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Background. Serum bilirubin is a potent endogenous antioxidant with anti-inflammatory properties. Several cross-sectional studies
have reported that bilirubin was negatively associated with metabolic syndrome. However, in recent longitudinal studies, the
relations between bilirubin and metabolic syndrome are inconsistent. Moreover, previous studies mainly focused on serum total
bilirubin which is the sum of direct bilirubin and indirect bilirubin. For these reasons, the longitudinal effect of bilirubin subtypes
on incident metabolic syndrome was evaluated in Chinese men. Methods. The study cohort involved 1339 Chinese men without
metabolic syndrome. Metabolic syndrome was defined by the American Heart Association/National Heart, Lung and Blood
Institute (AHA/NHLBI) criteria, using BMI for the replacement of waist circumference. Results. There are 117 incident metabolic
syndrome cases (8.7%) during 5 years of follow-up among 1339 metabolic syndrome-free participants at baseline. After adjusting
for age, drinking, smoking, physical activity, TG, and LDL-C, the odd ratios (ORs) and 95% confidence intervals (CIs) for MetS
incidence in the second, third, and fourth quartiles versus the first quartile of DBil concentration were 1.00 (0.61-1.63), 0.57

(0.32-1.02), and 0.51 (0.28-0.92) (P,

rend —

0.031), respectively. Conclusions. Our findings support the negative association between

direct bilirubin and incident metabolic syndrome in healthy Chinese men over 5-year period.

1. Introduction

Metabolic syndrome (MetS) is a clustering of metabolic
abnormalities characterized by obesity, hypertension, dys-
lipidemia, and glucose intolerance that appear to increase
the risk of diabetes, cardiovascular disease, and overall
mortality [1, 2]. Chronic inflammation, oxidative stress, and
insulin resistance have been implicated in the underlying
pathogenesis [3, 4].

Bilirubin is a product of heme metabolism that may have
potent antioxidative property by suppressing oxidization of
lipids and lipoprotein [5, 6]. It has also been reported that
serum bilirubin exerts anti-inflammatory properties [7]. In
line with these findings, elevated serum bilirubin has been
found to be negatively related to the oxidative stress and
chronic inflammation-related disease such as cardiovascular

disease (CVD) [8] and MetS [9-12]. Although the previous
studies with cross-sectional design showed a negative asso-
ciation between serum bilirubin and MetS [11], the relation
between bilirubin and development of MetS is inconsistent
in the longitudinal studies [13, 14]. For example, the report
in 2014 by Lee et al. based on a study of 6205 initially health
Korean men reported that serum total bilirubin level was
negatively associated with incidence of MetS [14]. However,
another report of Japanese men and women in 2013 indicated
that the total bilirubin is not a risk factor for MetS [13]. More-
over, previous studies mainly focused on serum total bilirubin
(TBil) which is the sum of direct bilirubin (DBil) and indirect
bilirubin (IBil) [14, 15]. Therefore, it is worthwhile to evaluate
the temporal association between TBil, DBil, or IBil and the
risk of MetS.
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In the present study, we evaluated the prospective associa-
tion of different circulating forms of bilirubin concentrations,
such as total, direct, and indirect, with incident MetS during
the 5 years of follow-up period.

2. Methods

The study comprised 1804 Chinese men who had undergone
routine health examination at Health Management Center of
Shandong Provincial Hospital affiliated to Shandong Univer-
sity China in 2011 and who had returned for follow-up exam-
inations in 2016. Among them, 97 subjects with abnormal
liver function (defined as a serum aspartate aminotransferase
or alanine aminotransferase > 100 U/l, or total bilirubin level
> 51.3 umol/l (3 mg/dl)) [12, 16] or self-reported history of
liver disease and cancer were excluded from the analysis.
In addition, we further excluded 368 subjects with MetS at
baseline. Therefore, 1339 subjects with mean age of 45.6+12.7
years (range: 18-85 years) remained.

Information on age, gender, smoking, alcohol consump-
tion, and history of hypertension and diabetes was obtained
from self-reported questions at baseline. Drinking habit
was defined by frequency at least once a week. Smoking
habit was defined by having >5 cigarettes per day. Exercise
habit was defined by frequency at least 3 times a week.
The physical examination comprised blood pressure (BP)
and anthropometric measurements, including height, weight,
and BMI. BMI was calculated as weight (kg) divided by
height (m)?. The venous blood was drawn after 12-hour
overnight fasting for examining of fasting plasma glucose
(FPG), serum bilirubin (TBil, DBil, and IBil), AST, ALT, r-
GGT, and lipids including triglyceride (TG), total cholesterol
(CH), high-density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C). Total white cell
counts were performed in the hematology laboratory of
our hospital. Serum bilirubin concentration were measured
using diazonium salt/diazonium ion with blank method with
Beckman Coulter TBil/DBil reagents (Beckman Coulter Test
Systems Ltd., Suzhou, China) on Beckman AU5831 autoan-
alyzer (Beckman Coulter, Inc., California, US). Analytical
range of the biochemical autoanalyzer is 0.5-171umol/L
(0.03-10 mg/dl). Fasting HDL-C was measured by direct
method with High-Density Lipoprotein Cholesterol Assay kit
(Weihaiwei Biotechnology Ltd., Weihai, China). According to
the American Heart Association/National Heart, Lung and
Blood Institute (AHA/NHLBI) criteria, using BMI for the
replacement of waist circumference, the MetS was defined
as having any three or more of the following factors: (a)
overweight and/or obesity: BMI > 25.0 kg/m?; (b) raised FPG:
>5.6 mmol/L (100 mg/dL), or being previously diagnosed
as type 2 diabetes and taking antiglycemic medication; (c)
raised BP: >130/85 mmHg, or being previously diagnosed
as hypertension and taking antihypertensive medication; (d)
raised TG: >1.7 mmol/L; (e) reduced HDL-C: <1.03 mmol/L
in men [17].

Data analysis was performed by using SPSS 19.0 for
Windows. Baseline characteristics data were compared across
quartiles of TBil. The distribution of the different variables
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was examined for normality by the Kolmogorov-Smirnov
test. Categorical variables were expressed in percentages and
continuous variables in mean (SD) or median (interquartile
range). Covariate distributions across baseline TBil quartiles
were compared using chi-square test for categorical variables
and ANOVA and Kruskal-Wallis test for continuous vari-
ables.

Multivariate logistic regression analysis was used to cal-
culate the odds ratios (ORs) and 95% confidence intervals
(CI) of incident MetS and individual components of MetS
for each bilirubin quartile compared with the lowest quartile,
with adjustment for age (continuous), smoking status (yes,
no), drinking status (yes, no), and physical activity (yes, no).
The CH and LDL-C were treated as continuous variables and
included in the final model as previous study [9]. A value of
less than 0.05 was deemed statistically significant.

3. Results

The median (interquartile range) of serum TBil, DBil, and
IBil was 15.41 (15.12, 15.70), 2.75 (2.7, 0 2.81), and 12.66
(12.41,12.90) umol/L, respectively. Baseline data according to
the quartiles of TBil are presented in Table 1. Participants
with high serum TBil concentrations were more likely to
be older and nonsmoker and with regular activities. They
have low levels of TG and white blood cell count (all P <
0.05). However, the TBil concentrations have no significant
relationship with the incidence rate of MetS (P = 0.134).

A total of 117 MetS cases were identified during the 5 years
of follow-up. As show in Table 2, the ORs and 95% confidence
intervals (CIs) for incidence MetS in the second, third, and
fourth quartiles versus the first quartile of DBil concentration
were 1.00 (0.61-1.63), 0.57 (0.32-1.02), and 0.51 (0.28-0.92)
(Pyena = 0.031), respectively. No significant relationship was
observed for TBil (Py.,q = 0.066) or IBil (P,,.,q = 0.113). The
ORs are adjusted for age, drinking, smoking, physical activity,
TG, and LDL-C in the final model.

Previous studies have suggested an association between
cigarette smoking and low serum bilirubin [18-20]. There-
fore, the separate analysis by smoking status was performed.
The results showed that DBil concentrations were signifi-
cantly associated with incident of MetS in either nonsmoking
(Table S1) or smoking (Table S2) subjects.

Table 3 shows the adjusted ORs for individual compo-
nents of MetS according to baseline bilirubin quartile groups
during 5-year study period. The incidence of hypertriglyc-
eridemia was negatively correlated with TBil, DBil, and IBil,
while the incident of low HDL was negatively correlated with
DBil only. The ORs (95% ClIs) for incidence hypertriglyc-
eridemia in the second, third, and the fourth quartiles versus
the first quartile of TBil, DBil, and IBil concentrations were
0.78 (0.54-1.14), 0.69 (0.47-1.01), 0.57 (0.38-0.84) (P,yepq =
0.033); 0.68 (0.47-0.97), 0.41 (0.28-0.62), 0.48 (0.33-0.42)
(Pyeng < 0.0001) and 0.84 (0.58-1.23), 0.81 (0.55-1.22), 0.59
(0.40-0.87) (P,enq = 0.045), respectively. The ORs (95% Cls)
for incidence low HDL in the second, third, and the fourth
quartiles versus the first quartile of DBil concentrations
were 1.06 (0.68-1.64), 0.85 (0.54-1.34), and 0.53 (0.33-0.87)
(Pyena = 0.018).
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F1GURE 1: Levels of WBC (a) and LDL-C (b), based on total bilirubin, direct bilirubin, and indirect bilirubin (* P < 0.05).

4. Discussion

In the current study, we found that the DBil levels were
associated with a decreased risk of incident MetS. In contrast,
no significant associations were found with TBil and IBil
levels. To our knowledge, this study was the first perspective
study to compare the relationship of MetS development with
serum bilirubin (TBil, DBil, and IBil). In addition, serum
bilirubin (TBil, DBil, and IBil) was inversely associated with
the risk of incident hypertriglyceridemia.

Several cross-sectional and longitudinal studies have
reported an inverse association between serum TBil and MetS
[10, 11, 14, 21]. For example, a recent cross-sectional study
involving 12342 adults in Korean suggested that elevated
serum TBil was associated with a decreased risk of MetS [10].
The other 4-year retrospective cohort study in 6205 Korean
men indicated that high TBil levels were inversely associated
with the development of MetS [14]. In contrast, our study
and other Japanese cohort study [13] did not find significant
association between TBil and MetS. The bilirubin levels
might be the main factor contributing to the inconsistent
findings. In the Korean population, more than 50% of the
individuals had TBil concentrations higher than 1 mg/dl [14],
while, in our present study, 75% of the individuals had
TBil concentrations lower than 1mg/dl (17.1 ygmol/L). In the
Japanese study which reported no protective association [13],
the concentrations of TBil (75% of the individuals had TBil
concentrations lower than 1 mg/dl) were similar to our study.

In this study, total bilirubin as well as direct and indi-
rect bilirubin was analyzed in relation to MetS. This study
indicated that the inverse association of incident MetS was
significantly apparent with direct bilirubin. The previous
studies have suggested that bilirubin plays a protective
role against inflammation and insulin resistance [22]. The
inflammatory maker CRP is not routinely measured for heath
checking; however, subjects with higher bilirubin including
TBil, DBil, and IBil had lower WBClevels in our present study

(Figure 1(a)), which is consistent with the previous reports
of showing the anti-inflammatory property of bilirubin
[23]. Hypertriglyceridemia is well known general aspect of
insulin resistance [24]. A significant negative relationship was
observed between serum bilirubin and the development of
hypertriglyceridemia in our current study. Although serum
bilirubin, whether it is total or direct, acts as an indicator of
inflammation and insulin resistance in our study, it is unclear
why direct bilirubin showed a significant association with the
risk of incident MetS.

Recent data have suggested the possible involvement of
oxidative stress in the pathogenesis of MetS [25]. Evidence
from studies about heme oxygenase (OH) system [26, 27]
might support the decreased risk of MetS with elevated direct
bilirubin. Bilirubin is produced through the action of heme
oxygenase (HO), the rate-limiting enzyme in the catabolism
of heme [28]. Formation of bilirubin is inhibited by the
downregulation of HO activity [29]. Obesity is associated
with insulin resistance and the pathogenesis of T2DM and
hypertension and contributes to high levels of LDL-C and
triglycerides but low HDL-C levels. In turn, that leads to the
development of MetS [30-32]. HDL induces HO-1, and HO-
1-mediated decreases in ROS and LDL-C levels were reported
in previous diabetes models [26, 33, 34]. Although we did not
measure the HO levels and oxidative stress markers in the
present population, our results showed that direct bilirubin
levels are the most inversely associated with LDL-C con-
centration (Figure 1(b)). Together with our results showing
that DBil concentrations, not total or indirect bilirubin, are
negatively correlated with incidence of low HDL, we assumed
that direct bilirubin might possess more potential antioxidant
properties than the other types of bilirubin. Some studies
reported that direct bilirubin is weakly bound to albumin,
while indirect bilirubin is strongly bound to albumin [35];
therefore direct bilirubin can be easily separated from albu-
min and be in active form. Our results show that direct
bilirubin concentration was significantly inversely associated
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with LDL-C levels which might explain the reason why direct
bilirubin had a significant inverse relation with MetS. Further
studies are needed about the molecular processes underlying
effect of direct bilirubin on decreasing the incidence of MetS.

Critically, our results show a positive relationship
between serum direct bilirubin and hyperglycemia even
though it is not significant. A most recent study found that
prediabetes and new-onset diabetes had higher bilirubin
levels than subjects with normal fasting glucose, while the
bilirubin levels decreased with the prolonged duration of
diabetes [36]. Together with the publication showing an
inverse association between serum TBil and type 2 diabetes
duration [37], it could be explained why our finding is
inconsistent with previous cross-sectional study that showed
serum bilirubin levels were negatively associated with the
development of type 2 diabetes [23, 38, 39].

There are several limitations of the present study. Firstly,
the study analyzed subjects who voluntarily visited a health
management center and underwent annual follow-up exam-
ination; they might not be representative of the general
men population. Secondly, instead of waist circumference,
BMI was used in the definition of MetS due to a lack of
corresponding data. This lack of data could have led to
misestimation of the prevalence of MetS. Thirdly, the number
of our population was relatively small, and the follow-
up periods were relatively short; therefore statistical power
might be limited because of the small number of incident
cases. Further long-term follow-up prospective studies of a
large sample should be conducted to confirm our findings.

In summary, we found that serum direct bilirubin
concentrations were negatively associated with the risk of
incident MetS in Chinese men. Additional large and long-
term prospective studies are required to establish the role of
serum bilirubin in the MetS development.
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Supplementary Materials

Separate analysis by smoking status was performed. Associ-
ation of serum bilirubin levels and risk of MetS incidence
has been shown in nonsmoking (Table S1) and smoking

subjects (Table S2), separately. Table SI: associations of serum
bilirubin levels and risk of MetS incidence in nonsmoking
subjects (odds rations and 95% confidence intervals). Table
S2: associations of serum bilirubin levels and risk of MetS
incidence in smoking subjects (odds rations and 95% confi-
dence intervals). (Supplementary Materials)
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