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Abstract
Background: This study aims to examine the cross-sectional association between serum total bilirubin (STB) and
type 2 diabetes (T2D) risk in the general population, and whether obesity could moderate this association.
Methods: We used data from the 1999–2018 National Health and Nutrition Examination Surveys (NHANES), including a total of 38,641 US adult participants who were 18 years or older. The STB was classified as the low, moderate, and
high groups according to tertiles.
Results: We found that participants with lower STB had a significantly higher risk of T2D than those with moderate
(OR = 0.81; 95% CI 0.74, 0.89; P < 0.001) and high (OR = 0.65; 95% CI 0.59, 0.73; P < 0.001) STB. Also, a significant interaction between body mass index (BMI) and STB on T2D was observed (P < 0.001). Stratified analysis showed that low
STB was associated with a 20% and 27% decrease of T2D risk for moderate and high STB groups in obese patients,
however, these effect estimates were smaller in the population with lower BMI (< 30 kg/m2). Similar associations of
STB with glycohemoglobin and insulin resistance were observed.
Conclusion: This study suggests that STB is associated with an elevated risk of T2D. More importantly, we reported
for the first time that BMI may moderate the association between bilirubin and T2D.
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Introduction
Type 2 diabetes (T2D) is a chronic disease that has
become a serious issue in morbidity and health expenditures [1, 2]. As a leading cause of death, global health
expenditure relating to diabetes reached appropriately
USD 727 billion in 2017 [3]. In 2019, it was estimated that
463 million people are living with diabetes worldwide
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and the number is projected to increase by 25% in 2030
and 51% in 2045, reflecting a continuously rising global
burden [4].
The predisposition to develop T2D is believed to be
influenced by multiple factors including genetic, environmental, and epigenetic modifications [5]. Risk factors for
diabetes such as obesity, age, physical inactivity, dietary
patterns have been well characterized and studied but the
complex etiology of diabetes is still not fully understood
[6]. In the context of the rapid rise of global costs of diabetic health care and management, it is therefore imperative to identify novel risk factors of diabetes, which may
help in the screening of high-risk populations and the
introduction of early intervention strategies to prevent
escalation of this chronic disease.
Bilirubin, as an end-product of heme catabolism in the
systemic circulation, has been shown to have antioxidant
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effects [3, 7] Most previous studies suggested that bilirubin was negatively associated with a high risk of diabetes
and its chronic complications [7–12]. On the other hand,
research has suggested that there may be a bidirectional
association between STB and obesity [13, 14]. The aim of
this study, therefore, was to evaluate the cross-sectional
associations of serum total bilirubin (STB) with the risk
of T2D and the interactions between STB and other risk
factors using a large sample from the National Health and
Nutrition Examination Survey (NHANES).

Research design and methods
Design and participants

The NHANES is conducted by the National Center for
Health Statistics (NCHS) and the Centers for Disease
Control and Prevention. It included a stratified multistage probability sample representative of the civilian
non-institutionalized US population. Detailed descriptions of the survey design and data collection procedures
are available elsewhere [15]. Since 1999, the demographic, socioeconomic, health-related data, including laboratory measurements of serum sodium, fasting
blood glucose, and glycohemoglobin, etc., have been collected via an in-home interview and a visit to a mobile
examination center. The research ethics boards of NCHS
approved all protocols.
In the primary analysis, we used data from the
1999–2018 NHANES (including 10 cycles). The following selection criteria were used: (1) aged ≥ 18 years
older; (2) data available on serum total bilirubin, fasting
blood glucose, glycohemoglobin, total cholesterol (TC),
age, sex, race, body mass index (BMI), smoking status, alcohol consumption, recreational physical activity
(RPA), education attainment, and poverty income ratio.
Also, potential Gilbert syndrome group (total bilirubin > 34.2 µmol/L, aspartate aminotransferase < 80 IU/L,
alanine transaminase < 80 IU/L, gamma glutamyl transpeptidase < 80 IU/L, and no self-reported history of
liver disease) and potential hepatobiliary disease group
(total bilirubin > 34.2 µmol/L or aspartate aminotransferase > 80 IU/L or aspartate aminotransferase > 80 IU/L
or serum albumin > 3.5 g/dL or positive self-reported history of liver disease) were excluded to avoid confounding
from liver impairment [16]. Finally, a total of 38,641 US
adult participants were eligible for analysis. In the secondary analysis, we also examined the associations of
STB with and insulin resistance (estimated by homeostasis model assessment of insulin resistance, HOMA-IR).
Measurements and definitions

Self-reported insulin uses and diabetes medication
use was obtained by a medical history questionnaire
administered by trained study staff. T2D was defined as
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glycohemoglobin ≥ 6.5%, fasting blood glucose ≥ 126 mg/
dL, or self-reported use of insulin or other diabetes
medication. Glucose concentration was determined by
a hexokinase method, which is an endpoint enzymatic
method with a sample blank correction. Because there
were changes in laboratory methods and laboratory
equipment for insulin and blood glucose across the different waves of tests, regression equations recommended
by the NHANES Analytic Guidelines were used for an
adjustment accordingly. Homeostasis model assessment
of insulin resistance (HOMA-IR) was calculated with
the formula: fasting blood glucose (mmol/L) times fasting serum insulin (mU/L) divided by 22.5 [17]. STB levels were measured using Hitachi and Beckman analyzers
(range of values: 0.1–30.0 mg/dL). The STB was classified as the low, moderate, and high groups according to
tertiles. TC was measured by an enzymatic assay. Serum
low-density lipoprotein cholesterol (LDL-D) levels were
derived on study participants who were examined in the
morning session only, and it was calculated according to
the Friedewald calculation [18]. BMI was calculated using
weight in kilograms divided by height in meters squared.
Abdominal obesity was defined as a waist circumference
of at least 102 cm for males and at least 88 cm for females
[19].
The poverty income ratio is the ratio of a family’s
income to the US Census Bureau’s poverty threshold,
which is adjusted for family size and is updated annually
for inflation. The poverty income ratio was used as the
indicator of socioeconomic status in the analyses. Participants who did vigorous/moderate RPA over the past
30 days (1999–2006 cycle)/ in a typical week (2007–2018
cycle) for at least 10 min that cause heavy sweating, or
large increases in breathing or heart rate were defined
as vigorous/moderate RPA, and others were defined as
light RPA [20]. Participants were categorized as never
smokers (individuals who have smoked < 100 cigarettes
in life), former smokers (having smoked > 100 cigarettes
in life but do not currently smoke), and current smokers.
Significant alcohol use was defined as > 30 g/day for men
and > 20 g/day for women [21]. The presence of active
liver disease was determined by the subject’s answer to
the questions ‘Has a doctor or other health professional
ever told you that you have liver disease?’ and ‘Do you
still have a liver condition?’.
Statistical analysis

Appropriate sample weights were used to account for
oversampling and nonresponse to provide nationally representative results, as recommended by NHANES Analytic Guidelines. Continuous variables were presented
as mean and 95% confident interval (CI), whereas categorical variables were presented as percentage (%) and
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95%CI. Chi-squared tests or ANOVA were used to compare the characteristics among three STB groups. Logistic regression was used to calculate the odds ratio (OR)
and 95% confidence interval (CI) for the associations of
STB and T2D. Linear regression was used to calculate
the β and 95% CI for the associations of STB with fasting
blood glucose, glycohemoglobin, and insulin resistance
(participants with diabetes medications were excluded).
Univariate analyses were performed in Model 1; age,
sex, and race were adjusted in Model 2; BMI, TC, RPA,
marital status, education attainment, and poverty income
ratio were further adjusted in Model 3. A restricted cubic
regression spline was used to test the nonlinear associations of STB with T2D and its biomarkers. In a sensitivity
analysis, 2,849 participants with coronary heart disease
and stroke were excluded to avoid confounding from
the effects of secondary prevention. We presented the
stratified results by survey period in another sensitivity
analysis. Also, LDL-C and lipid lowering medicine were
adjusted to test the robustness of the association (16.280
participants were available for this analysis). The interaction between serum STB and BMI, as well as their interactions with age and sex, were also tested. Furthermore,
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the mediation effect of c-reactive protein on the association between STB and T2D was examined (gsem
package). All data analyses were performed using Stata
software version 12.1 (STATA Corp., TX, US). A twosided P < 0.05 was considered statistically significant.

Results
A total of 38,641 participants were eligible for our primary analysis. Overall, their mean age was 46.5 years,
and 52.4% were female. Table 1 showed the percentage
of diabetics/participants within each of the STB groups
in the present study. There were significant differences
among low, moderate, and high STB groups except for
age (P > 0.05).
The prevalence of T2D in the low STB group was significantly higher (P < 0.001): 13.2%, 11.0%, and 9.0% in
low, moderate, and high STB groups (Fig. 1). Participants with lower STB had a significantly higher risk of
T2D than those with moderate (OR = 0.81; 95% CI 0.74,
0.89; P < 0.001) and high (OR = 0.65; 95% CI 0.59, 0.73;
P < 0.001) STB. When further adjusted for age, sex, race,
smoking, significant alcohol use, BMI, TC, RPA, marital
status, education attainment, and poverty income ratio,

Table 1 Characteristics of the study
Variable

Low (< 8.6 µmol/L)
(n = 13,481)

Moderate
(8.6–12.0 µmol/L)
(n = 12,714)

High
(≥ 12 µmol/L)
(n = 12,446)

P value

Age (years)

46.1 (45.5–46.6)

46.9 (46.5–47.4)

46.4 (45.9–46.9)

0.373

Sex (Females, %)

68.0 (66.9–69.1)

54.4 (53.3–55.5)

34.6 (33.6–35.6)

< 0.001

Non-Hispanic white

65.1 (62.4–67.7)

70.4 (68.1–72.6)

74.6 (72.6–76.5)

< 0.001

Non-Hispanic black

12.8 (11.2–14.6)

10.4 (9.3–11.7)

7.7 (6.8–8.6)

Mexican–American

8.5 (7.3–9.9)

7.8 (6.7–9.0)

6.8 (5.8–7.9)

Other

13.6 (12.3–15.0)

11.4 (10.3–12.5)

10.9 (9.8–12.2)

29.8 (29.6–30.0)

28.5 (28.3–28.7)

27.5 (27.3–27.7)

< 0.001

Never

53.2 (51.9–54.6)

53.2 (51.7–54.7)

57.2 (55.8–58.6)

< 0.001

Former

20.3 (19.3–21.4)

22.5 (21.5–23.6)

24.0 (22.9–25.1)

Current

Race (%)

Body mass index (kg/m2)
Smoking (%)

26.5 (25.0–28.0)

24.2 (22.9–25.5)

18.8 (17.7–20.0)

Significant alcohol use (%)

27.8 (26.7–28.9)

33.0 (31.7–34.2)

32.1 (30.8–33.4)

< 0.001

Marital status (%)

53.2 (51.6–54.7)

57.1 (55.6–58.6)

61.7 (60.2–63.2)

< 0.001

< 9 years

5.5 (5.0–6.2)

5.6 (5.1–6.1)

4.8 (4.3–5.3)

< 0.001

9–11 years

11.1 (10.4–11.9)

11.6 (10.7–12.5)

8.9 (8.1–9.7)

12 years

25.1 (23.9–26.3)

23.9 (22.9–25.0)

21.8 (20.5–23.1)

> 12 years

58.2 (56.5–59.9)

58.9 (57.3–60.5)

64.6 (62.8–66.3)

Vigorous/Moderate RPA (%)

53.9 (52.3–55.4)

59.8 (58.2–61.4)

65.6 (63.9–67.3)

< 0.001

Poverty income ratio

2.8 (2.8–2.9)

3.0 (3.0–3.1)

3.3 (3.2–3.3)

< 0.001

TC (mmol/L)

5.0 (5.0–5.0)

5.1 (5.1–5.1)

5.1 (5.1–5.1)

< 0.001

Education attainment

PRA recreational physical activity, TC total cholesterol
The STB was classified as the low, moderate, and high groups according to tertiles
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Fig. 1 The proportions of diabetes by serum total bilirubin tertiles

the results were similar: OR = 0.87; 95% CI 0.79, 0.85;
P = 0.004 for moderate STB group, and OR = 0.74; 95%
CI 0.65, 0.84; P < 0.001 for high STB group (Table 2). In
a sensitivity analysis, after excluding 2,849 participants
with coronary heart disease and stroke, the results were
unchanged (Additional file 1: Table S1). Also, the associations in different time periods remained similar (Additional file 1: Table S2). In another sensitivity analysis,
after adjusting LDL-C and lipid lowering medicine, the
results remained similar (Additional file 1: Table S3).

There was no evidence of non-linearity (P > 0.001), and
low STB was linearly associated with a higher risk of T2D
(P for trend < 0.001).
There was an interaction between BMI with STB
(P < 0.001) for the risk of T2D, which suggests that BMI
may moderate the associations between bilirubin and
T2D. In BMI-stratified analysis, we found that low STB
was associated with a 20% and 27% decrease of T2D risk
for moderate and high STB groups in obese patients
(BMI ≥ 30), however, these effect estimates were smaller
in the population with lower BMI (BMI < 30) (Table 3).
We further conducted the stratified analysis by BMI and
waist circumference, overall, low STB was associated
with a decrease of T2D risk in different strata, although
the associations of STD with T2D in population with
normal/over-weight (BMI < 30) central obesity did not
reach statistical significance (Additional file 1: Table S4).
For glycohemoglobin, we found that the participants with
low STB had a higher level than those with moderate and
high STB groups (5.64, 5.55, and 5.45 mmol/L, P < 0.001).
After adjusting for other covariates, the results also showed
that low STB was significantly associated with glycohemoglobin for moderate STB group (β = − 0.041; 95% CI
− 0.059, − 0.024; P < 0.001) and high group (β = − 0.098;
95% CI − 0.115, − 0.080; P < 0.001). Likewise, a linear
association between STB and glycohemoglobin was also
observed (Additional file 1: Table S5). We also found a
similar association between STB and insulin resistance

Table 2 The associations between serum total bilirubin and type
2 diabetes

Table 3 The associations between serum total bilirubin and type
2 diabetes by body mass index

Serum total bilirubin

Serum total bilirubin

OR

95%CI

P value

Model 1
Low

Reference

Moderate

0.81

High
P for trend

0.65

0.74, 0.89
0.59, 0.73

< 0.001
< 0.001

< 0.001

Low

Reference

Moderate

0.75

P for trend

0.58

0.69, 0.83
0.52, 0.65

< 0.001
< 0.001

< 0.001

Low

Reference

Moderate

0.87

High
P for trend

0.74

0.79, 0.85
0.65, 0.84

0.004
< 0.001

< 0.001

OR Odds ratio, CI confidence intervals

95%CI

P value

Low

5.2

Reference

4.6

0.92

0.73, 1.17

0.496

High

3.7

0.72

0.57, 0.92

0.009

BMI:25–30 (n = 13,188)
Low

0.008
10.1

Reference

Moderate

9.6

0.92

0.77, 1.12

0.412

High

7.7

0.73

0.58, 0.91

0.009

P for trend

Model 3

OR

Moderate
P for trend

Model 2

High

BMI < 25 (n = 11,721)

Prevalence
(%)

BMI ≥ 30 (n = 13,732)

0.005

Low

20.5

Reference

Moderate

18.6

0.80

0.70, 0.92

0.001

High

17.8

0.73

0.61, 0.86

< 0.001

P for trend

< 0.001

Model 1 unadjusted

OR Odds ratio, CI confidence intervals

Model 2 adjusted for age, sex, and race

Adjusted for age, sex, race, smoking, significant alcohol use, body mass index,
total cholesterol, recreational physical activity, marital status, education
attainment, and poverty income ratio

Model 3 adjusted for age, sex, race, smoking, significant alcohol use, body mass
index, total cholesterol, recreational physical activity, marital status, education
attainment, and poverty income ratio
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(Additional file 1: Table S6). However, the association
between STB and fasting blood glucose level did not reach
statistical significance (P > 0.05) (Additional file 1: Table S5).
Mediation analysis showed that c-reactive protein
mediated 17.4% (P = 0.018) and 3.4% (P = 0.030) of the
associations of STB with blood glucose and glycohemoglobin (Additional file 1: Figure S1).

Discussion
We found that lower STB was significantly associated
with a higher risk of T2D. Also, we reported, for the first
time, a significant interaction between BMI and STB in
diabetics, suggesting that BMI may moderate the association between bilirubin and T2D.
Many cross-sectional studies have reported that STB
was inversely associated with an increased risk of T2D.
For example, Wu et al. [22] reported that total bilirubin
concentrations were inversely associated with hyperinsulinemia, insulin resistance, and hyperglycemia in a middle-aged and elderly Chinese population. Several cohort
studies also showed a negative association between total
bilirubin and the risk of T2D. In a recent study, Kawamoto et al. [23] found that STB was significantly and
inversely associated with incident metabolic syndrome in
both the cross-sectional and prospective analysis.
Previous studies have also shown that STB increases
insulin resistance and glycohemoglobin level/concentration [8, 9, 24]. However, the association of total bilirubin
with fasting blood glucose is inconsistent [22, 25–27].
Similar to some of the studies [25, 26], we did not find
a significant association between STB and fasting blood
glucose, which also indicates that the negative association between total bilirubin and the risk of T2D and
metabolic syndrome may due to anti-oxidative and antiinflammatory properties of bilirubin. In line with these
findings, we also find a minor association between STB
and T2D in the population with lower BMI (BMI < 30)
and/or lower waist circumference, in whom the inflammation and oxidative stress may be less than in obese
patients. On the other hand, we reported that c-reactive
protein mediated 17.4% and 3.4% of the associations of
STB with blood glucose and glycohemoglobin.
Previous studies have demonstrated that bilirubin is
independently and inversely associated with BMI or adiposity [28, 29]. We further found a significant interaction
between BMI and STB on T2D, suggesting that STB and
obesity may have a joint effect on T2D, but the mechanisms are unclear. Bilirubin could also improve the lipid
profile (including our data, Additional file 1: Table S7),
leptin, and increases adiponectin [30], which may explain
the large effect of bilirubin on T2D in obese. Another
explanation possibly is that the anti-oxidative and antiinflammatory character make bilirubin a more obvious
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effect on inflammatory diseases, such as T2D and obesity [31]. The association between bilirubin and obesity
may be bidirectional. Obesity may decrease STB level
via altering gut microbiota [32], while bilirubin may also
protect against insulin resistance by ameliorating visceral
obesity and adipose tissue inflammation [14].

Limitations and strengths
A major strength of our study is the large sample size and
performed in the general population. Also, we reported
for the first time an interaction between obesity and total
bilirubin on the risk of T2D. There were also several limitations. One limitation is that the cross-sectional nature
of this study precludes the inference of the cause-effect
relationship. Another limitation is that this study did not
distinguish between type 1 and type 2 diabetes. Although
the previous studies also reported the potential beneficial
effects of bilirubin in type 1 diabetes [33]. Considering the
lower proportion of type 1 diabetes, our results may not
extrapolate to the patients with type 1 diabetes. Also, we
were not able to examine the effects of indirect fraction
and the direct fraction on the risk of T2D due to the lack
of fractionation data, so the different fractionations of bilirubin should be further studied.
Conclusion
In conclusion, this study found that lower STB is associated with an elevated risk of T2D in the general population. We for the first time report that there is an
interaction between obesity and total bilirubin on T2D,
suggesting that BMI may moderate the association
between bilirubin and T2D. Our study may provide a
novel insight into the identification of populations at high
risk of T2D. Further cohort studies are warranted to verify these associations and elucidate the role of adiposity
in the association between bilirubin and T2D.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13098-021-00762-0.
Additional file 1: Table S1. The associations of serum total bilirubin with
type 2 diabetes (sensitivity analysis 1). Table S2. The associations between
serum total bilirubin and type 2 diabetes by body mass index (sensitivity
analysis 2). Table S3. The associations of serum total bilirubin with type
2 diabetes (sensitivity analysis 3). Table S4. The associations between
serum total bilirubin and type 2 diabetes by body mass index and waist
circumference. Table S5. The associations of serum total bilirubin with
glycohemoglobin and fasting blood glucose. Table S6. The associations
of serum total bilirubin with HOMA-IR. Table S7. The associations of
serum total bilirubin with lipid profile. Figure S1. The mediation model of
c-reactive protein in the association of serum total bilirubin with glucose
and glycohemoglobin. A: serum glucose; B: glycohemoglobin. In the
mediation analysis, patients with self-reported use of insulin or other
diabetes were excuded, finally, 14,449 paricipants with c-reactive protein
data were used.

Wei et al. Diabetology & Metabolic Syndrome

(2021) 13:143

Authors’ contributions
GH, SP, and XXL designed the study. YW, CQL, FFL, and SD contributed to the
performance of the statistical analysis and interpretation of the results and
wrote the first draft of this manuscript. All authors contributed to critically
revising the manuscript, and approved the final article. All authors read and
approved the final manuscript.
Funding
S.P. is supported by the Natural Science Foundation of Guangdong Province
(2021A1515010740), Science and Technology Program of Guangzhou, China
(202102080176), the Medical Scientific Research Foundation of Guangdong
Province, China (A2019205 and A2020121), and the Fundamental Research
Funds for the Central Universities (21620424). G.H. is supported by the
Fundamental Research Funds for the Central Universities (21619332) and the
National Natural Science Foundation of China (82003521). L.S. is supported by
the Fundamental Research Funds for the Central Universities (21619358).

Page 6 of 7

5.
6.
7.

8.
9.

Availability of data and materials
The data of this study are available at https://www.cdc.gov/nchs/nhanes/
index.htm.
10.

Declarations
Ethics approval and consent to participate
All participants provided written informed consent and the research ethics
boards of the National Center for Health Statistics approved all protocols.

11.

Consent for publication
Not applicable.

12.

Competing interests
The authors declare that they have no competing interests.

13.

Author details
1
Center for Scientific Research and Institute of Exercise and Health, Guangzhou Sport University, Guangzhou 510500, China. 2 Department of Nutrition,
School of Medicine, Jinan University, Guangzhou 510632, China. 3 Department of Pediatrics, Renmin Hospital of Wuhan University, 238 Jiefang Road,
Wuhan 430060, China. 4 Guangzhou First People’s Hospital, The Second Affiliated Hospital of South China University of Technology, Guangzhou 510180,
China. 5 Department of Endemic Disease, Guangzhou Center for Disease
Control and Prevention, Guangzhou 510632, China. 6 Georgia Prevention Institute, Department of Medicine, Medical College of Georgia, Augusta University,
Augusta, GA 30912, USA. 7 Department of Urology, The First Affiliated Hospital
of Jinan University, Guangzhou 510630, China. 8 Department of Hepatobiliary and Pancreas Surgery, The First Affiliated Hospital of University of South
China, Hengyang 421001, China. 9 Department of Endocrinology, The First
Affiliated Hospital of Jinan University, Guangzhou 510632, China. 10 Department of Pathophysiology, School of Medicine, Jinan University, 601 Huangpu
Avenue West, Guangzhou 510632, Guangdong, China. 11 Department of Public
Health and Preventive Medicine, School of Medicine, Jinan University, 601
West Huangpu Ave, Guangzhou 510632, Guangdong, China.
Received: 11 May 2021 Accepted: 22 November 2021

14.
15.
16.
17.

18.
19.
20.

References
1. Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa H, Al Kaabi J. Epidemiology of type 2 diabetes—global burden of disease and forecasted
trends. J Epidemiol Glob Health. 2020;10(1):107–11.
2. Baena-Diez JM, Penafiel J, Subirana I, Ramos R, Elosua R, Marin-Ibanez A,
Guembe MJ, Rigo F, Tormo-Diaz MJ, Moreno-Iribas C, et al. Risk of causespecific death in individuals with diabetes: a competing risks analysis.
Diabetes Care. 2016;39(11):1987–95.
3. International Diabetes Federation. IDF Diabetes Atlas, 8th ed. Brussels,
Belgium: International Diabetes Federation; 2017.
4. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, Colagiuri
S, Guariguata L, Motala AA, Ogurtsova K, et al. Global and regional

21.

22.
23.

diabetes prevalence estimates for 2019 and projections for 2030 and
2045: results from the International Diabetes Federation Diabetes Atlas, 9
(th) edition. Diabetes Res Clin Pract. 2019;157:107843.
Franks PW, Pearson E, Florez JC. Gene-environment and gene-treatment
interactions in type 2 diabetes: progress, pitfalls, and prospects. Diabetes
Care. 2013;36(5):1413–21.
Forouhi NG, Wareham NJ. Epidemiology of diabetes. Medicine (Abingdon). 2014;42(12):698–702.
Cheriyath P, Gorrepati VS, Peters I, Nookala V, Murphy ME, Srouji N,
Fischman D. High total bilirubin as a protective factor for diabetes
mellitus: an analysis of NHANES data from 1999–2006. J Clin Med Res.
2010;2(5):201–6.
Han SS, Na KY, Chae DW, Kim YS, Kim S, Chin HJ. High serum bilirubin
is associated with the reduced risk of diabetes mellitus and diabetic
nephropathy. Tohoku J Exp Med. 2010;221(2):133–40.
Ohnaka K, Kono S, Inoguchi T, Yin G, Morita M, Adachi M, Kawate H,
Takayanagi R. Inverse associations of serum bilirubin with high sensitivity
C-reactive protein, glycated hemoglobin, and prevalence of type 2 diabetes in middle-aged and elderly Japanese men and women. Diabetes Res
Clin Pract. 2010;88(1):103–10.
Lee MJ, Jung CH, Kang YM, Hwang JY, Jang JE, Leem J, Park JY, Kim HK,
Lee WJ. Serum bilirubin as a predictor of incident metabolic syndrome:
a 4-year retrospective longitudinal study of 6205 initially healthy Korean
men. Diabetes Metab. 2014;40(4):305–9.
Abbasi A, Deetman PE, Corpeleijn E, Gansevoort RT, Gans RO, Hillege HL,
van der Harst P, Stolk RP, Navis G, Alizadeh BZ, et al. Bilirubin as a potential
causal factor in type 2 diabetes risk: a Mendelian randomization study.
Diabetes. 2015;64(4):1459–69.
Zhu B, Wu X, Bi Y, Yang Y. Effect of bilirubin concentration on the risk of
diabetic complications: a meta-analysis of epidemiologic studies. Sci Rep.
2017;7:41681.
Andersson C, Weeke P, Fosbol EL, Brendorp B, Kober L, Coutinho W,
Sharma AM, Van Gaal L, Finer N, James WP, et al. Acute effect of weight
loss on levels of total bilirubin in obese, cardiovascular high-risk patients:
an analysis from the lead-in period of the Sibutramine Cardiovascular
Outcome trial. Metabolism. 2009;58(8):1109–15.
Takei R, Inoue T, Sonoda N, Kohjima M, Okamoto M, Sakamoto R, Inoguchi T, Ogawa Y. Bilirubin reduces visceral obesity and insulin resistance by
suppression of inflammatory cytokines. PLoS ONE. 2019;14(10):e0223302.
National Center for Health Statistics: National Health and Nutrition Examination Survey. https://www.cdc.gov/nchs/nhanes/index.htm. Accessed 1
May 2019. 2005–2016.
Kimm H, Yun JE, Jo J, Jee SH. Low serum bilirubin level as an independent
predictor of stroke incidence: a prospective study in Korean men and
women. Stroke. 2009;40(11):3422–7.
Bonora E, Formentini G, Calcaterra F, Lombardi S, Marini F, Zenari L,
Saggiani F, Poli M, Perbellini S, Raffaelli A, et al. HOMA-estimated insulin
resistance is an independent predictor of cardiovascular disease in type 2
diabetic subjects: prospective data from the Verona Diabetes Complications Study. Diabetes Care. 2002;25(7):1135–41.
Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration
of low-density lipoprotein cholesterol in plasma, without use of the
preparative ultracentrifuge. Clin Chem. 1972;18(6):499–502.
Clinical guidelines on the identification evaluation, and treatment of
overweight and obesity in adults. http://www.nhlbi.nih.gov/guidelines/
obesity/ob_gdlns.pdf Accessed 5 Oct 2021.
Chen H, Chen L, Hao G. Exercise attenuates the association between
household pesticide exposure and depressive symptoms: Evidence from
NHANES, 2005–2014. Environ Res. 2020;188:109760.
Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, Harrison
SA, Brunt EM, Sanyal AJ. The diagnosis and management of nonalcoholic
fatty liver disease: practice guidance from the American Association for
the Study of Liver Diseases. Hepatology. 2018;67(1):328–57.
Wu Y, Li M, Xu M, Bi Y, Li X, Chen Y, Ning G, Wang W. Low serum total
bilirubin concentrations are associated with increased prevalence of
metabolic syndrome in Chinese. J Diabetes. 2011;3(3):217–24.
Kawamoto R, Kikuchi A, Akase T, Ninomiya D, Kasai Y, Ohtsuka N,
Kumagi T. Total bilirubin independently predicts incident metabolic
syndrome among community-dwelling women. Diabetes Metab Syndr.
2019;13(2):1329–34.

Wei et al. Diabetology & Metabolic Syndrome

(2021) 13:143

Page 7 of 7

24. Oda E, Kawai R. Bilirubin is negatively associated with hemoglobin a (1c)
independently of other cardiovascular risk factors in apparently healthy
Japanese men and women. Circ J. 2011;75(1):190–5.
25. Oda E, Aizawa Y. Total bilirubin is inversely associated with metabolic
syndrome but not a risk factor for metabolic syndrome in Japanese men
and women. Acta Diabetol. 2013;50(3):417–22.
26. Jo J, Yun JE, Lee H, Kimm H, Jee SH. Total, direct, and indirect serum
bilirubin concentrations and metabolic syndrome among the Korean
population. Endocrine. 2011;39(2):182–9.
27. Huang SS, Chan WL, Leu HB, Huang PH, Lin SJ, Chen JW. Serum bilirubin
levels predict future development of metabolic syndrome in healthy
middle-aged nonsmoking men. Am J Med. 2015;128(10):1135–41.
28. Madhavan M, Wattigney WA, Srinivasan SR, Berenson GS. Serum bilirubin
distribution and its relation to cardiovascular risk in children and young
adults. Atherosclerosis. 1997;131(1):107–13.
29. Seyed Khoei N, Grindel A, Wallner M, Molzer C, Doberer D, Marculescu R,
Bulmer A, Wagner KH. Mild hyperbilirubinaemia as an endogenous mitigator of overweight and obesity: implications for improved metabolic
health. Atherosclerosis. 2018;269:306–11.
30. Liu J, Dong H, Zhang Y, Cao M, Song L, Pan Q, Bulmer A, Adams DB, Dong
X, Wang H. Bilirubin increases insulin sensitivity by regulating cholesterol
metabolism adipokines and PPARgamma levels. Sci Rep. 2015;5:9886.
31. Novak P, Jackson AO, Zhao GJ, Yin K. Bilirubin in metabolic syndrome
and associated inflammatory diseases: New perspectives. Life Sci.
2020;257:118032.
32. Khan MJ, Gerasimidis K, Edwards CA, Shaikh MG. Role of gut microbiota
in the aetiology of obesity: proposed mechanisms and review of the
literature. J Obes. 2016;2016:7353642.
33. Li X, Zhang L, Chen H, Guo K, Yu H, Zhou J, Li M, Li Q, Li L, Yin J, et al.
Relationship between serum bilirubin concentrations and diabetic
nephropathy in Shanghai Han’s patients with type 1 diabetes mellitus.
BMC Nephrol. 2017;18(1):114.

Publisher’s Note

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

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

