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Abstract

We evaluated serum total bilirubin levels as a predictor for metabolic syndrome (MetS) and investigated the relationship
between serum total bilirubin levels and MetS prevalence. This cross-sectional study included 1728 participants over 65 years
of age from Eastern China. Anthropometric data, lifestyle information, and previous medical history were collected. We then
measured serum levels of fasting blood-glucose, total cholesterol, triglycerides, and total bilirubin, as well as alanine amino-
transferase activity. The prevalence of MetS and each of its individual component were calculated per quartile of total bilirubin
level. Logistic regression was used to assess the correlation between serum total bilirubin levels and MetS. Total bilirubin level in
the women who did not have MetS was significantly higher than in those who had MetS (Po0.001). Serum total bilirubin quartiles
were linearly and negatively correlated with MetS prevalence and hypertriglyceridemia (HTG) in females (Po0.005). Logistic
regression showed that serum total bilirubin was an independent predictor of MetS for females (OR: 0.910, 95%CI: 0.863–0.960;
P=0.001). The present study suggests that physiological levels of serum total bilirubin might be an independent risk factor for aged
Chinese women, and the prevalence of MetS and HTG are negatively correlated to serum total bilirubin levels.
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Introduction

Metabolic syndrome (MetS) is a group of common,
complex disorders including insulin resistance, hyperten-
sion, dyslipidemia, and obesity (especially abdominal obe-
sity) (1). It is also strongly associated with cardiovascular
disease. The overall prevalence of MetS in adult popula-
tions is about 20–30%, depending on age, ethnicity, gender,
and diagnostic criteria (2,3). The incidence of MetS has
been shown to increase with age (2), and aged populations
are therefore at high risk for MetS.

The exact pathophysiological characteristics of MetS
are still unclear. However, studies show that systemic
inflammation, insulin resistance, altered adipokine levels
and oxidative stress play important roles in MetS devel-
opment (4,5). Meanwhile, bilirubin has been characterized
as a potent antioxidant (6–8) and has been demonstrated
to be negatively associated with oxidative stress (9,10).
Several studies have also shown that bilirubin levels are
negatively related to hypertension, diabetes (11,12), MetS,

and insulin resistance (13). A retrospective study in 6205
male Koreans showed that bilirubin levels are negatively
correlated with the incidence of MetS (14), and could be
used as a predictor for MetS. Other studies have also
shown that the serum bilirubin level can be used as an
early biomarker for the progression to MetS in asymptom-
atic patients (15). Together, these findings suggest that
bilirubin plays a role in the development of MetS.

All studies to date investigating the association be-
tween bilirubin and MetS focus on young people (16), a
wide range of ages, or postmenopausal women. Impor-
tantly, the association has not been examined in aged
people. In the present cross-sectional study, people of
65 years of age or older from 11 communities in Eastern
China were included. We evaluated serum total bilirubin
levels as a predictor for MetS, and further analyzed the
potential relationship between serum total bilirubin levels
and MetS prevalence.
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Subjects and Methods

Subjects
Participants in this cross-sectional study were males

or females X65 years of age that lived in any of the
11 communities in Pudong New Area, Shanghai, for at
least 5 years. Enrollment took place between January–
March 2012. Exclusion criteria were clinical or laboratory
evidence of severe systemic diseases (such as cancer,
renal failure, or heart failure), goiter, liver dysfunction
(activities of alanine aminotransferase higher than 3-fold
the upper limit of the normal range (120 U/L); or total
bilirubin level higher than 17.1 mmol/L), or HIV-AIDS. In
addition, athletes (including professional and amateur
athletes) and participants who regularly exercised were
also excluded.

General information was obtained, including date of
birth, physical activity, and history of smoking and drinking.
Previous medical history was obtained with a standardized
questionnaire. Participants who smoked every day or every
few days, and had smoked more than 100 cigarettes during
their lifetime were considered smokers. Daily alcohol con-
sumption was converted into grams of alcohol consumed
per day. Male participants consuming more than 20–30 g of
alcohol per day or female participants consuming more than
10–20 g of alcohol per day were considered drinkers.
Participants with a known history of using oral antidiabetic
agents or insulin were considered diabetic. Participants
with a history of acute myocardial infarction, or coronary
angiogram showing stenosis of the coronary artery X50%
were considered to have a history of coronary heart disease.
Participants with systolic blood pressure X140 mmHg,
diastolic blood pressure X90 mmHg, or with a history of
using oral anti-hypertensive drugs were considered to have
a history of hypertension.

This study was approved by the Institutional Review
Board of the Third People’s Hospital, Shanghai Jiaotong
University School of Medicine, and performed according
to the Helsinki Declaration. All participants signed in-
formed consents.

Anthropometric data
Participant anthropometric data were collected by

trained medical staff following standard procedures. Blood
pressure was measured twice after 10 min of rest, and the
mean was calculated for analyses. Body mass index
(BMI) was calculated as weight/height2 (kg/m2).

Biochemical data
Participants were asked to fast for at least 8 h. Blood

was collected and placed in room temperature for 1–3 h
and was then centrifuged at 1704 g for 15 min to separate
the serum. Levels of fasting blood-glucose (FBG), total
cholesterol (TC), triglycerides (TG), and total bilirubin
(TBIL), as well as alanine aminotransferase (ALT) activity

were measured in an automatic biochemical analyzer
(Hitachi 7600-020, Japan) using enzyme colorimetric
method with reagent from Roche company (Switzerland).

Definition of MetS
MetS was diagnosed according to the Chinese Dia-

betes Society criteria (2004) (17). Participants with three
or more of the following items were diagnosed with MetS:
1) hypertension: blood pressure X140/90 mmHg, or use of
anti-hypertensive medication; 2) hypertriglycerides: fasting
plasma triglycerides X1.7 mmol/L, or low high-density lipo-
protein level (HDL; o1 mmol/L for males ando1.3 mmol/L
for females); 3) hyperglycemia: FBG X6.1 mmol/L, or use
of anti-diabetic agents; and 4) overweight or obesity: BMI
X25 kg/m2.

Statistical analyses
SPSS v.13.0 software (USA) was used for statistical

analyses. Quantitative data with normal distributions are
reported as means and standard deviations (SD). Quanti-
tative data with skewed distributions are reported as quar-
tiles, and qualitative data are reported as rates. Analysis
of variance was used for comparing quantitative data
between three or more groups, while non-parametric tests
were used for comparisons of qualitative data. Partic-
ipants were divided into quartiles according to total bil-
irubin levels as follows: Q1, o10.1 mmol/L for males and
o8.8 mmol/L for females; Q2, 10.1–12.15 mmol/L for males
and 8.8–10.7 mmol/L for females; Q3, 12.15–14.4 mmol/L
for males and 10.7–12.7 mmol/L for females, and Q4,
X14.4 mmol/L for males and X12.7 mmol/L for females.
The prevalence of MetS and of each component was then
estimated. Logistic regression was used to assess the
independent predictors of MetS in males and females.
Po0.05 was considered to be statistically significant.

Results

Baseline characteristics
Baseline characteristics of participants are summa-

rized in Table 1. A total of 1728 eligible participants includ-
ing 744 males (43.1%) and 984 females (56.9%) were
enrolled in the present study. The mean age of the
participants was 72.68±6.33 and 73.49±6.87 years for
males and females, respectively. This difference was
statistically significant (P=0.011). The prevalence of MetS
was 25.3 and 30.1% in the male and female subjects,
respectively, and the difference was statistically significant
(Po0.001). Similarly, the proportions of diabetes, coro-
nary heart disease, and hypertension in the male and
female subjects were significantly different. BMI and FBG
were not significantly different between the two genders.
However, weight, height, blood pressure, TG, TC, ALTand
TBIL were significantly different between the two genders
(Po0.05).
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Characteristics of female participants
The prevalence of MetS in female subjects was

30.1%. The clinical and biochemical characteristics of
the females are shown in Table 2. The levels of some
components of the MetS (including the FBG, blood
pressure, TG, and BMI) were significantly higher, while
the total bilirubin level was significantly lower in females
with MetS than in those without MetS (P=0.002).

Associations between total bilirubin level and
the risk of MetS

The prevalence of MetS and its components in the
sample are summarized in Table 3. The number of males
in each quartile of total bilirubin level was as follows:
Q1: 187, Q2: 185, Q3: 189, and Q4: 183, and the mean
ages were 72.57±6.14, 72.72±6.39, 72.68±6.47, and
72.75±6.37 years, respectively. For females, the number
of participants in each quartile was as follows: Q1: 258,
Q2: 240, Q3: 249, and Q4: 237, and the mean ages were
74.46±7.01, 72.65±6.38, 73.28±7.21, and 74.49±6.72
years, respectively. The prevalence of MetS and hyper-
triglyceridemia (HTG) decreased with increased levels of
total bilirubin, and a linear correlation was found between
the quartiles of total bilirubin levels and the prevalence of
MetS and HTG.

Independent predictors of MetS
Logistic regression was performed with MetS preva-

lence as the dependent variable. Independent variables
were age, gender, physical activity, smoking, drinking,
total bilirubin, total cholesterol and ALT. We found that
total bilirubin (OR: 0.952, 95%CI: 0.915–0.990; P=0.014)
and ALT (OR: 1.048, 95%CI: 1.038–1.058; Po0.001)
were independent predictors of MetS. Results of the
stratified analyses by gender are shown in Table 4. These
findings suggest that every 1 mmol/L increase in total
bilirubin level reduces the risk of female MetS by 9.0%
(OR: 0.910, 95%CI: 0.863–0.960; P=0.001).

Discussion

In the present cross-sectional study in aged patients
from Eastern China, we found that serum total bilirubin
may be an independent risk factor for MetS in females. We
also found that the prevalence of MetS and HTG were
negatively related to the serum levels of total bilirubin.

Association between serum total bilirubin levels and
MetS risk is still under debate. In another study performed
in Shanghai that included participants over 40 years of
age, Wu et al. (18) showed that serum total bilirubin levels
were negatively associated with MetS risk in both females

Table 1. General characteristics study participants.

Females (n=984) Males (n=744) P

Age (years) 73.49±6.87 72.68±6.33 0.011
Current smoker, n (%) 26 (2.6%) 174 (23.4%) o0.001
Alcohol use, n (%) 16 (1.6%) 111 (14.9%) o0.001

Physical activity time, (h/w) 5.23±4.26 5.83±4.61 0.006
Weight (kg) 56.96±9.79 65.57±10.22 o0.001
Height (cm) 154.61±5.73 166.41±5.97 o0.001
BMI (kg/m2) 23.81±3.75 23.65±3.34 0.367

History of diabetes, n (%) 174 (17.7%) 107 (14.4%) o0.001
History of CHD, n (%) 168 (17.1%) 103 (13.8%) o0.001
History of HBP, n (%) 514 (52.2%) 356 (47.8%) o0.001

SBP (mmHg) 135.44±15.83 133.42±15.89 0.009
DBP (mmHg) 77.32±8.62 78.35±8.74 0.015
TG (mmol/L) 1.66±0.94 1.48±0.94 o0.001

TC (mmol/L) 5.79±0.99 5.26±0.96 o0.001
FBG (mmol/L) 6.29±1.75 6.22±1.56 0.339
TBIL (mmol/L) 10.76±2.74 12.11±2.88 o0.001

ALT (U/L) 22.74±12.04 23.80±12.07 0.070
MetS, n (%) 296 (30.1%) 188 (25.3%) o0.001

Qualitative data are reported as n (%), while quantitative data are reported as
means±SD. BMI: body mass index; CHD: coronary heart disease; HBP: high
blood pressure; SBP: systolic blood pressure; DBP: diastolic blood pressure;
TC: total cholesterol; TG: triglyceride; FBG: fasting blood-glucose; TBIL: total
bilirubin; ALT: alanine aminotransferase; MetS: metabolic syndrome. The t-test
was used for statistical analyses.
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and males. In contrast, a Japanese study found that serum
total bilirubin levels were negatively associated with the
risk of MetS in males but not in females (19). However,
the participants included in the Japanese study were
over 20 years of age, which may explain this discrepancy.

Another study in the USA found that serum total bilirubin
levels were negatively associated with MetS, as well as with
central obesity and low HDL levels, in participants between
the ages of 12 and 17 years. However, no comparison
between males and females was performed (16). Bilirubin

Table 2. Characteristics of the female participants according to metabolic
syndrome status.

Metabolic syndrome P

No (n=688) Yes (n=296)

Age (years) 73.55±7.06 73.34±6.41 0.643

Current smoker, n (%) 21 (3.1%) 5 (1.7%) o0.001
Alcohol use, n (%) 11 (1.6%) 5 (1.7%) o0.001
Activity time, (h/w) 5.24±4.26 5.20±4.29 0.889

Weight (kg) 54.01±8.66 63.84±8.77 o0.001
Height (cm) 154.50±5.77 154.86±5.66 0.359
BMI (kg/m2) 22.61±3.29 26.59±3.24 o0.001
History of diabetes, n (%) 62 (9.0%) 112 (37.8%) o0.001

History of CHD, n (%) 105 (15.3%) 63 (21.3%) o0.001
History of HBP, n (%) 301 (43.8%) 213 (72%) o0.001
SBP (mmHg) 132.62±15.37 142.00±14.92 o0.001

DBP (mmHg) 76.53±8.46 79.14±8.73 o0.001
TG (mmol/L) 1.39±0.70 2.27±1.11 o0.001
TC (mmol/L) 5.75±0.95 5.89±1.08 0.047

FBG (mmol/L) 5.88±1.46 7.26±1.99 o0.001
TBIL (mmol/L) 10.94±2.79 10.34±2.59 o0.001
ALT (U/L) 20.73±10.20 27.40±14.47 o0.001

BMI: body mass index; CHD: coronary heart disease; HBP: high blood pressure;
SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: triglyceride;
TC: total cholesterol; FBG: fasting blood glucose; TBIL: total bilirubin; ALT: alanine
aminotransferase. The t-test was used for statistical analyses.

Table 3. Prevalence of metabolic syndrome and its components per quartile of
total bilirubin (%).

Q1 Q2 Q3 Q4 P

Males
Metabolic syndrome 23.5 26.5 38.2 20.8 0.763
Overweight or obesity 24.6 33.0 36.0 33.9 0.043

High blood pressure 60.4 68.6 65.1 63.9 0.652
High fasting glucose 24.1 25.9 20.6 18.0 0.088
High triglycerides 30.5 29.2 32.3 22.4 0.160

Females

Metabolic syndrome 32.9 37.1 28.1 21.9 0.002
Overweight or obesity 36.4 36.3 34.9 29.5 0.109
High blood pressure 71.7 24.0 67.5 65.8 0.126

High fasting glucose 26.0 26.7 24.5 18.6 0.049
High triglycerides 44.6 39.6 31.3 25.7 o0.001

The quartiles of total bilirubin level were categorized as follows: Q1: 0.9–10.1,
Q2: 10.1–12.15, Q3: 12.15–14.4, and Q4: 14.4–17.1 mmol/L for males, and
Q1: 1.3–8.8, Q2: 8.8–10.7, Q3: 10.7–12.7, and Q4: 12.7–17.1 mmol/L for females.
The t-test was used for statistical analyses.
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levels may be affected by several factors including diet
and smoking (20). However, this hypothesis could not be
verified since no detailed information was available in the
present study. Future studies should be performed to
investigate whether the correlation between the total bilirubin
level and MetS is associated with the status of smoking,
drinking, and diet.

The molecular mechanisms involved in the protective
effects of bilirubin on MetS are still unclear. Recent studies
show that oxidative stress plays an important role in
insulin resistance and the development of MetS (5).
In vitro and in vivo evidence demonstrate that bilirubin is
an endogenous antioxidant, which may inhibit the oxida-
tion of lipid and lipoprotein under physiological conditions
(6,21). It is estimated that bilirubin accounts for approxi-
mately 10% of all antioxidant effects in healthy adults, and
the level of bilirubin is negatively associated with serum
levels of oxidative biomarkers (22,23). Increased levels of
bilirubin may therefore result in higher antioxidant effects,
which in turn reduce the risk of developing MetS.

We also show that total serum bilirubin levels are
negatively correlated with HTG and high FGB in aged
females. These findings agree with other studies showing
that total bilirubin serum levels are closely linked to tri-
glyceride levels, hypertension, diabetes, and insulin resist-
ance, which are risk factors for MetS (14,24). Another
study shows that physiological levels of serum total bilirubin
were negatively associated with MetS in a Korean sample
without distinct metabolic or cardiovascular disorders. The
study further revealed a negative relationship between total
bilirubin and abdominal obesity as well as with HTG (25).
Other reports have shown that bilirubin may function as an
endogenous lipid-reducing agent, thereby affecting lipid
metabolism (26). This pathological mechanism underlies
Gilbert syndrome, in which an increase in indirect bilirubin

levels enhance cholesterol excretion and decrease its
production, thereby disrupting lipid balance (26). However,
in the present study, only total bilirubin was measured. Thus,
association between total serum bilirubin levels and MetS
risk could not be further assessed to differentiate the effects
of indirect and direct bilirubin.

Our findings should be considered in light of a few
limitations. First, as a cross-sectional study, we could
not conclusively show a causal relationship between the
serum total bilirubin levels and MetS in females. Second,
the effects from other underlying diseases, as well as
drugs for diabetes, coronary heart disease, hypertension,
and hyperlipidemia could not be clearly elucidated. Total
bilirubin level and ALT activity were measured only once
for each patient, yet they may have transient fluctuations;
therefore, not all the underlying liver diseases could be
clearly diagnosed by the data collected. Third, the data
about smoking and drinking may not be very correct, as
these data were self-reported. Fourth, we only measured
total bilirubin level, while the direct and indirect bilirubin
levels were not measured.

In summary, this large community-based study sug-
gests that a physiological level of serum total bilirubin is an
independent risk factor for aged Chinese women. Further-
more, we found that the prevalence of MetS and HTG was
negatively related to physiological levels of serum total
bilirubin.
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