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ABSTRACT

Background. The present research was an attempt to
assess maternal serum values of 25-hydroxy vitamin
D, [25(0OH)D,], adiponectin and the lipid ratios and
comparison of their associations with insulin resista-
nce and insulin sensitivity in gestational diabetes
mellitus (GDM).

Material and methods. It was conducted on 100 par-
ticipants including 49 women with GDM and 51 normal
pregnant women at 24-28 weeks of gestation. Mater-
nal fasting serum values of glucose, 25(OH)D,, lipid
profile, adiponectin and insulin were assessed and the
lipid ratios and biomarkers of resistance and sensitivity
to insulin were calculated. Statistical significance was
set at P < 0.05.

Results. Current research revealed that levels of 25(0OH)
D, were significantly lower in GDM than in normal
pregnancy. Binary logistic regression analysis showed
that GDM was associated negatively with 25(0OH)D,,
HDL-C and adiponectin and positively with the lipid
ratios. Multiple linear regression analysis showed that
only values of 25(0OH)D, were independently associated
negatively with the insulin resistance (P = 0.012).
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Conclusions. Levels of 25(0H)D, were significantly
decreased in GDM compared with normal pregnancy.
On the other hand, 25(0H)D; had a significant negative
correlation with insulin resistance which was stronger
than the lipid ratios and adiponectin. (Clin Diabet 2020;
9; 5: 321-327)
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Introduction

Gestational diabetes mellitus (GDM) is a kind of
diabetes that is characterized with hyperglycemia
during pregnancy with a prevalence of approximately
15-20 percent of all pregnancies in the world. After
pregnancy, the prevalence of type 2 diabetes mellitus
and cardiovascular diseases are high in women with
GDM and also in their offspring [1, 2].

Vitamin D deficiency might lead to some important
problems in pregnancy. Vitamin D has some regulatory
functions on many of cells in addition to its tradition-
ally been known role in calcium metabolism and bone
turnover [3, 4]. Indirect relationship between vitamin
D insufficiency and increased risk of clinically complica-
tions such as diabetes, metabolic syndrome, obesity,
hypertension and cardiovascular diseases have been
reported [2, 3, 5].

The findings of association of serum levels of vi-
tamin D with insulin resistance and insulin sensitivity
parameters in GDM are conflicting [6-9]. On the other
hand, few reports are available about the relationship
between levels of vitamin D and the lipid ratios and
comparison of the vitamin with the lipid ratios and
adiponectin as predictors of insulin resistance and
insulin sensitivity.
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Table 1. Comparison of demographic characteristics and serum values of biochemichal variables between women with

GDM and normal pregnant women

Parameter Normal pregnant (n = 51) GDM (n = 49) P

Age (years)

Gestational age (weeks)

BMI [kg/m?]
FBG [mg/dL]
TG [mg/dL]

TC [mg/dL]
HDL-C [mg/dL]
LDL-C [mg/dL]
TG/HDL-C ratio
TC/HDL-C ratio

LDL-C/HDL-C ratio

Insulin [uIU/mL]
HOMA-IR
QUICKI

Adiponectin [ug/mL]
25(0OH)D, [ng/mL]

29.22 £ 0.64 31.61 £ 0.56 0.006
25.96 + 0.21 26.49 = 0.21 0.076
25.21 £ 0.34 25.38 = 0.31 0.486
78.49 £ 1.13 103.18 £ 2.27 < 0.001
214.45 = 12.83 248.11 = 16.51 0.163
239.33 = 8.45 220.05 = 8.75 0.066
53.06 = 2.25 32.15 £ 2.50 < 0.001
143.38 + 6.76 138.28 + 8.61 0.398
4.86 = 0.73 10.24 = 1.21 < 0.001
5.02 £ 0.42 8.96 = 0.78 < 0.001
3.04 £ 0.29 5.92 + 0.63 < 0.001
7.91 £ 1.10 13.30 = 1.93 0.016
1.51 = 0.21 3.41 = 0.50 < 0.001
0.31 = 0.004 0.28 = 0.005 < 0.001
6.45 + 0.71 413 +0.33 < 0.001
17.62 = 2.01 12.98 = 1.10 0.035

Data are presented as mean + SEM. BMI — body mass index; FBG — fasting blood glucose; TG — triglyceride; TC — total cholesterol; HDL-C — high-densi-
ty lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; HOMA-IR — the homeostasis model assessment of insulin resistance; QUICKI — the
quantitative insulin sensitivity check index; 25(0H)D,; — 25-hydroxy vitamin D,

Therefore, the aims of the current study were to
assess maternal serum values of vitamin D, adiponectin
and the lipid ratios and comparison of their associations
with insulin resistance and insulin sensitivity in GDM.

Material and methods

This case-control study was approved by the In-
stitutional Ethical Review Board of Lorestan University
of Medical Sciences (LUMS.REC.1395.223). It has been
reported that Iranian pregnant women are suffering
from vitamin D deficiency with a prevalence of 42%,
56% and 81% based on cutoff values of 10, 20 and 30
ng/mL, respectively. Therefore, proper supplementation
with vitamin D has been advised to prevent side effects
of its deficiency during pregnancy [10].

According to the 75-g oral glucose tolerance test
[11] to detect GDM, case (49 nulliparous newly diag-
nosed GDM before insulin or any drug treatment) and
control (51 nulliparous normal pregnant women) sub-
jects were enrolled in the current study after assignment
of informed consent. Blood samples were obtained at
24-28 weeks of gestation. The current study was per-
formed in spring season. Treatment with insulin, using
vitamin D supplements, preeclampsia, multiple gesta-
tion, type 1 or 2 diabetes mellitus, chronic hypertension,
body mass index (BMI) > 30 kg/m? and smoking were
exclusion criteria of the current study [7].

Fasting maternal serum levels of glucose (FBG) and
lipid profile including triglyceride (TG), total cholesterol
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(TC) and high-density lipoprotein cholesterol (HDL-C)
were measured (Hitachi, Germany), while low-density
lipoprotein cholesterol (LDL-C) and the lipid ratios
including LDL-C/HDL-C, TG/HDL-C and TC/HDL-C were
calculated [12, 13]. 25-hydroxy vitamin D, [25(0H)D,]
(IDS Ltd, Boldon, Tyne & Wear, UK), adiponectin (Bio-
Vendor Laboratory Medicine, Inc. Czech Republic) and
insulin (Monobind Inc., USA) were measured by ELISA
method (STAT FAX 3200, USA). Insulin resistance and
insulin sensitivity were estimated using the homeostasis
model assessment of insulin resistance (HOMA-IR) index
[14] and the quantitative insulin sensitivity check index
(QUICKI) [15] formulas, respectively.

The Student t-test, Pearson’s correlation analysis,
multiple linear regression analysis and binary logistic
regression analysis were used to do statistical analyses
using SPSS 19 software (SPSS Inc, Chicago, IL, USA).
The collected data were expressed as mean = standard
error of mean (SEM) and were considered statistically
significant at a P value less than 0.05.

Results

Comparison of demographic characteristics be-
tween control and case subjects are given in Table 1
that shows no differences in age and BMI between
two groups while case women had higher values of
age. Biochemical characteristics of case and control
groups were also summarized in Table 1. Values of
fasting blood glucose (FBG), the lipid ratios including
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Figure 1. Correlations between serum levels of 25-hydroxy vitamin D, (25(0H)D,) and values of (A) the total cholesterol/high-
-density lipoprotein cholesterol ratio (TC/HDL-C) (r = —0.31, P = 0.029) (B) the homeostasis model assessment of insulin resist-
ance (HOMA-IR) index (r = —0.39, P = 0.005) (C) the quantitative insulin sensitivity check index (QUICKI) (r = 0.421, P = 0.002)
in 51 normal pregnant women and (D) correlation between fasting blood glucose and adiponectin (r = —0.39, P = 0.005) in 49

women with gestational diabetes mellitus

LDL-C/HDL-C, TG/HDL-C and TC/HDL-C, and the HOMA-
-IR index were significantly increased while values
of HDL-C, QUICKI, adiponectin and 25(0OH)D; were
significantly decreased in the case women compared
with normal control group. The differences of 25(0OH)
D; and adiponectin between the two groups were still
statistically significant after the raw data were adjusted
for the subjects’ age.

In normal pregnant women, serum levels of 25(0OH)
D; correlated negatively with TC/HDL-C (r = -0.31,
P = 0.029) (Fig. 1A) and HOMA-IR index (r = -0.39,
P = 0.005) (Fig. 1B) and positively with QUICKI (r = 0.421,
P = 0.002) (Fig. 1C). The HOMA-IR index correlated
negatively with HDL-C (r = -0.58, P < 0.001) and posi-
tively with TG/HDL-C (r = 0.40, P = 0.004) and TC/HDL-C
(r = 0.34, P = 0.015). The QUICKI showed a positive
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Figure 2. Correlations between serum levels of 25-hydroxy vitamin D, [25(0H)D,] and values of (A) the low-density lipoprotein
cholesterol/high-density lipoprotein cholesterol ratio (LDL-C/HDL-C) (r = —0.23, P = 0.022) (B) the total cholesterol/high-density
lipoprotein cholesterol ratio (TC/HDL-C) (r = —0.24, P = 0.018) (C) the homeostasis model assessment of insulin resistance (HOMA-
-IR) index (r = —-0.35, P < 0.001) (D) the quantitative insulin sensitivity check index (QUICKI) (r = 0.37, P < 0.001) in the whole
study population including (O) 51 normal pregnant and (®) 49 gestational diabetes mellitus women

correlation with HDL-C (r = 0.58, P < 0.001) and nega-
tive correlations with TG/HDL-C (r = -0.37, P = 0.007)
and TC/HDL-C (r = —0.31, P = 0.025). In GDM, fasting
blood glucose correlated negatively with adiponectin
(r =-0.39, P = 0.005) (Fig. 1D) and positively with TG/
/HDL-C (r = 0.36, P = 0.011).

Whole study population (n = 100) correlations
were also analyzed. Serum levels of 25(0OH)D; showed
negative correlations with LDL-C/HDL-C (r = -0.23,
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P = 0.022) (Fig. 2A), TG/HDL-C (r = —-0.24, P = 0.018)
(Fig. 2B) and HOMA-IR (r = —-0.35, P < 0.001) (Fig. 2C)
and positive correlation with QUICKI (r = 0.37, P < 0.001)
(Fig. 2D). The HOMA-IR index correlated negatively
with HDL-C (r = -0.43, P < 0.001) and positively with
LDL-C/HDL-C (r = 0.23,P = 0.022), TG/HDL-C (r = 0.41,
P < 0.001), TC/HDL-C (r = 0.32, P = 0.001). The QUICKI
showed a positive correlation with HDL-C (r = 0.44,
P < 0.001) and negative correlations with TG/HDL-C
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Table 2. Binary logistic regression analysis of the effects
of the variables on gestational diabetes mellitus

Variables B OR  95% ClI for OR P
TG/HDL-C ratio 0.22 1.24 1.10-1.41 0.001
TC/HDL-C ratio 0.33 1.39 1.15-1.68 0.001
LDL-C/HDL-C ratio  0.36 1.43 1.16-1.78 0.001
HDL-C -0.074 0.93 0.90-0.96 < 0.001
Adiponectin -0.28 0.76 0.62-0.92 0.005
25(0H)D, -0.78 0.46 0.21-0.99 0.046

Cl — confidence interval; OR — odds ratio; other abbreviations are given
in Table 1

(r = -0.34, P = 0.001) and TC/HDL-C (r = -0.25,
P = 0.012). Fasting blood glucose showed negative
correlation with adiponectin (r = -0.32, P = 0.001)
and positive correlations with TG/HDL-C (r = 0.56,
P < 0.001), LDL-C/HDL-C (r = 0.33, P = 0.001) and TC/
/HDL-C (r = 0.43, P < 0.001).

Multiple linear regression analysis showed that
only values of 25(0OH)D, were independently associated
with the HOMA-IR index (8 = —0.25, P = 0.012) and
the QUICKI (3 = 0.27, P = 0.005).

According to binary logistic regression analysis, the
lipid ratios were positive risk factors for GDM develop-
ment while HDL-C, adiponectin and 25(OH)D; were
negative risk factors (Table 2).

Discussion

In the current study we observed that values of
25(0OH)D, decreased significantly in GDM compared
with normal pregnancy and 25(0OH)D; significantly as-
sociated with insulin resistance, insulin sensitivity and
atherogenic indexes.

Decreased maternal circulating levels of 25(OH)D,
in GDM compared with normal pregnancy in the cur-
rent study were in line with previous studies including
Maghbooli et al. [6], Ou et al. [7] and McManus et al.
[16]. On the other hand, the current study was con-
tradicted to studies of El Lithy et al. [8], Mutlu et al.
[9] and Pleskacova et al. [17], who have reported no
significant differences in maternal circulating levels
of 25(OH)D, between GDM and normal pregnancy. A
major limitation of some of these studies was that BMI
was not similar between case and control group [6, 7,
17], since it has been reported a negative correlation
between serum levels of 25(0OH)D; and BMI. Therefore,
it has been concluded that this negative correlation is
due to this fact that most of vitamin D is stored in fat
tissue [18].

Study of Takhshid et al. [14] showed that the
HOMA-IR index is increased in GDM compared with

normal pregnancy while no significant differences
were observed in serum values of lipid profile, TG/
/HDL-C, adiponectin and the QUICKI between the two
groups. On the other hand, current study confirmed
decreased levels of both 25(0H)D, and adiponectin in
GDM that has been reported by McManus et al. [16].
The low levels of both 25(0OH)D; and adiponectin that
was observed in the current study could be interpreted
that vitamin D has inducing effects on adiponectin gene
expression [18]. Anti-inflammatory, insulin sensitivity
enhancing and atherosclerosis protecting effects of
adiponectin have been reported previously [19]. Some
antioxidant properties have been shown for vitamin D
[20] and adiponectin [21, 22]. On the other hand, it
has been reported that vitamin D has some beneficial
effects against cardiovascular diseases which could
be due to its positive effects on adiponectin’s gene
expression [18]. Therefore, decreased levels of adi-
ponectin in women with GDM that was observed in
the current study could be addressed that they had
vitamin D deficiency.

No significant differences in serum values of lipid
profile and the HOMA-IR index have been observed be-
tween GDM and normal pregnancy in a study that was
conducted by Limura et al. [23]. They also observed that
plasma lipid profile cannot be used to predict GDM.
On the other hand, study of Wang et al. [24] showed
that values of the TG/HDL-C ratio are higher in GDM
than in normal pregnancy and the ratio is associated
with the risks of GDM. Therefore, they concluded that
for prediction of GDM risk the TG/HDL-C ratio can be
used as a marker. The findings of the current study
were in line with Wang et al. findings. Another study
showed that higher values of TG in early pregnancy are
associated with higher risk for developing GDM while
higher values of HDL are associated with lower risk
for the disease [25]. Study of Liang et al. [26] showed
that circulating levels of TG and TC are increased in
GDM compared with normal pregnancy and they are
correlated directly with the HOMA-IR index. Liang et al.
[26] concluded that maternal complications result from
GDM could be improved partially by reducing insulin
resistance and circulating lipids. In the current study,
the HOMA-IR index showed a negative correlation with
HDL-C and positive correlations with all the lipid ratios
and insulin sensitivity was lower in GDM than in normal
pregnancy that confirmed Liang et al. [26] study. In the
current study, multiple linear regression analysis of the
dependent variables including HOMA-IR and QUICKI
with values of 25(OH)D,, adiponectin and the lipid ra-
tios was also performed. The regression model showed
that only values of 25(OH)D, were independently
associated with both HOMA-IR and QUICKI. Previous
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studies have been reported that maternal serum levels
of 25(0OH)D; are correlated inversely with the HOMA-
-IR index [6, 7, 9] that was confirmed by the current
study. We also observed a positive correlation between
levels of 25(OH)D, and QUICKI that did not agree with
Maghbooli et al. [6] and El Lithy et al. [8] studies, who
have not observed any significant correlation.

It has been reported that transport of glucose is
increased into insulin-dependent cells by stimulating
expression of insulin receptors in the presence of vita-
min D that leads to increased insulin sensitivity [2, 27].

Formation of foam cells and uptake of cholesterol
by macrophages have been reported that are inhibited
in the presence of vitamin D. This property of vitamin
D is considered as its antiatherogenic property [5]. On
the other hand, indirect correlalation has been reported
between serum level of 25(0OH)D; and metabolic syn-
drome biomarkers [28]. There are little findings about
the association between the lipid ratios and 25(0H)D,
in GDM. In the current study, maternal serum levels of
25(0OH)D; showed inverse correlations with the lipid
ratios that confirmed the antiatherogenic properties
of vitamin D.

Conclusions

In summary, serum levels of 25(OH)D; were de-
creased significantly in GDM compared with normal
pregnancy and showed statistically significant correla-
tions with metabolic syndrome biomarkers. 25(0OH)D,
had more significant correlations with insulin resista-
nce and sensitivity indexes than the lipid ratios and
adiponectin.
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