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A B S T R A C T

Background: A wide range of risk factors, from genetic to environmental, have been identified to play role in the
etiology of multiple sclerosis. However, the role of trace element remains mostly unknown. We sought to com-
bine all available evidence to assess the association between copper concentration and multiple sclerosis.
Methods: This systematic review and meta-analysis was conducted based on PRISMA guidelines. PubMed, Scopus,
Embase, and Web of Science were searched since inception till July 2020. Observational studies that assessed
copper as exposure in serum, plasma, whole blood, and cerebrospinal fluid were included. Standardized mean
differences (SMD), comparing the mean of copper concentration in multiple sclerosis patients versus healthy con-
trols, were considered as the measure of association. The fixed-effect model with inverse variance weighting was
used to combine the findings.
Results: Twenty studies inclusive of 797 multiple sclerosis cases and 875 healthy controls. were included in the
meta-analysis (all case-control studies). The combined SMDs were 1.25 (95% confidence interval [CI] 0.95 to
1.55, number of included studies [n]=4) in plasma, 0.45 (CI 0.22 to 0.68, n=4) in whole blood, 0.19 (CI 0.06 to
0.33, n=12) in blood serum and 1.23 (CI 0.83 to 1.64, n=4) in cerebrospinal fluid.
Conclusions: We found a higher concentration of copper in multiple sclerosis patients than healthy controls. The
possible causal nature of the observed associations warrants further investigation with prospective data.

1. Introduction

Multiple sclerosis (MS) is a chronic autoimmune and inflamma-
tory demyelinating disease of the central nervous system (CNS)
(Morandi et al., 2017), with an estimated disability-adjusted life year
of 15.6 per 100,000 general population (Hay et al., 2016). It is one
of the most common reasons for neurological disability (Bredholt and
Frederiksen, 2016), particularly in younger age groups and women
(Houtchens et al., 2018; Toschi et al., 2019; Zuluaga et al.,
2019). The high disability, together with the high costs associated with
treatment and complications, impose an increasing burden on health-
care systems as well as the patients and their families (van den Hoogen
et al., 2017).

A wide range of risk factors, from genetic to environmental, have
been identified to play role in the etiology of MS (Olsson et al., 2016).
Current environmental risk factors with a high level of evidence are
viral infections (Ascherio et al., 2001), lack of sunlight and vitamin
D (Ascherio et al., 2010), and smoking (Handel et al., 2011; Ri-
ise et al., 2003), but the role of other environmental risk factors such
as trace elements remains mostly unknown. Copper, as a vital trace ele-
ment, plays an essential role in the synthesis of myelin (Eliaeson et al.,
2008), immune system, and CNS functions (De Riccardis et al., 2018;
Sedighi et al., 2013a). However, there is a wealth of evidence that the
accumulation of large amounts of copper in the blood and CNS can cause
major health problems (Gupta and Lutsenko, 2009; Tapiero and
Tew, 2003; Usman et al., 2013). There is some level of evidence
that suggest MS patients have a higher
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level of copper concentration in comparison with healthy controls
(Ghazavi et al., 2012; Rieder et al., 1983; Socha et al., 2017). In
contrast, some other studies have been shown null or negative associ-
ations of copper concentration with MS (Palm and Hallmans, 1982;
Ristori et al., 2011). Given this mixed evidence and small sample size
of individual studies, we conducted a systematic review and meta-analy-
sis to combine all available evidence to assess the association between
copper concentration and MS disease.

2. Methods

2.1. Search strategy

We conducted a systematic review and meta-analysis based on
PRISMA guidelines (Moher et al., 2009). The search was conducted
for observational studies that measured copper in serum, plasma, whole
blood, and cerebrospinal fluid. PubMed, Scopus, Embase, and Web of
Science were searched since inception till July 2020 without any restric-
tion. Furthermore, a complimentary search was carried out on leading
MS or neurology journals. Besides, all reference lists of identified pa-
pers, reviews, meta-analyses, letters, and other relevant documents were
searched manually. For the electronic search in databases, the following
combinations of keywords relating to MS and copper were used: (‘Cop-
per’ OR ‘Trace Elements’ OR ‘Heavy Metal’ OR ‘Trace metal’) AND (‘Mul-
tiple Sclerosis’ OR ‘Optic Neuritis’). Two trained investigators (MS and
FN) separately screened titles and abstracts for eligible studies. Also, the
reference lists of the retrieved articles were scrutinized for additional
relevant studies. If there was inadequate information in the paper, we
contacted the corresponding authors via email. The same two investi-
gators checked the full text of retrieved papers, and any disagreements
were resolved by consensus or adjudication of the principal investigator.

2.2. Study selection and exclusion

The inclusion criteria were as follows: (1) all type of observational
studies with a control group (including case-control, cohort, and
cross-sectional studies); (2) studies with copper as measured exposure;
(3) studies with MS as an outcome of interest and (4) studies that re-
ported (or included information for calculation of) mean and standard
deviation (SD) between MS patients and healthy controls. All retrieved
articles were screened based on titles and abstract, using the following
exclusion criteria: (1) irrelevant and non-original papers; (2) in vitro,
cell line, and animal studies; (3) case reports and case series reports and
(4) studies without a control group.

2.3. Data extraction and quality assessment

The following information was extracted from each eligible study:
the mean and SD of copper concentration, first authors’ name, publica-
tion year, sample size, sex, study design, country, copper measurement
methods, and specimen type. We used the Newcastle-Ottawa (NOS)
checklist to assess the quality of included studies. The NOS is a risk of
bias assessment tools designed for nonrandomized studies (Wells et al.,
2000). A maximum of eight stars was awarded to each study related to
the following three sections: four for selection, two for comparability,
and two for exposure. The range of possible scores was 0 to 8.

2.4. Statistical analysis

We selected standardized mean difference (SMD) as a measure of
association to address the potential variability in copper measurement
between assays. In meta-analysis studies, the SMD is commonly used
as a measure of association when the included studies all assess the

same outcome, but the exposure of interest measured in a variety of
ways. We computed the SMD and corresponding 95% confidence inter-
vals (CI) using the Cohen method:

Combined SMDs were calculated using fixed-effect model as the
main method and random effect model as a sensitivity analysis. We se-
lected the fixed-effect model as the main approach because it assigns
more weight to the studies with larger sample size and provides bet-
ter statistical power, in particular, when dealing with individual studies
with small sample size. Heterogeneity was calculated using the I2 index,
Cochran's Q test and statistics. All statistical analyses were conducted
separately for each specimen type. Publication bias (small study effect)
was examined using Egger's test and visualization of funnel plots. Sta-
tistical analyses were performed using R, version 3.3 (R Foundation for
Statistical Computing, Vienna, Austria).

3. Results

3.1. Selection and characteristics of included studies

The flow diagram of the search strategy is shown in Fig. 1. First,
we retrieved 955 records from which we excluded 213 duplicates. Titles
and abstracts of 742 records were then screened from which 86 were se-
lected for full-text assessment. After review of full texts, 23 studies (Al-
imonti et al., 2007; De Riccardis et al., 2018; Forte et al., 2005;
Gellein et al., 2008; Ghazavi et al., 2012; Ghoreishi et al., 2015;
Giacoppo et al., 2014; Harbige et al., 2011; Iranmanesh et al.,
2012; Janghorbani et al., 2017; Kapaki et al., 1989; Masoud and
Fakharian, 2007; Melø et al., 2003; Moradi et al., 2016;
Palm and Hallmans, 1982; Plum and Hansen, 1960; Rieder et al.,
1983; Ristori et al., 2011; Sedighi et al., 2013b; Smith et al.,
1989; Socha et al., 2017; Ward and Minski, 1982; Wik-
ström et al., 1976) were eligible for inclusion, from which four were
excluded because of insufficient information (Alimonti et al., 2007;
Moradi et al., 2016; Sedighi et al., 2013b; Ward and Min-
ski, 1982). Also, we found a new eligible study after updating the
search strategy and thus included in the final analysis (Siotto et al.,
2019). Finally, twenty studies (all case-control study) consisting of 797
MS cases and 875 healthy controls were included in this meta-analy-
sis. Detailed characteristics of the included studies are presented in
Table 1. Four studies were included in the meta-analysis of concentra-
tion of copper in plasma (Gellein et al., 2008; Harbige et al., 2011;
Janghorbani et al., 2017; Smith et al., 1989), four studies for whole
blood analysis (Gellein et al., 2008; Harbige et al., 2011; Jang-
horbani et al., 2017; Smith et al., 1989), twelve studies for analy-
sis based on serum concentration (De Riccardis et al., 2018; Ghaz-
avi et al., 2012; Ghoreishi et al., 2015; Iranmanesh et al., 2012;
Kapaki et al., 1989; Masoud and Fakharian, 2007; Palm and Hall-
mans, 1982; Plum and Hansen, 1960; Ristori et al., 2011; Siotto
et al., 2019; Socha et al., 2017; Wikström et al., 1976); and four
studies for analysis based on copper concentration in cerebrospinal
fluid (De Riccardis et al., 2018; Gellein et al., 2008; Kapaki et al.,
1989; Melø et al., 2003). The median score for the quality assessment
was seven stars. The details of the quality assessment score were re-
ported in Supplementary Table S1.

3.2. Main findings

There was observable evidence of a higher concentration of cop-
per in MS patients. Fig. 2 shows the forest plot of combined estimates
for the association between copper concentration in plasma. We found
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Fig. 1. Flow diagram of the search strategy.

a significantly higher level of copper concentration in plasma of MS
patients than the control group (SMD 1.25, CI 95% 0.95 to 1.55). In
line with this finding, a higher level of copper concentration was ob-
served in MS patients based on whole blood measurement (SMD: 0.45,
CI 95% 0.22 to 0.68) (Fig. 3). Also, we found a mild increase in the
concentration of copper on the blood serum of MS patients (SMD 0.19,
CI 95% 0.06 to 0.33) (Fig. 4). Based on the results obtained through
cerebrospinal fluid measurement, the level of copper concentration was
observably higher in MS patients than control groups (SMD 1.23, 95%
CI 1.23 to 1.64) (Fig. 5). However, there was significant heterogeneity
for all analyses. We did not found any observable evidence for publica-
tion bias based on the funnel plot and linear regression test of funnel
plot asymmetry (P-value=0.68) (Supplementary Fig. S1). In the sensi-
tivity analysis using the random-effect model as a more conservative ap-
proach, the findings were broadly similar to the fixed-effet model. How-
ever, the CIs in the random-effect model was less precise, which is be-
cause of observable heterogeneity between included studies.

4. Discussion

4.1. Important findings

In this meta-analysis, we combined all available evidence to assess
the association between copper concentration and MS disease. We found
a higher concentration of copper in MS patients than in healthy controls.
The magnitude of association was higher in studies that measured cop-
per concentration in the plasma and cerebrospinal fluid. The consistency
of the findings in different tissues, together with the strength of the asso-
ciation, underpin the possible role of copper in the etiology of MS. These
findings could trigger future studies with larger sample sizes and longi-
tudinal designs.

To our knowledge, no meta-analysis study has yet assessed the role
of copper in MS disease. However, the previous studies reported a
higher concentration of copper in other chronic diseases and neuro-
logical disorders such as Alzheimer's disease (Wang et al., 2015), de-
pressive disorder (Ni et al., 2018), and diabetes mellitus (Qiu et al.,
2017). Our findings are supported by pathophysiological studies that
have revealed that the accumulation of metals could lead to neurode
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Table 1
Description and characteristics of studies included in the meta-analysis.

Study Sex Country
Multiple
sclerosis

Healthy
control

Copper level (μg/l) in
Multiple Sclerosis cases

Copper level (μg/l) in
healthy controls

Copper
measurement
methods

Specimen
type Qualityscore

N N Mean (SD) Mean (SD)

Ghoreishi A T Iran 50 50 1882 (82.4) 1031 (44.5) Polarography Serum 5
Siotto M T Italy 60 40 873.12(18.43) 815.93(20.97) Colorimetric Serum 8
Ristori G T Italy 49 49 916 (160) 956 (193) MS or OS Serum 7
Plum CM T US 78 94 1240.9 (185.9) 1168.1 (164) N/A Serum 3
Wikström J T Finland 6 10 1500 (380) 1740 (139) AAS Serum 5
Kapaki E T Greece 15 28 870(150) 1030 (140) AAS Serum 6
Iranmanesh
M

T Iran 25 25 885.8 (195.5) 1103.7 (371.0) Colorimetric auto-
analyzer

Serum 6

Palm R M Sweden 21 35 936 (235.7) 974.52 (101.91) FAAS Serum 7
Palm R F Sweden 29 35 1000 (210.2) 1070.06 (133.75) FAAS Serum 7
Socha K M Poland 37 21 745 (217) 1071 (362) ES Serum 8
Socha K F Poland 64 47 1034 (440) 1007 (416) ES Serum 8
Masoud SA M Iran 7 7 1062 (204) 1221 (57) ELISA Serum 7
Masoud SA F Iran 28 28 1117 (189) 1367 (131) ELISA Serum 7
Ghazavi A M Iran 17 22 1113.5 (391.9) 856.1 (319) Colorimetric Serum 7
Ghazavi A F Iran 43 38 1151.8 (412) 939 (296) Colorimetric Serum 7
De Riccardis
L

T Italy 38 39 1044.69 (45.12) 819.74 (69.27) AAS Serum 8

Janghorbani
M

T Iran 55 95 1670.0 (223.3) 1060.0 (194.9) ICP-AES Plasma 7

Harbige L T UK 21 9 1119 (309) 957 (189) ICP-MS Plasma 4
Gellein K T Norway 9 13 487 (117) 478 (133.4) HR-ICP-MS Plasma 8
Smith DK T US 27 33 1684 (462.3) 1684 (255.6) AAS Plasma 7
Gellein K T Norway 9 13 944 (252) 859 (108.1) HR-ICP-MS Blood 8
Rieder H M Switzerland 53 14 856.96 (166.4) 859.04 (114.4) AAS Blood 7
Rieder H F Switzerland 63 21 888.16 (187.2) 968.24 (197.6) AAS Blood 7
Forte G T Italy 60 60 1445 (481) 926 (144) ICP-AES Blood 7
Giacoppo S T Italy 41 23 628.9 (177.0) 609.7 (198.5) ICP-MS Blood 7
Gellein K T Norway 9 13 21.6 (6.9) 21.7 (7.2) HR-ICP-MS CSF 8
Melø TM T Norway 18 18 10.909 (4.7) 8.67 (2.0) ICP-MS CSF 6
Kapaki E T Greece 15 28 31.6 (18.72) 40.20 (14.26) AAS CSF 6
De Riccardis
L

T Italy 38 39 10.87 (1.27) 5.59 (0.64) AAS CSF 8

F=Female, M= Male, N=Number, SD=Standard Deviation, N/A=Not available, AAS= Atomic absorption spectroscopy, ICP= Inductively coupled plasma, ICP-MS= Inductively cou-
pled plasma mass spectrometry, HR-ICP-MS= High Resolution Inductively Coupled Plasma Mass Spectrometry, ICP-AES= Inductively coupled plasma atomic emission spectroscopy,
ETAAS= Electrothermal Atomic Absorption Spectroscopy, FAAS= flame atomic absorption spectrophotometry, MS=Mass Spectroscopy, OS= Optical Spectrometer, ELISA= En-
zyme-Linked Immunosorbent Assay

Fig. 2. Meta-analysis of concentration of copper in plasma in multiple sclerosis patients in comparison to healthy controls. Negative values represent lower concentration and positive
values represent higher concentration in multiple sclerosis patients. n: number, MS: multiple sclerosis, SMD: standardized mean difference, I-squared: percentage of total variation across
studies that is due to heterogeneity rather than chance (I-squared = 100% × (Q - df)/Q, where Q is Cochran's heterogeneity statistic and df the degrees of freedom). For each study, areas
of square are proportional to weight (sample size), horizontal line indicate 95% confidence interval, and diamonds indicate pooled effect measures.

generation through oxidative stress, mitochondrial dysfunction, and
death of cells (Mezzaroba et al., 2019).

4.2. Biological mechanism

Copper is a crucial trace metal that regulates the function of en-
zymes responsible for neurotransmitter synthesis, oxygen and electron
transport, and protein modification (Kawamata and Manfredi, 2010;
Mezzaroba et al., 2019). Nevertheless, excess amounts of copper gen

erate free radicals through the conversion of mitochondrial oxidative
respiration products to toxic hydroxyl free radicals (Mezzaroba et al.,
2019). Indeed, increased reactive oxygen species production in CNS
is attributed to the redox properties of Cu ions (Heales et al., 1999;
Rana et al., 2018). The previous evidence showed that the high con-
centration of Cu is neurotoxic and play a pathogenic role in neurodegen-
erative diseases such as Parkinson's disease and MS (Mezzaroba et al.,
2019). Another explanation is that excess amount of Cu reduces Zn
absorption, and this process leads to the gradual deple
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Fig. 3. Meta-analysis of concentration of copper in whole blood in multiple sclerosis patients in comparison to healthy controls. Negative values represent lower concentration and positive
values represent higher concentration in multiple sclerosis patients. n: number, MS: multiple sclerosis, SMD: standardized mean difference, I-squared: percentage of total variation across
studies that is due to heterogeneity rather than chance (I-squared = 100% × (Q - df)/Q, where Q is Cochran's heterogeneity statistic and df the degrees of freedom). For each study, areas
of square are proportional to weight (sample size), horizontal line indicate 95% confidence interval, and diamonds indicate pooled effect measures.

Fig. 4. Meta-analysis of concentration of copper in blood serum in multiple sclerosis patients in comparison to healthy controls. Negative values represent lower concentration and positive
values represent higher concentration in multiple sclerosis patients. n: number, MS: multiple sclerosis, SMD: standardized mean difference, I-squared: percentage of total variation across
studies that is due to heterogeneity rather than chance (I-squared = 100% × (Q - df)/Q, where Q is Cochran's heterogeneity statistic and df the degrees of freedom). For each study, areas
of square are proportional to weight (sample size), horizontal line indicate 95% confidence interval, and diamonds indicate pooled effect measures.

Fig. 5. Meta-analysis of concentration of copper in cerebrospinal fluid in multiple sclerosis patients in comparison to healthy controls.

tion of Zn that is an essential part of zinc fingers of the protein TPO-1
that is involved in the myelin synthesis in the oligodendrocytes (John-
son, 2000). Furthermore, a high Cu/Zn ratio as a proxy of impaired Zn
and Cu homeostasis has been reported in elderly patients with neurode-
generative diseases (Malavolta et al., 2015).

4.3. Strength and limitation

This study has some limitations worth mentioning. First, this
meta-analysis was based on observational evidence; therefore, we can-
not confirm the causality of the observed association. However, in the
absence of large-scale prospective cohort studies, this meta-analysis pro-
vides the best level of evidence for this association so far. Second, we
can not evaluate the possible effect of reverse causation in this study.
Previous studies demonstrated that biochemical changes induced by MS
disease could alter the level of specific elements, such as copper, in the
cerebrospinal fluid (Smith et al., 1989). Without prospective cohort
data, we are not able to assess the possible effect of reverse causation
as one of the possible justification for this finding. Finally, the level
of heterogeneity was significantly high in all the separated analyses.

This high heterogeneity level could be driven by the different laboratory
method, which was used for the measurement of copper in each study.

4.4. Conclusion

We found a higher concentration of copper in multiple sclerosis pa-
tients than in healthy controls. Large-scale cohort or nested case-control
studies are needed to investigate the temporality of the association to
untangle the mechanism of the observed association.
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