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Abstract

Introduction

Bilirubin is the end product of heme catabolism. At physiological levels, bilirubin is a potent antioxidant and anti-inflammatory
molecule. Oxidative stress and inflammation are major events linked to cardiovascular disease (CVD) and metabolic syndrome
(MS), in which CVD is considered as one of the leading cause of death. A Mildly increased circulating total serum bilirubin level
(TSB) seems to be a promising target for decreasing the prevalence of CVD and MS. The aim of this study is to evaluate the
association of TSB with CVD and MS among Palestinian-population.

Methods

Aretrospective study was conducted in 2021 for 1446 participants and the medical records were collected from AL-Ahli hospital-
Palestine. The examined samples were divided into four quartiles based on TSB (Q1= 0.1-0.4mg/dl, Q2 = 0.5-0.8mg/dl, Q3 = 0.9-
1.2mg/dl, Q4 =>1.2 mg/dl). The prevalence of CVD, MS and the correspondence laboratory parameters (e.g. bilirubin, lipid profile,
and HbA lc) were analyzed in relation to TSB.

Results

Total serum bilirubin and HDL were significantly lower in CVD patients compared to non-CVD persons. TSB, direct bilirubin
and HDL were significantly higher in persons without MS compared to patients with MS. The prevalence of CVD in bilirubin level
quartiles from 1-4 (95%CI in parentheses) was 33.7% (95%CI 28.5-42.1), 36% (95%CI 32.3-40.3), 7.7% (95% 3.4-11.8), 4.7%
(95%CI 0.8-8.4) respectively (p-value <0.001). The prevalence of MS in bilirubin level quartiles from 1-4 (95%CI in parentheses)
was 7.1% (95% 4.5-8.9), 5.7% (95%CI 3.2-7.1), 1.4% (95%CI 1.1-1.6), 0.8% (95%CI 0.6-1) respectively (p-value <0.05).

Conclusions
In Palestinian adults, TSB is inversely related to the prevalence of CVD and MS. We suggest that TSB should be routinely tested
in patients with risk of CVD and MS.
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1. Introduction

Bilirubin is the yellow end product of heme catabolism.
Most of bilirubin is generated by the destruction of red blood
cells in spleen while the remaining (about 20%) is derived from
heme-containing proteins. The Heme-oxygenase-1 enzyme
(HO-1) converts heme into biliverdin which is then reduced to
unconjugated bilirubin by biliverdin reductase (BVR) enzyme
(Vitek & Ostrow, 2009). At physiological levels, bilirubin has
a potential antioxidant effect both in vivo and in vitro. It has
been shown that bilirubin prevents the oxidation of lipoproteins
and lipids (Choi et al., 2013; J.-P. Lin et al., 2010). Bilirubin
has an antioxidant role by lowering reactive oxygen species
(ROS) (Jansen & Daiber, 2012). Our previous studies showed
that bilirubin at higher levels induces Nrf2 (Qaisiya et al., 2014),
a master cellular sensor of antioxidant response genes (Hayes
& Dinkova-Kostova, 2014). Other studies demonstrated that
bilirubin has an anti-inflammatory properties and inhibits pro-
inflammatory genes such as: NFkB and TNFa (Bulmer et al.,
2018; Yamashita et al., 2004).

Metabolic syndrome is a collection of complex metabolic
abnormalities that constitute cardio-metabolic risk factors
including hypertension, central obesity, insulin resistance, and
dyslipidemia (Rochlani et al., 2017; Zhong et al., 2017). The
pathogenesis of MS includes both genetic and acquired factors
that altogether contribute to the final pathway of inflammation
that leads to CVD (Rochlani et al., 2017). Cardiovascular
disease is a cluster of diseases that affect the heart and the blood
vessels (Flora & Nayak, 2019). Oxidative stress (OS) has also
been involved in the pathogenesis mechanisms of CVD (Oda,
2017). Substantial evidence from experimental and clinical
studies have indicated the role of OS and inflammation act as a
central network in the progress of CVD and MS (Garcia et al.,
2017; Hutcheson & Rocic, 2012).

The epidemic of CVD is due to the sedentary lifestyle and
to significant changes of dietary habits that increased rates of
risk factors including diabetes, hypertension, hyperlipidemia
and obesity (Traina et al., 2017). The cyto-protective role of
bilirubin against MS and CVD was well established in several
studies (Guzek et al., 2012; J.-P. Lin et al., 2010). A Mildly
increased circulating bilirubin level seems to be a promising
target for prevention and reduction of the prevalence of MS
and its related diseases including CVD and diabetes (Vitek,

2012). An inverse correlation between the presence of CVD
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and bilirubin in circulation was reported in several independent
studies (Lan et al., 2019; Stojanov et al., 2013). A recent study
in Koreans showed that bilirubin levels are negatively correlated
with the incidence of CVD (Suh et al., 2018). A representative
study conducted on sample of adults from Poland showed that
total TSB level is inversely related to the prevalence of MS and
insulin resistance (Guzek et al., 2012). Furthermore, bilirubin is
suggested as a potential biological marker in the risk prognosis
of chronic inflammatory disorders, in which CVD is considered
as one of the leading cause of mortality worldwide (Suh et al.,
2018).

The prevalence of CVD and associated risk factors is high
in most Asian and Middle Eastern countries, and considered
the highest in the world (Bhagavathula et al., 2021). There is
limited information on the prevalence of CVD and its related
risk factors among adults in the Gulf area and the United Arab
Emirates (Aljefree & Ahmed, 2015; Razzak et al., 2018).

To our knowledge, no such study has been performed in the
adult population of Palestinians. The aim of the present study is
to evaluate the association (if any) of serum bilirubin level with
the prevalence of CVD and MS among the adult population in

Palestine.

2. Methods

2.1 Study design and population

This representative retrospective study was launched with
the ethical approval between Hebron University and Al-Ahli
Hospital. We have reviewed and evaluated 3381 files for persons
(aged between 18 to 97 years) who admitted to cardiology
department in 2021 at Al-Ahli Hospital. All records with
incomplete laboratory data were excluded from our analysis.
People who have anemia or being cigarette smokers or have
viral hepatitis markers were excluded from our analysis because
these factor rises TSB levels. Subjects with higher bilirubin
level (>3 mg/dl) and transaminase activities were excluded from
the study to rule out patients with impaired liver function. The
final number of analyzed records was 1446 (858 males and 588

females).

From the data records, different parameters were collected

including: Age [years], gender, BMI kg/m2], waist circumference
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[cm], hypertension [mmHg], total serum bilirubin (TSB) [mg/
dl], direct bilirubin (DBil) [mg/dl], triglycerides (TG) [mg/
dl], total cholesterol (TC) [mg/dl], high-density lipoprotein
cholesterol (HDL) [mg/dl], low-density lipoprotein cholesterol
(LDL) [mg/dl], and HbAlc measurements [%]. Data were
divided into four groups from (Q1- Q4) according to particular
TSB level quartiles; Q1=0.1-0.4 mg/dl, Q2 = 0.5-0.8 mg/dl, Q3
=0.9-1.2 mg/dl, Q4 = >1.2 mg/dl. The baseline characteristics

of the study population were compared within the quartiles.

2.2 Determination of CVD

CVD was defined as the occurrence of coronary heart
disease and/or stroke based on the electrocardiogram, enzyme
assay and coronary angiography confirmation. Data was
obtained from medical records for persons found during routine
follow-up examinations. People diagnosed with CVD were 1188

patients, while 258 were considered non-CVD.

2.3 Definition of the metabolic syndrome (MS)

The define metabolic syndromes is based on having three
or more of the following traits: insulin resistance, fasting
blood glucose level (> 100mg/dl), high triglycerides (>150mg/
dl ), reduce HDL-cholesterol (<40mg/dl in male, <50mg/dl),
hypertension (SBP >130mg/dl and DBP > 85mg/dl), and obesity
(waist circumference > 90cm for male and >85cm for female)
(Choi et al., 2013; Huang, 2009). In this study subjects were
diagnosed with the MS according to the following criteria:
(1) triglyceride levels higher than 150 mg/dl, (2) high-density
lipoprotein cholesterol (HDL) levels of less than 40 mg/dl in
males or less than 50 mg/dl in females, (3) HbAlc greater than
6% and obesity. Subjects who classified as MS patients were 217

and those without were 1229.

2.4 Statistical analysis

All statistical analyses were performed with use of SPSS,
v.27 software (SPSS Inc., Chicago, Illinois). The results
were expressed as mean + standard deviation to compare the
differences between groups. Normality testing for non-normal
distribution of the parameters (triglycerides, DBil and TSB) was
performed. Skewness, kurtosis, Shapiro-wilk and Intequartile
range (IQR) values were obtained. Pearson’s chi-square test was

used to analyze statistical differences in the characteristics of the
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study participants among quartiles. Trends between categorical
variables were tested for statistical significance using chi-
square tests for linear-by-linear association. Multivariate linear
regression analysis was done to identify the major predictors of
the TSB. Logistic regression analyses were used to estimate the
odds ratios for CVD in the high bilirubin quartiles (Q3 and Q4).

A probability value of p < 0.05 was considered significant.

3. Results

3.1 Differences of the general parameters between genders

General characteristics of the study population based on the
gender are presented in (Table 1). TSB, triglyceride and LDL
were significantly higher in males, while total cholesterol and
HDL were significantly higher in females. Certain data including
TG, TB, and DB, appear to be non-normally distributed.

3.2 Distribution of the study sample based on TSB levels

Subjects were categorized into four quartiles based on
TSB levels. The baseline characteristics of the study population
according to these quartiles are presented in (Table 2). Negative
relationships were observed between the bilirubin quartiles
and systolic blood pressure (SBP), diastolic blood pressure
(DBP), total cholesterol, triglyceride, LDL and HbA lc. Positive
relationships were observed between the bilirubin quartiles and
HDL. No clinical significance was observed between bilirubin

quartiles and age, BMI and waist circumferences.

3.3 High TSB is inversely associated with the prevalence of
CVD and MS

According to the distribution of bilirubin level in quartiles,
the prevalence of CVD and MS relatively decreased as the
bilirubin level quartiles increased. The prevalence was 33.7%
(95%CI 28.5-42.1), 36% (95%CI 32.3-40.3), 7.7% (95% 3.4-
11.8), 4.7% (95%CI 0.8-8.4) respectively for CVD patients
(Figure 1). It was 7.1% (95% 4.5-8.9), 5.7% (95%CI 3.2-7.1),
1.4% (95%CI 1.1-1.6), 0.8% (95%CI 0.6-1) respectively for MS
patients (Figure 2).
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Table 1. General characteristics of the study population based on the gender.
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Variable (Nl\;lz;lgs) Mediar[llglﬁie score (;imsz;l;) Median[f(e)nl;‘]xle score p-value
Age [years] 54.79+15.75 57.72+15 0.001*
TSB [mg/dl] 1.90+0.85 1.0 [1.00-2.00] 1.77+0.88 1.0 [1.00-2.00] 0.005*

0.2 0.2
DBil [mg/dl] [0.100-0.300] [0.100-0.300] 0.530
TC [mg/dl] 168.28+46.50 176.40+£78.07 0.022*
114 115
TG [mg/dl] [104.0-217.0] [105.0-220.0] <0.001*
HDL [md/dl] 36.92+11.73 44.47+12.24 <0.001%*
LDL [mg/dl] 102.74+42.42 97.21+41 0.023*
HbAlc [%] 5.840.6 5.3+0.4 0.297
Table 2. Baseline characteristics of the study population based on bilirubin quartile.
Variable Q1 Q2, (0.9-133ng/dl) Q4 (>1.2mg/dl) P-value
(0.1-0.4mg/dl) (0.5-0.8mg/dl)
Age [years] 55+16 56£15 59+16 58+18
BMI [kg/m2] 23.444.2 22.7£3.5 24.5+5.1 23.843.2 0.253
Waist (cm) 82.31+8.13 83.52+7.42 82.3444.33 83.63+7.04 0.126
SBP (mmHg) 119.12+13.53 118.41+17.00 115.41+18.57 114.41+15.3* 0.014*
DBP (mmHg) 77.43x11.3 74.86+12.45 75.67£10.87 74.32+16.21%* 0.038*
TSB [mg/dl] 0.32+0.07 0.60+0.10 1.0240.11 1.74+0.48* <0.001*
DBil [mg/dl] 0.2+0.1 0.2+0.1 0.320.1 0.4+0.3 0.128
TC [mg/dl] 181+82 169+46 158436 154+38%* <0.001*
TG [mg/dl] 207+186 169+135 150+90 146+113* <0.001*
HDL[ my/dl] 40+13 39+12 41£13 44+14% <0.001*
LDL [mg/dl] 105+42 102+44 90+36 86+35* <0.001*
HbAlc (%) 5.8+0.3 5.6+0.2 59+05 5.1£0.2% <0.001*
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Data are expressed as mean = SD

*Significantly differences is related to group Q1 (control)

TSB: total serum bilirubin; DBil: direct bilirubin; TC: total cholesterol; TG: tri-
glyceride; HDL: high-density lipoprotein cholesterol; LDL: low-density lipo-

protein cholesterol.

QI as an internal control

p < 0.05 is considered significant (*)
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Figure 1: Prevalence of CVD in relation to total serum bilirubin con-
centration (adjusted for gender). Q1= 0.1-0.4mg/dl, Q2 = 0.5-0.8mg/dl,
Q3 =0.9-1.2mg/dl, Q4 =>1.2mg/dl. p-value <0.001
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Figure 2: Prevalence of MS in relation to total serum bilirubin concen-
tration (adjusted for gender). Q1= 0.1-0.4mg/dl, Q2 = 0.5-0.8mg/dl, Q3
=0.9-1.2mg/dl, Q4 =>1.2mg/dl. p-value <0.01

3.4 Low TSB in CVD associated with high triglycerides,
cholesterol and LDL

Comparison of clinical differences between patients
with CVD and those without CVD are presented in (Table 3).
TSB and HDL were significantly higher in non-CVD persons
compared to CVD patients. Total cholesterol, triglyceride, and
LDL were significantly higher in CVD patients compared to

non-CVD persons.
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Table 3. Comparison of clinical differences between persons with CVD
and those without.

Non 'ZCS?;)D N= CVD (N= 1188)

Variable P-value

Mean £SD Mean £SD

Age [years] 55.09+16.14 56.18+15.77
TSB [mg/dl] 2.10+0.99 1.80+0.83 <0.001*

DBil [mg/dl] 0.21+0.09 0.22+0.14 0.215

TC [mg/dl] 150.91+18.15 177.03+£67.50 <0.001*
TG [mg/dl] 117.88+26.36 197.03+168.73 <0.001*
HDL [mg/dl] 52.7349.78 36.69+10.91 <0.001%*
LDL [mg/dl] 63.47+14.26 110.15+41.76 <0.001*

Data are expressed as mean + SD

CVD: cardiovascular disease; TSB: total serum bilirubin; DBil: direct bilirubin;
TC: total cholesterol; TG: triglyceride; HDL: high-density lipoprotein cholester-
ol; LDL: low-density lipoprotein cholesterol.

p <0.05 is considered significant (*)

3.5 Low TSB in MS associated with high triglycerides,
cholesterol, LDL and HbAlc

The results of the relationship between clinical parameters
and MS are presented in (Table 3). TSB, direct bilirubin, and
HDL were significantly higher in persons without MS compared
to patients with MS. Total cholesterol, triglyceride, LDL, and
HbA 1c were significantly higher in patients with MS compared

with those without.

3.6 Risk of cardiovascular disease factors based on TSB

quartiles

The results of multivariate analysis of the relationship
between bilirubin and traditional CVD disease risk factors are
presented in (Table 5). The strongest negative correlation with
bilirubin level were obtained for LDL-C and TGs with odd ratio
0.53 (0.37-0.73) and 0.35 (0.26-0.52), respectively, between the
Q4 vs. Q1. An inverse association of bilirubin level with HbAlc
was observed in Q4 vs. Q1 with odd ration level (OR=0.60
(0.37-0.73). No association was found for blood pressure and

direct bilirubin.
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Table 4. Comparison of Clinical differences between persons with MS and those without.

Without MS (N=1229) With MS (N=217)

Variable P-value
Mean £SD Mean £SD
Age [years] 55.21£16.39 60.33+11.30
TSB [mg/dl] 1.87+0.87 1.72+0.83 0.016*
DBil [mg/dl] 0.22+0.13 0.19+0.13 0.019*
TC [mg/dl] 168.41£63.15 187.42+50.38 <0.001*
TG [mg/dl] 151.29£113.45 312.03£227.13 <0.001*
HDL [mg/dl] 41.62+12.75 32.26+7.35 <0.001*
LDL [mg/dl] 98.49+41.73 110.44+43.35 <0.001*
HbAlc [%] 5.6+0.2 7.240.6 <0.001*

Data are expressed as mean = SD

MS: metabolic syndrome; TSB: total serum bilirubin; DBil: direct bilirubin; TC: total cholesterol; TG: triglyceride; HDL: high-density lipoprotein cholesterol; LDL:
low-density lipoprotein cholesterol; HbAlc: glycated hemoglobin.

p < 0.05 is considered significant (*)

Table 5. The risk of CVD based on the four quartile. Adjusted odds ratios of particular CVD or risk factors in relation to bilirubin level values
(distributed in quartiles) for the whole study population

Group Q2VsQl Q3VsQl Q4vs Q1 P-value
CVD 1 0.972 (0.819-1.211) 0.803 (0.712-0.953)* 0.70 (0.50-0.97)* <0.004
LDL-c2 0.74 (0.53-1.01) 0.68 (0.57-0.97) 0.53 (0.37-0.73)* <0.003
TGs 2 0.65 (0.45-0.90) 0.48 (0.33-0.67)* 0.35(0.26-0.52)* <0.001
HbAlc 2 1.05 (0.86-1.49) 0.91 (0.50-0.93) 0.60 (0.46-0.85)* <0.001
Blood pres-
0.87 (0.65-1.29) 0.85(0.59-1.37 0.98 (0.79-1.24 0.72
sure 2
DBili 2 1.03 (0.72-1.47) 0.93 (0.76-1.34) 1.07 (0.79-1.50) 0.396
Data are expressed as mean + SD
*Significantly differences are related to group Q1 (control) which is considered as 1
1 adjusted to age, BMI, sex, waist circumference and DBil, LDL-cholesterol and HbAlc
2 adjusted to age, sex and other CVD-risk factors
p <0.05 is considered significant (*)
A JHRAS E-1SsN: 2789-5289 6



Vol.1 No.2 2022

4. Discussion

Bilirubinisanendogenous antioxidantand anti-inflammatory
molecule. At mild levels, bilirubin directly scavenge reactive
specieses. Studies performed on endothelial cells demonstrated
that bilirubin able to scavenges NADPH oxidase-derived ROS
and reduce cell toxicity (Maruhashi et al., 2019). Wegiel et al.
have shown that the knockout of BVR enzyme in vitro leads to
an increase in cell death in response to low level of bilirubin
and high hydrogen peroxide (B & Le, 2012). Furthermore, A
large number of therapeutic drugs including non-steroidal anti-
inflammatory drugs (e.g., coxibs) and hypolipidemic (e.g.,
statins) have been reported to induce HO-1 that increases
bilirubin level (Vitek et al., 2019). Other studies showed that
bilirubin indirectly activates the Nrf2 antioxidant genes (Qaisiya
et al., 2014), that represent a promesing target to reduce
the incidence of CVD and MS (da Costa et al., 2019). These
benificial effects of bilirubin is supported by several studies
showing that TSB level is inversely related to MS, CVD and
diabetes mellitus (Franchini et al., 2010; Guzek et al., 2012; Kim
et al., 2014; Suh et al., 2018). In this study, we evaluated the
possible relatioship between TSB and the prevelance of CVD

and MS amonge Palestinian patients.

Our retrospective study has indicated a significant inverse
relationship between TSB and the prevalence of CVD and its
related diseases such as MS (Fig. 1 and Fig. 2). These results are
compatible with a study that supports the concept that bilirubin
via its antioxidant potential has a protective effect against CVD
in young males and females in Serbia (Stojanov et al., 2013),
and with the results that founds a close association between low
serum bilirubin concentration and increased CVD risk in Chinese
population (Ko et al., 1996). Our results are also consistent
with a study conducted by Guzek et al, showing the inverse
association of TSB with the prevalence of MS in Polish adults
(Guzek et al., 2012). Similarly, a study in Egypt demonstrated
a strong inverse association between the reduced severity of
coronary artery disease and increased total and indirect bilirubin
levels (Adel et al., 2019).

The most important elements characterizing the CVD and
increase the risk of its development are oxidative stress and
inflammation. In CVD patients an elevation of oxidized LDL
(oxLDL) concentration was reported. The ox-LDL can cause
lipid accumulation in macrophages and foam cell formation

as well as being cytotoxic to many cell types probably through
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inactivation of endothelial cell-derived relaxing factors (Yoshida
& Kisugi, 2010). Research has provided strong evidence that
LDL oxidation plays an important role in the pathogenesis
of CVD and MS (Yla-Herttuala, 1999). In CVD there is an
imbalance between the free radicals and the antioxidant defense
system of the body which leads to the damage of nucleic acids,
proteins, and lipids. On the other hand, It has been reported that
mild hyperbilirubinemia inhibits oxidative stress which acts as
ROS scavenger (Maruhashi et al., 2019). This is consistence
to our results as shown in (Table 2 and Table 3), that revealed
a significant decrease in LDL, TC, TG and HbAlc as TSB
increases, while HDL is significantly increased. These findings
suggest that elevation of TSB within the normal range are
favorable condition from a CVD standpoint (Suh et al., 2018).
This is supported by the results of the adjusted odd ration in
(Table 5) showing that sample of high TSB in Q4 reduces the
risk factors of CVD and inversely associated with LDL-c and
TGs levels.

A previous study performed by Lin et al, showing that
children and adolescent revealed a negative association between
TSB and insulin resistance (L.-Y. Lin et al., 2009). From this
study, we can speculate an inverse relationship between TSB
and glucose level. No enough data was obtained concerning
insulin resistance although the percentage of HbAlc was
significantly elevated in MS patients compared to Non-MS
(Table 5). Therefore, we still need more specific tests to measure
insulin resistance (e.g., HOMA-IR). The use of TSB in this study
makes it limited to state whether indirect, direct bilirubin or the
free bilirubin has the strongest relationship with CVD and MS.
Another limitation to this study is the marked discrepancy in
the number of patients with CVD (1188) and non-CVD controls
(258), implying some selection bias that undoubtedly affects the
reliability of the results.

5. Conclusion

There is an inverse association between circulating TSB and
the prevalence of CVD in Palestinian adults. The mechanism
behind this relationship may be related to the beneficial effect
of mild increase of TSB as antioxidant and anti-inflammatory
molecule. Further investigations are needed to prove the inverse
correlation of TSB with the risk factors of CVD and MS including
insulin resistance, diabetes mellitus type 2, hypertension and

obesity among Palestinian population.

E-ISSN: 2789-5280 H JHA S



The Association of Serum Bilirubin Levels With Cardiovascular
Disease And Metabolic Syndrome In Palestinian Population

Conflict of interests
The authors report no conflicts of interest. This research has
not been previously published in any way, whether written, read,

published, visual or audio.

Funding

This research did not receive any financial support.

Contribution of authors:

Dr. Mohammad Qaisiya: Conceptualization, project
administration, supervision, formal analysis, writing original

draft and approving the final draft

Dr. Haneen Nur: Validation, data curation, formal analysis

and approving the final draft

Sarah  Yaghi: draft,

methodology, formal analysis and approving the final draft

Investigation, writing original

Haneen Agel: Investigation, methodology, formal analysis

and approving the final draft

Aya Najjar: Investigation, methodology, formal analysis

and approving the final draft

Mudallaleh AL-Hawareen: Investigation, methodology,

formal analysis and approving the final draft

References

Adel, A. A., Abdelsamie, M., Elzaky, M., & Radwan, H. (2019).
The Relationship between the serum total bilirubin level
and the severity of coronary artery disease in chronic sta-
ble angina patients. Atherosclerosis Supplements, 37, 1.
https://doi.org/10.1016/j.atherosclerosissup.2019.04.002

Aljefree, N., & Ahmed, F. (2015). Prevalence of Cardiovascu-
lar Disease and Associated Risk Factors among Adult
Population in the Gulf Region: A Systematic Review.
Advances in Public Health, 2015, €235101. https://doi.
org/10.1155/2015/235101

B, W, & Le, O. (2012). Go green: The anti-inflammatory ef-
fects of biliverdin reductase. Frontiers in Pharmacology,
3. https://doi.org/10.3389/fphar.2012.00047

Bhagavathula, A. S., Shehab, A., Ullah, A., & Rahmani, J.
(2021). The Burden of Cardiovascular Disease Risk Fac-
tors in the Middle East: A Systematic Review and Me-

A JHRAS E-1SSN: 2789-5289

Vol.1 No.2 2022

ta-Analysis Focusing on Primary Prevention. Current
Vascular Pharmacology, 19(4), 379-389. https://doi.org
/10.2174/1573406416666200611104143

Bulmer, A. C., Bakrania, B., Du Toit, E. F., Boon, A.-C., Clark,
P. J., Powell, L. W., Wagner, K.-H., & Headrick, J. P.
(2018). Bilirubin acts as a multipotent guardian of cardio-
vascular integrity: More than just a radical idea. Ameri-
can Journal of Physiology. Heart and Circulatory Phys-
iology, 315(3), H429-H447. https://doi.org/10.1152/
ajpheart.00417.2017

Choi, S. H,, Yun, K. E., & Choi, H. J. (2013). Relationships
between serum total bilirubin levels and metabolic syn-
drome in Korean adults. Nutrition, Metabolism, and Car-
diovascular Diseases: NMCD, 23(1), 31-37. https://doi.
org/10.1016/j.numecd.2011.03.001

da Costa, R. M., Rodrigues, D., Pereira, C. A., Silva, J. F., Alves,
J. V., Lobato, N. S., & Tostes, R. C. (2019). Nrf2 as a
Potential Mediator of Cardiovascular Risk in Metabolic
Diseases. Frontiers in Pharmacology, 10. https:/www.
frontiersin.org/article/10.3389/fphar.2019.00382

Flora, G. D., & Nayak, M. K. (2019). A Brief Review of Car-
diovascular Diseases, Associated Risk Factors and Cur-
rent Treatment Regimes. Current Pharmaceutical Design,
25(38), 4063—-4084. https://doi.org/10.2174/1381612825
666190925163827

Franchini, M., Targher, G., & Lippi, G. (2010). Chapter 3 - Se-
rum Bilirubin Levels and Cardiovascular Disease Risk:
A Janus Bifrons? In G. S. Makowski (Ed.), Advances in
Clinical Chemistry (Vol. 50, pp. 47-63). Elsevier. https://
doi.org/10.1016/S0065-2423(10)50003-9

Garcia, N., Zazueta, C., & Aguilera-Aguirre, L. (2017). Oxida-
tive Stress and Inflammation in Cardiovascular Disease.
Oxidative Medicine and Cellular Longevity, 2017, 1-2.
https://doi.org/10.1155/2017/5853238

Guzek, M., Jakubowski, Z., Bandosz, P., Wyrzykowski, B.,
Smoczynski, M., Jabloiska, A., & Zdrojewski, T. (2012).
Inverse association of serum bilirubin with metabolic
syndrome and insulin resistance in Polish population.
Przeglad Epidemiologiczny, 66(3), 495-501.

Hayes, J. D., & Dinkova-Kostova, A. T. (2014). The Nrf2 reg-
ulatory network provides an interface between redox
and intermediary metabolism. Trends in Biochemical

39(4), 199-218. https://doi.org/10.1016/j.
tibs.2014.02.002

Huang, P. L. (2009). A comprehensive definition for metabolic

Sciences,

8



Vol.1 No.2 2022

syndrome. Disease Models & Mechanisms, 2(5-6), 231—
237. https://doi.org/10.1242/dmm.001180

Hutcheson, R., & Rocic, P. (2012). The Metabolic Syndrome, Ox-
idative Stress, Environment, and Cardiovascular Disease:
The Great Exploration. Experimental Diabetes Research,
2012, ¢271028. https://doi.org/10.1155/2012/271028

Jansen, T., & Daiber, A. (2012). Direct Antioxidant Properties
of Bilirubin and Biliverdin. Is there a Role for Biliverdin
Reductase? Frontiers in Pharmacology, 3, 30. https://doi.
org/10.3389/fphar.2012.00030

Kim, E. S., Mo, E. young, Moon, S. D., & Han, J. H. (2014).
Inverse Association between Serum Bilirubin Levels and
Arterial Stiffness in Korean Women with Type 2 Diabe-
tes. PLoS ONE, 9(10), e109251. https://doi.org/10.1371/
journal.pone.0109251

Ko, G. T. C., Chan, J. C. N., Woo, J., Lau, E., Yeung, V. T. F.,
Chow, C.-C., L1, J. K. Y., So, W.-Y., & Cockram, C. S.
(1996). Serum Bilirubin and Cardiovascular Risk Factors
in a Chinese Population. European Journal of Cardiovas-
cular Prevention & Rehabilitation, 3(5), 459-463. https://
doi.org/10.1177/174182679600300508

Lan, Y., Liu, H., Liu, J., Zhao, H., & Wang, H. (2019). Is serum
total bilirubin a predictor of prognosis in arteriosclerot-
ic cardiovascular disease? A meta-analysis. Medicine,
98(42). https://doi.org/10.1097/MD.0000000000017544

Lin, J.-P., Vitek, L., & Schwertner, H. A. (2010). Serum bili-
rubin and genes controlling bilirubin concentrations as
biomarkers for cardiovascular disease. Clinical Chem-
istry, 56(10), 1535-1543. https://doi.org/10.1373/
clinchem.2010.151043

Lin, L.-Y., Kuo, H.-K., Hwang, J.-J., Lai, L.-P., Chiang, F.-T.,
Tseng, C.-D., & Lin, J.-L. (2009). Serum bilirubin is in-
versely associated with insulin resistance and metabolic
syndrome among children and adolescents. Atheroscle-
rosis, 203(2), 563-568. https://doi.org/10.1016/j.athero-
sclerosis.2008.07.021

Maruhashi, T., Kihara, Y., & Higashi, Y. (2019). Bilirubin and
Endothelial Function. Journal of Atherosclerosis and
Thrombosis, 26(8), 688—696. https://doi.org/10.5551/jat.
RV17035

Oda, E. (2017). Does serum bilirubin prevent cardiovascular
disease? Journal of Xiangya Medicine, 2(7), Article 7.
https://jxym.amegroups.com/article/view/4048

Qaisiya, M., Coda Zabetta, C. D., Bellarosa, C., & Tiribelli, C.

(2014). Bilirubin mediated oxidative stress involves an-

The Association of Serum Bilirubin Levels With Cardiovascular
Disease And Metabolic Syndrome In Palestinian Population

tioxidant response activation via Nrf2 pathway. Cellular
Signalling, 26(3), 512-520. https://doi.org/10.1016/j.
cellsig.2013.11.029

R, P, Gudage, N., & Ambali, A. (2018). Study on relation-
ship of total bilirubin with acute coronary syndrome
(ACS) and associated risk factors. International Journal
of Advances in Medicine, 5(1), 100-106. https://doi.
org/10.18203/2349-3933.ijam20180066

Razzak, H. A., Harbi, A., Shelpai, W., & Qawas, A. (2018). Prev-
alence and risk factors of cardiovascular disease in the
United Arab Emirates. Hamdan Medical Journal, 11(3),
105. https://doi.org/10.4103/HMJ.HMJ 37 18

Rochlani, Y., Pothineni, N. V., Kovelamudi, S., & Mehta, J. L.
(2017). Metabolic syndrome: Pathophysiology, manage-
ment, and modulation by natural compounds. Therapeu-
tic Advances in Cardiovascular Disease, 11(8), 215-225.
https://doi.org/10.1177/1753944717711379

Stojanov, M., Stefanovic, A., Dzingalasevic, G., Ivanisevic,
J., Miljkovic, M., Mandic-Radic, S., & Prostran, M.
(2013). Total bilirubin in young men and women: As-
sociation with risk markers for cardiovascular diseases.
Clinical Biochemistry, 46(15), 1516—1519. https://doi.
org/10.1016/j.clinbiochem.2013.06.020

Suh, S., Cho, Y. R,, Park, M. K., Kim, D. K., Cho, N. H., &
Lee, M.-K. (2018). Relationship between serum biliru-
bin levels and cardiovascular disease. PloS One, 13(2),
¢0193041. https://doi.org/10.1371/journal.pone.0193041

Traina, M. 1., Almahmeed, W., Edris, A., & Murat Tuzcu, E.
(2017). Coronary Heart Disease in the Middle East and
North Africa: Current Status and Future Goals. Cur-
rent Atherosclerosis Reports, 19(5), 24. https://doi.
org/10.1007/s11883-017-0659-9

Vitek, L. (2012). The Role of Bilirubin in Diabetes, Meta-
bolic Syndrome, and Cardiovascular Diseases. Fron-
tiers in Pharmacology, 3, 55. https://doi.org/10.3389/
fphar.2012.00055

Vitek, L., Bellarosa, C., & Tiribelli, C. (2019). Induction of Mild
Hyperbilirubinemia: Hype or Real Therapeutic Opportu-
nity? Clinical Pharmacology and Therapeutics, 106(3),
568-575. https://doi.org/10.1002/cpt. 1341

Vitek, L., & Ostrow, J. D. (2009). Bilirubin chemistry and
metabolism; harmful and protective aspects. Current
Pharmaceutical Design, 15(25), 2869-2883. https://doi.
org/10.2174/138161209789058237

Yamashita, K., McDaid, J., Ollinger, R., Tsui, T.-Y., Berberat, P.

E-ISSN: 2789-5280 H JHA S



TI}e Association of Se.rum Bilirubin Levels Wth Cardlovgscular Vol.1 No.2 2022
Disease And Metabolic Syndrome In Palestinian Population

0., Usheva, A., Csizmadia, E., Smith, R. N., Soares, M.
P., & Bach, F. H. (2004). Biliverdin, a natural product of
heme catabolism, induces tolerance to cardiac allografts.
FASEB Journal: Official Publication of the Federation
of American Societies for Experimental Biology, 18(6),
765-767. https://doi.org/10.1096/1].03-08391fje

Yla-Herttuala, S. (1999). Oxidized LDL and Atherogene-
sisa. Annals of the New York Academy of Scienc-
es, 874(1 HEART IN STRE), 134-137. https://doi.
org/10.1111/5.1749-6632.1999.tb09231.x

Yoshida, H., & Kisugi, R. (2010). Mechanisms of LDL oxida-
tion. Clinica Chimica Acta, 411(23), 1875-1882. https://
doi.org/10.1016/j.cca.2010.08.038

Zhong, P., Sun, D. M., Wu, D. H., Li, T. M., Liu, X. Y., & Liu,
H. Y. (2017). Serum total bilirubin levels are negative-
ly correlated with metabolic syndrome in aged Chinese
women: A community-based study. Brazilian Journal of
Medical and Biological Research = Revista Brasileira De
Pesquisas Medicas E Biologicas, 50(2), €5252. https:/
doi.org/10.1590/1414-431X20165252

A JHAS E-1SsSN: 2789-5289 10



The Association of Serum Bilirubin Levels With Cardiovascular
Disease And Metabolic Syndrome In Palestinian Population

Vol.1 No.2 2022

Author Biographies

11

i

Mohammed Qaisiya

I Obtained my PhD in molecular
biomedicine and MSc degree in functional
genomics from the University of Trieste-
Italy. I got my BSc in biology from Hebron
university-Palestine. Currently, I am an
assistant professor of biochemistry and
genetics at department of Medical Laboratory
Sciences-Hebron university. My research
interest focus on the field of cellular signaling

related to bilirubin and metabolism.

Sarah Yaghi

I got my BSc in Medical Laboratory
Sciences from Hebron university-Palestine.
Currently, I work as Medical Laboratory
Technician in Health Work Committee -
Hebron.

Aya Najjar

I got my BSc in Medical Laboratory
Sciences from Hebron university-Palestine.
Currently, I work as Medical Laboratory
Technician in Health Work Committee -

Hebron.

Haneen Nur

I obtained my PhD in Medical Sciences
at the Vrije Universiteit Brussel. I got my
BSc and MSc in biological sciences from the
Jordan university- Jordan. Currently, I am
an assistant professor of haematology and
immunology in the department of Medical
Laboratory Sciences at Hebron university. I
have a research interest on the field of cancer
immunotherapy and cellular signalling related

to cancer and metabolic diseases.

Haneen Aqel
I got my BSc in Medical Laboratory

Sciences from Hebron university-Palestine.
Currently, I work as Medical Technician at Al-
Israa Modern Lab- Hebron.

Mudallaech Hawaren

I got my BSc in Medical Laboratory
Sciences from Hebron university-Palestine.

' Currently, I work as Medical Technician at

Red Crescent - Hebron.

E-ISSN: 2789-5280 H JHA S



