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Abstract

Background: Depression, schizophrenia and panic disorder are com-
mon mental disorders in the community and hospitalized patients.
These mental disorders negatively affect life quality and even expec-
tancy of life. Haptoglobin (Hp) phenotype (Hp 1-1, 1-2, or 2-2) is
associated with risk for cardiovascular diseases, but its association
with psychiatric disorders, a growing concern in the modern society,
has not been studied thoroughly. The aim of the study was to examine
whether Hp phenotype is associated with common mental disorders
such as depression, schizophrenia, and panic disorder.

Methods: The study included 92 Arab patients with mental disorders,
and among them 44 suffered from schizophrenia (mean age 39 + 1.5
years), 17 from depression (mean age 44.5 + 3.1 years), 31 from panic
disorder (mean age of 44.9 + 2.7 years), and 206 healthy Arab con-
trol subjects with a mean age of 42.6 + 0.9 years. Beck’s depression
inventory assessment and Hamilton depression scale were adminis-
tered for depression and panic disorder diagnosis. Schizophrenia was
evaluated with positive and negative affect schedule (Panas) test. All
mental disorders were evaluated by clinical review. Blood analysis
for Hp phenotype was performed. Diagnosis was made using the Di-
agnostic and Statistical Manual of Mental Disorders axis to correlate
depression with Hp phenotype.

Results: In mentally healthy controls, 10.7% were Hp 1-1, 38.8% Hp
2-1, and 50.5% Hp 2-2. In patients with the studied psychiatric disorders,
Hp phenotype was comparable to healthy subjects; 8.7% were Hp 1-1,
50% Hp 2-1, and 41.3% Hp 2-2. When Hp phenotyping was analyzed in
the psychiatric subgroups, Hp 2-1 was more common among depressed
and schizophrenic patients, as compared with healthy subjects (58.8%
and 52.3% vs. 38.8%). In patients who suffer from panic disorder, Hp
phenotype distribution was 6.5% Hp 1-1, 41.9% Hp 2-1, and 51.6% Hp
2-2, suggesting a lower prevalence among Hp 1-1 phenotype.

Conclusions: Arab patients who carry Hp 2-1 phenotype may be at
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risk to develop depression or schizophrenia more than the general
healthy population. In contrast, Hp 1-1 subjects have a lower preva-
lence of panic disorder.

Keywords: Haptoglobin; Mental disorders; Depression; Schizophre-
nia; Panic disorder; Association

Introduction

The prevalence of mental disorders including depression,
schizophrenia, panic disorder, and compulsive obsession is
steadily rising in the Western world. Although strategies for
treating these disorders improved in the last decade, little is
known concerning the underlying mechanisms that increased
risk of certain subjects to develop these mental disorders. Sus-
ceptibility to mental disorders has been attributed to several
factors including genetic ones [1-4].

Haptoglobin (Hp) is an abundant serum protein for which
there are two common alleles in human being, termed 1 and
2 [5]. The phenotype of an individual may therefore be de-
scribed as being Hp 1-1 (homozygous for the Hp 1 allele), Hp
2-2 (homozygous for the Hp 2 allele) or Hp 2-1 (heterozy-
gote). The frequencies of the two Hp alleles typing have re-
vealed considerable geographic and ethnic impact. In Israel,
the two alleles are in a balanced polymorphism with approxi-
mately 30-40% of the alleles being type 1 and 60-70% type
2 [6-11].

Normal healthy individuals produce substantial amounts
of intravascular free hemoglobin (Hb) due to daily turnover
of red blood cells. Free extracorpuscular Hb represents a
highly potent source of oxidative tissue damage due to the
heme iron within the Hb which can act as a Fenton reagent to
produce the highly reactive hydroxyl radical [5]. Hp protein
functions as the main line of defense against the oxidative
effects of Hb [5]. It has been shown that the Hp 1-1 protein
is superior to the Hp 2-2 protein in this antioxidant function
[12, 13]. The Hp phenotype has been associated with cardio-
vascular complications in numerous studies [6]. For instance,
Hp 2-2 increases the susceptibility to develop cardiovascular
and renal diseases of diabetes mellitus five-fold as compared
with Hp 1-1 subjects [6-8]. Unfortunately, the interaction be-
tween the Hp phenotype and mental disorders has not been
studied thoroughly. This issue is of special interest since most
recently a linkage between Hp phenotype and poor cogni-
tive functioning in the elderly with type 2 diabetes has been
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Table 1. Demographic Characteristics of Studied Healthy Subjects and Mentally Il Patients

Patient group Age Gender, M, F/total (%) Hp 1-1 (%) Hp 2-2 (%) Hp 2-1 (%)
Healthy subjects (n = 206) 42.6+0.9 M: 83/206 (40%) 10.7 38.8 50.5
F: 123/206 (60%)
Schizophrenia (n = 44) 39.0+1.5 M: 25/44 (57%) 9.1 52.3 38.6
F: 19/44 (43%)
Depression (n = 17) 445+3.1 M: 5/17 (29%) 11.8 58.8 29.4
F: 12/17 (711%)
Panic (n=31) 449+2.7 M: 8/31 (26%) 6.5 41.9 51.6

F: 23/31 (74%)

reported [14].

Materials and Methods

The study was approved by the Nazareth Hospital EMMS Hu-
man Research Review Committee and carried out at Nazareth
Hospital. All patients provided informed consent.

The demographic and laboratory data of the studied Arab
patients from Northern Israel are listed in Table 1. The current
study included three subgroups of total 92 psychiatric patients:
17 suffered from depression, 44 from schizophrenia, and 31
from panic disorder. Two hundred and six healthy subjects (n
=2006) served as controls.

Mental disorders characterization

The Hamilton depression scale was administrated, and a score
of 18 or greater on Hamilton depression scale accompanied by
the presence of significant neurovegetative changes was evalu-
ated to confirm the diagnosis of depression and panic disor-
ders. We also used the Beck’s depression inventory (BDI), a
self-administration evaluation including 21 questions, which is
known to be reliable and valid, as the main evaluation method
in our study. A BDI score of 11 or greater indicates the pres-
ence of at least a moderate level of depression symptoms. Pa-
tients with a Hamilton score of 18 and/or BDI score of 11 un-
derwent a structured clinical interview by a psychiatrist based
on DSM-V criteria. Diagnosis was made to correlate mental
disorder with Hp phenotype. Schizophrenia was diagnosed ac-
cording to positive and negative affect schedule (Panas) test.

Hp phenotype analysis

Hp phenotypes were determined as described by Hochberg et
al [15]. Briefly, serum (10 pL) that were obtained from blood
samples of the depressed, schizophrenic and anxious patients,
and healthy subjects were mixed with 2 uL of a 10% hemo-
globin solution, and the samples were incubated for 5 min at
room temperature to permit the Hp-Hb complexes to form. An
equal volume of sample buffer containing 125 mmol/L Tris
base (pH 6.8), 200 g/L glycerol, and 0.01 g/L bromphenol
blue was added to each sample before electrophoresis. The
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Hp-Hb complex was resolved by polyacrylamide electropho-
resis using a buffer containing 25 mmol/L Tris base and 192
mmol/L glycine. The stacking gel was 4% polyacrylamide
(29:1 acrylamide-bis-acrylamide) in 125 mmol/L Tris base,
pH 6.8, and the separating gel was 4.7% polyacrylamide (29:1
acrylamide-bis-acrylamide) in 360 mmol/L Tris base, pH 8.8.
Electrophoresis was performed at a constant voltage of 120 V
for 2 h. After the electrophoresis was completed, the Hp-Hb
complexes were visualized by soaking the gel in freshly pre-
pared staining solution. The staining solution contained 5 mL
of 2 g/L 3,3",5,5'-tetramethylbenzidine in methanol, 0.5 mL of
dimethyl sulfoxide, 10 mL of a 50 mL/L solution of glacial
acetic acid, 1 mL of a 10 g/L potassium ferricyanide solution,
and 150 pL of 300 g/L solution of hydrogen peroxide. The

Hp1-1 Hp2-1 Hp2-2

Figure 1. Representative profile of the three Hp phenotypes in plasma
samples using native-PAGE. The pattern reveals heterogeneity in Hp
2-1 and Hp 2-2, but not in Hp 1-1.
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Figure 2. Mental disorder prevalence and distribution of haptoglobin phenotype among healthy subject and patients with mental

illness: depression, schizophrenia, and panic disorder.

bands corresponding to the Hp-Hb complex were readily vis-
ible within 15 min and are stable for more than 48 h. All gels
were documented with photographs. Phenotypes Hp 1-1, Hp
2-2, and Hp 2-1 were distinguished by a characteristic pattern
of bands representing the Hp-Hb (Fig. 1).

Results

Demographic characterization

The mean ages of the diseased groups and control subjects
were comparable: schizophrenia (mean age 39 + 1.5 years),
depression (mean age 44.5 + 3.1 years), and panic disorder
(mean age of 44.9 + 2.7 years), and healthy control subjects
with a mean age of 42.6 + 0.9 years (Table 1).

The prevalence of depression and panic disorder was
higher among females than males, while schizophrenia was
more common among males (Table 1). This is the reason why
we choose to include more females in the control group than
males.

Hp phenotype

This protocol was designed in order to examine whether Hp
phenotype is associated with psychiatric disorders. The distri-
bution of mental disorders among the studied 92 patients is
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described in Figure 2a. The prevalence of schizophrenia was
47.8%, depression 18.5%, and panic disorder 33.7%. Figure
2b depicts the distribution of Hp gene polymorphism among
the studied psychiatric patients, as compared with the healthy
controls. Hp 1-1 among healthy subjects was 10.7%, 38.8%
Hp 2-1, and 50.5% Hp 2-2. About 9% of the psychiatric pa-
tients were Hp 1-1, comparable to healthy subjects. However,
50% of the psychiatric patients were Hp 2-1, and 41.3% Hp
2-2 (Fig. 2b).

When the psychiatric patients were divided into three sub-
groups (schizophrenia, depression, and panic disorder), a dis-
tinct Hp phenotype distribution was found among these sub-
groups of mental disorders (Fig. 3). Specifically, Hp 1-1 among
depressed patients was 11.8%, 58.8% Hp 2-1, and 29.4% Hp
2-2. Among schizophrenic patients, Hp 1-1 phenotyping was
9.1%, 52.3% Hp 2-1, and 38.6% Hp 2-2. Finally, among pa-
tients who suffer from panic disorder, the distribution of Hp
phenotype for Hp 1-1, Hp 2-1, and Hp 2-2 was 6.5%, 41.9%,
and 51.6%, respectively. These results suggest that depression
and schizophrenia, but not panic disorder, are more common
among Hp 2-1 patients.

Discussion

Psychiatric disorders are very heterogeneous clinical problems
with many different etiologies. By understanding the underly-
ing causes of these diseases, progress towards effective treat-

www.jocmr.org



Armaly et al

J Clin Med Res.2018;10(3):196-201

All Psychiatric Patients

Depression

Schizophrenia

8.7

EHp1-1
mHp 2-1

mHp2-2

Panic disorder

Figure 3. Distribution of haptoglobin phenotype among all patients with mental iliness and subgroups of patients with depression,

schizophrenia, and panic disorder.

ment can be made. Studies have demonstrated an association
between Hp phenotype and certain mental disorders such as
schizophrenia, but not depression and panic disorder. There-
fore, the current study extends our knowledge in this regard,
where we demonstrate distinct distribution of Hp phenotype
among psychiatric patients. Specifically, Hp 2-1 was more
common among depressed and schizophrenic patients, as com-
pared with healthy subjects (58.8% and 52.3% vs. 38.8%). In
patients who suffer from panic disorder, Hp phenotype distri-
bution was 6.5% Hp 1-1, 41.9% Hp 2-1, and 51.6% Hp 2-2,
suggesting a lower prevalence of the disease among Hp 1-1
phenotype. Thus, one may conclude that patients who carry Hp
2-1 phenotype may be at risk to develop depression or schizo-
phrenia more than the general healthy population. In contrast,
Hp -1 subjects have a lower prevalence of panic disorder.

Hp is an abundant Hb-binding protein present in the plas-
ma [5, 12, 13]. There are two classes of functional alleles Hp
1-1 and 2-2. Hp binds to free Hb released from blood cells
as part of red cell turnover, thus inhibiting the oxidative tis-
sue damage resulting from free Hb through heme iron [12,
16]. Several studies have shown that the severity of oxidative
stress-induced cardiovascular complications in various disease
states is affected by Hp phenotype [6-11]. Hp alleles differ in
their ability to clear free Hb from the plasma where Hp (1-1)-
Hb complexes are cleared more efficiently from the plasma
than Hp (2-2)-Hb complexes [5, 12, 16], thus subjects with Hp
2-2 are more prone to oxidative stress [17]. Although the asso-
ciation of Hp phenotype with risk for cardiovascular diseases
and renal diseases is well established, its connection with psy-
chiatric disorders, a growing concern in the modern society,
has not been studied thoroughly. Most of the scarce studies in
this regard, addressed the association of Hp and schizophrenia
or depression and the results of these studies have been incon-
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clusive.

Concerning schizophrenia, it is known that schizophrenia
is accompanied by both an altered expression of Hp protein
and a different phenotype distribution of Hp gene, suggesting
that Hp is associated with schizophrenia. Therefore, Hp and
transferrin types were studied in schizophrenic patients and
control subjects by several groups. In agreement with our re-
sults, it has been demonstrated that Hp system displays a sig-
nificant departure from the Hardy-Weinberg equilibrium with
an excess of heterozygotes among the schizophrenic patients
[18]. Likewise, the distribution of Hp types in the schizophren-
ic patients was significantly different from that in the controls.
In contrast to Hp, there was no significant difference between
patients and controls with respect to transferrin types [18]. In
line with these findings, a study on 98 Northwestern Italian
schizophrenic patients revealed that the allele frequency of
the Hp phenotypes in schizophrenia, i.e. Hp 1-1 (9.2%), Hp
2-1 (38.8%) and Hp 2-2 (52.0%), was significantly different
from that in the Northwestern Italian population, i.e. Hp 1-1
(17.0%), Hp 2-1 (51.3%) and Hp 2-2 (38.5%) [19]. The fre-
quency of the Hp-2 gene was significantly higher in schizo-
phrenic patients (71.7%) as compared with the observed fre-
quency in the Northwestern Italian population (62.5%). The
authors concluded that, schizophrenia is accompanied by an
altered distribution of the Hp genotypes and phenotypes, sug-
gesting that genetic variation on chromosome 16 may be as-
sociated with schizophrenia. Similarly, in genetic association
study, Wan et al [20] found significant associations existing
between schizophrenia and Hp polymorphisms, Hp 1/2 and
rs2070937 variants. The results from proteomic and genomic
aspects both indicate that acute phase reaction is likely to be an
etiological agent in the pathophysiology of schizophrenia, but
not just an accompanying symptom. The positive acute phase
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proteins (APPs) are schizophrenic related proteins, with the
highly concordant results on four positive APPs. In contrast
to these reports, a study in Chinese patients revealed no such
association between Hp or transferrin polymorphisms and
schizophrenia [18, 21]. Moreover, no reliable differences in
the distribution of Hp phenotypes were found between schizo-
phrenic patients and healthy Russian persons [22]. However,
hereditary types of Hp turned to be markers of the course and
the prognosis of schizophrenia.

Regardless the Hp phenotype, a recent study by Sone et
al [23] demonstrated that mean serum Hp levels were sig-
nificantly higher in patients with Alzheimer disease compared
with healthy controls, but comparable with those of Parkinson
disease group. Interestingly, these authors found a significant
positive association between the serum Hp level and the sever-
ity of cognitive impairment, as measured using several neu-
ropsychological tests, in the patients with AD. It would have
been of interest to determine Hp phenotype in these patients
besides measuring the circulatory levels of the peptide.

Pursuing the hypothesis that certain unipolar and bipolar
depression may be genetically related, we and others analyzed
Hp phenotype in depressed patients. Moreover, several studies
have shown that major depression is accompanied by signifi-
cantly increased plasma levels of positive acute-phase proteins
such as Hp [24]. Thus, the current study revealed a higher
prevalence of depression among Hp 2-1. In line with our find-
ing, a significant higher frequency of the HP*1 allele has been
detected in patients with unipolar major depression [24]. An
increase of HP*1 allele frequency was found in the subgroup
of patients with family history of exclusively unipolar disorder
(70% in patients vs. 38% in controls, Chi-square = 8.34, P =
0.004). The relative risk for the HP*1 carriers in this subgroup
was 3.8 (Chi-square = 7.29, P = 0.007). In this context, how-
ever, by applying associative studies in unipolar depression,
other researchers [25] failed to find an association between the
Hp-2 allele and depression in elderly patients with unipolar
depression. Collectively, these findings suggest a genetic and
etiological heterogeneity in the bipolar disorder, but not in all
studies and ethnic groups.

Finally, panic disorder is a common illness that can have
adverse consequences, including enhanced morbidity and
mortality rates. Based on family and twin studies, it is widely
accepted that panic disorder is a genetic disorder and transmis-
sion patterns within families support the hypothesis of a dis-
ease gene predisposing to the condition [26]. Therefore, efforts
were invested to identify genes underlying familial panic dis-
orders through linkage analysis. A preliminary linkage analysis
of panic disorder at the University of lowa found suggestive
but inconclusive evidence of linkage to the alpha-Hp locus on
chromosome 16q22 [26]. Our study show patients who carry
Hp 1-1 phenotype have a lower prevalence of panic disorder.

In summary, our results clearly show that schizophrenia
and depression are associated with Hp 2-1 while panic disor-
der is less connected to Hp 1-1 phenotype. It is an associative
study, and additional studies are needed to establish cause and
effect relationship between Hp phenotype and mental illness-
es. However, taking into account that Hp is characterized by a
molecular variation with three known phenotypes, i.e. Hp 1-1,
Hp 2-1 and Hp 2-2, where the latter is associated with poorer
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cardiovascular and diabetic prognosis, it is appealing that such
relation may exit also in major mental illnesses. This notion is
further supported by the fact that Hp 2-2 phenotype is associ-
ated with an increased incidence of micro- and macro-vascular
complications in type 2 diabetic subjects [6, 27], which may
affect the cerebrovascular diseases.

Yet, it should be emphasized that the current study has few
limitations, including small sample size, and Hp phenotype
rather than genotype determination.
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