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ARTICLE INFO ABSTRACT

Keywords: Introduction: Oxidative stress plays a key role in Parkinson's disease (PD) etiopathology. Heme oxygenase, an
Bilirubin important enzyme which regulates oxidative balance, converts heme molecules into carbon monoxide, iron and
Parkinson's disease biliverdin/bilirubin. The role of bilirubin has not been fully studied in PD, showing controversial results over the
Pathophysiology

last few decades. Our aim was to investigate the relationship between bilirubin levels and PD. Secondly, we
sought to evaluate the link between bilirubin concentration with PD progression, severity and dopaminergic
treatment.

Methods: We included 420 PD patients (56% males, mean age: 64 + 12 years) and 435 healthy controls (47%
males, mean age: 58 + 17 years). Bilirubin levels in both groups were compared using linear regression and
multivariate analysis adjusted according to age and sex. Secondly, a case study with the PD cohort was carried
out and bilirubin levels were correlated with current treatment, duration and severity of disease.

Results: Bilirubin levels were significantly higher in PD patients than in controls (PD: 0.56 = 0.26 mg/dl,
controls: 0.45 + 0.22mg/dl; p < 0.001). In PD patients, we demonstrated a negative correlation between
bilirubin levels and disease duration (p < 0.05). Higher bilirubin concentrations were identified in PD patients
with Hoehn & Yahr stage < 3. No relationship between bilirubin and treatment was found in PD patients.
Conclusions: Increased bilirubin levels are particularly related to the first years of PD. Overexpression of oxi-
dative enzymes could play an important role in PD etiology, leading to higher bilirubin levels in the early stages
of PD.

Heme oxygenase 1

1. Introduction

Parkinson's Disease (PD) is one of the most common neurodegen-
erative disorders. Although its pathogenesis is widely studied, the role
of many genetic and environmental factors remains unknown [1,2].
Oxidative stress is thought to play a key role in PD etiopathology and is
commonly understood as an imbalance between reactive oxygen spe-
cies (ROS) production and the cellular antioxidant mechanisms [1].
Heme oxygenase (HO) is an important enzyme which regulates oxida-
tive balance, with overexpression in dopaminergic cells exposed to
oxidative stress [3]. HO converts heme molecules into carbon mon-
oxide, iron and biliverdin/bilirubin. Bilirubin is considered to be a
natural antioxidant and its serum concentration has been considered as
a possible marker of HO isoform 1 (HO-1) activity [4,5]. Bilirubin plays
a dual intracellular role with a concentration-dependent activity.

Bilirubin acts as a potent ROS scavenger in situations with lower in-
tracellular levels. However, increased intracellular concentration may
have a toxic effect. There is a dynamic equilibrium between plasmatic
bilirubin levels and bilirubin concentration in extravascular tissues [6].
The role of bilirubin has not been fully studied in PD, and has shown
controversial results over the last few decades [7-9]. Although it has
been suggested that bilirubin plays a protective role in cardiovascular
disease and other disorders [10], recent studies have found increased
levels of bilirubin in newly-diagnosed PD patients [9].

From the point of view of pathogenic factors in PD, levels of bilir-
ubin and HO-1 expression is a new pathway that should be studied. Our
study aimed to investigate the relationship between serum bilirubin
concentration and PD. Secondly, we sought to study the relationship
between bilirubin levels and severity of disease and dopaminergic re-
placement therapy in PD.
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2. Methods
We included 420 PD patients (56% males, mean age: 64 + 12
years) and 435 healthy controls (47% males, mean age: 58 = 17

years). Patients were recruited from the Movement Disorder Clinic at
Hospital Universitario Virgen del Rocio in Seville, Spain. Healthy con-
trols were non-blood relatives of PD patients and volunteers from the
primary care centers in the same geographical area as the PD patients.
The diagnosis of PD patients was made using the United Kingdom
Parkinson's Disease Society Brian Bank criteria. Exclusion criteria were
any conditions that could affect serum bilirubin concentration. Firstly,
we excluded subjects who had treatment with statins or chemotherapy,
alcoholism, liver disease, biliary surgery or history of biliary colic, and
recent hemolytic anemia. To avoid the influence of the well-known
bilirubin-induced neurotoxicity, we excluded subjects with bilirubin
levels high enough to produce it (serum bilirubin concentration >
2mg/dl). Additionally, in the healthy control group, we considered as
exclusion criterion the presence of any relevant neurological disease.
Demographic and clinical data as well as current treatment was re-
corded in both groups. To assess the severity of the disease, we used the
modified Hoehn & Yahr scale (HY) and we gathered our PD population
into three groups depending on HY stage (group 1 = HY 1-2; group
2 = HY 2.5-3; and group 3 = HY 4-5). In addition, data regarding
dopaminergic replacement therapy was recorded. Serum total bilirubin
concentration was determined in peripheral blood and analyzed in the
laboratory of our Hospital.

Total bilirubin levels, hemoglobin concentration and tracers of liver
function were compared in both groups by linear regression with
multivariate analysis adjusted according to age and sex. Additionally,
we compared bilirubin levels in both groups with multivariate analysis
adjusted according to liver enzymes and hemoglobin in order to avoid
confounding factors. To determine if the difference in bilirubin levels
was linked to specific disease states, we compared bilirubin con-
centration in different HY groups to controls with multivariate analysis.
However, correlation with motor stage of patients (Unified Parkinson's
Disease Rating Scale — Part III) was not possible due to these data not
being available for many patients. Demographic data was compared
between PD and controls by Chi-square. We designed an age- and sex-
matched control set in order to compare bilirubin levels between groups
avoiding other possible confounding factors associated with sex or age
(View Supplemental Material Methods).

In the PD group, we used bivariate linear regression to analyze the
relationship between bilirubin levels and disease duration, treatment
and demographics variables adjusted according to confounding vari-
ables. Results were considered statistically significant for p < 0.05.

Statistical analysis was performed using IBM SPSS Statistics soft-
ware version 24.0. The study was approved by the local ethics com-
mittee, and written consent was obtained from all patients and healthy
controls participating in the study.

3. Results

Demographic data and serum bilirubin levels are shown in Table 1.
PD patients showed statistically significant higher serum bilirubin le-
vels than healthy controls (0.56 = 0.26 mg/dl vs 0.45 * 0.22 mg/dl;
p < 0.001). No difference in hemoglobin levels was found between
groups; however, liver enzymes were slightly higher in controls than in
PD patients (Table 1). The difference in bilirubin levels remained sig-
nificant (p < 0.001) after adjusting according to age, sex, liver en-
zymes and hemoglobin (Fig. 1). Furthermore, this difference amongst
groups was observed after repeating the analysis in our age- and sex-
matched control set (Supplemental material — Table S1). When we
compared bilirubin levels among PD patients with a different HY group
and controls, we found that those on mild and moderate stages
(HY = 3) had higher bilirubin levels than controls. These results re-
mained statistically significant after adjusting according to age, sex,
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Table 1
Demographic data, liver profile and serum bilirubin levels in controls and PD
patients.

Healthy PD patients P value Laboratory
Controls (N = 420) reference
(N = 435) values
Age (years = SD) 58 = 17 64 + 12 < 0.001 -
Sex (% /% Q) 47%/53% 56%/44% 0.005 -
Serum bilirubin 0.45 = 0.22 0.56 = 0.26 < 0.001* 0.2-1.2
Concentration
(mg/dD
GOT (Iu/1) 23.3 17.7 0.07 10-40
GPT (1U/D) 20.6 14.4 < 0.05 10-40
GGT (IU/D) 26.2 22.7 < 0.05 10-50
Hemoglobin (g/0) 139,9 139,3 0.63 136-180

* Adjusted according to sex, age, liver enzymes and hemoglobin.
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Fig. 1. Difference in bilirubin concentration between healthy controls and
PD patients. A boxplot diagram shows the difference in bilirubin concentration
between healthy controls and PD determinate by linear regression, *adjusted
according to age, sex, liver enzymes and hemoglobin.

liver enzymes and hemoglobin (Supplemental material - Table S2).

In the PD group, we did not find a significant association between
bilirubin levels and age, type of dopaminergic treatment (levodopa
treatment, dopamine agonist treatment) or levodopa equivalent daily
dose (LEDD). However, we found a relationship between bilirubin le-
vels and sex. Higher bilirubin levels were observed in males with PD
(Supplemental material - Table S3). We also found a mild but sig-
nificant negative correlation between bilirubin levels and years of dis-
ease duration after adjusting according to sex and LEDD (p = 0.049)
with a correlation coefficient value of — 0.1 (Supplemental Material -
Figure S1).

Although we found differences in bilirubin levels between HY stages
compared to healthy controls, within the PD cohort, we did not observe
a direct correlation between bilirubin levels and HY stages.

4. Discussion

In this study, we compared serum bilirubin levels in PD patients and
healthy controls, and higher bilirubin levels in PD patients were ob-
served. This result remained statistically significant in our sex- and age-
matched group, after adjusting according to possible confounding
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factors. We also found that bilirubin levels were higher in the first years
of the disease and decreased with disease progression, being in-
dependent of sex and dopaminergic therapy. To the best of our
knowledge, this is the first reported association between bilirubin levels
and disease progression. Although we did not observe a direct corre-
lation between bilirubin levels and disease severity, we found that PD
patients in early disease stages (HY < 3, functionally independent)
have particularly higher bilirubin levels than controls.

These findings concur with previous studies [7,9]. Scigliano et al.
found higher bilirubin levels in PD patients, interpreted as a possible
effect of dopaminergic replacement therapy [7]. Additionally, Moccia
et al. also showed higher bilirubin concentration in drug-naive PD pa-
tients compared to controls [9]. Although they did not observe a re-
lationship with the necessity of initiating dopaminergic treatment after
a two-year follow-up, they reported a negative correlation between
bilirubin levels and LEDD. In our work, bilirubin levels were not related
to dopaminergic therapies or LEDD. Therefore, in our population do-
pamine replacement therapy does not seem to play a main role in the
bilirubin levels of PD patients.

In contrast to our work, Qin et al. described in a Chinese population,
lower levels of indirect bilirubin in PD patients compared to healthy
subjects, with no difference in total bilirubin concentration [8]. This
difference between our results and the previous study might be ex-
plained by some factors such as different exclusion criteria or HO
polymorphisms, which could vary in different populations.

Even though other antioxidant molecules have been described as
decreased in PD, the difference in bilirubin levels between PD and HC
may correspond to enzymatic changes in CNS related to PD etiology.
HO as well as other enzymatic pathways are suggested to play a key role
in oxidative stress and mitochondrial dysfunction, both well-known
mechanisms involved in PD etiology. HO-1 is inducible by ROS in CNS.
An important role of HO-1 in the oxidative balance is demonstrated in
brains with neurodegenerative disorders [3]. Considering these find-
ings, increased levels of bilirubin in PD could be interpreted as a con-
sequence of HO-1 overexpression in CNS during early disease stages.
Moreover, it has been suggested that this overexpression could be an
adaptive response to oxidative stress in substantia nigra of PD patients
[3,9]. However, we hypothesize that in PD patients with a longer dis-
ease course, lower bilirubin levels might be related to either a failure in
that antioxidant system or neurodegenerative changes favored by
maintained overexpression of HO-1. The cause of ROS imbalance is still
unknown, but an environmental and a genetic component are supposed
in most PD forms [2]. The role in PD of genetic variations in the gene
that codified HO-1 (HMOX1) has not been fully studied. Recently, two
functional HMOX1 variations have been described as potential genetic
biomarkers of PD [11], although previously Funke et al. did not find an
association between HMOX1 polymorphisms and PD [12].

The strength of our conclusions is tempered by some limitations.
Firstly, we did not have different types of bilirubin (direct and indirect)
available in our study. They were not measured by our laboratory in the
routine blood test unless a marked hyperbilirubinemia (total bilir-
ubin > 1.5mg/dl) was detected. Most of the patients with hyperbilir-
ubinemia were excluded from our cohort, as we mentioned above.
Secondly, the overall hepatic profile was not completely homogenous in
both groups. Higher liver enzymes levels (GGT and GPT) were found in
controls. This fact does not justify the differences in bilirubin levels
between groups since a hepatic dysfunction would have caused higher
bilirubin levels in controls instead of PD. In addition, mean values of
liver enzymes were in the normal range without detected hyper-
transaminasemia in either group. However, we adjusted our analysis of
bilirubin between groups according to liver enzymes as previously
mentioned. Even though selected exclusion criteria were applied, other
possible factors interfering in bilirubin or liver enzymes concentration
cannot be fully excluded. Due to the retrospective design of our study,
we cannot achieve robust conclusions about a predictive value of serum
bilirubin levels in PD progression. Finally, we compared groups (PD and
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controls) which differ in dopaminergic treatment. This could explain
the mild difference in liver enzymes between groups. However, as
mentioned above, in our study bilirubin levels were not related to do-
paminergic replacement therapy or LEDD so it is difficult to believe in a
correlation between bilirubin and dopaminergic replacement therapy.

We conclude that total bilirubin concentrations are higher in PD
patients. Our results describe for the first time that this increase in bi-
lirubin levels is related to the initial years of PD. Overexpression of HO-
1 could play an important role in PD etiology, leading to higher bilir-
ubin levels in the early stages of PD. Regarding these findings, future
genetic analysis of HMOX1 expression in PD patients might be useful to
better understand PD etiology.
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