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Abstract

Depression and Anxiety are two important public health problems that are known to be associated with viral infec-
tions. The association between the intake of nutrients such as zinc and copper with symptoms of depression has been
studied previously. The aim of the current study was to investigate the association between depression with human T
cell lymphotropic virus type 1 (HTLV-1) infection and serum content of zinc and copper in a large Iranian population
cohort. The study population consisted of 279 HTLV-1-positive patients who were identified after recruitment as part
of a large cohort study: the Mashhad Stroke and Heart Association Disorder (MASHAD) study. They were divided
into two groups of diagnosed with or without depression based on their symptoms. Serum zinc and copper levels of all
subjects were measured using the flame atomic absorption spectrometry. The population sample comprised of 279
individuals infected with HTLV-1 of whom 192 (68.8%) were women. The mean serum zinc in the group with and
without depression was 78.69 £13.79 pg/dl and 86.87+19.44 ug/dl, respectively (p <0.001). Also, the serum copper
level was higher in the depressive group (116.75+39.56) than in the non-depressive group (104.76 +30.77) (p 0.004).
The association between serum zinc and copper with depression in HTLV-1-infected patients which was shown in this
study could be considered in the treatment strategies in these patients.
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Introduction

Human T cell lymphotropic virus type 1 (HTLV-1) is associ-
ated with adult T cell leukemia/lymphoma (ATLL) and
may cause other clinical manifestations, such as uveitis,
arthritis, infective dermatitis, polymyositis [1], lympho-
cytic interstitial pneumonia [2, 3], and tropical spastic
paraparesis/HTLV-1-associated myelopathy [4, 5].
HTLV-1 is also associated with some psychiatric disor-
ders such as depression [6]. Since depression has impor-
tant social impact and is associated with economic costs,
it is known to be a serious public health problem [7].
Currently, depression is the fourth most common cause
of disability around the world and its prevalence is ex-
pected to increase [8]. Depression is a frequent comorbid-
ity of other medical conditions [9, 10]. Its high preva-
lence and economic and social impact have led to depres-
sion being considered an important public health problem
[7, 11]. Depression is often associated with medical mor-
bidity in the world and is a common cause of disability
[10, 12]. The associations between depression and viral
infections such as human immunodeficiency virus (HIV)
and hepatitis C virus (HCV) have been reported by some
researchers [13—15]. Although the association between
HTLV-1 infection and the presence of psychiatric disor-
ders has received little attention, existing data suggest
that individuals infected with this virus have a high fre-
quency of depressive and anxiety symptoms, resulting in
an impaired quality of life [6, 16]. Moreover, the associ-
ation between the intake of nutrients such as zinc and
copper with the symptoms of depression has been inves-
tigated [17].

Zinc is an essential micronutrient and is responsible for
different biological functions. Some of these functions
include being a cofactor for several important enzymes,
gene expression, the synthesis and release of insulin, and
total body homeostasis [18]. The total amount of zinc in a
human adult body is approximately 2-3 g, most of which
is in skeletal muscles and bones. Although plasma levels
of zinc are used to evaluate its nutritional status, but only
0.1% of the total zinc is found in plasma [19]. Copper is
an important part of many metalloenzymes that perform
important processes, including the inactivation of hista-
mine, degradation of serotonin, oxidation of iron, produc-
tion of norepinephrine, and protection against oxidative
damage [20]. The enzyme monoamine oxidase (MAO) is
important for serotonin degradation and the metabolism of
dopamine, two neurotransmitters which play important
roles in mental activity [21]. However, the relationship
between depression and HTLV-1 infection has not re-
ceived as much attention. The aim of this study is the
evaluation of serum zinc and copper levels and their as-
sociation with depression in HTLV-1-infected patients.
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Methods and Material
Study Population

A total of 9274 subjects (3719 (40%) males and 5555 (60%)
females) were recruited as part of the Mashhad Stroke and
Heart Atherosclerotic Disorders (MASHAD) cohort study as
described previously [18]. The protocols were approved by
the MUMS Committee on Ethics. General inclusion and ex-
clusion criteria of MASHAD study and data collected from
the sample population which included marital status, occupa-
tional status, educational level, drug use, and biochemical and
anthropometry measurements were explained previously [22].

HTLV-1 Infection Assessment

The serum samples of all participants of MASHAD study
were screened for HTLV-1-specific antibodies using an
enzyme-linked immunosorbent assay (ELISA) (Dia.Pro
Diagnostic, Italy) method. Positive cases were assessed for
the HTLV-1 genome using the polymerase chain reaction
(PCR) for TAX- and LTR-specific primers to confirm the
infection as describe previously [23]. Patients were confirmed
to be infected by HTLV-1 if either of the genes were present. A
total of 279 HTLV-1-infected patients (192 women and 87
men) were identified who were enrolled into the current study.
HTLV-1-infected patients were divided into two groups: those
diagnosed with depression (128 (45.9%)) and those without a
diagnosis of depression (151 (54.1%)).

Assessment of Depression

We used the Beck Depression Inventory (BDI) questionnaire
which contains 21 items and each question comprises a 4-
point scale that provides a score between 0 and 63 [24].
Each item represents a single symptom associated with de-
pression, including crying, feelings of hopelessness, fear and
loss of appetite, sadness, feelings of guilt, and sleep distur-
bance over the past 2 weeks. Scores are classified as the fol-
lowing: 0—13 minimal or no depression, 14—19 mild depres-
sion, 20-28 moderate depression, and 29-63 severe depres-
sion [25]. According to Beck questionnaire, we merged three
groups of depression to one group and made two groups,
depression and no depression groups.

Measurement of Serum Zinc and Copper
Concentrations

Serum samples were diluted with nitric acid at the ratio of
1:10. Using the flame atomic absorption (Varian
AA240FS), the concentrations of Zn and Cu were mea-
sured [26, 27]. To avoid trace element contamination, all
glass tubes were acid-washed with hydrochloric acid 10%
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(HCI) for 24 h before measurement. Also using Zn and
Cu standard (Merc and Co. Pharmaceutical Company), Zn
and Cu standard curves were created. The accuracy of the
methods for Zn was 93+4.8% and 95+3.75 for Cu
which were assessed through measuring the confirmed
reference material (MercK KGaA 64271 Darmstadt,
Germany) comprising known values (1000+2 mg/l) of
Zn and Cu. The intra-assay and inter-assay coefficients
of variation (CV) for Zn and Cu were 1.5+0.2%, 2.6 +
0.4%, 1.3+£0.12%, and 2.11 +0.32%, respectively. The
limit of detection was less than 0.1 mg/l for both copper
and zinc.

Statistical Analysis

All statistical analyses were undertaken using SPSS ver-
sion 18(SPSS Inc. Chicago, IL, USA). The normality of
zinc and copper and depression score were assessed
using the Kolmogorov-Smirnov test. Descriptive statis-
tics including mean, frequency, and standard deviation
(SD) were defined for all variables and expressed as
mean =+ standard deviation (SD). Student’s ¢ test was
determined for comparison between two groups. Chi-
square was used to evaluate the categorical parameters.
Logistic regression analysis was used to evaluate the re-
lation between depression and 95% reference interval of
zinc and copper in HTLV-1-positive subjects. A two-
sided p value of <0.05 was considered statistically sig-
nificant. SPSS version 18 was used for designing figures.

Result
General Characteristics of the Subjects

The sample was composed of 279 individuals infected with
HTLV-1 of whom 128 (45.9%) had depression and 151
(54.1%) did not have depression. The age in the groups with-
out depression and depression was 50.11 £7.14 and 50.72 +
9.79 respectively and there was not a significant difference
between the two groups (p 0.51) (Table 1), although we found
significant differences between the two groups according to
sex (p 0.027) (Table 1).

Table 1 Demographic characteristics of 279 HTLV-1-positive subjects
according to depression

No depression  Depression  p value
(n 151) (n 128)
Sex Male =87 55 (63.2%) 32(36.8%)  0.027
Female =192 96 (50.0%) 96 (50.0%)
Age (year) 50.11+7.14 50.72+9.79  0.51

Serum Zinc and Copper Levels

Table 2 shows that the mean serum zinc in the group
without depression was 86.87 +19.44 pg/dl while in the
group with depression, it was 78.69 +13.79 ug/dl
(p <0.001). Moreover, serum copper in the non-
depressed group was higher than that in the group with
depression (p =0.004). In this study, we found that the
prevalence of depression in women with HTLV-1 infec-
tion was higher than that in men (p <0.05) (Table 1). The
mean serum zinc levels were 88.45+19.48 pg/dl and
86.01 +£15.48 pg/dl and the mean serum copper levels
werel16.38 +£36.7 png/dl and 108.81 +34.61 pg/dl in
men without and with depression, respectively.
Moreover, the mean serum zinc was 85.93 £19.46 ug/dl
and 82.31+16.08 pg/dl, and the mean serum copper
were 104.26+38.52 pg/dl and 110.14+36.83 pg/dl in
women without and with depression, respectively. There
were no significant differences between mean serum zinc
and copper and depression in male and female subjects
(p >0.05). In the non-depressed subjects, the mean serum
Zn/Cu ratio was 0.93+0.56, 0.86 £0.49 and 0.97+0.52
in the total group, men and women, respectively. In
the depressed subjects the mean serum Zn/Cu ratio was
0.92+0.75, 0.86£0.32 and 0.94 £0.83, respectively. The
data showed that there were no significant differences
between the mean serum Zn/Cu ratio in depressed and
non-depressed subjects (p > 0.05).

Zinc and Copper Indices as Risk Factors for Depression
in HTLV-1 Patients

As Fig. 1 shows, there was negative correlation between se-
rum zinc (» —0.196, p 0.001) and copper (» —0.162, p 0.007)
levels and the depression score. Interestingly, HTLV-1 patients
with a serum zinc <118 pg/dl had a 2.37-fold risk of depres-
sion (reference 95% percentile, CI 95%). Furthermore, a se-
rum copper > 174 pg/dl was associated with a 1.94-fold
higher risk for depression (reference 95% percentile, CI
95%). Our results strongly suggest an association of serum
zinc and copper with depression in HTLV-1 patients as inde-
pendent predictive risk factors for depression in HTLV-1 pa-
tients (Table 3).

Table 2 Serum trace element status of HTLV-1-positive subjects
according to depression

No depression Depression p value
Zinc (pg/dl) 86.87 + 19.44 78.69 + 13.79 <0.001
Copper (pg/dl) 116.75 + 39.56 104.76 + 30.77 0.004
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Table 3 Odds ratios and 95%

confidence intervals of serum zinc Unadjusted p value Adjusted by sex and each other p value
and copper levels according to OR (95%, CI) OR (95%, CI)
depression in HTLV-1-positive Reference 95% percentile Reference 95% percentile
subjects
Zinc <118 2.37 (1.955-3.986) 0.005 2.56 (1.73-3.98) 0.008
Copper > 174 1.94 (1.075-2.65) 0.04 1.77 (1.014-2.751) 0.048
Zinc and copper defined to reference interval 95%, zinc > 118 and copper < 174 used as reference
Discussion involved in several structural components of proteins

In our study, 45.9% of the individuals infected with HTLV-1
were diagnosed with major depression. This finding is higher
than what has been reported in three separate studies in Brazil in
which the prevalence of depression was 28—39% [28, 29]. This
difference could be attributed to the lower prevalence of depres-
sion in the Brazilian than in the Iranian population [30, 31].

Depression is a mood disorder that results from complex
interactions among multiple factors. A hypothesis says that
chronic viral infections like HIV and HCV may produce ex-
tensive dysregulation of the immune system which may lead
to depressive symptoms [13, 32]. Since HTLV-1 possesses
viral characteristics like HIV and HCV, the hypothesis could
be applied to HTLV-1 as well. It has been reported that there is
a high prevalence of depression among patients infected with
the HTLV-I virus as compared to the general population of
hospitalized patients [33].

Associations between symptoms of depression and the
intake of nutrients such as magnesium have been investi-
gated [34]; however, the relationship between zinc intake
and depression has not received as much attention.
Almost half of the world’s population is at risk for zinc
deficiency [35]. As far as we know, this is the first study
which investigated the association between serum zinc
and copper with depression in HTLV-1-infected subjects.
We showed that subjects with HTLV-1 and serum zinc <
118 pg/dl are associated with a 2.37-fold increased risk of
depression (reference 95% percentile, CI 95%). Zinc is

and is a required cofactor for proper function of many
enzymes with vital roles in brain function [36]. In a pre-
vious study, an inverse relationship between dietary intake
of zinc and depression has been reported in 402 individ-
uals. The results of this study show that long-term intake
of zinc may decrease the severity of depressive symptoms
[37]. In a double-blind randomized clinical trial, it has
been indicating that zinc supplementation together with
SSRI antidepressant drugs improves major depressive dis-
orders more effectively than in patients with placebo plus
antidepressants [38]. Based on research data, it has been
known that Zn is associated with regulation of gamma-
aminobutyric acid (GABA) and glutamate [39]. Zinc de-
ficiency also leads to alteration of neurotransmitters like
gamma-aminobutyric acid and norepinephrine [40].
Abnormal Cu levels have also been associated with depres-
sion. It has been found that Cu is an effective inhibitor of
responses evoked by GABA, mainly in Purkinje cells. Cu
toxicity could result to some degree of chronic GABA 4 re-
ceptor blockade [41]. In our study, subjects with copper >
174 pg/dl had an increased risk of 1.94-fold for depression.
Serum Cu has been suggested as a “trait marker” of unipolar
depression [42]. Some studies have suggested that copper sta-
tus is inversely associated with depression in humans. As an
example, plasma copper levels have been observed to be ele-
vated in those diagnosed with major depression [43], and also
positively associated with depression in night nurses [44].
Furthermore, a positive association between elevated copper

r: -0.196, p: 0.001
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1: -0.162, p: 0.007

o
5
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Depression Score

Fig. 1 Correlation between serum zinc and copper with depression score
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levels in the blood and the severity of both depressive and
anxiety symptoms has also been observed [17]. Furthermore,
we have shown that zinc status and copper status of HTLV-1-
positive subjects based on depression in both sexes were sig-
nificantly different (p <0.001 and 0.004 respectively). It has
also been observed that gender affects associations, as low
zinc intake has been associated with depression in women,
but not in men [45, 46].

Study on 14,834 subjects aged 18 years or older showed
that total zinc, iron, copper, and selenium intakes were in-
versely associated with depression in unadjusted model and
age- and gender-adjusted model [47].

Moreover, assessment of copper in 247 patients with major
depressive disorder and 248 healthy individuals demonstrated
that the concentration of copper was significantly increased in
the patients than in control subjects, which strongly suggests
that there is a disturbance in the element homeostasis [48].

The conflicting results of the studies which have investi-
gated the association between serum levels of copper and the
incidence of depression necessitate the implementation of
larger studies.

Conclusion

The high prevalence of depression among HTLV-1-infected
patients which affects their quality of life requires routine as-
sessment of depressive symptoms in them. The association
between serum zinc and copper and their role in neurotrans-
mitter pathway with the incidence of depression in these pa-
tients which was shown in this study could be considered in
their treatment strategies.
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