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Abstract 

Objectives  The objective of this meta-analysis was to investigate the association between plasma bilirubin levels 
and the incidence of metabolic syndrome and diabetes mellitus across all populations.

Methods  Several databases were searched, including PubMed (Medline), Scopus, Web of Science, and Embase (Else-
vier), to identify relevant cohort studies. All cohort studies that reported the risk ratio along with a 95% confidence 
interval were included. The association between bilirubin levels and metabolic syndrome or diabetes was reported 
as a pooled RR with a 95% CI in the forest plot. All analyses were conducted using STATA version 17, with a signifi-
cance level of 0.05.

Results  Out of the 10 studies included in the analysis, four investigated the effect of hyperbilirubinemia on the inci-
dence of type 2 diabetes. When these four studies were combined, the pooled RR was 0.78 (95% CI: 0.73, 0.83; I2: 
88.61%; P heterogeneity <  0.001), indicating a significant association between hyperbilirubinemia and decreased risk 
of type 2 diabetes. Five of the 10 studies evaluated the effect of hyperbilirubinemia on the incidence of metabolic 
syndrome, and the pooled RR was 0.70 (95% CI: 0.67, 0.73; I2: 78.13%; P heterogeneity <  0.001), indicating a significant 
association between hyperbilirubinemia and decreased risk of metabolic syndrome.

Conclusion  The findings suggest that elevated levels of bilirubin may have a significant protective effect 
against the development of diabetes mellitus and metabolic syndrome.
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Introduction
Metabolic syndrome (MetS) is a cluster of clinical symp-
toms that often occur together, although this co-occur-
rence is not necessarily due to chance in a patient [1, 2]. 
In 1998, the World Health Organization (WHO) intro-
duced criteria to establish a unified concept of MetS 
and provide a practical tool for clinicians and research-
ers. These criteria included diabetes, impaired fasting 
glucose, glucose intolerance, or insulin resistance, along 
with the presence of two or more other criteria, includ-
ing a body mass index (BMI) greater than 30, waist cir-
cumference greater than 0.9 m for men and 0.85 m for 
women, serum triglycerides greater than 150 mg/dL, 
blood pressure greater than 90/140 mmHg, microalbu-
minuria greater than 20 μg/min, and low levels of high-
density lipoprotein (less than 50 mg/dL) [2, 3].

The National Cholesterol Education Program’s Adult 
Treatment Panel III (NCEP: ATP III) proposed addi-
tional criteria to define MetS. According to this defini-
tion, a person is classified as having MetS if they have 
three or more of the specified criteria [3]. These crite-
ria include central obesity (waist circumference greater 
than 102 cm for men and 88 cm for women), triglycer-
ides greater than 1.7 mmol/l, HDL < 1 mmol/l for men 
and HDL < 1.3 mmol/l for women, blood pressure greater 
than or equal to 135.85 mmHg and fasting plasma glu-
cose greater than or equal to 6.1 mmHg [3, 4].

Over the past two decades, there has been a sudden 
increase in the prevalence of MetS worldwide, and con-
flicting reports have been presented [5]. These contradic-
tions may be attributed to differences in gender, age, race, 
socioeconomic status, and the definition used to identify 
MetS [1, 6]. Despite the differences in studies, it is esti-
mated that approximately 1.3 to 1.4% of adults worldwide 
meet the criteria for MetS. Regardless of the specific cri-
teria used, the prevalence of MetS is high and increasing 
globally. According to the NCEP: ATP III criteria, it is 
estimated that about 34% of people worldwide have MetS 
[1, 2, 7, 8]. Similar to Western societies, the prevalence 
of MetS is also sharply increasing in developing coun-
tries. This rate varies from 9.8% in men living in northern 
regions of India to 42% in Iranian women [5, 9, 10]. Stud-
ies conducted in European countries have estimated the 
prevalence of MetS to be 36% in men and 22% in women. 
Additionally, due to the increasing prevalence of dia-
betes and obesity worldwide, it can be inferred that the 
prevalence of MetS is also increasing globally [11]. The 
diagnosis of MetS in a person predicts the risk of other 
diseases, especially cardiovascular ones, stroke and dia-
betes [12]. Based on a large number of studies, patients 
with MetS have been found to have coronary artery dis-
ease (CAD) and its risk is higher in patients with MetS 
than other people in the society [13]. People with MetS 

are at a higher risk of myocardial infarction and heart 
attack, resulting in a higher death rate from CAD com-
pared to those without the syndrome [12–14]. Non-dia-
betic individuals with MetS are also at a higher risk of 
developing type 2 diabetes, with a 5 times higher prob-
ability than those without the syndrome [12–14]. Iden-
tification of factors influencing the incidence of MetS in 
a society is crucial due to its association with important 
diseases, particularly type 2 diabetes. The prevalence of 
type 2 diabetes is rapidly increasing in the United States 
and worldwide, and early identification and prediction 
of this disease are essential due to its significant com-
plications and costs. Diabetes is an important criterion 
for the diagnosis of MetS according to the definitions of 
WHO, ATPIII, and IDF, and it may also be considered 
one of the syndrome’s important complications [15, 16]. 
Preliminary studies have suggested that the level of bili-
rubin in the body may serve as an important predictor 
for diabetes and MetS [16]. Bilirubin is the final product 
of metabolism, and 80% of it in the body is derived from 
the breakdown of hemoglobin in red blood cells through 
the reticuloendothelial cycle. Due to its potent antioxi-
dant properties, mild hyperbilirubinemia may play a pro-
tective role against ischemic heart disease and cancer 
[17]. Numerous studies have examined the link between 
plasma bilirubin levels and the incidence of MetS and 
diabetes. Some of these studies have reported a protec-
tive association between high plasma bilirubin levels 
and the incidence of MetS and diabetes mellitus (DM) 
[18]. However, other studies have reported the opposite 
or did not show a significant association between biliru-
bin levels, MetS, and DM [18–20]. The conflicting data 
regarding the association between bilirubin levels and 
the incidence of MetS or DM has made it challenging to 
develop appropriate treatment guidelines for this issue. 
To develop accurate guidelines based on valid evidence, 
systematic reviews and meta-analyses are necessary to 
combine the published evidence from primary studies 
with conflicting data. Therefore, this meta-analysis was 
designed to investigate the association between plasma 
bilirubin levels and the incidence of MetS and DM.

Methods
The current investigation represents a systematic review 
and meta-analysis that involved six fundamental stages, 
namely Search Syntax and Search Strategy, Screening, 
Selection, Data Extraction, Quality Assessment, and 
Meta-Analysis. This study was conducted in compli-
ance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) framework [21].

For the current meta-analysis, the primary keywords 
and their corresponding synonyms were identified 
through a comprehensive search of MeSH, Thesauruses, 
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and EMTREE. The search was carried out across several 
databases, including PubMed (Medline), Scopus, Web of 
Science, and Embase (Elsevier). The search was limited 
to articles published between January 2015 and August 
2023. The selected time period for this meta-analysis was 
based on a prior meta-analysis published in 2016, which 
covered articles published until the beginning of 2015. In 
an effort to provide updated findings, the present study 
was designed and conducted to extend the search period 
and include relevant studies published between Janu-
ary 2015 and August 2023 [22]. In order to conduct the 
research, keywords related to bilirubin including “Delta-
Bilirubin”, “Calcium Bilirubinate”, “Bilirubin”, “Hema-
toidin”, “Monosodium Salt Bilirubin”, “Disodium Salt 
Bilirubin” were combined with keywords related to the 
desired outcome, such as “Diabetes Mellitus”, “Metabolic 
Syndrome”, “Insulin Resistance Syndrome”, “Metabolic 
Cardiovascular Syndrome”, “Type 2 Diabetes”, “Non-Insu-
lin-Dependent Diabetes Mellitus”, “Adult-Onset Diabetes 
Mellitus”, and “Stable Diabetes Mellitus” to be searched 
in the desired databases.

Following the search, all results were imported into 
Endnote version 8. Duplicate studies were initially 
removed by assessing the title, authors, and year of pub-
lication of the articles. Subsequently, the screening stage 
was conducted, which involved evaluating the title, 
abstract, and full text of the remaining articles. Based on 
the predetermined inclusion and exclusion criteria, arti-
cles that were not relevant to the subject and purpose of 
the study were excluded from the review. In addition to 
searching international databases, a manual search was 
also performed to identify relevant articles. The refer-
ences of selected studies were reviewed, and any similar 
studies found were included in the analysis.

Inclusion and exclusion criteria
The study’s inclusion criteria were established using the 
PECOT structure. Specifically, case-control and cohort 
studies exploring the relationship between bilirubin lev-
els, MetS, and types of diabetes were included. Cohort 
studies focusing on the entire population, encompass-
ing individuals with both impaired and normal bilirubin 
levels, and investigating various bilirubin levels as the 
exposure, with MetS and types of diabetes as desired out-
comes, were also incorporated into the meta-analysis. 
Conversely, other study types such as review studies, case 
reports, case-control studies, cross-sectional studies, 
clinical trials, other interventional studies, and letters to 
the editor were excluded from this research. In instances 
where the full text of a study meeting the inclusion crite-
ria was unavailable, the authors were contacted via email 
to request the full text. Studies for which no response 

was received were excluded. The process of selecting and 
screening articles for this meta-analysis was indepen-
dently conducted by two authors.

Data extraction and qualitative assessment of articles
Upon completion of the screening stage using the inclu-
sion and exclusion criteria, an information extraction 
checklist was developed to extract relevant information 
from the final articles. The checklist included publica-
tion years, studied populations, average age, sample sizes, 
types of bilirubin investigated, study results, and effect 
sizes. Two authors conducted a qualitative evaluation of 
the studies using the Newcastle-Ottawa Quality Assess-
ment Scale (NOS) checklist, which is designed to assess 
the quality of observational studies. The NOS checklist 
consists of 8 items grouped into three categories, includ-
ing the selection of study samples, the comparison and 
analysis of study groups, and the measurement and anal-
ysis of the desired outcome. Each item was given a score 
of one if observed in the study, and the maximum score 
for each study was 9 points. In the event of discrepancies 
in the assigned scores, a discussion method and a third 
researcher were utilized to reach a consensus.

Statistical analysis
To assess the association using pooled risk ratio 
(RR)  with a 95% confidence interval, the meta set com-
mand was utilized, taking into account the logarithm and 
standard deviation of the logarithm of the RR. Hetero-
geneity among studies was evaluated using the I2 value 
and Cochrane’s Q test. Cochrane’s criteria were applied, 
where 0 to 25% signified the absence of heterogeneity, 25 
to 50% indicated low heterogeneity, 50 to 75% indicated 
high but acceptable heterogeneity, and 75 to 100% indi-
cated high and unacceptable heterogeneity. Egger’s test 
and funnel plot were used to assess publication bias. Sub-
group analyses were performed based on the reporting of 
important variables in selected cohort studies. Statistical 
analysis was performed using STATA 16.0, and a P-value 
< 0.05 was considered statistically significant.

Results
Search results
Following the search, a total of 3155 studies were iden-
tified, of which 583 were excluded due to duplication. 
The remaining 2572 studies underwent initial screen-
ing based on the title. After this stage, 692 studies were 
retained and underwent further screening based on the 
abstract. Following this step, 83 studies remained, which 
were then screened based on the full text. Finally, the 
meta-analysis was conducted based on the results of 10 
cohort studies (Fig. 1).
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Qualitative results
The general characteristics of the 10 studies included 
in the meta-analysis are presented in Table  1. The total 
sample size of these studies was 79,508 individuals, and 
all were cohort studies that primarily utilized the TBIL 
(total bilirubin) index to measure bilirubin levels. The 
desired outcomes in these studies included the incidence 
of gestational diabetes (GDM), type 2 diabetes mellitus 
(T2DM), and MetS. Specifically, 4 studies with 34,638 
participants investigated the effect of hyperbilirubine-
mia on type 2 diabetes, 5 studies with 43,735 participants 
examined the effect of hyperbilirubinemia on MetS, 
while 1 study with 1135 participants studied the effect 
of hyperbilirubinemia on GDM. The studies were con-
ducted in various countries, including Korea (2 studies), 
China (5 studies), Kazakhstan (1 study), Japan (1 study), 
and the Netherlands (1 study).

The studies included in the meta-analysis used differ-
ent indicators to diagnose type 2 diabetes, including fast-
ing plasma glucose (FPG) ≥ 7 mmol/L, HbA1c ≥ 6.5%, 
random sample plasma glucose concentra-
tion ≥ 11.1 mmol/L, WHO criteria, physicians’ diagnosis 

reports, and receiving insulin or other oral hypoglycemic 
drugs based on central pharmacy records. Various indi-
cators were also used to diagnose MetS, including the 
American Heart Association, Joint Interim Statement 
(JIS) diagnostic criteria, joint interim statement of the 
International Diabetes Federation Task Force on Epide-
miology and Prevention, the World Heart Federation, 
the International Atherosclerosis Society, and hyperinsu-
linemia-euglycemic clamp technique (HEC) with glucose 
disposal rate (GDR, M value). The World Health Organi-
zation criteria were utilized to diagnose GDM.

Different forms of bilirubin were investigated in the 
studies included in the meta-analysis, including PCB 
(percentage changes in serum bilirubin levels), total bili-
rubin (TBIL), direct bilirubin (DBIL), and indirect biliru-
bin (IBIL).

Quantitative results
The effect of hyperbilirubinemia on the risk of type 2 diabetes
The meta-analysis included 4 of the 10 studies that evalu-
ated the effect of hyperbilirubinemia on the incidence of 
type 2 diabetes. The RR in these studies ranged from 0.52 

Fig. 1  Flow diagram for related article numbers which included in meta-analysis
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(95% CI: 0.33, 0.71) to 2.13 (95% CI: 1.74, 2.52). Upon 
combining these studies, the pooled relative risk was 0.78 
(RR: 0.78; 95% CI: 0.73, 0.83; I2: 88.61%; P heterogeneity 
< 0.001). These results suggest that the risk of developing 
type 2 diabetes in individuals with hyperbilirubinemia 
was approximately 22% lower than the risk in individuals 
without hyperbilirubinemia, as shown in Fig. 2.

The effect of hyperbilirubinemia on the risk of MetS
Five out of the 10 included studies evaluated the effect of 
hyperbilirubinemia on the incidence of MetS. The relative 
risk measured in these studies ranged from 0.31 (95% CI: 
0.13, 0.49) to 1.32 (95% CI: 0.61, 2.03). After combining 
these studies, the pooled relative risk was 0.70 (RR: 0.70; 
95% CI: 0.67, 0.73; I2: 78.13%; P heterogeneity < 0.001). 
These findings suggest that the risk of developing MetS in 
individuals with hyperbilirubinemia was approximately 

30% lower than the risk in individuals without hyperbili-
rubinemia, as illustrated in Fig. 3.

The effect of hyperbilirubinemia on the risk of GDM in women
In one of the included cohort studies, the association 
between bilirubin levels and the incidence of GDM was 
investigated. The study reported different effect sizes 
based on different indicators of bilirubin measurement 
and its various levels. Due to the limitations of the 
studies, these measurements were combined with one 
selected study. The results showed that the risk of GDM 
in women with high bilirubin levels was 0.90 (RR: 0.90; 
95% CI: 0.84, 0.95; I2: 37.56%; P heterogeneity = 0.160), 
as shown in Fig. 4. These findings suggest that high bili-
rubin levels may be associated with a reduced risk of 
GDM, though further research is needed to confirm 
this relationship.

Fig. 2  Forest and Funnel plot of the effect of bilirubin level on the risk of T2DM
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Fig. 3  The Effect of hyperbilirubinemia on risk of MetS
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Results of subgroup analyses
The effect of hyperbilirubinemia on the risk of type 2 diabetes 
based on different bilirubin levels and its measurement 
methods
The meta-analysis results revealed that different types 
and levels of measured bilirubin were associated with 
varying relative risks. Studies that evaluated TBIL 
reported a relative risk of 0.75 (RR: 0.75; 95% CI: 0.67, 
0.77; I2: 41.58%; P heterogeneity = 0.089), whereas stud-
ies measuring percentage changes in bilirubin (PCB) 
reported a relative risk of 1.57 (RR: 1.57; 95% CI: 1.39, 
1.76; I2: 33.90%; P heterogeneity = 0.077), as shown in 
Table 2.

Furthermore, the effect size varied based on the levels 
of bilirubin. If the level of bilirubin less than or equal to 
0.36 mg/dL was considered as the reference level, the risk 
of developing type 2 diabetes in individuals with biliru-
bin levels greater than 0.36 or more than 0.47 mg/dL were 
0.73 and 0.62, respectively (RR: 0.73; 95% CI: 0.51, 0.95; 
and RR: 0.62; 95% CI: 0.52, 0.71) (Table 2). These findings 
suggest that higher levels of bilirubin may be associated 
with a lower risk of developing type 2 diabetes.

The effect of hyperbilirubinemia on the risk of MetS based 
on different levels of bilirubin and its measurement methods
After combining the studies that evaluated the biliru-
bin level using DBIL, IBIL, and TBIL, the meta-analysis 
results showed that the association between bilirubin 
level and the incidence of MetS varied depending on the 

type of measured bilirubin. The relative risks were 0.40 
(RR: 0.40; 95% CI: 0.31, 0.50; I2: 37.06%; P heterogene-
ity = 0.154) for DBIL, 0.67 (RR: 0.67; 95% CI: 0.50, 0.85; 
I2: 19.77%; P heterogeneity = 0.290) for IBIL, and 0.73 
(RR: 0.73; 95% CI: 0.70, 0.76; I2: 56.30%; P heterogene-
ity = 0.066) for TBIL, as shown in Table 2.

Regarding different levels of bilirubin, the risk of devel-
oping MetS in individuals with bilirubin levels greater 
than 0.12 mg/dL was 0.75 compared to individuals 
whose bilirubin level was less than or equal to 0.12 mg/
dL (RR: 0.75; 95% CI: 0.72, 0.79; I2: 45.76%; P heteroge-
neity = 0.049). The risk in individuals with bilirubin levels 
greater than 0.029 mg/dL was 0.62 compared to indi-
viduals whose bilirubin level was less than or equal to 
0.029 mg/dL (RR: 0.62; 95% CI: 0.40, 0.83; I2: 24.95%; P 
heterogeneity = 0.260). The risk in individuals with biliru-
bin levels greater than 0.10 mg/dL was 0.86 compared to 
individuals whose bilirubin level was less than or equal to 
0.10 mg/dL (RR: 0.86; 95% CI: 0.75, 0.97; I2: 4.07%; P het-
erogeneity = 0.370) (Table  2). These results suggest that 
higher levels of bilirubin may be associated with a lower 
risk of developing MetS.

The effect of hyperbilirubinemia on the risk of gestational 
diabetes based on different levels of bilirubin and its 
measurement methods
After combining the studies that evaluated the biliru-
bin level using DBIL, IBIL, and TBIL, the meta-analysis 
results showed that the association between bilirubin 

Fig. 4  The Effect of hyperbilirubinemia on risk of GDM
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level and the incidence of gestational diabetes varied 
depending on the type of measured bilirubin. The RR 
were 0.86 (RR: 0.86; 95% CI: 0.75, 0.97; I2: 26.40%; P 
heterogeneity = 0.149) for DBIL, 0.91 (RR: 0.91; 95% CI: 
0.79, 1.02; I2: 49.42%; P heterogeneity = 0.129) for IBIL, 
and 0.92 (RR: 0.92; 95% CI: 0.83, 1.00; I2: 0.00%; P het-
erogeneity = 0.420) for TBIL, as shown in Table 2.

Regarding different levels of bilirubin, the risk of 
developing gestational diabetes in women with biliru-
bin levels greater than 0.12 mg/dL was 0.92 compared 
to women whose bilirubin level was less than or equal 
to 0.12 mg/dL (RR: 0.92; 95% CI: 0.84, 1.00; I2: 0.00%; P 
heterogeneity = 0.420). The risk in women with biliru-
bin levels greater than 0.029 mg/dL was 0.88 compared 
to women whose bilirubin level was less than or equal 
to 0.029 mg/dL (RR: 0.88; 95% CI: 0.80, 0.96; I2: 17.15%; 
P heterogeneity = 0.103) (Table  2). These findings sug-
gest that higher levels of bilirubin may be associated 
with a lower risk of developing gestational diabetes, but 
further research is needed to confirm this relationship.

The results of publication bias
The effect of hyperbilirubinemia on the risk of type 2 diabetes
Funnel plot and Egger test were used to check publica-
tion bias. The results of the test showed publication bias 
occurred in the results of investigating the association 
between the bilirubin level and the incidence of type 2 
diabetes (B: 8.01; SE: 2.17; P: 0.0002). Non-parametric 
“Trim and Fill” analysis was used to investigate the effect 
of this bias on the overall results estimated in the present 
meta-analysis, the results of which showed it did not have 
a significant effect on the overall result. Using this analy-
sis, it was estimated that if missing studies were consid-
ered, the overall estimate would be 0.89 with a confidence 
interval of 0.65 to 1.13 (Fig. 5).

The effect of hyperbilirubinemia on the risk of MetS
Funnel plot and Egger test were used to check publica-
tion bias. The results of the test showed publication bias 
did not occur in the results of examining the association 
between bilirubin levels and MetS (B: 0.59; SE: 0.622; P: 

Table 2  The association between of hyperbilirobimia and type 2 diabetes, gestational diabetes, and metabolic syndrome based on 
type of bilirubin measurements and bilirubin serum

CI confidence interval, RR Risk ratio, NR Not reported

Outcome Variables Categories RR (% 95 CI) Heterogeneity assessment

Between Studies Between 
subgroup

I square P heterogeneity Q Q P value

T2DM Type of Bilirubin Measurements PCB 1.57 (1.39–1.76) 33.90% 0.077 15.49 38.30 0.0001

TBIL 0.72 (0.67–0.77) 41.58% 0.089 10.09

Bilirubin Serum
(Ref. ≤0.36 mg/dl)

> 0.36 mg/dl 0.73 (0.51–0.95) – – – 7.93 0.030

> 0.47 mg/dl 0.62 (0.52–0.71) 0.00% 0.420 3.87

NR 0.85 (0.79–0.91) 22.82% 0.088 8.09

MetS Type of Bilirubin Measurements DBIL 0.40 (0.31–0.50) 37.06% 0.154 9.53 12.33 0.0001

IBIL 0.67 (0.50–0.85) 19.77% 0.290 3.74

TBIL 0.73 (0.70–0.76) 56.30% 0.066 13.28

Bilirubin Serum > 0.12 mg/dl
(Ref. ≤0.12 mg/dl)

0.75 (0.72–0.79) 45.76% 0.049 15.82 22.47 0.0001

> 0.029 mg/dl
(Ref. ≤0.029 mg/dl)

0.62 (0.40–0.83) 24.95% 0.260 2.66

> 0.10 mg/dl
(Ref. ≤0.10 mg/dl)

0.86 (0.75–0.97) 4.07% 0.370 3.13

NR 0.53 (0.48–0.59) 55.44% 0.052 14.80

GDM Type of Bilirubin Measurements DBIL 0.86 (0.75–0.97) 26.40% 0.149 2.17 0.73 0.700

IBIL 0.91 (0.79–1.02) 49.42% 0.129 2.46

TBIL 0.92 (0.83–1.00) 0.00% 0.420 0.65

Bilirubin Serum > 0.12 mg/dl
(Ref. ≤0.12 mg/dl)

0.92 (0.84–1.00) 0.00% 0.420 0.65 0.37 0.540

> 0.029 mg/dl
(Ref. ≤0.029 mg/dl)

0.88 (0.80–0.96) 17.15% 0.103 1.99
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0.342). Non-parametric “Trim and Fill” analysis was used 
to investigate the effect of this bias on the overall esti-
mated results in the present meta-analysis, the results 
of which showed if the missing studies were taken into 
account, the overall estimate would be equal to 0.62 with 
a confidence interval of 0.54 to 0.78 (Fig. 5).

Discussion
The findings of this systematic review and meta-analysis 
suggest that higher levels of bilirubin may be associated 
with a lower risk of developing type 2 diabetes, MetS, 
and gestational diabetes. These results may have impor-
tant clinical implications in terms of identifying poten-
tial therapeutic targets for these conditions. The study 
by Ndisang et  al. that you mentioned also supports the 
role of bilirubin as an antioxidant and its potential role 
in reducing oxidative stress. Further research is needed 
to understand the underlying mechanisms behind these 
associations and to determine whether interventions that 
increase bilirubin levels can be used as a potential treat-
ment for these conditions [1]. The findings from animal 
studies showing improved insulin synthesis and sensi-
tivity, increased expression of GLUT4, and protection 
of pancreatic B cells against oxidative stress and damage 
further support the potential role of bilirubin in reducing 
the risk of type 2 diabetes. These findings suggest that bil-
irubin may have a beneficial effect on glucose metabolism 
and insulin sensitivity, which are key factors in the devel-
opment of diabetes. However, it should be noted that the 
findings from animal studies may not necessarily trans-
late to humans, and further research is needed to confirm 
the potential therapeutic effects of bilirubin in humans [2, 
23]. Bilirubin has been shown to have anti-inflammatory 
and antioxidant properties, which may help reduce sys-
temic oxidative stress and inflammation, both of which 

are known to contribute to insulin resistance. By reduc-
ing oxidative stress and inflammation, bilirubin may help 
improve insulin sensitivity and reduce the risk of devel-
oping insulin resistance and type 2 diabetes. In addi-
tion, bilirubin has been shown to have a protective effect 
on endothelial cells, which play a key role in regulating 
blood glucose levels and insulin sensitivity. Overall, these 
findings suggest that bilirubin may have multiple benefi-
cial effects on glucose metabolism and insulin sensitiv-
ity, and further research is needed to better understand 
the mechanisms behind these effects [10, 24]. The study 
by Abbasi et al. [11] using the Mendelian randomization 
approach provided additional evidence for the potential 
protective effect of bilirubin on the development of type 
2 diabetes. The study found that a common genetic vari-
ant (rs6742078) of the UGT1A1 gene, which is involved 
in bilirubin metabolism, was strongly associated with an 
increase in the circulating level of total bilirubin and a 
decrease in the risk of type 2 diabetes. This finding sug-
gests that the increase in bilirubin levels may be causally 
related to the reduction in the risk of developing type 2 
diabetes. In addition, the study found an inverse associa-
tion between plasma bilirubin levels and type 2 diabetes, 
further supporting the potential protective effect of bili-
rubin on the development of this condition.

The observation that diabetic patients with Gilbert’s 
syndrome, a genetic disorder that causes elevated levels 
of bilirubin, have reduced oxidative stress markers also 
supports the potential role of bilirubin in reducing oxida-
tive stress and inflammation, both of which are key fac-
tors in the development of type 2 diabetes. However, it 
is important to note that the findings from observational 
studies should be interpreted with caution, as they may 
be subject to confounding factors and reverse causation 
[11, 24].

Fig. 5  The funnel plot
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In addition, the meta-analysis showed that increas-
ing bilirubin levels reduced the risk of MetS. This find-
ing is consistent with previous evidence suggesting that 
serum bilirubin has anti-inflammatory and antioxidant 
functions, which can improve vascular endothelial func-
tion and increase insulin sensitivity in tissues. These 
effects may help reduce the risk of developing MetS by 
improving glucose metabolism, reducing inflammation, 
and reducing oxidative stress. Overall, these findings sup-
port the potential role of bilirubin as a protective factor 
against the development of type 2 diabetes and MetS [14, 
25]. Bilirubin can have antioxidant effects by suppress-
ing the oxidation of lipids and lipoproteins [26]. It also 
has anti-atherogenic effects and plays a role in pathways 
related to the vascular structure and reactivity [27]. The 
high heterogeneity observed in the combined studies is a 
common issue in meta-analyses and can be due to various 
factors, such as differences in study populations, study 
designs, and measurement methods. In this systematic 
review, subgroup analysis was performed based on the 
type of bilirubin and its different levels, which helped to 
identify the main sources of heterogeneity and to better 
understand the association between hyperbilirubinemia 
and type 2 diabetes. The subgroup analysis showed that 
increasing PCB in contrast to TBIL increased the risk 
of developing type 2 diabetes in the future. Moreover, 
the results indicated that increasing the serum bilirubin 
level to more than 0.47 mg/dl compared to the increase 
to more than 0.36 mg/dl decreased the risk of type 2 dia-
betes. According to the results of the subgroup analysis, 
increasing direct bilirubin compared to indirect one leads 
to a greater reduction in the risk of MetS. Also, each of 
the direct and indirect bilirubin variables has a more pro-
tective effect on the risk of MetS than total bilirubin. If 
the amount of bilirubin is greater than 0.12 mg/dl, the 
risk of MetS will be 0.75 for people whose bilirubin is less 
than or equal to 0.12 mg/dl [28, 29].

In other words, the risk of disease in people with bili-
rubin levels more than 0.12 mg/dl is 15% lower. In peo-
ple with the bilirubin level more than 0.029 mg/dl, the 
risk of MetS is 0.62 compared to people whose bilirubin 
is less than or equal to 0.029 mg/dl. The risk of MetS in 
values higher than 0.10 mg/dl is 0.86 compared to values 
less than or equal to 0.10 mg/dl. According to the findings 
of two studies, with the increase in the serum bilirubin 
level, the risk of MetS decreased in women more than 
men [30, 31]. The results of the study of Y.J. Kwon et al. 
[32] indicated the risk of T2DM was different between 
men and women based on different amounts of total 
bilirubin. In the bilirubin range of 0.46–0.62 mg/dL, the 
risk of developing T2DM is lower in women compared to 
men, and in the bilirubin range of 0.62–2.00 mg/dL, the 
risk of developing T2DM was lower in men. More studies 

are necessary about the effect of increased bilirubin on 
the risk of T2DM and MetS according to gender.

The results of a prospective cohort study by Chaoqun 
Liu et  al. showed high serum direct bilirubin levels in 
the second trimester of pregnancy reduced the risk of 
gestational diabetes [23]. Bilirubin was proven to have 
a protective effect against factors affecting cardiovascu-
lar diseases such as high blood pressure, MetS and obe-
sity through its antioxidant potential [33, 34]. Although 
the exact pathogenesis of diabetes is not fully defined, 
in  vitro and in  vivo studies and clinical evidence indi-
cate the important role of the heme catabolic pathway 
in the development of this disease [35, 36]. Some studies 
reported the levels of oxidative stress biomarkers includ-
ing DNA damage biomarkers and lipid peroxidation 
products increased in women with GDM [37]. Increasing 
the antioxidant capacity of serum, such as increasing the 
amount of bilirubin, is thought to help treat diabetes and 
its complications [38].

One of the limitations of this study was lack of the 
sufficient number of articles related to the association 
between bilirubin levels, MetS and T2DM in differ-
ent genders. On the other hand, the number of studies 
investigating the association between bilirubin levels 
and the incidence of gestational diabetes in women was 
limited. Another limitation of this study was the inabil-
ity to conduct subgroup analyses based on different 
definitions of MetS due to the limited number of stud-
ies in this regard. The fact that the data extracted and 
the studies conducted were limited to Asian countries is 
also a limitation of this study. This is because the major-
ity of studies in this area worldwide have been con-
ducted in these countries. Regarding the generalizability 
of the results of this meta-analysis, it can be said that 
they are generally applicable. However, it is possible that 
the generalizability is more relevant to the lifestyle and 
health behavior of the specific regions where the studies 
were conducted.

Conclusion
Based on the results of this meta-analysis, it can be con-
cluded that high levels of bilirubin may have a signifi-
cant protective effect against type 2 diabetes and MetS. 
However, more studies are needed to confirm these 
findings and to determine the underlying mechanisms 
behind these associations. Regarding gestational diabe-
tes, the meta-analysis did not find a significant associa-
tion between bilirubin levels and the risk of developing 
this condition. However, it is important to note that 
the number of studies included in the analysis of ges-
tational diabetes was relatively small, and more studies 
with a larger sample size are needed to investigate the 
potential association between bilirubin levels and the 
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risk of gestational diabetes. Overall, this meta-analysis 
provides evidence for the potential protective effects of 
bilirubin against the development of type 2 diabetes and 
MetS, but further research is needed to confirm these 
findings and to determine the clinical implications of 
these associations.
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