, HDL cholesterol, LDL cholesterol, and
VLDL cholesterol existed between cases with gestational
diabetes mellitus and controls. The significant difference
that existed between the lipid profiles of the GDMs and
those without GDM in this study could be due to the
pathophysiology of the disease. This means that changes
in the lipid profile pattern precede the onset of GDM
and could play a major role in the insulin resistance
states of gestational diabetes mellitus. This is in agreement
with a previous study in which significant differences were
reported between participants with gestational diabetes
mellitus and the controls [42]. It is also in consonance
with studies by other researchers [43–45]. Our results are
also in consonance with a previous report which indicated
that TG levels are significantly raised throughout the
course of pregnancy in women with GDM and that HDL
levels are markedly reduced in the second and third trimesters of pregnancy [46] but their observations of small
variations in TC, LDL and VLDL between women with
GDM and those without GDM are not in agreement with
our findings. However, one report did not find significant
difference in TG between women with previous GDM
cases and controls [47]. The discrepancies could be as a
result of differences in method of selection of subjects for
the study. The GDM group of the subjects studied by
Koivunen et al., in 2001 [47], involved women with previous gestational diabetes mellitus, some of whom were
treated with insulin and others with diet, and probably,
the treatment as well as the time period between the time
they had the GDM and the time of the study, could have
affected the lipid profile patterns.
The hyperlipidemia observed could be as a result of
the fact that during pregnancy, fat storage increases [48]
and progesterone which increases around 20th week of
gestation, act in a way to reset the lipostat in the hypothalamus leading to increase in the lipids concentration
in gestational diabetes mellitus [49]. It is even possible
that the increase in fat storage reported by some investigators [48] could have started much earlier in the first
trimester as shown in this study where hyperlipidemia
was demonstrated between 11 and 13 weeks of gestation
in GDM. Therefore, these adipokines, lipids, and maternal characteristic are import factors to consider if glucose intolerance during pregnancy is to be properly
controlled. The benefit of early identification of pregnant
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women likely to develop gestational diabetes mellitus
would be to “prevent” the onset of glucose intolerance
(and its inherent risks to the pregnancy) in a timely
manner. This can be achieved by proposing lifestyle
changes in susceptible pregnant women because lowering TG levels (by diet modification), weight reduction,
and physical activity may help to prevent complications
during pregnancy and adverse pregnancy outcomes [50].

Conclusion
Leptin, resistin and visfatin are significantly increased
between 11 and 13 weeks of gestation in pregnant
women with glucose intolerance and these biomarkers
can be used in combination with maternal characteristics for the early prediction of GDM.
Abbreviations
BMI: Body mass index; GDM: Gestational diabetes mellitus; HDL-C: Highdensity lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol;
OGTT: Oral glucose tolerance test; OR: Odds ratio; SD: Standard deviation;
TC: Total cholesterol; TG: Triglycerides; VLDL-C: Very low density lipoprotein
cholesterol; T2DM: Type 2 diabetes mellitus
Acknowledgments
The researchers are grateful to the Department of Medical Laboratory
Science, University of Health and Allied Science and the management of the
Volta Regional Hospital, Ho, Ghana for granting them permission to carry out
the project in the facility.
Authors’ contributions
ATB was the major contributor in writing the original draft, funding
acquisition and validation. ATB and MMS gave the conceptualization. ATB
and AAY were the major contributors in writing, review and editing the
manuscript. HA also contributed to visualization and participated in overall
supervision. SN was in charge of data curation and provided formal analysis.
Investigation was mainly completed by AAY. ATB and SN were responsible
for the main part of methodology. HA and MMS contributed to project
administration All authors read and approved the final manuscript.
Funding
Not applicable.
Availability of data and materials
The datasets during and/or analyzed during the current study available from
the corresponding author on reasonable request.
Ethics approval and consent to participate
The Committee on Human Research Publication and Ethics of the School of
Medical Sciences, Kwame Nkrumah University of Science and Technology,
Kumasi, reviewed and approved the study (Protocol number: CHRPE/AP350/
14). All participants gave their consent by signing a written informed
consent form.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Medical Laboratory Science, School of Allied Health Sciences,
University of Health and Allied Health Sciences, PMB 31, Ho, Ghana.
2
Laboratory Department, Greater Accra Regional Hospital, Accra, Ghana.
3
School of Basic and Biomedical Science, University of Health and Allied
Science, Ho, Ghana.

Page 7 of 8

Received: 7 August 2019 Accepted: 9 December 2019

References
1. Zawiejska A, Wender-Ozegowska E, Brazert J, Sodowski K. Components
of metabolic syndrome and their impact on fetal growth in women
with gestational diabetes mellitus. J Physiol Pharmacol. 2008;59(Suppl
4):5–18.
2. Williams MA, Qiu C, Muy-Rivera M, Vadachkoria S, Song T, Luthy DA. Plasma
adiponectin concentrations in early pregnancy and subsequent risk of
gestational diabetes mellitus. J Clin Endocrinol Metab. 2004;89(5):2306–11.
3. Eriksson P, Reynisdottir S, Lönnqvist F, Stemme V, Hamsten A, Arner P.
Adipose tissue secretion of plasminogen activator inhibitor-1 in non-obese
and obese individuals. Diabetologia. 1998;41(1):65–71.
4. Fain JN, Madan AK, Hiler ML, Cheema P, Bahouth SW. Comparison of the
release of adipokines by adipose tissue, adipose tissue matrix, and
adipocytes from visceral and subcutaneous abdominal adipose tissues of
obese humans. Endocrinology. 2004;145(5):2273–82.
5. Hotamisligil GS, Arner P, Caro JF, Atkinson RL, Spiegelman BM. Increased
adipose tissue expression of tumor necrosis factor-alpha in human obesity
and insulin resistance. J Clin Investig. 1995;95(5):2409.
6. Montague CT, Prins JB, Sanders L, Zhang J, Sewter CP, Digby J, Byrne CD,
O'Rahilly S. Depot-related gene expression in human subcutaneous and
omental adipocytes. Diabetes. 1998;47(9):1384–91.
7. Mazurek T, Zhang L, Zalewski A, Mannion JD, Diehl JT, Arafat H, Sarov-Blat L,
O’Brien S, Keiper EA, Johnson AG. Human epicardial adipose tissue is a
source of inflammatory mediators. Circulation. 2003;108(20):2460–6.
8. Banerjee RR, Rangwala SM, Shapiro JS, Rich AS, Rhoades B, Qi Y, Wang J,
Rajala MW, Pocai A, Scherer PE. Regulation of fasted blood glucose by
resistin. Science. 2004;303(5661):1195–8.
9. Farooqi IS, Keogh JM, Kamath S, Jones S, Gibson WT, Trussell R, Jebb SA, Lip
GY, O'Rahilly S. Metabolism: partial leptin deficiency and human adiposity.
Nature. 2001;414(6859):34–5.
10. Friedman JM, Halaas JL. Leptin and the regulation of body weight in
mammals. Nature. 1998;395(6704):763–70.
11. Xu J, Zhao YH, Chen YP, Yuan XL, Wang J, Zhu H, Lu CM. Maternal
circulating concentrations of tumor necrosis factor-alpha, leptin, and
adiponectin in gestational diabetes mellitus: a systematic review and metaanalysis. Sci World J. 2014;2014:926932.
12. D’Anna R, Baviera G, Cannata ML, De Vivo A, Di Benedetto A, Corrado F.
Midtrimester amniotic fluid leptin and insulin levels and subsequent
gestational diabetes. Gynecol Obstet Investig. 2007;64(2):65–8.
13. Simmons D, Breier BH. Fetal overnutrition in polynesian pregnancies and in
gestational diabetes may lead to dysregulation of the adipoinsular axis in
offspring. Diabetes Care. 2002;25(9):1539–44.
14. McLachlan KA, O'Neal D, Jenkins A, Alford FP. Do adiponectin, TNFα, leptin
and CRP relate to insulin resistance in pregnancy? Studies in women with
and without gestational diabetes, during and after pregnancy. Diabetes
Metab Res Rev. 2006;22(2):131–8.
15. Cortelazzi D, Corbetta S, Ronzoni S, Pelle F, Marconi A, Cozzi V, Cetin I,
Cortelazzi R, Beck-Peccoz P, Spada A. Maternal and foetal resistin and
adiponectin concentrations in normal and complicated pregnancies. Clin
Endocrinol. 2007;66(3):447–53.
16. Kuzmicki M, Telejko B, Szamatowicz J, Zonenberg A, Nikolajuk A, Kretowski
A, Gorska M. High resistin and interleukin-6 levels are associated with
gestational diabetes mellitus. Gynecol Endocrinol. 2009;25(4):258–63.
17. Megia A, Vendrell J, Gutierrez C, Sabaté M, Broch M, Fernández-Real J-M,
Simón I. Insulin sensitivity and resistin levels in gestational diabetes mellitus
and after parturition. Eur J Endocrinol. 2008;158(2):173–8.
18. Rongvaux A, Shea RJ, Mulks MH, Gigot D, Urbain J, Leo O, Andris F. Pre-Bcell colony-enhancing factor, whose expression is up-regulated in activated
lymphocytes, is a nicotinamide phosphoribosyltransferase, a cytosolic
enzyme involved in NAD biosynthesis. Eur J Immunol. 2002;32(11):3225–34.
19. Ognjanovic S, Ku TL, Bryant-Greenwood GD. Pre–B-cell colony–enhancing
factor is a secreted cytokine-like protein from the human amniotic
epithelium. Am J Obstet Gynecol. 2005;193(1):273–82.
20. Lewandowski K, Stojanovic N, Press M, Tuck S, Szosland K, Bienkiewicz M,
Vatish M, Lewinski A, Prelevic G, Randeva HS. Elevated serum levels of
visfatin in gestational diabetes: a comparative study across various degrees
of glucose tolerance. Diabetologia. 2007;50(5):1033–7.

Bawah et al. Lipids in Health and Disease

(2019) 18:221

21. Chan T-F, Chen Y-L, Lee C-H, Chou F-H, Wu L-C, Jong S-B, Tsai E-M.
Decreased Plsma Visfatin concentrations in women with gestational
diabetes mellitus. J Soc Gynecol Invest. 2006;13(5):364–7.
22. Teh WT, Teede HJ, Paul E, Harrison CL, Wallace EM, Allan C. Risk factors for
gestational diabetes mellitus: implications for the application of screening
guidelines. Aust N Z J Obstet Gynaecol. 2011;51(1):26–30.
23. Ross G. Gestational diabetes. Aust Fam Physician. 2006;35(6):392.
24. Salameh WA, Mastrogiannis DS. Maternal hyperlipidemia in pregnancy. Clin
Obstet Gynecol. 1994;37(1):66–77.
25. Gürsoy A, Kulaksizoglu M, Sahin M, Ertugrul DT, Ozer F, Tutuncu NB,
Demirag NG. Severe hypertriglyceridemia-induced pancreatitis during
pregnancy. J Natl Med Assoc. 2006;98(4):655.
26. Tam WH, Ma RCW, Yang X, Li AM, Ko GTC, Kong APS, Lao TTH, Chan MHM,
Lam CWK, Chan JCN. Glucose intolerance and cardiometabolic risk in
adolescents exposed to maternal gestational diabetes a 15-year follow-up
study. Diabetes Care. 2010;33(6):1382–4.
27. Arneson WL, Brickell JM. Clinical chemistry: a laboratory perspective: FA
Davis; 2007 Jan 25. F. A. Davis Company. 1915 Arch Street Philadelphia, PA
19103. www.fadavis.com.
28. American Diabetes Association. Diagnosis and classification of diabetes
mellitus. Diabetes Care. 2010;33(S62-S9):62.
29. Jakobsdottir J, Gorin MB, Conley YP, Ferrell RE, Weeks DE. Interpretation of
genetic association studies: markers with replicated highly significant odds
ratios may be poor classifiers. PLoS Genet. 2009;5(2):e1000337.
30. Yeboah F, Ngala R, Bawah A, Mbroh H. Maternal adiposity and serum leptin
levels at 11-13 weeks of gestation among pregnant women with
gestational diabetes mellitus. Int J Med Health Sci. 2016;5(4):197–202.
31. Zep R. SAS Macro for Estimating Power for ROC Curves in One-Sample and
Two-Sample Cases. In: 20th Annual conference; 1995. p. 1004–6.
32. Asare-Anane H, Bawah AT, Ofori EK, Amanquah SD. Risk factors for
gestational diabetes mellitus among Ghanaian women at the Korle-Bu
teaching hospital. J Biol Agri Healthcare. 2014;4(12):54–6.
33. Yeboah FA, Ngala RA, Bawah AT, Asare-Anane H, Alidu H, Hamid AWM,
Wumbee JDK. Adiposity and hyperleptinemia during the first trimester
among pregnant women with preeclampsia. IJWH. 2017;9:449.
34. Emet T, Üstüner I, Güven SG, Balık G, Ural ÜM, Tekin YB, Şentürk Ş, Şahin FK,
Avşar AFJ. Plasma lipids and lipoproteins during pregnancy and related
pregnancy outcomes. Arch Gynecol Obstetrics. 2013;288(1):49–55.
35. Jin WY, Lin SL, Hou RL, Chen XY, Han T, Jin Y, Tang L, Zhu ZW, Zhao ZY.
Associations between maternal lipid profile and pregnancy complications
and perinatal outcomes: a population-based study from China. BMC
Pregnancy Childbirth. 2016;16(1):60.
36. Rajala MW, Scherer PE. Minireview: the adipocyte—at the crossroads of
energy homeostasis, inflammation, and atherosclerosis. Endocrinology. 2003;
144(9):3765–73.
37. Denroche HC, Huynh FK, Kieffer TJ. The role of leptin in glucose
homeostasis. J Diabetes Invest. 2012;3(2):115–29.
38. Hauguel-de Mouzon S, Guerre-Millo M. The placenta cytokine network and
inflammatory signals. Placenta. 2006;27(8):794–8.
39. Ferreira AFA, Rezende JC, Vaikousi E, Akolekar R, Nicolaides KH. Maternal
serum visfatin at 11–13 weeks of gestation in gestational diabetes mellitus.
Clin Chem. 2011;57(4):609–13.
40. Kendal-Wright C, Hubbard D, Bryant-Greenwood G. Chronic stretching of
amniotic epithelial cells increases pre-B cell colony-enhancing factor (PBEF/
visfatin) expression and protects them from apoptosis. Placenta. 2008;29(3):
255–65.
41. Telejko B, Kuzmicki M, Zonenberg A, Szamatowicz J, WawrusiewiczKurylonek N, Nikolajuk A, Kretowski A, Gorska M. Visfatin in gestational
diabetes: serum level and mRNA expression in fat and placental tissue.
Diabetes Res Clin Pract. 2009;84(1):68–75.
42. Asare-Anane H, Bawah A, Osa-Andrews B, Adanu R, Ofori E, Tagoe SBRAE,
Nyarko A. Lipid Profile In Ghanaian Women With Gestational Diabetes
Mellitus. IJSTR. 2013;2(4):168–75.
43. Amraei A, Azemati M. Metabolic status of women with gestational diabetes
mellitus six months after delivery. Res J Biol Sci. 2007;2(1):104–7.
44. Aziz R, Mahboob T. Lipid profile and serum insulin levels in Gestational
Diabetes. J Dow Univ Health Sci. 2008;2(3):102–6.
45. Bronisz A, Sobiś-Żmudzińska M, Pujanek M, Junik R. An evaluation of
selected lipid parameters in pregnancy complicated by gestational diabetes
mellitus (part 2): differences resulting from the method of treatment.
Diabetologia Doświadczalna I Kliniczna. 2007;7(6):296–5.

Page 8 of 8

46. Ryckman KK, Spracklen CN, Smith CJ, Robinson JG, Saftlas AF. Maternal lipid
levels during pregnancy and gestational diabetes: a systematic review and
meta-analysis. BJOG Int J Obstet Gynaecol. 2015;122(5):643–51.
47. Koivunen RM, Juutinen J, Vauhkonen I, Morin-Papunen LC, Ruokonen A,
Tapanainen JS. Metabolic and Steroidogenic alterations related to increased
frequency of polycystic ovaries in women with a history of gestational
diabetes 1. J Clin Endocrinol Metab. 2001;86(6):2591–9.
48. Rössner S, Öhlin A. Pregnancy as a risk factor for obesity: lessons from the
Stockholm Pregnancy and Weight Development Study. Obes Res. 1995;
3(S2):267s–75s.
49. Mankuta D, Elami-Suzin M, Elhayani A, Vinker S. Lipid profile in consecutive
pregnancies. Lipids Health Dis. 2010;9(1):1.
50. Vrijkotte TG, Krukziener N, Hutten BA, Vollebregt KC, van Eijsden M, Twickler
MB. Maternal lipid profile during early pregnancy and pregnancy
complications and outcomes: the ABCD study. J Clin Endocrinol Metab.
2012;97(11):3917–25.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

