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Objective Mental illnesses may be caused by genetic and environmental factors. Recent studies reported that mental illnesses were ac-
companied by higher oxidative stress level. However, the results were inconsistent. Thus, present meta-analysis aimed to analyse the as-
sociation between oxidative DNA damage indicated by 8-hydroxy-2’-deoxyguanosine (8-OHdG) or 8-oxo-7,8-dihydro-2’-deoxyguano-
sine (8-0xodG), which has been widely used as biomarker of oxidative stress, and mental illnesses, including schizophrenia, bipolar
disorder and depression. As oxidative DNA damage is caused by reactive oxygen species (ROS), systematic review and meta-analysis
were also conducted to analyse the relationship between ROS and these three mental illnesses.

Methods Studies from 1964 to 2020 (for oxidative DNA damage) and from 1907 to 2021 (for ROS) in Pubmed and Scopus databases
were selected and analysed using Comprehensive Meta-Analysis version 2 respectively. Data were subjected to meta-analysis for exam-
ining the effect sizes of the results. Publication bias assessments, heterogeneity assessments and subgroup analyses based on biological
specimens, patient status, illness duration and medication history were also conducted.

Results This meta-analysis revealed that oxidative DNA damage was significantly higher in patients with schizophrenia and bipolar
disorder based on random-effects models whereas in depressed patients, the level was not significant. Since heterogeneity was present,
results based on random-effects model was preferred. Our results also showed that oxidative DNA damage level was significantly higher
in lymphocyte and urine of patients with schizophrenia and bipolar disorder respectively. Besides, larger effect size was observed in in-
patients and those with longer illness duration and medication history. Significant higher ROS was also observed in schizophrenic pa-
tients but not in depressive patients.

Conclusion The present meta-analysis found that oxidative DNA damage was significantly higher in schizophrenia and bipolar disor-
der but not in depression. The significant association between deoxyguanosines and mental illnesses suggested the possibility of using
8-OHdG or 8-0x0odG as biomarker in measurement of oxidative DNA damage and oxidative stress. Higher ROS level indicated the in-
volvement of oxidative stress in schizophrenia. The information from this study may provide better understanding on pathophysiology
of mental illnesses. Psychiatry Investig 2021;18(7):603-618
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INTRODUCTION

Mental illnesses have been affecting 970 million of people
all over the world in recent decades.' The prevalence (point es-
timate per 100,000) of severe mental illnesses such as schizo-
phrenia, bipolar disorder and depression is 282, 594, and 3,627
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respectively.* These disorders had been also listed as main con-
tributors of burden of disability with the percentage of 2.8% in
schizophrenia, 2.4% in bipolar disorder and 11.8% in depres-
sion.” However, the underlying pathophysiology of these men-
tal illnesses remains unknown. Lately, rising evidence postu-
late the involvement of oxidative stress in developing mental
illnesses as brain is vulnerable to oxidative stress due to its struc-
tures (i.e., rich with lipid) and functions (i.e., high consumption
of oxygen, moderate antioxidant system, presence of reducing
agents such as iron and copper, and presence of neurotransmit-
ters with reduced capacity).*

Oxidative stress occurs when there is imbalance between
oxidative and antioxidative systems, leading to the damage to
cells, lipids, deoxyribonucleic acids (DNAs) or other compo-
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nents.”® This imbalance occurs when reactive oxygen species
(ROS) such as superoxide radical, hydroxyl radical, and hydro-
gen peroxide (H>O,) are overproduced. Due to shorter lifespan
and higher reactivity, the direct measurement of ROS may not
be accurate. Thus, indirect measurement of oxidative stress us-
ing parameter of oxidative damage becomes the substitution.”

Oxidative DNA damage which is one of the consequences
of oxidative stress usually occurs on guanine nucleobase as it is
easier to be oxidised compared to others." The excess ROS will
hydroxylate guanine bases and form 8-hydroxyguanine (8-OH-
Gua), producing 8-hydroxy-2’-deoxyguanosine (8-OHdG)
through electron abstraction or 8-ox0-7,8-dihydro-2’-deoxy-
guanosine (8-oxodG) via keto-enol tautomerism of 8-OHdG.
However, the terms of 8-OHdG and 8-0xodG are usually used
as the same compound in most of the literatures. This produc-
tion results in oxidative DNA damage, one of the main forms
of DNA damage leading to DNA modification with altered func-
tions.'™"* Since these mutagenic deoxyguanosines can cross the
cell membrane easily, they are more often referred as the indi-
cator of oxidative damage® and further classified as a biomark-
er in early detection of various diseases."*

Weakened antioxidative defence system including decreased
antioxidants and antioxidant enhancing enzymes is involved
in mental illnesses."” Besides, the association between higher
level of oxidative stress markers with mental illnesses further
suggests the involvement of oxidative stress in pathophysiolo-
gy of mental illnesses.*'*" Increased oxidants and decreased
antioxidants have been reported in brain and peripheral tissues
of patients.” Oxidative damage has been strongly associated
with mental illnesses. Both genetic and environmental factors
may cause defects in DNA repair system, thus causing the ac-
cumulation of DNA damage which will further lead to changes
in neuronal structures and functions." This relationship was
also reported by Christensen et al,,' in which 8-oxodG level was
significantly higher in urine and cerebrospinal fluid of deceased
patients with severe mental illnesses, thus indicating oxidative
DNA damage was the major oxidative damage.

There are now several studies published that address oxida-
tive DNA damage in patients with mental illnesses using vari-
ous samples. Due to different methodological approaches and
perspectives, these studies come to inconsistent conclusions.
Hence, this present meta-analysis study aimed to analyse the as-
sociation between oxidative DNA damage indicated by 8-OHdG
or 8-0xodG level in patients with mental illnesses, particularly
schizophrenia, bipolar disorder and depression. Furthermore,
as oxidative DNA damage is caused by excess ROS, we also
aimed to systematically review and analyse the association be-
tween ROS and each mental illness for further evidence of oxi-
dative stress in each mental illness.
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METHODS

Study search and selection

Databases of PubMed and Scopus were used to search for
studies. For meta-analysis of oxidative DNA damage, studies
published between 1964 and August 2020 were selected, using
keywords of (“8-hydroxy-2’-deoxyguanosine” OR “8-OHdG”
OR “oxidative damage” OR “DNA damage”) AND (“major men-
tal illness” OR “schizophrenia” OR “bipolar disorder” OR “de-
pression” OR “depressive disorder”). Meanwhile for systematic
review and meta-analysis of ROS, keywords of (“reactive oxy-
gen species” OR “ROS” OR “hydrogen peroxide” OR “superox-
ide radical” OR “hydroxyl radical”) AND (“major mental illness”
OR “schizophrenia” OR “bipolar disorder” OR “depression” OR
“depressive disorder”) were used to search for studies published
between 1907 and March 2021. Articles of non-English lan-
guage, non-human subjects such as in vitro or animal studies,
and non-research such as review, meta-analysis, overview, book,
chapter, editorial or letter were excluded using filter option of
database. The studies met the following inclusion criteria were
selected: 1) articles were published in peer-reviewed journal,
2) diagnostic methods were reported, 3) both cohort and healthy
subjects were included, 4) level of 8-OHdAG or 8-0xodG or ROS
in living subjects was presented, and 5) enough data to calcu-
late effect size were provided (for meta-analysis only). The flow
diagrams of study selection for oxidative DNA damage and ROS
are shown in Figures 1 and 2 respectively.

Data extraction and analysis

First author’s name, publication year, demographic charac-
teristics (age and gender), diagnostic method, disease type, pa-
tient status, illness duration, medication and specimen were ex-
tracted from each study. The mean and standard deviation or
other data forms of 8-OHdG or 8-0xodG and ROS levels were
extracted to calculate each effect size respectively. The charac-
teristics of studies included in analysis of oxidative DNA dam-
age and ROS are shown in Tables 1 and 2 respectively.

Comparison of 8-OHdG or 8-0xodG and ROS levels between
patients with mental illnesses (schizophrenia, bipolar disorder
and depression respectively) and healthy controls were analysed
in present study using Comprehensive Meta-Analysis (CMA)
version 2 (Biostat, Englewood, NJ, USA). Effect sizes (Hedg-
es’ g) and 95% confidence intervals were pooled using fixed-
effect and random-effects models. A random-effects model
was preferred when high heterogeneity was present,' whereas
a fixed-effect model was preferred for analysing small number
of studies.” A p-value of less than 0.05 (p<0.05) was consid-
ered significant. The heterogeneity was tested using Q statistic
value and I-squared (I?), in which I’<25%, 25%<I*<50% and
high I*>50% indicating low, moderate and high heterogeneity
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7 for bipolar disorder (overlapped with

No sufficient information: 8
No raw data: 3

No specific group: 3
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No full text: 2

Same subject: 1

Figure 1. Flow diagram of study selection for meta-analysis of oxidative DNA damage.

respectively. Publication bias was checked using Egger’s test”
and it was adjusted using trim-and-fill test™ if bias was present.
Besides, subgroup analyses were performed in order to exam-
ine the 8-OHdG or 8-0x0dG level according to specimens (lym-
phocyte, plasma/serum and urine), patient status (inpatients
and outpatients), illness duration (less than 10 years and below,
more than 10 years) and medication (no medication and on
medication) in each illness, with minimum of two studies for
each category. Subgroup analysis was also performed to exam-
ine ROS level according to medication history.

RESULTS
Meta-analysis of oxidative DNA damage

Oxidative DNA damage in schizophrenia

After screening, 10 studies with total of 1,026 subjects (546
patients and 480 controls) were included in the schizophrenic
group. The 8-OHdG or 8-oxodG level was significantly higher
(random-effects, Hedgess g=1.310, 95% CI=0.491 to 2.130,
p=0.002) in schizophrenic patients compared to healthy con-
trols (Figure 3A) with the heterogeneity I’ of 97.7% [Q=609.08;
df(Q)=14; p<0.001]. Publication bias tested using Egger’s test
was not significant (p=0.967).

Oxidative DNA damage in bipolar disorder
The literature search produced 7 studies with total subjects
of 874, consisting of 513 patients and 361 controls. The oxida-

tive DNA damage level was significantly increased (random-
effects, Hedges's g=0.463, 95% CI=0.263 to 0.622, p<0.001) in
patients with bipolar disorder (Figure 3B). The heterogeneity
I* was 62.6% [Q=32.08; df(Q)=12; p=0.001]. In addition, there
was no evidence of publication bias (p=0.771).

Oxidative DNA damage in depression

A total of 10 studies were included in present analysis, with
2,176 total subjects (671 patients and 1,505 controls). Mean ef-
fect size (Hedges g) on oxidative DNA damage was -0.410 (95%
CI=-0.495 to -0.324) in the fixed-effects model with no signif-
icant difference in the random-effects model (Figure 3C). Due
to high heterogeneity [I’=98.8%, Q=895.45; df(Q)=11; p<0.001],
the random-effects model was chosen. Publication bias was
significant (p=0.007). The funnel plot was asymmetric, and it
was suggested that 5 studies were missing at the left side using
Trim-and-Fill test (Figure 4). After adjustment, the imputed
point estimate was -0.658 (95% CI=-0.737 to 0.579) based on
the fixed-effect model whereas the imputed point estimate was
-0.414 (95% CI=-1.088 to 0.260) based on the random-effects
model.

Subgroup analyses
The results of all subgroup analyses were summarised in

Table 3.

Biological specimens
Oxidative DNA damage levels in lymphocyte, plasma/serum
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Figure 2. Flow diagram of study selection for systematic review
and meta-analysis of reactive oxygen species (ROS).

and urine were analysed as there were minimum of two studies
for each specimen. Due to expected heterogeneity, a random-
effects model was adopted for subgroup analyses. It can be seen
that level of 8-OHdG or 8-oxodG was significantly increased in
lymphocyte (p=0.013) of schizophrenic patients. Meanwhile in
bipolar disorder, significant higher oxidative DNA damage level
was observed in urine specimen only (p<0.001). In depressed
patients, no significant changes of 8-OHdG or 8-0xodG level
were detected in their plasma/serum or urine.

Patient status

Based on this subgroup analysis, significant oxidative DNA
damage occurred only in the inpatients with schizophrenia and
bipolar disorder (p<0.001 for both). There was no subgroup
analysis for inpatients of depression as there was only one study.
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Illness duration

Patients with schizophrenia (p=0.016) and bipolar disorder
(p<0.001) for more than 10 years showed significantly larger
effect size in oxidative DNA damage. No subgroup analysis was
carried out for bipolar disorder patients with illness duration
of 10 years and below as there was only one study.

Medication history

Schizophrenia patients, as well as bipolar disorder patients,
who received medication showed significantly higher (p<0.001)
oxidative DNA damage. No significant association was found
in those without medication. In this subgroup analysis, only
unmedicated depressed patients were included, as there was
only one study that reported medicated patients.

Systematic review and meta-analysis of ROS

A total of 9 articles were included in present systematic review
after screening. As 3 articles were not providing raw data,***
thus only 6 articles were included in meta-analysis. The study
outcomes are shown in Table 2.

In schizophrenia, ROS was significantly higher in patients in
comparison to healthy controls (fixed-effect, Hedgess g=0.712,
95% CI=0.269 to 1.154, p=0.002) (Figure 5A). As heterogene-
ity was low, thus fixed-effect model was chosen [I’=16.2%, Q=
1.193; df(Q)=1; p=0.275].

In depression, ROS was not significantly different between
patients compared to healthy controls (random-effects, Hedg-
es’s g=0.306, 95% CI=-0.239 to 0.851, p=0.271) (Figure 5B).
The heterogeneity I* was 87.2% [Q=54.527; df(Q)=7; p<0.001].
Publication bias tested using Egger’s test was not significant
(p=0.751).

As schizophrenia group was only comprised of unmedicated
patients, thus subgroup analysis based on medication history
was only conducted in depression group (Table 4). However,
no significant difference was observed in both medicated and
unmedicated depressive patients.

DISCUSSION

The present meta-analysis found enhanced oxidative DNA
damage indicated by 8-OHdG or 8-0xodG level in both schizo-
phrenia and bipolar disorder patients. Our results were in agree-
ment with the findings of previous meta-analyses on oxidative
stress.*'**% To the best of our knowledge, this is the first meta-
analysis study of the association between 8-OHdG or 8-oxodG
level with schizophrenia. Redox imbalances, oxidative stress and
impaired DNA damage repair, which may initiate cellular stress
responses, have been observed in schizophrenia patients,**'
especially those with a family history of schizophrenia.”* This
high neuronal oxidative stress may cause poor prognosis by
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Meta-Analysis of 8-OHdG in Mental lliness

Model  Study name Statistics for each study Hedges's g and 95% Gl
Hedges's  Standard Lower  Upper
g error Variance  limit limit  ZValue p-Value
Chegtlov et al. (2018) 0.859 0.231 0.053 0406 1312 3720 0.000
Erhova et al. (2017)a 0.967 0.242 0.059 0493 1442 399 0.000
Ershova et al. (2017)b 0.562 0.427 0.182 0.274 1398 1317 0.188
Shmarina et al. (2020) 6.249 0.592 0.350 5089 7408 10563  0.000

Esovaeta. 2017)c 0230 0.220 0049 0202 0662 1.045 0296
Eshovaeta. 2017)d  1.154 0.357 0127 0455 1854 3233  0.001
Jorgensenetal. (2013) 2243 0279 0078 1696 2791 8032 0000
Nordholmet al. (2016)  0.063 0.241 0058 0410 053% 0261 0794
lrahimaetal. (2020)a 3423 0.180 0033 3069 3776 18978 0.000
lorahimet al. (2020)b 4021 0.200 0040 3629 4412 20132 0000
Ma et al. (2020) 0.159 0.208 0043 0565 0248 0764 0445
Copogluetal. (2015)a  0.003 0.222 0049 0431 0437 0014 0989
Copogluetal. (2015)b  0.448 0.19% 0038 0064 0831 2287 002

Simseket al. (2016) 0.062 0.300 000 0650 056 0207 0836

Miyaoka et al. (2015) 0.084 0.252 0063 0409 0577 0334 0739

Fixed 1.223 0.063 0.004 1101 1.346 19.534  0.000
Random 1.310 0.418 0.175 0491 2130 3133  0.002

-8.00 -4.00 0.00 4.00 8.00

Lower than control Higher than control

Ershova et al. (2017) a comprised of paranoid schizophrenic patients using lymphocyte sample
Ershova et al. (2017) b comprised of patients with schizophreniform psychotic disorder using lymphocyte sample
Ershova et al. (2017) ¢ comprised of paranoid schizophrenic patients using plasma sample
Ershova et al. (2017) d comprised of patients with schizophreniform psychotic disorder using plasma sample
Tbrahim et al. (2020) a comprised of patients with chronic schizophrenia with acute ischemic stroke
Ibrahim et al. (2020) b comprised of patients with chronic schizophrenia without acute ischemic stroke
Copoglu et al. (2015) a comprised of patients with schizophrenia with symptomatic remission
A Copoglu et al. (2015) b comprised of patients with schizophrenia without symptomatic remission

Model ~ Study name Statistics for each study Hedges's g and 95% C1
Hedges's  Standard Lower
] error  Variance  limit  limit ZValue pValue
Jacoby et al. (2016} a 0.4% 0.165 0027 0172 0820 2997 0003 ——
Jacoby et al. (2016} b 1272 0.275 0076 0733 1811 4626 0000
Jacoby et al. (2016) ¢ 1.044 0.202 0041 0648 1441 5160  0.000
Jacoby et al. (2016)d 0.694 0.334 0112 0040 1349 2079 0038 ———
Murkholm et al. (2015) a 0520 0.161 0026 0203 0836 3221  0.001 ——
Munkholm et al. (2015) b 0.635 0.170 0020 0301 0969 3730 0000 ——
Munkholm et al. (2015) ¢ 0.139 0228 0052 0309 0586 0607 0544
Munkholm et al. (2015) d 0.181 0.414 0171 0630 0991 043 0663
Knorretal. (2019) 0414 0.184 0034 0053 0775 2246 0025 ——
Soei-de-Souzaetal. (2013)  -0.035 0.19% 0038 0419 0349 -0.178 0859
Tsai and Huang (2015) 0.023 0253 0064 0520 0474 0091 0928
Huzayyin etal. (2014) 0.173 0341 0117 049 0842 0508 0612
Ceylan et al. (2020) 0.379 0.237 0056 0086 0844 150 0110
Fixed 0.472 0.060 0004 0354 0589 7.873  0.000 <&
Random 0.463 0.102 0010 0263 0662 4536 0000 <

-2.00 -1.00 0.00 1.00 2.00

Lower than control Higher than control

Jacoby et al. (2016) a comprised of bipolar disorder patients with euthymic phase
Jacoby et al. (2016) b comprised of bipolar disorder patients with depressive phase
Jacoby et al. (2016) ¢ comprised of bipolar disorder patients with manic phase
Jacoby et al. (2016) d comprised of bipolar disorder patients with mixed phase
Munkholm et al. (2015) a comprised of bipolar disorder patients with euthymic phase
Munkhelm et al. (2015) b comprised of bipolar disorder patients with depressive phase
Munkholm et al. (2015) ¢ comprised of bipolar disorder patients with manic phase

B Munkholm et al. (2015) d comprised of bipolar disorder patients with mixed phase

Model Study name Statistics for each study Hedges's g and 95%Cl
Hedges's  Standard Lower  Upper
g error Variance  limit limit  ZValue p-Value
Ceylan et al. (2020) 0512 0214 0046 002 0932 2387 0017 -
Yieta. 2012)a 0.000 0.120 0014 0235 0235 0000 1.000
Yietal. (2012 b -0.088 0.143 0020 0369 0193 0615 0539
Blacketal. (2017)a -0.316 0.106 o0.on 0523 -0.109 -2.994 0.003 .
Blacketal. (2017) b 2731 0.096 0.009 2919 2544 -28540 0.000 .
van Velzen et al. (2017) -0.249 0.139 0.019 0522 0024 -1790 0.073
Lindauigt et al. (2017) 1.631 0.223 0050 1194 2067 7.321  0.000
Forlenza and Miller (2006)  0.304 0.153 0023 0005 0604 1992 0046
Tsai and Huang (2016) 0.210 0.261 0068 0302 0722 0804 0421
Wei et al. (2009) a 1.158 0241 0058 0686 1630 4809  0.000 E o
Wi et al. (2009) b 1.083 0.188 0035 0715 1452 5765  0.000 -
Liu etal. (2014) 1.933 0.322 0104 1301 2565 5995  0.000
Fixed 0410 0.044 0002 0495 -0.324 9373  0.000 [}
Random 0.276 0.405 0.164 0517 1070 0682 0495

-4.00 -2.00 0.00 2.00 4.00

Lower than control Higher than control

Yi et al. (2012) a comprised of male municipal employees with depressive symptoms
Yi et al. (2012) b comprised of female municipal employees with depressive symptoms
Black et al. (2017) a comprised of patients with remitted major depressive disorder
Black et al. (2017) b comprised of patients with current major depressive disorder
Wei et al. (2009) a comprised of patients with col 1 ad i with dep

C Wei et al. (2009) b comprised of patients with gastric adenocarcinoma with depression

Figure 3. Meta-analysis of oxidative DNA damage (8-OHdG or 8-oxodG) in (A) schizophrenia, (B) bipolar disorder, and (C) depression.?*#¢
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Figure 4. Funnel plot of oxidative DNA damage in depression
(random-effects model).

disturbing metabolic activity, gene expression and cellular dys-
function. Besides, association between oxidative DNA damage
and schizophrenia was also supported by previous post-mor-
tem finding, that increased 8-OHdG was found in neuronal
cytoplasm in hippocampus of elderly schizophrenic patients
with poorer outcome.”

Bipolar disorder is the mental illness characterised by peri-
odic episodes of mania (bipolar type I) or hypomania (bipolar
type II) and depression.* The symptom severity was found to
be correlated with DNA damage.” In a twin-case report, higher
level of oxidative stress markers which may lead to lipid and
protein oxidation with consequence of increased DNA dam-
age was observed.* Increased DNA damage was also found in
twins as a trait because the lesion remained higher in compari-
son to healthy controls even after treatment of mood stabili-
zation. Previous meta-analysis'® had first reported a larger effect
size of DNA and RNA damage than our current study, due to
their inclusion of both peripheral blood samples and post-mor-
tem brain samples as well as measurements other than 8-OHdG
or 8-0xodG. Post-mortem studies also demonstrated the in-
volvement of DNA damage in bipolar disorder, particularly
DNA fragmentation in anterior cingulate cortex” as well as in
frontal cortex, pons, medulla, and thalamus.®® From our result,
it can be seen that the effect size of bipolar disorder was small-
er than that of schizophrenia. This could be due to the occur-
rence of peripheral oxidative imbalance in the active phases of
bipolar disorder only.®

It has been hypothesized that stressful life events leading to
oxidative stress that involved in the pathophysiology of depres-
sion.”*”! Previous meta-analyses found that increased oxida-
tive stress and decreased antioxidant level were associated with
greater depressive symptoms.”””>”> As we discussed before, high
oxidative stress level is associating with oxidative DNA dam-
age. However, no association between oxidative DNA damage
with depression was found in present study according to ran-
dom-effects model. It contrasted with the findings of previous
meta-analysis study.”* This may be due to the different inclusion
criteria used. In previous study, bipolar disorder, major depres-

Table 3. Subgroup analyses for oxidative DNA damage in each illness

Iz

Depression

Number
of studies

Bipolar Disorder
IZ

Number

IZ
(%) of studies

96.2

Schizophrenia

Effect
model Number

Category

Subgroup

Hedges’ g (95% CI) p-value

p-value

Hedges’ g (95% CI)

Hedges g (95% CI) p-value

(%)

(%)

of studies

0.013*

1.136 (-0.127 t0 2.399) 0.078
0.791 (-0.564 to 2.146) 0.253

2.073 (0.441 to 3.704)

3
5
3

Lymphocyte ~ Random

Specimen

0.128 (-0.864 to 1.120) 0.801 99.1

7
2

-0.030 (-0.440 to 0.381) 0.887 0
51.1

2
4

98.5

Plasma/serum Random

0.140 (-1.478 to 1.757) 0.866  65.2

0.581(0.397 t0 0.764) <0.001*

954

Random

Urine
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Meta-Analysis of 8-OHdG in Mental lliness

Model Study hame Statistics for each study Hedges's g and 95%Cl
Hedges's Standard Lower Upper
g error  Variance limit limit Z-Value p-Value
Melamed et al. (1998) 0.502 0.296 0.088 -0.079 1.083 1694 0.090
Sirota et al. (2003)  1.002 0.349 0121 0319 1685 2874 0.004
Fixed 0.712 0.226 0051 0269 1.154 3153 0.002
Random 0.718 0.248 0.061 0233 1204 2901 0.004
-2.00 -1.00 0.00 1.00 2,00
A Lower than control  Higher than control
Model Study name Statistics for each study Hedges's g and 95% Cl
Hedges's  Standard Lower  Upper
g error  Varance limit  limit ZValue pValue
SzugerCieseldastal. (2008)a  0.979 0267 0071 045 1501 3672  0.000 —
Szuster-Giesielska et al. (2008) b 0.909 0.265 0070 0390 1427 3435 0001 ——
Atanadkovic et al. (2004) 0.122 0.393 0155 0649 0893 0310 0756 —_r
Chang et al. (2015)a 0.208 0.233 0054 0248 0684 0894 0371
Chang et al. (2015)b 0.269 0.233 0054 0188 0726 1154 0249 -
Chang et al. (2015) ¢ 0.904 0.287 0082 -1.467 0341 3148 0.002 ——
Chang et al. (2015)d 0.687 0.282 0079 -1.239 0135 2438 0015 ——
Rybka et al. (2013) 1.636 0.377 0142 0898 2374 4346  0.000 ——
Fixed 0.273 0.098 0.010 0.081 0466 2780 0.005 ’
Random 0.306 0278 0077 0239 0851 1100 0271 <
3.00 -1.50 0.00 1.50 3.00
Lower than control  Higher than control
Szuster-Ciesielska et al. (2008) a measured superoxide anion production
Szuster-Ciesielska et al. (2008) b measured H202 production
Chang et al. (2015) a measured superoxide radicals before treatment of sertraline
Chang et al. (2015) b measured hydroxyl radicals before treatment of sertraline
Chang et al. (2015) ¢ measured superoxide radicals after treatment of sertraline
Chang et al. (2015) d measured hydroxyl radicals after treatment of sertraline
B
Figure 5. Meta-analysis of reactive oxygen species in (A) schizophrenia and (B) depression.***’
Table 4. Subgroup analyses for reactive oxygen species in depression
Depression
Subgroup Category Effect model - S
Number of studies Hedges g (95% CI) p-value I* (%)
Medication history No medication Random 3 0.504 (-0.143 to 1.152) 0.127 56.0
On medication Random 2 -0.040 (-0.892 t0 0.812) 0.926 93.9

CI: confidence interval, I*: I-square

sive disorder and depression were classified as the same cate-
gory, whereas we excluded bipolar disorder in the present anal-
ysis. Among the patients with major depressive disorder, the
antidepressant users contrarily showed lower oxidative DNA
damage. However, the precise roles of antidepressants in anti-
inflammation and antioxidative action are not fully understood."

Due to the presence of heterogeneity and the wide distribu-
tion of data in forest plot, results obtained with random-effects
model were preferred. High heterogeneity found in the present
analysis may be due to several reasons such as clinical differ-
ences and single study designs.” The different effect sizes found
in subgroup analyses may also indicate the heterogeneity. On

614 Psychiatry Investig 2021;18(7):603-618

the other hand, since publication bias was not significant in
the analyses of schizophrenia and bipolar disorder, thus it was
not the reason causing high heterogeneity. However, significant
publication bias may contribute certain extents to high hetero-
geneity in the analysis of depression. This publication bias may
be due to the design of single studies, submission of results by
researchers, rejection of negative studies by journals, source
funding of studies and design of reviews or meta-analyses.”
The adjustment using Trim-and-Fill test showed that studies
were missing at the left side of funnel plot. Thus, this significant
publication bias might increase awareness in future to publish
any results especially negative results (no effect or opposite ef-



fects) which are failed to prove their hypotheses.””

Subgroup analyses were performed to determine the oxida-
tive DNA damage in different biological specimens, patient
status, illness duration and medication history for each mental
illness. We found significant oxidative DNA damage in lym-
phocyte of schizophrenia patients and in urine of bipolar dis-
order patients. It may reflect the possibility of different mecha-
nisms of oxidative DNA damage in each mental illness. As the
major product of oxidative DNA damage, 8-OHdG or 8-0xodG
will be released into bloodstream after being repaired and then
be excreted by kidneys into urine. Hence, the plasma level of
these deoxyguanosines may indicate how much oxidative stress
has been exposed. It may represent the balance between DNA
repair and clearance into urine within a period of time. How-
ever, some claimed that non-invasive urinary 8-oxodG origi-
nated from DNA of various tissues is better alternative in re-
flecting general oxidative stress as it is not dependent on changes
of DNA repair and plasma clearance.”®”® On the other hand,
peripheral lymphocytes are also being suggested in reflecting
overall oxidative stress status of a whole organism because of
their circulation in the body* Since many are questioning about
the most favourable body samples to be selected in determin-
ing the level of deoxyguanosines,”' our findings may help future
studies in choosing specific samples for each mental illness.

In this study, only inpatients of schizophrenia and bipolar
disorder had significant oxidative DNA damage whereas no
significant association was found in depression. The higher oxi-
dative DNA damage among inpatients was accordance with the
previous meta-analysis™ that chronic schizophrenia inpatients
had lower antioxidants and higher oxidants whereas higher
concentration of antioxidants was found in the stable medicat-
ed outpatients even though their lipid peroxidation was high.
It was also suggested that longer illness duration might have
cumulative effect in oxidative stress.*** Our subgroup analy-
ses also showed that higher oxidative DNA damage was sig-
nificantly evident in both schizophrenic and bipolar disorder
patients with illness duration of more than 10 years. Interest-
ingly, medicated schizophrenic and bipolar disorder patients
showed more oxidative DNA damage. This is evidenced by the
role of clozapine in increasing oxidative stress and DNA damage
due to long-term use of high doses, accompanied with reduced
glutathione (GSH) level and glutathione peroxidase (GSH-Px)
activity that function as ROS scavengers.* In addition, N-meth-
yl-D-aspartate receptor (NMDAR) hypofunction may be in-
versely associated with oxidative stress in pathophysiology of
schizophrenia. To enhance NMDAR efficacy, the inhibition of
D-amino acid oxidase (DAAO) activity was suggested.®® It is
known that the metabolism of D-amino acids by DAAO gen-
erates hydrogen peroxide which may result in oxidative dam-
age.¥ The application of sodium benzoate as DAAO inhibitor

XX Goh et al.

in clozapine-resistant schizophrenia increased catalase activity
in decomposing hydrogen peroxide.* Among antipsychotic
medications, only blonanserin and risperidone owned stron-
ger DAAO inhibitory effects based on in vitro study* Besides,
animal study also demonstrated that increased oxidative dam-
age in rat brain was induced by haloperidol and clozapine but
not by olanzapine and aripiprazole.” Antidepressant hydrazines
such as isocarboxazid and phenelzine were also found to have
a role in inactivating DNA when they react with oxygen and
produce hydrogen peroxide.” Therefore, it can be assumed that
the positive association between oxidative DNA damage and
medication was correlated with patient status and illness du-
ration. This could be due to the higher usage of antipsychotics
in inpatients compared to outpatients.”” Patients with longer
illness duration were also assumed in taking more medications.
No significant result was observed in depression as most of the
patients were not hospitalized and not on medication.

As discussed, oxidative DNA damage is the consequence of
oxidative stress that involves excessive ROS or RNS in impaired
antioxidant mechanism.” To the best of our knowledge, there
was no systematic review or meta-analysis done on ROS in
schizophrenia, bipolar disorder and depression yet. The pres-
ent study revealed that higher ROS level was found in particu-
larly unmedicated schizophrenic patients. However, studies®*
also suggested the involvement of higher RNS level in schizo-
phrenic patients treated with atypical antipsychotics. This was
consistent with previous meta-analysis® which found increased
nitric oxide (NO) which is one of the RNS in medicated schizo-
phrenic patients. Hence, these excess ROS/RNS levels may be
correlated with increased oxidative DNA damage in schizophre-
nia found in present meta-analysis. On the other hand, direct
measurement of ROS has been less studied compared with NO'¢
in patients with bipolar disorder. Meanwhile the current me-
ta-analysis revealed that in depression, the non-significant dif-
ferences in ROS level and oxidative DNA damage might be
contributed by medication. Previous meta-analysis' also re-
ported that there was no significant difference in NO level be-
tween depressed patients and healthy controls. Therefore, we
can postulate that different types of antidepressant may affect
oxidative stress level, for instance amitriptyline increased ROS
production,™ and sertraline decreased levels of superoxide rad-
icals and hydroxyl radicals.® This could be also supported by
in vitro study which found tricyclic antidepressants (TCAs) and
selective serotonin reuptake inhibitor (SSRIs) induced oxida-
tive stress by increasing production of ROS and reducing glu-
tathione level.**

Our present study has several limitations. First, some stud-
ies were excluded in present analysis as the information was
insufficient or raw data were not provided. Thus, there might
be certain influences on the overall result. Second, the associ-
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ation between oxidative DNA damage and other risk factors
such as age” or smoking status® which have been found to have
positive correlation with the damage was not analysed. We can-
not rule out the possible effects of external factors such as diet
or lifestyle on oxidative DNA damage to determine whether
the damage is formed as the consequence of the illness. Besides,
we were unable to evaluate the effect of specific antipsychotics
drug as the subjects in studies were treated with variety of treat-
ment. Furthermore, as there was insufficient number of stud-
ies, we were unable to conduct analysis of ROS level in bipolar
disorder.

In conclusion, the present meta-analysis revealed that schizo-
phrenia with the largest effect size and bipolar disorder were
associated with increased oxidative DNA damage whereas no
association between oxidative DNA damage and depression
was observed. Subgroup analyses of oxidative DNA damage
level in different biological specimens may indicate different
mechanisms of lesion occurrence in different mental illness and
may help future studies in choosing specific specimen for a par-
ticular mental illness. Other factors such as patient status, illness
duration and medication history that may contribute certain
effects on oxidative DNA damage need further investigation.
The present study also revealed the relationship between high
ROS level and schizophrenia but not in depression. More as-
sociation studies between direct measurement ROS and oxi-
dative DNA damage can be conducted in future to further con-
firm that 8-OHdG or 8-0xodG may have the potential to be
used as biomarker of oxidative DNA damage and oxidative
stress in mental illness, as well as to help in understanding the
underlying pathophysiology of mental illnesses.
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