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Lower serum total bilirubin concentration is associated
with higher prevalence of gestational diabetes mellitus
in Japanese pregnant women
Takeshi Nishimura1), Masami Tanaka1), Yoshifumi Saisho1), Kei Miyakoshi2), Mamoru Tanaka2) and
Hiroshi Itoh1)

1) Division of Endocrinology, Metabolism and Nephrology, Department of Internal Medicine, Keio University School of Medicine,
Tokyo 160-8582, Japan

2) Department of Obstetrics and Gynecology, Keio University School of Medicine, Tokyo 160-8582, Japan

Abstract. We aimed to clarify the pathophysiological significance of total bilirubin (TB) in gestational diabetes mellitus
(GDM). This was a cross-sectional study that included 616 pregnant Japanese women (368 normal glucose tolerance [NGT]
and 248 GDM). Serum TB concentration, homeostasis model assessment of insulin resistance (HOMA-IR), and other clinical
parameters were compared in NGT and GDM women. TB concentration was also compared according to the number of
abnormal OGTT values. Logistic regression analysis was used to evaluate the association between TB and GDM prevalence.
A multiple linear regression model was used to evaluate the association between TB and HOMA-IR. TB concentrations were
significantly lower in GDM women than in NGT women. This result did not change after adjustments for TB sampling timing
were made. Out of 248 GDM women, the prevalences of 1- and 2/3- abnormal OGTT values (1- and 2/3-AV) GDM were
72.2% (n = 179) and 27.8% (n = 69), respectively. In the multiple comparisons, TB concentrations were significantly lower in
women with 2/3-AV GDM than in women with NGT and 1-AV GDM. Multiple logistic regression analysis showed that TB
was a significantly associated factor for 2/3-AV, but not for total GDM. HOMA-IR was significantly higher in GDM women
than in NGT women. The univariate, but not multivariate, analysis showed that TB was a significantly associated factor for
HOMA-IR. Our findings suggest that hypobilirubinemia may be involved in the pathogenesis of GDM.

Key words: Total bilirubin, Homeostasis model assessment of insulin resistance, Gestational diabetes mellitus, Body mass
index, 75-g oral glucose tolerance test

GESTATIONAL DIABETES MELLITUS (GDM) is
defined as a glucose-metabolism abnormality diagnosed
during pregnancy. Women diagnosed with GDM have a
high risk of developing type 2 diabetes mellitus after
delivery [1, 2]. The incidence of GDM is increasing
annually, both due to the increase in pregnancy in
women of advanced age and the change to the new diag-
nostic criteria of GDM [3] by Internal Association of
Diabetes and Pregnancy Study Group.
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Compared to pregnant women without GDM, those
with GDM often have a higher body mass index (BMI)
before pregnancy [4, 5], increased oxidative stress [6],
and elevated inflammatory mediators [7, 8], all of which
are known to lead to insulin resistance. Conversely, it is
known that maternal and placental hormones, such as
prolactin, enhance insulin secretion and increase the size
and number of β-cells in order to compensate for
decreased insulin sensitivity, which is called β-cell adap-
tation [9]. Collectively, both increased insulin resistance
and decreased insulin secretion can contribute to the
development of GDM, which is the case with type 2 dia-
betes [10, 11].

Bilirubin possesses potent anti-oxidative [12, 13] and
anti-inflammatory properties [14]. The possible mecha-
nism of the former is the elimination of reactive oxygen



species, while that of the latter is the inhibition of endo-
thelial adhesion molecules such as E-selectin, intercellu-
lar adhesion molecule-1, and vascular cell-adhesion
molecule-1, by tumor necrosis factor-alpha. We, as well
as other investigators, have reported that bilirubin con-
centration is negatively associated with microvascular
complications in type 1 [15, 16] and type 2 [17, 18] dia-
betes. Thus, bilirubin might have protective effects
against vascular complications in patients with diabetes.
Moreover, hypobilirubinemia might be associated with
increased homeostasis model assessment of insulin
resistance (HOMA-IR) [19], the high prevalence of met-
abolic syndrome [19], and development of type 2 diabe-
tes [20]. However, the effect of hypobilirubinemia on
GDM is controversial. Liu et al. reported that higher
direct bilirubin concentration was associated with a
lower risk of developing GDM [21]. In contrast, other
investigators could not find such an association [22, 23].
Accordingly, we conducted this study in order to clarify
the pathophysiological significance of bilirubin in GDM
by comparing the serum total bilirubin (TB) concentra-
tions in pregnant women with and without GDM. We
also assessed the contribution of insulin resistance and
β-cell dysfunction to the development of GDM using
HOMA-IR and homeostasis model assessment for β-cell
function (HOMA-β).

Materials and Methods

Patients
This cross-sectional study included 616 Japanese sin-

gleton pregnant women: 368 women with normal glu-
cose tolerance (NGT) and 248 women with GDM, whose
TB concentrations were measured during pregnancy
between January 2013 and August 2016. Women with
severe liver dysfunction were not included. At the
department of obstetrics and gynecology of our hospital,
serum TB concentration is primarily measured in preg-
nant women who are having a Caesarian section, induced
delivery or taking ritodrine hydrochloride. The informa-
tion system department of the Keio University Hospital
retrieved data as far back as January 2013 and found 248
GDM women who were suitable for inclusion in this
study. This study started in August 2016. Consequently,
the study period was 3 years and 8 months. During this
period, we identified 368 NGT women who gave birth at
our hospital and whose medical records contained the
necessary data required for this study. In women with
GDM, serum TB concentration was measured at the time

of diagnosis of GDM, while it was mostly measured dur-
ing the perinatal period (last hospital visit for childbirth
hospitalization) in women with NGT. Patients with the
following conditions were excluded: multiple concep-
tion, type 1 and type 2 diabetes, hematologic diseases,
renal dysfunction (i.e., serum creatinine [Cr] level >1.2
mg/dL), and abnormal liver function test results (i.e.,
serum aspartate aminotransferase [AST] or alanine ami-
notransferase [ALT] level >3 times the upper limit of the
normal range). Our study was approved by the ethical
committee of Keio University School of Medicine and
performed in accordance with the Declaration of Helsinki.
Informed consent was not obtained. Instead, the informa-
tion of this study and patients’ right to opt-out was posted
in our hospital.

Data collection
Baseline demographic and clinical data were collected

from the medical records of all participants. Demo-
graphic data collected included gestational age (GA),
height, pre-pregnancy body weight, blood pressure,
parity, family history of diabetes, previous history of
GDM, past history of macrosomia, blood sampling tim-
ing (GA), TB level, AST level, ALT level, and Cr level.
The family history of diabetes was defined as the pres-
ence of diabetes in first-degree relatives [24]. GA was
confirmed in the first trimester by crown-rump length
measurements. Pre-pregnancy BMI was calculated as
weight divided by height squared (kg/m2), from self-
reported pre-pregnancy weight and height measured
while wearing no shoes at the first prenatal visit.

Each woman underwent a two-step screening for
GDM: universal early testing in early pregnancy and a
standard 1-h, 50-g oral glucose challenge test (GCT) in
late pregnancy [25]. The universal early testing included
the clinical risk factors as follows: 1) pre-pregnancy obe-
sity (BMI ≥25 kg/m2), 2) past history of gestational dia-
betes, 3) past history of macrosomia (birth weight ≥4,000
g), 4) family history of diabetes and 5) random plasma
glucose concentration ≥95 mg/dL. If women were posi-
tive for any of these clinical risk factors at the first visit,
the diagnostic 75-g OGTT (i.e., early OGTT) was per-
formed. All women with the negative results in early
pregnancy underwent a GCT between 24 and 27 weeks
of gestation. If the result of this GCT exceeded 140
mg/dL, the diagnostic 75-g OGTT was then performed
(i.e., late OGTT). While the fasting state was not
required for the GCT [26, 27], 75-g OGTT was per-
formed after a 12-h overnight fast. In the 75-g OGTT,
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blood glucose and immunoreactive insulin (IRI) levels
were measured three times (before loading, 1-h, and 2-h
after loading). The diagnosis of GDM was made when
the glucose value during 75-g OGTT was elevated in at
least one of the following time points as follows: fasting
≥92 mg/dL, 1-h ≥180 mg/dL, and 2-h ≥153 mg/dL [3].
Furthermore, a single and two or three of elevated values
in 75-g OGTT were defined as 1- and 2/3- abnormal
OGTT values (AV). The women with GDM in this study
included those diagnosed with GDM via either early (n =
112) or late (n = 136) OGTT. The 368 women with NGT
was defined as those with normal GCT (n = 235) or nor-
mal 75-g OGTT (n = 133) results.

Both HOMA-IR and HOMA-β were calculated using
the approximated equation of Matthews et al. [28, 29].

Statistical analyses
Demographic and laboratory data between women

with NGT and those with GDM were compared by using
an unpaired t-test or Fisher’s exact test. We compared
total bilirubin concentration in women with GDM diag-
nosed via early OGTT and those diagnosed via late
OGTT, and between NGT women and GDM women
tested during the 30–41 gestational week period, using
an unpaired t-test. The Bonferroni method was used to
compare serum TB concentration according to the num-
ber of abnormal value (a single and two or three abnor-
mal OGTT values [1- and 2/3-AV]) of GDM. Correlation
of TB concentration with GA and HOMA-IR was exam-
ined by Spearman’s correlation analysis. All the partici-
pants (n = 616) were divided into quintiles according to
TB concentration (Q1 (n = 70): 0.3–0.4 mg/dL, Q2 (n =
139): 0.5 mg/dL, Q3 (n = 164): 0.6 mg/dL, Q4 (n = 108):
0.7 mg/dL and Q5 (n = 135): ≥0.8 mg/dL), and the
Cochran-Armitage trend test was used to determine any
associations between GDM prevalence and quintiles of
TB concentration. ANOVA was used to determine any
associations between quintiles of TB concentration and
continuous clinical variables (age, systolic blood pres-
sure, pre-pregnancy BMI, blood sampling timing,
HOMA-IR, and HOMA-β). Multiple logistic regression
analysis was performed to evaluate the association of
GDM with TB concentration, blood sampling timing,
age, pre-pregnancy BMI, and family history of diabetes.
A similar analysis was performed with 2/3-AV GDM
prevalence set as a dependent variable. A multiple linear
regression model was used to identify associated factors
for HOMA-IR. HOMA-IR and blood sampling timing
were logarithmically transformed because they were not

normally distributed.
All continuous variables are presented as a mean ±

standard deviation. A p-value <0.05 was considered
statistically significant. Statistical analyses were per-
formed using the Statistical Package for the Social
Sciences (SPSS v. 21.0, Chicago, IL, USA) and Bell
Curve for Excel 2.15 (Social Survey Research Informa-
tion Co., Ltd., Tokyo, Japan).

Results

Patient demographic and laboratory data
The patient demographic and laboratory data are pre-

sented in Table 1. TB concentration was significantly
lower in GDM women than in NGT women (0.61 ± 0.18
vs. 0.66 ± 0.20 mg/dL; p = 0.004). Significant differ-
ences were also demonstrated between NGT women and
GDM women for pre-pregnancy BMI (p < 0.001), prior
GDM (p = 0.001), family history of diabetes (p < 0.001),
and blood sampling timing (p < 0.001). TB did not differ
significantly between GDM women diagnosed early and
those diagnosed late (p = 0.446).

Further focused analyses were conducted on 381 preg-
nant women consisting of 133 NGT women and 248
GDM (112 early and 136 late) women who underwent
75-g OGTT. The GA for early and late OGTT results
were 12.9 ± 1.6 weeks and 25.1 ± 4.6 weeks, respec-
tively. Significant differences were demonstrated
between NGT and GDM women in terms of fasting (p <
0.001), 1-h (p < 0.001) and 2-h (p < 0.001) glucose level,
fasting (p < 0.001) and 2-h (p < 0.001) IRI, and HOMA-
IR (p < 0.001). However no significant differences were
found in 1-h IRI (p = 0.096) and HOMA-β (p = 0.678).
Fasting (p < 0.001), 1-h (p < 0.001), and 2-h (p = 0.002)
glucose levels and HOMA-β (p < 0.001) levels did differ
significantly between early and late onset of GDM.
However, no significant differences were found for 1-h
IRI at fasting (p = 0.357), 1-h (p = 0.186), 2-h (p =
0.063), and HOMA-IR (p = 0.849).

Comparison of TB concentration adjusted for blood
sampling timing

As shown in Fig. 1A and 1B, TB concentration and
blood sampling timing (gestational week) were posi-
tively correlated in both NGT women (r = 0.214, p <
0.001) and GDM women (r = 0.203, p = 0.001). Because
blood sampling timings were significantly different (p <
0.001) between NGT and GDM women, as shown in
Table 1, we compared TB concentrations measured
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between 30–41 gestational weeks only in order to adjust
for blood sampling timing differences. As a result, TB
concentrations were still significantly lower in GDM

women than in NGT women (0.62 ± 0.18 vs. 0.66 ± 0.20
mg/dL; p = 0.041), as shown in Fig. 1C.

Table 1 Patient demographic and laboratory data

Total
(n = 612)

GDM
(n = 248)

     
NGT
(n = 368)

p-value
(GDM vs. NGT)early GDM

(n = 112)
late GDM
(n = 136)

p-value
(early vs. late)

Age (years) 36.9 ± 4.9 36.9 ± 5.1 37.1 ± 4.8 36.8 ± 5.3 0.637 36.8 ± 4.7 0.858

Pre-pregnancy BMI
(kg/m2) 21.2 ± 3.1 21.7 ± 3.4 22.1 ± 3.1 21.4 ± 3.5 0.083 20.8 ± 2.9 <0.001

Parity, n (%)
(0/1/2/3 times)

407 (66.5)/
171 (27.9)/
35 (5.7)/
3 (0.5)

167 (67.3)/
66 (26.6)/
14 (5.6)/
1 (0.4)

67 (59.8)/
38 (33.9)/
7 (6.3)/
0 (0.0)

100 (73.5)/
28 (20.6)/
7 (5.2)/
1 (0.7)

0.079

240 (65.2)/
105 (28.5)/
21 (5.7)/
2 (0.5)

0.946

Prior GDM, n (%) 24 (3.9) 18 (7.3) 11 (9.8) 7 (5.1) 0.158 6 (1.6) 0.001

Family history of
diabetes, n (%) 66 (10.8) 41 (16.5) 21 (18.7) 20 (14.7) 0.394 25 (6.8) <0.001

History of macrosomia,
n (%) 2 (0.3) 1 (0.4) 0 (0.0) 1 (0.7) 0.363 1 (0.3) 1

SBP (mmHg) 112.3 ± 13.4 112.1 ± 14.7 112.2 ± 14.4 111.9 ± 15.0 0.864 112.4 ± 12.6 0.777

Blood sampling timing
(GW) 34.6 ± 5.3 32.8 ± 7.4 31.5 ± 9.0 33.9 ± 5.7 0.011 35.9 ± 2.5 <0.001

TB (mg/dL) 0.64 ± 0.19 0.61 ± 0.18 0.60 ± 0.17 0.62 ± 0.19 0.446 0.66 ± 0.20 0.004

AST (U/L) 18.1 ± 6.9 18.1 ± 7.9 17.6 ± 4.8 18.6 ± 9.8 0.349 18.0 ± 6.1 0.809

ALT (U/L) 11.9 ± 9.1 12.6 ± 11.8 11.9 ± 6.3 13.1 ± 14.9 0.451 11.4 ± 6.8 0.126

Cr (mg/dL) 0.52 ± 0.09 0.52 ± 0.09 0.52 ± 0.08 0.52 ± 0.09 0.659 0.52 ± 0.09 0.932

Data from 75-g OGTT Total
(n = 381)

GDM
(n = 248)

     
NGT
(n = 133)

p-value
(GDM vs. NGT)early GDM

(n = 112)
late GDM
(n = 136)

p-value
(early vs. late)

Fasting glucose (mg/dL) 87.8 ± 7.9 90.2 ± 8.3 93.1 ± 6.3 87.7 ± 9.0 <0.001 83.4 ± 4.8 <0.001

1-h glucose (mg/dL) 154.8 ± 33.0 164.7 ± 33.8 155.5 ± 37.3 172.3 ± 28.6 <0.001 136.4 ± 21.7 <0.001

2-h glucose (mg/dL) 136.3 ± 28.8 145.7 ± 29.5 139.4 ± 31.4 150.8 ± 26.8 0.002 119.0 ± 17.2 <0.001

Fasting IRI (μU/mL) 6.2 ± 3.4 6.8 ± 3.6 6.6 ± 3.5 7.0 ± 3.8 0.357 5.1 ± 2.7 <0.001

1-h IRI (μU/mL) 61.2 ± 32.8 63.2 ± 32.4 60.2 ± 28.8 65.7 ± 35.0 0.186 57.4 ± 33.4 0.096

2-h IRI (μU/mL) 59.0 ± 34.7 65.3 ± 37.5 60.5 ± 34.0 69.3 ± 39.8 0.063 47.3 ± 25.2 <0.001

HOMA-β 92.2 ± 48.2 91.5 ± 46.2 78.2 ± 35.5 102.4 ± 51.0 <0.001 93.6 ± 51.8 0.678

HOMA-IR 1.38 ± 0.84 1.55 ± 0.90 1.54 ± 0.87 1.56 ± 0.93 0.849 1.07 ± 0.58 <0.001

Values are expressed as number (%) or mean ± standard deviation.
Abbreviations: Total, Total study patients; GDM, gestational diabetes; OGTT, oral glucose tolerance test; early GDM, GDM diagnosed via
75-g OGTT conducted in early pregnancy; late GDM, GDM diagnosed via 75-g OGTT conducted in second trimester or later; NGT,
normal glucose tolerance; BMI, body mass index; SBP, systolic blood pressure; GW, gestational week; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; Cr, creatinine; IRI, insulin; HOMA-β, homeostasis model assessment for β-cell function; HOMA-IR,
homeostasis model assessment of insulin resistance

1202 Nishimura et al.



Relationship between quintiles of TB concentration
and GDM

Among the women belonging to Q1, Q2, Q3, Q4, and
Q5, 38, 67, 62, 33, and 48 women were diagnosed with
GDM, respectively. Fig. 2 shows the prevalence of GDM
according to the quintiles of TB concentration. There
was a significant (p < 0.001) tendency for women with
lower TB concentrations to have GDM. As shown in
Table 2, lower TB concentration was associated with
higher pre-pregnancy BMI (p < 0.001), earlier sampling
timing (p < 0.001), higher HOMA-β (p = 0.046), and
higher HOMA-IR (p < 0.001).

Clinical factors associated with GDM prevalence
Multiple logistic regression analysis showed that TB

(p = 0.255) was not a significantly associated factor for
GDM, but blood sampling timing (odds ratio [OR] =
0.882; 95% confidence interval [CI], 0.846–0.919; p <
0.001), pre-pregnancy BMI (OR = 1.096; 95% CI,
1.036–1.160; p = 0.001), and family history of diabetes
(OR = 2.734; 95% CI, 1.563–4.782; p < 0.001) were
(Table 3).

Comparison of TB concentration among women
with NGT, single, and two or three abnormal OGTT
values (1-, and 2/3-AV) GDM

Out of 248 women with GDM, the prevalence of 1-
and 2/3-AV GDM were 72.2% (n = 179) and 27.8% (n =

69), respectively. As shown in Fig. 3, serum TB concen-
tration showed a decreasing trend as the number of AV
increased. In the multiple comparison Bonferroni test,
TB concentration in women with 2/3-AV GDM (0.57
± 0.15 mg/dL) was significantly lower than that in
women with NGT (0.66 ± 0.20 mg/dL, p = 0.001) and 1-
AV GDM (0.63 ± 0.19 mg/dL, p = 0.042).

Fig. 2  Gestational diabetes mellitus prevalence according to the
quintiles of total bilirubin concentration
There was a significant tendency for women with lower
TB concentrations to have GDM.
Abbreviations: NGT, normal glucose tolerance; GDM,
gestational diabetes mellitus; TB, total bilirubin. Q,
quintile.

Fig. 1  Comparison of total bilirubin concentration adjusted for blood sampling timing
TB concentration and blood sampling timing (gestational week) were positively correlated in both NGT (A) and GDM (B)
women. The TB concentration in GDM women was still significantly lower than that in NGT women after the adjustment for
blood sampling timing (C). For this adjustment, only TB concentrations measured between 30 to 41 weeks of gestation were
compared.
Abbreviations: NGT, normal glucose tolerance; GDM, gestational diabetes mellitus; GW, gestational week; TB, total bilirubin.
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Clinical factors associated with 2/3-AV GDM
prevalence

As shown in Table 4, multiple logistic regression
analysis showed that TB concentration (OR = 0.096;
95% CI, 0.014–0.661; p = 0.017) and pre-pregnancy
BMI (OR = 1.089; 95% CI, 1.001–1.185; p = 0.048)
were significantly associated factors for 2/3-AV GDM.

Relationship between HOMA-IR and total bilirubin
concentration

For further investigation of HOMA-IR, we focused on
the above-mentioned 381 pregnant women (133 NGT
and 248 GDM) who underwent 75-g OGTT. In these
pregnant women, an inverse correlation was observed
between TB concentration and HOMA-IR (r = –0.137, p
= 0.007), as shown in Fig. 4.

In order to find associated factors for HOMA-IR,
multiple linear regression analysis including these 381
pregnant women was performed. As shown in Table 5, in
the univariate analysis, systolic blood pressure (p <
0.001), pre-pregnancy BMI (p < 0.001), and TB concen-
tration (p = 0.002) were demonstrated to be significantly
associated factors to the HOMA-IR logarithm. In the
multivariate analysis, systolic blood pressure (p = 0.033)
and pre-pregnancy BMI (p < 0.001) remained signifi-
cant, but TB concentration did not (p = 0.105).

Discussion

The present study demonstrated that serum TB con-
centrations were lower in GDM women than in NGT
women, and that pregnant women with lower TB con-
centrations showed higher GDM prevalence. In addition,
it was shown that TB concentrations were lower in 2/3-
AV GDM women than in 1-AV GDM women and that a

low TB concentration was a significantly associated fac-
tor for 2/3-AV GDM prevalence.

Since oxidative stress plays an important role in the
pathogenesis of type 2 diabetes [30], increased bilirubin
might prevent the development of GDM by eliminating
oxidative stress [31, 32]. Another explanation is that
serum bilirubin plays a protective role against inflamma-
tion [14], which is an important mediator of type 2 dia-
betes. Several studies in animal models [33] and humans
[20, 34-36] have pointed out that bilirubin levels are neg-
atively associated with the incidence of type 2 diabetes.

Because we do not have any data on urinary bilirubin
metabolites, we cannot elaborate on the cause of lower
bilirubin levels in GDM. Heme-oxygenase (HO) is an
enzyme that resolves heme into biliverdin and carbon
monoxide, and then biliverdin is reduced to bilirubin by
biliverdin reductase. It is reported that HO-1, one of the
isozymes of HO, is decreased in GDM women compared
with NGT women [37]. Therefore, the low TB concen-
trations in the GDM women in our study might be
explained by the decreased production of bilirubin.

Table 3 Clinical factors associated with GDM prevalence

OR 95% CI p-value

TB (mg/dL) 0.575 0.222–1.490 0.255

Blood sampling timing (GW) 0.882 0.846–0.919 <0.001

Age (years) 1.006 0.971–1.042 0.728

Pre-pregnancy BMI (kg/m2) 1.096 1.036–1.160 0.001

Family history of diabetes
(yes = 1, no = 0) 2.734 1.563–4.782 <0.001

Abbreviations: GDM, gestational diabetes; TB, total bilirubin; GW,
gestational week; BMI, body mass index; OR, odds ratio; CI,
confidence interval

Table 2 Relationship between quintiles of total bilirubin concentration and basic characteristics

Q1 Q2 Q3 Q4 Q5 p for trend

Age (year) 35.7 ± 4.7 36.8 ± 4.5 37.2 ± 4.7 36.7 ± 5.2 37.2 ± 5.2 0.205

SBP (mmHg) 114.0 ± 13.7 110.3 ± 13.5 113.0 ± 15.1 111.8 ± 12.8 112.8 ± 11.4 0.277

HOMA-β 110.9 ± 56.0 90.9 ± 50.0 86.8 ± 51.7 90.8 ± 37.4 89.3 ± 40.3 0.046

HOMA-IR 1.89 ± 1.26 1.38 ± 0.72 1.26 ± 0.81 1.29 ± 0.64 1.26 ± 0.64 <0.001

TB sampling timing (GW) 33.7 ± 5.8 33.0 ± 6.2 35.1 ± 4.0 34.9 ± 5.6 36.0 ± 4.7 <0.001

Pre-pregnancy BMI (kg/m2) 22.8 ± 4.6 21.2 ± 2.6 21.0 ± 3.3 20.9 ± 2.3 20.7 ± 2.7 <0.001

Values are expressed as number (%) or mean ± standard deviation.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; GW, gestational week; HOMA-β, homeostasis model assessment for
β-cell function; HOMA-IR, homeostasis model assessment of insulin resistance

1204 Nishimura et al.



In this study, TB concentrations in 2/3-AV GDM
women were lower than those in 1-AV GDM women. In
addition, TB concentration was an independently associ-
ated factor for 2/3-AV GDM, but not for total GDM. It
was reported that 2/3-AV GDM women needed insulin
therapy more frequently than 1-AV GDM women during
pregnancy, which meant that hyperglycemia was more
prominent in 2/3-AV than in 1-AV GDM [38]. It was
reported that chronic hyperglycemia in a rat model

Fig. 3  Comparison of total bilirubin concentration among
women with normal glucose tolerance and those with a
single, or two or three abnormal oral glucose tolerance test
results
Serum TB concentration showed a decreasing trend as the
number of AV 75-g OGTT results increased. TB
concentration in women with 2/3-AV GDM was
significantly lower than that in women with NGT and
those with 1-AV GDM.
Abbreviations: TB, total bilirubin; AV, abnormal value;
OGTT, oral glucose tolerance test; NGT, normal glucose
tolerance; GDM, gestational diabetes mellitus.

Table 4 Clinical factors associated with 2/3-AV GDM prevalence
in total GDM women

OR 95% CI p-value

TB (mg/dL) 0.096 0.014–0.661 0.017

Blood sampling timing (GW) 1.031 0.988–1.077 0.163

Age (years) 1.031 0.973–1.092 0.306

Pre-pregnancy BMI (kg/m2) 1.089 1.001–1.185 0.048

Family history of diabetes
(yes = 1, no = 0) 1.439 0.690–3.004 0.332

Abbreviations: GDM, gestational diabetes; TB, total bilirubin; GW,
gestational week; BMI, body mass index; OR, odds ratio; CI,
confidence interval

Fig. 4  Correlation between total bilirubin concentration and
homeostasis model assessment of insulin resistance
An inverse correlation was observed between serum TB
concentration and HOMA-IR.
Abbreviations: NGT, normal glucose tolerance; GDM,
gestational diabetes mellitus; HOMA-IR, homeostasis
model assessment of insulin resistance; TB, total bilirubin.

Table 5 Associated factors for log(HOMA-IR)

Standardized β p-value

Univariate Age (years) –0.066 0.199

Systolic blood
pressure (mmHg) 0.205 <0.001

Pre-pregnancy BMI
(kg/m2) 0.441 <0.001

log[blood sampling
timing (GW)] –0.014 0.782

TB (mg/dL) –0.16 0.002

Cr (mg/dL) 0.079 0.123

AST (U/L) 0.008 0.883

ALT (U/L) 0.08 0.122

Multivariate Systolic blood
pressure (mmHg) 0.102 0.033

Pre-pregnancy BMI
(kg/m2) 0.403 <0.001

log[blood sampling
timing (GW)] –0.036 0.438

TB (mg/dL) –0.076 0.105

Abbreviations: HOMA-IR, homeostasis model assessment of
insulin resistance; BMI, body mass index; GW, gestational week;
TB, total bilirubin; Cr, creatinine; AST, aspartate aminotransferase;
ALT, alanine aminotransferase
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resulted in decreased HO-1 gene expression in islet cells
[39]. Decreased HO-1 production might explain the dif-
ference in TB concentration between 1- and 2/3- AV
GDM.

In this study, although there was no difference in
HOMA-β between women with GDM and those with
NGT, the HOMA-IR was significantly higher in women
with GDM than in those with NGT. Therefore, the
increase in insulin resistance, rather than the decrease in
insulin secretion ability, might play a greater role in the
onset of GDM. We also found that TB concentration was
inversely correlated with HOMA-IR. However, TB con-
centration was not selected as an independently associ-
ated factor for HOMA-IR in the multivariate analysis in
our study. Instead, high blood pressure and high BMI
were selected. These factors might have a stronger effect
on insulin sensitivity than bilirubin.

There are several reports using animal models that
suggest the possibility that bilirubin alleviates insulin
resistance. Liu et al. reported that body weight decreased,
and insulin sensitivity and glucose tolerance increased
when bilirubin was administered to diet-induced obesity
mice [40]. In this study, bilirubin administration
decreased leptin and increased adiponectin levels, and
mRNA expression of PPARγ and SREBP-1. Dong et al.
reported that insulin resistance was improved when
bilirubin was administered to leptin-receptor-deficient
(db/db) mice without changing body weight [41].
Although such agents that increase serum bilirubin con-
centration safely may be beneficial to not only pregnant
women but also type 2 diabetes patients, agents which
aim to elevate bilirubin concentration are not currently
available on the market. It is reported that the administra-
tion of Atazanavir, which is an HIV-1 protease inhibitor
and licensed for the treatment of HIV infection,
increased TB concentration and improved endothelial
function of type 2 diabetics [42].

There are some limitations to this study. First, we used

only a single blood sample for measurement of the TB
concentration, and plasma bilirubin concentrations are
known to exhibit substantial variability within subjects
[43]. Second, the bilirubin level may fluctuate during
pregnancy, although there is no consensus about this
fluctuation [21-23]. The correlation coefficients between
a gestational week and TB level in NGT and GDM
women were 0.214 and 0.203, respectively (Fig. 1), and
these coefficients were not high enough to draw any bio-
logical meaning in the pathophysiology of GDM. This
may be due to the wide distribution of serum TB levels.
Third, total bilirubin concentration was measured pri-
marily in case of Caesarian section, induced delivery, or
ritodrine use in both NGT and GDM women, which
might affect our findings. However, because our control
was at least normal in the perspective of glucose toler-
ance and women with liver failure had been excluded
from the study, we believe that this did not change our
results dramatically. Finally, the cross-sectional study
design, with a relatively small number of subjects, can-
not establish causality between bilirubin levels and
GDM. Because of this small sample size, we could not
analyze our data according to the number of deliveries
(parity). We had to exclude prior GDM and history of
macrosomia, both of which are known risk factors for
GDM, from the explanatory variables of the multivariate
analysis.

In conclusion, it was shown that low TB concentration
might be associated with high prevalence of GDM in
Japanese pregnant women. Although high BMI is an
established risk factor for GDM through insulin resis-
tance, hypobilirubinemia may also be involved in the
pathogenesis of GDM.
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