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ABSTRACT
Objective: To compare the serum concentrations of copper, iron and zinc in schizophrenic patients with healthy individuals.
Study Design: Cross-sectional comparison study.
Place and Duration of Study: Department of Chemical Pathology and Endocrinology, Armed Forces Institute of Pathology
(AFIP), Rawalpindi, Pakistan. The study was conducted from July to December 2020.
Methodology: Among 115 participants in the study, schizophrenic patients and healthy subjects were 35 and 80, respectively.
Copper and zinc were measured by using atomic absorption spectrophotometry. Serum Iron measurement was done on ADVIA
1800 chemistry auto analyser. Comparison of these trace metals among patients with schizophrenia and healthy subjects, by
using Mann-Whitney U-test and correlation with the duration of disease, was analysed by the application of Spearman’s correla-
tion.
Results: Males accounted for 25 (71.4%) and females were 10 (28.6%) in diseased group; while in healthy subjects, males
accounted for 54 (67.5%) and females 26 (32.5%). Copper, iron and zinc levels were noted to be significantly reduced in schi-
zophrenic patients, when compared with healthy subjects (p <0.001).
Conclusion: This study could offer an additional clue in the diagnosis and possible role of trace metals in pathophysiology and
progression of many psychiatric illnesses, particularly schizophrenia. 
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INTRODUCTION

Schizophrenia is a mental disorder, which can be characterised
by impairment in behaviour, judgment, and inability to interpret
the  reality  along  with  significant  morbidity,  and  ultimately
leading to mortality.1-3 About 1% of the world total population
and 1.5% population of Pakistan is affected.4,5 Men and women
are equally affected, and usual age for presentation of symp-
toms is 15-40 years. Risk factors include genetic predisposition,
child birth in winter, prenatal infection, perinatal complications,
poor  living  standards,  auto-immune,  and  viral  infections.6-8

Despite  apparent  developments  in  understanding  epidemi-
ology, genetics and neurobiology of schizophrenia, the exact
mechanism causing development of this disease, still remains
unknown.9
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However, evidence from previous studies have imparted an
important role of trace metals in the pathophysiology of schi-
zophrenia.10 Many trace metals take part in metabolic reactions
and some act as antioxidants. Brain is considered to be highly
vulnerable  organ  to  oxidative  stress  as  it  is  major  organ
consuming about 25% of total oxygen of human body.11 Oxida-
tive stress is produced as a result of an imbalance between anti-
oxidant levels and the cellular production of reactive oxygen
species (ROS). Majority of mental disorders are considered to be
associated with oxidative stress.12,13

It has been suggested that a change in trace metal levels are
associated with the pathophysiology and etiology of various
psychiatric illnesses, including schizophrenia.6,14,15

 Levels of essential trace metals like Cu, Zn and Fe have been
evaluated by various studies in schizophrenia. Some patients
have associated imbalance of these metals with the progres-
sion  of  schizophrenia;7  while  others  have  shown a  negative
correlation, and some have found no difference at all.3 Paucity of
literature in general Pakistani population impelled the authors
to perform this study in the local community.

The objective of this study was to compare the serum concentra-
tions of copper, iron and zinc in schizophrenic patients with
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healthy individuals in a tertiary care hospital to find out any asso-
ciation of these trace metals with schizophrenia.

METHODOLOGY

A cross-sectional, comparison study was conducted from July to
December 2020, after taking prior approval of the Institution’s
Ethical Review Board. Individuals diagnosed patients of schi-
zophrenic with age group 15-55 years of both gender, who met
diagnostic and statistical manual of mental disorders-IV (DSM-
IV) criteria for the schizophrenia, were included. Patients with
history of drug abuse, other psychiatric illnesses, severe head
injury or seizures, chronic organic diseases and cancers, were
excluded from the study, which can interfere with the concentra-
tion of these trace metals. The participants were interviewed by
a team of psychiatrists, at the time of collection of samples; and
information was obtained regarding their age, socio-economic
status, family background, and family and past medical history.
Information regarding smoking, chronic illness, drug intake and
alcohol consumption were obtained by questionnaires. Age and
gender-matched  80  healthy  individuals  with  no  personal  or
family history of any mental illness, participated in this study as
control.

Both  controls  and  patients  were  enrolled  during  the  same
period  and  informed  written  consent  was  taken  prior  to
sampling.  5  ml  venous blood was drawn into gel  tubes and
centrifuged for 5 minutes at 3000 RPM. After removing serum, it
was stored at -20°C immediately. Cu and Zn were measured by
using atomic absorption spectrophotometry, while Fe measure-
ment was done on chemistry auto analyser ADVIA 1800.

By using SPSS version 26.0, data were analysed. Shapiro-Wilk
test was used to check the normality of data. For numerical vari-
ables, median (IQR) was calculated. For categorical variables,
frequencies  and  percentages  were  calculated.  Comparison
between cases and controls was done by Mann-Whitney U-test.
Spearman’s  correlation  was  used  to  analyse  correlation
between various trace metals and schizophrenia, while consid-
ering p value ≤0.05 to be significant.

RESULTS
Out of 115 participants, 35 (30.4%) were diagnosed cases of schi-
zophrenia  and 80 (69.6%)  were  healthy  subjects,  as  controls.
Males accounted for 25 (71.4%) and females were 10 (28.6%) in
patients; and in healthy subjects, males accounted for 54 (67.5%)
and females 26 (32.5%). Median (IQR) age of the patients was 33
(30-44) years. Median duration of the disease was 1.5 (1.2-2.0)
years. Median levels of Cu, Zn and Fe were found to be lower in schi-
zophrenic patients as compared to healthy subjects (p <0.05)
(Table I).

Using Spearman’s correlation, a negative correlation in concentra-
tions of Cu (r= -0.833, p <0.001) Zn (r= -0.483, p=0.003) and Fe
(r= -0.500, p=0.002) with the disease duration was seen.

Male to female ratio and median values of Cu, Zn and Fe have
been  compared  with  national  and  international  studies,  and
summarised in Table II.

Table I: Levels of serum trace metals in schizophrenics and healthy
individuals.

 
Median (IQR: 25th – 75th percentiles)

p-valueSchizophrenics
(n = 35)

Healthy Individuals
(n = 80)

Copper (Cu)
umol/L 13.6 (12.2-15.5) 19.32 (17.60-20.71) <0.001

Zinc
(Zn)umol/L 11 (9.9-11.8) 16.15 (15.41-17.15) <0.001

Iron (Fe)umol/L 11.26 (10.54-12.79) 22.33 (18.71-24.43) <0.001

DISCUSSION
Trace metals are needed for the optimal functioning of central
nervous system (CNS) as these metals act as regulators of gene
expression and second messengers. In the humans, these metals
are ingested through water, food, air or may be absorbed through
the skin, which reach brain through blood brain barrier.5

Some, such as copper (Cu), zinc (Zn) and iron (Fe) catalyse reac-
tions that are involved in metabolism, chemical detoxification,
cellular respiration and neuro-transmitter synthesis.16

The imbalance of copper may cause fatigue, insomnia and depres-
sion. Copper excess is also considered to cause emotional insta-
bility; and it is found in many hyperactive children. It can lead to
depression without any known cause.17 Zinc is found mostly in
hippocampus,  and  it  can  cause  impairment  in  learning  and
memory, and is related to RNA and DNA synthesis.18 Iron is essen-
tial for the normal functioning of neuronal tissues. CNS disorders
can occur, if excess Fe is accumulated in brain.19 Many researchers
have also found abnormal deposits of iron in the brain of schi-
zophrenic patients.17

Cu has an important part  to play in the pathogenesis of  schi-
zophrenia. It plays a significant role in the production of oxidative
stress. In this study, Cu levels were significantly decreased in schi-
zophrenics patient (13.6, 12.2-15.5 umol/L) as compared to the
healthy group (19.32, 17.60-20.71 umol/L). About copper, there
are variable accounts in the patients with psychiatric illnesses as it
has shown both raised and depressed levels in schizophrenia. This
result is consistent with the study done by Liu et al. with 114 partici-
pants, each in case and control groups; which found Cu to be
decreased among schizophrenic patients.6  However, in a more
recent study, Cu was higher among patients with major depres-
sive disorder (MDD); but Zn levels were decreased, thereby estab-
lishing a crucial Cu/Zn ratio.1 In a study done in 2014, increased Cu
levels  were  found  in  schizophrenic  patients  as  compared  to
control groups.7

Zn is an essential elements, which is required for the develop-
ment and normal functioning of CNS. Zn deficiency has been asso-
ciated with abnormalities in cognitive development, resulting in
changes in attention, activity, neuro-psychological behaviours
and motor  development.  Schizophrenic  patients  have  shown
decreased Zn concentrations as compared to the healthy individ-
uals (p <0.001), in this study. Similar to the present observa-
tions, a recent analysis has also reported reduced Zn levels in
schizophrenics as compared to healthy controls.1
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Table II: Comparison of gender and means of trace metals with other studies.
 Male/Female Ratio Copper umol/L (Median/IQR) Zinc umol/L (Median/IQR) Iron umol/L (Median/IQR)

Present study
Cases 25/10 13.6 (12.2-15.5) 11.0 (9.9-11.8) 11.26 (10.54-12.79)
Control 54/26 19.32 (17.60-20.71) 16.15 (15.41-17.15) 22.33 (18.71-24.43)

Nawaz et al.5 Cases 22/13 5.99 (2.53-14.31) 10.8 (8.55-19.57) 10.6 (6.14-12.64)
Control 12/8 4.36 (0.86-12.07) 9.69 (7.09-21.77) 11.56 (8.58-16.29)

Cao B et al.1 Cases 44/61 13.37 (12.11-16.05) 13.45 (11.62-14.98) 23.45 (19.51-27.03)
Control 38/68 13.06 (11.17-14.94) 13.76 (11.77-16.82) 20.77 (17.19-25.24)

Fe has an essential  role to play in routine functioning at
cellular level, in the synthesis of DNA and neurotransmitters;
and this has been demonstrated by the ability of Fe to act as
a coenzyme in oxygenation of neuro-transmitters.1 Research
has also suggested role of  Fe in the cognition and brain
development.20,21 This study has revealed decreased level of
Fe  in  the  schizophrenic  patients.  This  is  in  keeping with
previous  data  regarding  lower  iron  levels  in  patients
compared to controls.22  Lower Fe levels  in  schizophrenics
have been reported, and possible effects of Fe deficiency on
dopaminergic system have been demonstrated.15

There could be a possible role of these metallic biomarkers
in  the  etiology  and  further  treatment  of  schizophrenia.
Decrease in the concentrations of Cu, Zn and Fe can be
taken  as  a  potential  future  tool  for  the  diagnosis  of
neuropsychiatric disorders. Further research with a multi-cen-
tric approach and larger sample size is needed in order to
find  out  concentrations  of  these  trace  metals  in  Schi-
zophrenia  and  other  disorders.

CONCLUSION

Decreased levels of  serum Cu, Fe and Zn were noted in
patients  with  schizophrenia  as  compared  to  the  healthy
controls. Further research of a higher magnitude should be
undertaken for evaluation of these biomarkers in the serum,
plasma, CSF and urine. This study could be an advancement
in  the  diagnosis  and  differentiation  of  many  psychiatric
illnesses,  particularly  schizophrenia.
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