Li et al. BMC Psychiatry ~ (2023) 23:866 BMC PSYChI atry
https://doi.org/10.1186/512888-023-05358-8

Check for
updates

Association between mitochondrial DNA
levels and depression: a systematic review
and meta-analysis

Wenhui Li', Lingqun Zhu?', Yi Chen', Yudi Zhuo', Shurun Wan' and Rongjuan Guo®

Abstract

Background Mitochondrial dysfunction leading to disturbances in energy metabolism has emerged as one of

the risk factors in the pathogenesis of depression. Numerous studies have identified alterations in the content of
mitochondrial DNA (mtDNA) in peripheral blood and cerebrospinal fluid of individuals with depression. Researchers
have sought to establish a clear association between mtDNA and depression. Consequently, we conducted a
comprehensive meta-analysis to assess the existing evidence regarding the impact of mtDNA on depression.

Methods This study conducted a thorough search of the following databases up to March 13, 2023: PubMed,
Embase, the Cochrane Library, the Web of Science, Wanfang Database, SINOMED, the China Science and Technology
Journal Database, and China National Knowledge Infrastructure. The meta-analysis was carried out using RevMan
(version 5.4) and Stata (version 16.0) software. In addition, publication bias was assessed with funnel plots, Begg's test
and Egger’s test.

Results Our analysis included data from 10 articles, including 12 studies for further examination. A total of 1400
participants were included in this study, comprising 709 (including 300 males and 409 females) patients with
depression and 691 (including 303 males and 388 females) healthy controls. The average age of depressed patients
was (42.98+2.55) years, and the average age of healthy people was (41.71 +2.6) years. The scales used to assess
outcomes are Hamilton-rating scale for Depression(4 articles), Montgomery-Asberg Depression Rating Scale(3
articles), and Mini-Internatioal Neuropsychiatric Interview (1 articles). The meta-analysis revealed significantly higher
levels of mtDNA in circulating blood samples and skin fibroblasts of individuals with depression in comparison to
healthy controls [standardized mean difference(SMD) =0.42, 95% confidence intervals(Cl): 0.16, 0.67].

Conclusions Our study concludes that there is a significant (p <0.05) increase in mMtDNA levels in serum, plasma,
and cerebrospinal fluid in individuals with depression. These findings suggest that mtDNA could serve as a potential
biomarker for diagnosing depression.
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Introduction

Depression is a heterogenous disorder characterized by
symptoms spanning various domains of emotion and
behavior, including but not limited to, changes in mood,
memory impairment, anhedonia, insomnia, fatigue,
reduced appetite and libido, and in severe instances, self-
harm and suicide [1]. It poses a significant threat to both
mental and physical well-being and stands as the primary
cause of global disability [2]. Depression is pervasive
and frequently recurrent, with a worldwide prevalence
of 4.4% [3]. In China, the lifetime prevalence of depres-
sion stands at 6.8%, with major depression accounting
for 3.4% [4]. However, the incidence of depression con-
tinues to rise annually due to mounting societal, lifestyle,
and academic pressures. A substantial proportion of
patients fail to achieve remission after undergoing treat-
ment with a selective serotonin reuptake inhibitor, with
only 25-27% achieving remission following subsequent
antidepressant treatments, and as many as 40% becom-
ing treatment-resistant [5]. An impediment to effective
depression care is the inaccurate diagnosis of individuals
affected by the condition [6]. Presently, the assessment of
depression relies on medical history, clinical symptoms,
and specific evaluation scales, with a dearth of objective
biomarkers for diagnostic purposes [7]. Thus, the quest
for biomarkers to facilitate accurate depression diagnosis
is a pressing scientific challenge.

The biological mechanisms underpinning depression
remain unknown. Research into depression has expanded
beyond conventional hypotheses concerning monoami-
nergic neurotransmitters and inflammatory mechanisms.
An increasing focus has shifted towards examining the
interplay between mitochondrial energy metabolism and
depression. Depressed individuals often exhibit modifica-
tions in inflammatory markers, mitochondrial membrane
depolarization, oxidized mtDNA, and thus increased lev-
els of both central and peripheral reactive oxygen species
(ROS) [8]. Mitochondria serve as the cellular “energy fac-
tories” of cells, preserving cellular stability by modulating
calcium homeostasis, contributing to ROS and regulat-
ing apoptosis. Nonetheless, malfunctioning mitochon-
dria lead to increased production of mitochondrial ROS
(mtROS) and the release of cell-free mtDNA release [9].
MtDNA, as the genetic material of mitochondria, plays
a role in mediating mitochondrial energy metabolism
by encoding vital proteins required for the assembly and
operation of mitochondrial respiratory complexes [10].
The mtDNA copy number can serve as an indicator of
mitochondrial function and the extent of mtDNA dam-
age [11].

Given the mounting evidence implicating mito-
chondrial dysfunction as a prospective molecular fac-
tor in depression, we conducted a systematic review
and meta-analysis to examine the available literature
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that investigated the association between mtDNA and
depression. To our knowledge, this represents the first
study to integrate global data in elucidating the connec-
tion between mtDNA and depression.

Methods

Study registration

This systematic review and meta-analysis adhered to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines [12]. The review
protocol was registered with PROSPERO under the reg-
istration CRD42023414285.

Literature search strategy

We conducted a comprehensive search of four English
electronic databases and four Chinese literature data-
bases, spanning from their inception to March 13, 2023.
The databases included PubMed, EMBASE, Cochrane
Library, Web of Science, Wanfang Database, SINOMED,
VIP Database, and CNKI. There were no language
restrictions imposed in our search. Our search strat-
egy employed the following keywords: (“mtDNA” OR
“mitochondrial DNA”) AND (“depression” OR “depres-
sive disorder”). To ensure comprehensive coverage, we
also scrutinized the references of all the reviewed publi-
cations. Two independent reviewers (WL and YZ) were
responsible for this process, and in the event of any dis-
agreement, a third investigator (LZ) was consulted. Fur-
thermore, we scrutinized the references of the papers
included, full texts, and bibliographies of all potential
articles, including relevant reviews and meta-analyses, in
order to identify any additional eligible studies.

Inclusion and exclusion criteria

The inclusion criteria were established as follows: (a) the
study involved individuals with depression; (b) cross-sec-
tional, case—control or longitudinal study; (c) the studies
reported mtDNA levels, including mean (M), standard
deviation (SD), and sample size; (d) both individuals with
depression (cases) and healthy participants (controls)
were included in the studies; and (e) in cases where the
same datasets were discovered during the search process,
only the paper with more comprehensive findings was
included in our meta-analysis.

Studies were excluded if they met any of the following
criteria: (a) duplications; (b) absence of mtDNA measure-
ment in humans; (c) absence of a healthy control group;
(d) constituted case reports, review articles, systematic
reviews, meta-analyses, commentaries, editorials, or
meeting abstracts; or (e) were in vivo or in vitro studies.

Data extraction
We used NoteExpress software was used for literature
management. Two reviewers (WL and YZ) independently
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extracted all data, and any disagreements were resolved
through discussion, with the involvement of a third per-
son (LZ) when necessary. We recorded pertinent study
information, including the first author, publication year,
participant characteristics, sample size, sample source,
region, and mtDNA contents.

Quality assessment

Two authors (YC and SW) independently evaluated the
risk of bias and methodological quality of the included
studies using the Newcastle-Ottawa Scale (NOS), which
is an evidence-based quality assessment tool designed
for systematic reviews of prospective cohort studies
[13]. This scale comprises eight items, and the maximum
attainable score is 9 points. Studies scoring=6 points
were deemed of high quality [14].

Statistical analysis

Cochrane Collaboration software (RevMan 5.4) and Stata
(version 16.0) were used for all data analyses. Given the
varied units of measurement for mtDNA concentra-
tions (units/pL, copies/pL, C/uL, and some articles not
specifying units) in the analyzed reports, the effect size
was estimated using the Standardized Mean Difference
(SMD). Heterogeneity among the studies was assessed
using the I? statistic. I* values within the ranges of 0—25%,
26—50%, 51-75%, and 75—-100% were categorized as indi-
cating no, low, moderate, and substantial heterogeneity,
respectively [15, 16]. Subgroup analyses were conducted
to identify potential sources of heterogeneity, considering
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specimen type (plasma or non-plasma), detection
method (quantitative reverse transcription polymerase
chain reaction (qQRT-PCR), quantitative polymerase chain
reaction (qQPCR), or real-time fluorescence polymerase
chain reaction (rt-PCR)), and location (Asia, Europe, or
North America). Sensitivity analyses were performed to
ensure the reliability of the results. Furthermore, Egger’s
test and Begg’s test were utilized to investigate publica-
tion bias. A z-score was employed to assess effect sizes,
and a p-value of <0.05 was considered statistically signifi-
cant. All statistical tests were two-tailed, with a 95% CI,
and the significance level was set at P<0.05.

Results

Study selection

The search across the eight databases yielded a total of
1,104 articles for further assessment (11 from CNKI, 2
from Wanfang, 0 from VIP, 4 from SINOMED, 559 from
PubMed, 320 from EMBASE, 203 from the Web of Sci-
ence, and 5 from the Cochrane Library). After review-
ing the articles, 65 were excluded due to duplications.
Following the examination of titles and abstracts, 951
articles were excluded for various reasons. Ultimately,
only ten studies [17-26] met our inclusion criteria after
a thorough review of the full texts. The flow diagram is
depicted in Fig. 1.

Study characteristics and quality assessment
In total, we included 10 articles covering studies con-
ducted from 1997 to 2023, reporting on 12 studies. These
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Fig. 1 Flow diagram of study selection
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studies involved 709 individuals with depression (300
males and 409 females) and 691 healthy controls (303
males and 388 females). The average age of depressed
patients was (42.98+2.55) years, and the average age
of healthy people was (41.71£2.6) years. Four articles
assessed for depression using the Hamilton-rating scale
for Depression (HDRS). Three articles used the Mont-
gomery-Asberg Depression Rating Scale (MADRS). One
article used Mini-Internatioal Neuropsychiatric Inter-
view (MINI). The other two articles did not report assess-
ment scales. Most trials were conducted in Asia (2 in
China, 1 in Japan, and 1 in Korea) and Europe (2 in Swe-
den, 1 in Ireland, 1 in Germany). Additionally, trials were
carried out in North America (1 in the United States and
1 in Canada). The quantification of mtDNA levels was
achieved using quantitative reverse transcription poly-
merase chain reaction (QRT-PCR), real-time fluorescence
polymerase chain reaction (rt-PCR), or quantitative poly-
merase chain reaction (qPCR). Detailed characteristics
of the included studies are presented in Table 1. For the
quality evaluation of the included studies, we utilized the
Newcastle-Ottawa Scale (NOS), as presented in Table 2.
This assessment revealed that the quality of most articles
was relatively high, with scores ranging from 5 to 7. Only
one study, conducted by Kato T et al. [26], scored five due
to a lack of provided information.

MtDNA levels in depression

A substantial variation in mtDNA levels was observed,
favoring higher values in individuals with depression
when compared to healthy controls. This difference
was quantified by a SMD of 0.42 (95% CI: 0.16, 0.67)
and an overall effect statistic of Z=3.20 (P-value<0.05).
It is noteworthy that the heterogeneity was substan-
tial (I>=77%). Please consult Fig. 2 for the comprehen-
sive forest plot illustrating the outcomes of the overall
meta-analysis.

Subgroup analysis

We conducted subgroup analyses based on specimen
type (plasma or not plasma), detection method (qRT-
PCR, qPCR, or rt-PCR), and geographical location
(Asia, Europe, or North America). In terms of specimen
type, a significant distinction between individuals with
depression and healthy controls was evident in plasma
specimens (SMD=0.52, P-value<0.05), whereas no such
difference was observed in other sample types (Fig. 3A).
When subgroup analysis was performed based on detec-
tion methods, a notable difference between patients with
depression (SMD=0.52, P-value<0.05) and healthy indi-
viduals was observed when utilizing qRT-PCR (Fig. 3B).
Moreover, in Europe (SMD=0.48, P-value<0.05) and
North America (SMD=0.69, P-value<0.05), mtDNA
levels were significantly higher in individuals with
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depression than in their healthy counterparts, with no
statistically significant variation in Asia (Fig. 3C).

Publication bias analysis and sensitivity analysis

In our study, no evidence of publication bias was found
based on the results of both Egger’s regression test
(P-value=0.518) and Begg’s continuity corrected test
(P-value=1.000). Additionally, there was no apparent
asymmetry observed in the funnel plot (Fig. 4). To evalu-
ate the stability of our results, we conducted a sensitiv-
ity analysis by systematically removing each study one
by one. The results showed no significant impact on the
overall findings, reinforcing the stability and reliability of
our study outcomes.

Discussion

Mitochondrial energy metabolism disorders are involved
in depression

Depression poses a significant threat to the mental and
physical well-being of individuals, making it one of the
most pressing public health challenges worldwide. Along-
side the typical clinical signs of depression, such as loss
of pleasure and cognitive impairment, there are promi-
nent somatic hypokinetic symptoms like fatigue, insom-
nia, and appetite loss [27]. Hypodynamic symptoms in
depressed patients are closely linked to inadequate mito-
chondrial ATP production, leading some researchers to
suggest that mitochondrial energy metabolism disorders
are implicated in depression’s pathogenesis [28]. Mito-
chondria serve as the central hub for cellular energy
metabolism and ROS generation, ensuring their normal
function through continuous processes like biosynthesis,
division, fusion, and autophagy. Mitochondrial dysfunc-
tion includes reduced ATP synthesis, respiratory chain
malfunction, structural anomalies, and an excess of apop-
tosis [29]. Previous research has demonstrated that mito-
chondrial energy metabolism disruptions are common in
both chronic stress animal models and depressed patients
[30, 31]. In a study by Gardner et al. [32], examining mus-
cle tissue from depressed patients, they observed a strong
connection between low ATP levels and severe physical
symptoms. In the hippocampus and gastrocnemius mus-
cle of rats exposed to chronic unpredictable mild stress
(CUMS), ATP content, Na/K-ATPase activity, respiratory
chain complex I, III, and IV activities were all reduced,
and mitochondrial ultrastructure was compromised [33].
The production of a large number of ROS through mito-
chondrial oxidative phosphorylation can lead to oxidative
stress and subsequent mitochondrial dysfunction [34].
When Chen et al. [35] induced depression-like behavior
in mice using lipopolysaccharide, they found that mito-
chondrial oxidative damage was associated with the
development of depressive symptoms. In addition, Yuan
et al. [33] found significantly more swollen mitochondria,
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Depression Healthy Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ampo 2022a 8.65 0.09 9 8.55 014 16  52% 0.77 [-0.08,1.62] =
Ampo 2022b 8.67 011 23 8.64 0.1 5 45% 0.27 [-0.70,1.24] B
Chang 2015 167.27 142.86 40 21427 163.65 70 97% -0.30 [-0.69, 0.09] -7
Chung 2019 14195 5728 118 10217 2913 116 111% 0.87 [0.60,1.14] =
Fernstrdm 2021 437.3 62.7 47 4351 1067 11 6.9% 0.03 [-0.63, 0.69] S ZE
Gongalves 2021 8.67 011 32 8.57 014 21 7.7% 0.80[0.23,1.38]
He 2014 44 61 210 41 538 217 11.8% 0.05[-0.14,0.24] -
Kato 1997 11 391 14 1.4 39 20 6.6% 0.37 [-0.32,1.06) N T
Kerstin Kuffner 2020 654  28.04 16 636 31.68 16 6.4% 0.59[-0.12,1.30] T
Lindgvist 2018a 12 1.2 50 11 11 55  96% 0.86 [0.46,1.27] —s
Lindgvist 2018b 51 0.4 50 5 04 55  98% 0.25[-0.14, 0.63]
Ryan 2023 86,26 1565 100 76.42 21.9 89 108% 0.52[0.23,081] -
Total (95% CI) 709 691 100.0% 0.42 [0.16, 0.67) <
Heterogeneity: Tau®= 0.13; Chi*= 47.10, df= 11 (P < 0.00001); F= 77% 2 1 s 1 2

Test for overall effect: Z= 3.20 (P = 0.001)

Fig. 2 Forest plot displaying the results of the meta-analysis, including all ten articles regarding

comparisons
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mtDNA in depression, which comprises twelve

Depression Healthy Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 plasma
Ampo 2022a 8.65 0.09 ] 8.55 0.14 16 52% 0.77 [-0.08,1.62] T
Ampo 2022b 8.67 0.11 23 8.64 0.1 5 45% 0.27 [-0.70,1.24] ]
Fernstrdm 2021 437.3 62.7 47 4351 1067 11 6.9% 0.03[-0.63, 0.69] —
Gongalves 2021 8.67 0.11 32 8.57 0.14 21 7.7% 0.80[0.23,1.38]
Lindgvist 2018a 12 12 50 11 1.1 55  96% 0.86 [0.46,1.27] -
Lindgvist 2018h 5.1 0.4 50 5 0.4 55  98% 0.25[-0.14, 0.63] T
Subtotal (95% CI) 21 163 43.7% 0.52[0.21,0.82] >
Heterogeneity: Tau*= 0.06; Chi*=8.43, df=5(P=0.13); F=41%
Test for overall effect: Z= 3.33 (P = 0.0009)
2.1.2 not plasma
Chang 2015 167.27 142.86 40 214.27 163.65 70 97% -0.30 [-0.69, 0.09] 7
Chung 2019 14195 57.28 118 10217 2913 116 111% 0.87 [0.60,1.14] =
He 2014 4.4 61 210 41 538 217 11.8% 0.05[-0.14,024] =
Kato 1997 11 391 14 1.4 39 20 B6.6% 0.37 [[0.32, 1.08] ]
Kerstin Kuffner 2020 654 28.04 16 636 31.68 16 6.4% 0.59 [-0.12,1.30] T
Ryan 2023 86.26 1565 100 76.42 219 89 10.8% 0.52[0.23,0.81] ——
Subtotal (95% CI) 498 528 56.3% 0.34[-0.04,0.72] -
Heterogeneity: Tau®= 0.17, Chi*= 35.79, df= 5 (P < 0.00001); F = 86%
Test for overall effect: Z=1.78 (P = 0.08)
Total (95% CI) 709 691 100.0% 0.42 [0.16, 0.67] <>
Heterogeneity: Tau?= 0.13; Chi*= 47.10, df= 11 (P < 0.00001); F= 77% 2 1 7 1 2

Test for overall effect: Z= 3.20 (P = 0.001)
Testfor subaroun differences: Chi*=051.df=1 {(P=047). F=0%

Fig. 3(A) Subgroup analysis categorized according to the specimen type

of mtDNA in leukocytes from saliva samples and blood.
They also discovered altered mitochondrial function
in tissues with increased mtDNA [45]. Hence, mtDNA
emerges as a promising biomarker for further exploration
of its role in depression.

Discussion of meta-analysis results

Taking into consideration the information presented
above, we aimed to provide a comprehensive evaluation
to enhance our understanding of altered mtDNA con-
tent in depression. In our study, we concentrated on the
association between mtDNA levels and depression by
conducting a systematic review and meta-analysis of 12
eligible studies, including 709 depressive patients and 691

Healthy Controls Depression

healthy controls. Among the depressed patients, there
were 409 females and 303 males, with females exhibit-
ing a higher risk of depression than males. Gongalves
[19] et al. did not find a significant correlation between
ccf-mtDNA concentration and age (r=0.081, p=0.56),
smoking (measured by number of pack/year; rho = -0.09,
p=0.49). Chung JK [21]et al. found that gender was not
associated with mtDNAcn. He [25] et al. also did not find
significant differences between age and leukocyte MtD-
NAcn. However, more high-quality studies are needed to
explore whether tobacco, age, and sex have an impact on
MtDNA levels in people with depression.

Our study indicated that depressed patients had higher
levels of mtDNA compared to their healthy counterparts
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Depression Healthy Controls Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
2.21qRT-PCR
Ampo 2022a 8.65 0.09 ] 8.55 0.14 16 52% 0.77 [-0.08, 1.62] T
Ampo 2022b 8.67 0.11 23 8.64 0.1 5 45% 0.27 [[0.70,1.24] ]
Fernstrim 2021 437.3 62.7 47 4351 1067 11 6.9% 0.03 [-0.63, 0.69] ————
Gongalves 2021 8.67 0.11 32 8.57 0.14 21 77% 0.80[0.23,1.38]
Kerstin Kuffher 2020 654 28.04 16 636 31.68 16 6.4% 0.59[-0.12,1.30] 7
Ryan 2023 86.26 1565 100 76.42 219 89 108% 0.52[0.23,0.81] =
Subtotal (95% CI) 227 158 41.5% 0.52 [0.30, 0.73] <
Heterogeneity: Tau®= 0.00; Chi*= 3.72, df=5 (P = 0.59); F= 0%
Test for overall effect Z=4.72 (P < 0.00001)
2.2.2qPCR
Chung 2019 141.95 5728 118 10217 2913 116 11.1% 0.87 [0.60,1.14] =
He 2014 44 61 210 4.1 538 217 11.8% 0.05[-0.14,0.24] =
Kato 1997 11 391 14 1.4 39 20 B.6% 0.37 [-0.32, 1.08] T
Subtotal (95% CI) 342 353 29.4% 0.43 [-0.19, 1.06] -~
Heterogeneity: Tau®= 0.26; Chi*= 23.83, df= 2 (P = 0.00001); F=92%
Testfor overall effect Z=1.36 (P=017)
2.2.3 rt-PCR
Chang 2015 167.27 14286 40 214.27 163.65 70 97% -0.30 [-0.69, 0.09] -7
Lindgvist 2018a 12 1:2 50 11 1.1 55  96% 0.86 [0.46,1.27] -
Lindgvist 2018b 5.1 0.4 a0 5 0.4 55 9.8% 0.25[-0.14, 0.63] T
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Heterogeneity: Tau®= 0.13; Chi*= 47.10, df= 11 (P < 0.00001); F= 77% 2 1 . 1 2

Test for overall effect: Z=3.20 (P = 0.001)

Testfor subaroun differences: Chi*=053. df=2 (P=077.F=0%

Fig. 3(B) Subgroup analysis categorized according to the detection method

Healthy Controls Depression

Depression Healthy Controls Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.3.1 Asia
Chang 2015 167.27 142.86 40 21427 163.65 70 97% -0.30 [-0.69, 0.09] )
Chung 2019 141.95 5728 118 10217 2913 116 11.1% 0.87 [0.60,1.14] -
He 2014 44 61 210 41 538 217 11.8% 0.05[-0.14,0.24] &
Kato 1997 11 391 14 1.4 39 20 B.6% 0.37 [-0.32, 1.08] =
Subtotal (95% CI) 382 423  39.1% 0.25[-0.28, 0.78] ’
Heterogeneity: Tau®= 0.25; Chi*= 32.41, df= 3 (P < 0.00001); F=91%
Test for overall effect: Z=0.92 (P = 0.36)
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Fig. 3(C) Subgroup analysis categorized according to the geographical location
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Fig. 4 Funnel plotillustrating the studies included in the meta-analysis pertaining to depression

(SMD=0.42, 95% CI: 0.16, 0.67). Nonetheless, it is worth
noting that published literature has reported conflicting
findings. Four studies [17, 19, 21, 23] observed higher
mtDNA levels in individuals with depression com-
pared to healthy controls, while eight [18, 20, 22, 23,
25, 26] studies found no significant difference between
depressed patients and healthy controls. However, the
overall results suggested that depressed patients had
higher mtDNA levels than healthy individuals. We attri-
bute these discrepancies to various factors such as dif-
ferences in age range, detection methods, tissue types,
and ethnicity, among others. Heterogeneity was evident
in this meta-analysis. Therefore, we conducted subgroup
analyses based on specimen type, detection method, and
location, as the range of mtDNAcn can be influenced by
different DNA isolation and extraction techniques [46].
Moreover, mtDNA is inherently heterogeneous impacted
by various environmental and genetic contexts [47]. Fur-
thermore, different tissues or organs within individuals
may require varying amounts of mtDNAcn to maintain
normal function, resulting in differences in mtDNAcn
levels among tissues or organst [38]. Thus, further
research is needed to determine the most appropri-
ate sample type (plasma or other samples) and the best
detection method for mtDNA assessment.

To assess potential obvious publication bias, we exam-
ined funnel plots, Begg’s test, and Egger’s test, all of which
did not suggest any noticeable bias. Additionally, our sen-
sitivity analysis reinforced the stability and reliability of
our results. It is important to note that the majority of
the studies included in our analysis were cross-sectional
in design. Therefore, future research should consider

initiating more longitudinal studies to evaluate mtDNA
levels as a predictive biomarker for depression.

Strengths and limitations

To the best of our knowledge, this is the first systematic
review and meta-analysis of mtDNA levels with a specific
focus on depression. Our findings indicate a significant
elevation in mtDNA levels in patients with depression
when compared to healthy controls, shedding light on the
link between mitochondrial dysfunction and depression.
Nevertheless, there are certain limitations to consider.
Firstly, our results may be affected by the presence of het-
erogeneity, a common occurrence in many meta-analy-
ses. Secondly, variations in biomarker units and diverse
methods of analyzing the same biomarkers could poten-
tially influence the statistical conclusions drawn from this
meta-analysis. Thirdly, our study did not explore all the
variables affecting mtDNA levels, such as environmen-
tal factors and concurrent illnesses. Lastly, due to insuf-
ficient numerical information in some studies, we were
unable to include them, potentially impacting the results.

Conclusion

In summary, our systematic review and meta-analysis
reveal that mtDNA concentrations in circulating blood
samples and skin fibroblasts are elevated in depressed
patients compared to healthy controls. This suggests a
potential association between higher mtDNA levels and
depression. The use of mtDNA as a biomarker for early
diagnosis and prognosis of depression and its treatment
is a promising avenue. Nonetheless, further research
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involving high-quality, large-scale studies is necessary for
a more in-depth analysis.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512888-023-05358-8.

[ Supplementary Material 1: Image corrections ]

Acknowledgements
We thank Dr. Linggun Zhu and Dr. Rongjuan Guo for providing professional
guidance on an earlier draft of this manuscript and funding this study.

Authors’ contributions

WL: research design, conceptualization, writing (original draft). LZ: review
and editing. YZ and YC: data management, data analysis. WL and SW:
methodology, software application. RG: project administration and funding
acquisition. All authors contributed to and have approved the final version of
the manuscript.

Funding
This work was supported by the National Natural Science Foundation of China
(No.U21A20401).

Data Availability
The original contributions presented in the study are included in the article,
further inquiries can be directed to the corresponding authors.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Dongzhimen Hospital, Beijing University of Chinese Medicine,

Beijing 100700, China

2Key Laboratory of Chinese Internal Medicine of Ministry of Education
and Beijing Key Laboratory of Dongzhimen Hospital, Beijing University of
Chinese Medicine, Beijing 100700, China

*Dongfang Hospital, Beijing University of Chinese Medicine,

Beijing 100078, China

Received: 28 May 2023 / Accepted: 7 November 2023
Published online: 22 November 2023

References

1. Tartt AN, Mariani MB, Hen R, Mann JJ, Boldrini M. Dysregulation of adult hip-
pocampal neuroplasticity in major depression: pathogenesis and therapeutic
implications. Mol Psychiatry. 2022,27(6):2689-99. https://doi.org/10.1038/
s41380-022-01520-y

2. Friedrich MJ. Depression is the leading cause of disability around the World.
JAMA, 2017;317(15):1517. https://doi.org/10.1001/jama.2017.3826

3. Marwaha S, Palmer E, Suppes T, Cons E, Young AH, Upthegrove R. Novel and
emerging treatments for major depression. Lancet. 2023;401(10371):141-53.
https://doi.org/10.1016/50140-6736(22)02080-3. Epub 2022 Dec 16.

4. HuangY,WangY, Wang H, et al. Prevalence of mental disorders in China: a
cross-sectional epidemiological study. Lancet Psychiatry. 2019;6(3):211-24.
https://doi.org/10.1016/52215-0366(18)30511-X. Epub 2019 Feb 18. Erratum
in: Lancet Psychiatry. 2019,6(4).e11.

20.

21.

22.

23.

Page 10 of 11

Gabriel FC, Stein AT, de Melo DO, Fontes-Mota GCH, Dos Santos IB, Rodrigues
CDS, Rodrigues MC, Fraguas R, Florez ID, Correia DT, Ribeiro E. Recom-
mendations for the pharmacological treatment of treatment-resistant
depression: A systematic review protocol. PLoS One. 2022;17(4):e0267323.
https://doi.org/10.1371/journal.pone.0267323. Update in: PLoS One.
2023;18(2):€0281501.

Lim GY, Tam WW, Lu Y, Ho CS, Zhang MW, Ho RC. Author Correction: Preva-
lence of Depression in the Community from 30 Countries between 1994 and
2014. Sci Rep. 2022;12(1):14856. https://doi.org/10.1038/541598-022-19021-x.
Erratum for: Sci Rep. 2018;8(1):2861.

LiW, Li X, LiY,ChenY, Zhu L, Guo R. Diagnostic value of MicroRNAs

for depression: a systematic review and meta-analysis. J Psychiatr Res.
2023;157:132-40. Epub 2022 Nov 27.

Visentin APV, Colombo R, Scotton E, Fracasso DS, da Rosa AR, Branco CS,
Salvador M. Targeting inflammatory-mitochondrial response in Major
Depression: current evidence and further challenges. Oxid Med Cell Longev.
2020;2020:2972968. https://doi.org/10.1155/2020/2972968

Tripathi A, Scaini G, Barichello T, Quevedo J, Pillai A. Mitophagy in depression:
pathophysiology and treatment targets. Mitochondrion. 2021;61:1-10. Epub
2021 Aug 31.

Yan C, Duanmu X, Zeng L, Liu B, Song Z, Mitochondrial DNA. Distribution,
mutations, and elimination. Cells. 2019;8(4):379. https://doi.org/10.3390/
cells8040379

Ashar FN, Zhang Y, Longchamps RJ, Lane J, Moes A, Grove ML, Mychaleckyj
JC, Taylor KD, Coresh J, Rotter JI, Boerwinkle E, Pankratz N, Guallar E, Arking
DE. Association of mitochondrial DNA Copy Number with Cardiovascu-

lar Disease. JAMA Cardiol. 2017,2(11):1247-55. https://doi.org/10.1001/
jamacardio.2017.3683

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ. 2021;372:n71.
https://doi.org/10.1136/bmj.n71

Renaud-Charest O, Lui LMW, Eskander S, Ceban F, Ho R, Di Vincenzo JD,
Rosenblat JD, Lee Y, Subramaniapillai M, McIntyre RS. Onset and frequency of
depression in post-COVID-19 syndrome: a systematic review. J Psychiatr Res.
2021;144:129-37. Epub 2021 Sep 30.

Thul TA, Corwin EJ, Carlson NS, Brennan PA, Young LJ. Oxytocin and
postpartum depression: a systematic review. Psychoneuroendocrinology.
2020;120:104793. https://doi.org/10.1016/j.psyneuen.2020.104793. Epub
2020 Jul 6.

Higgins JB, Thompson SG, Deeks JJ, Aitman DG. Measuring inconsistency

in meta-analyses. BMJ. 2003;327(7414):557-60. https://doi.org/10.1136/
bmj.327.7414.557

Melamud MM, Buneva VN, Ermakov EA. Circulating cell-free DNA levels in
Psychiatric Diseases: a systematic review and Meta-analysis. Int J Mol Sci.
2023,;24(4):3402. https://doi.org/10.3390/ijms24043402

Ryan KM, Doody E, McLoughlin DM. Whole blood mitochondrial DNA

copy number in depression and response to electroconvulsive therapy.
Prog Neuropsychopharmacol Biol Psychiatry. 2023;121:110656. https://doi.
0rg/10.1016/j.pnpbp.2022.110656. Epub 2022 Oct 7.

Ampo E, Mendes-Silva AP, Goncalves V, Bartley JM, Kuchel GA, Diniz BS.
Increased levels of circulating cell-free mtDNA in the plasma of subjects with
late-life Depression and Frailty: a preliminary study. Am J Geriatr Psychiatry.
2022;30(3):332-7. Epub 2021 Jul 29.

Gongalves VF, Mendes-Silva AP, Koyama E, Vieira E, Kennedy JL, Diniz B.
Increased levels of circulating cell-free mtDNA in plasma of late life depres-
sion subjects. J Psychiatr Res. 2021;139:25-9. Epub 2021 May 8.

Fernstrém J, Ohlsson L, Asp M, Lavant E, Holck A, Grudet C, Westrin A,
Lindqvist D. Plasma circulating cell-free mitochondrial DNA in depressive
disorders. PLoS ONE. 2021;16(11):20259591. https://doi.org/10.1371/journal.
pone.0259591

Chung JK, Lee SY, Park M, Joo EJ, Kim SA. Investigation of mitochondrial DNA
copy number in patients with major depressive disorder. Psychiatry Res.
2019;282:112616. https://doi.org/10.1016/j.psychres.2019.112616. Epub 2019
Oct 14.

Kuffner K, Triebelhorn J, Meindl K, Benner C, Manook A, Sudria-Lopez D,
Siebert R, Nothdurfter C, Baghai TC, Drexler K, Berneburg M, Rupprecht R,
Milenkovic VM, Wetzel CH. Major Depressive Disorder Is Associated with
impaired mitochondrial function in skin fibroblasts. Cells. 2020;9(4):884.
https://doi.org/10.3390/cells9040884

Lindqvist D, Wolkowitz OM, Picard M, Ohlsson L, Bersani FS, Fernstrém J,
Westrin A, Hough CM, Lin J, Reus VI, Epel ES, Mellon SH. Circulating cell-free
mitochondrial DNA, but not leukocyte mitochondrial DNA copy number,


https://doi.org/10.1186/s12888-023-05358-8
https://doi.org/10.1186/s12888-023-05358-8
https://doi.org/10.1038/s41380-022-01520-y
https://doi.org/10.1038/s41380-022-01520-y
https://doi.org/10.1001/jama.2017.3826
https://doi.org/10.1016/S0140-6736(22)02080-3
https://doi.org/10.1016/S2215-0366(18)30511-X
https://doi.org/10.1371/journal.pone.0267323
https://doi.org/10.1038/s41598-022-19021-x
https://doi.org/10.1155/2020/2972968
https://doi.org/10.3390/cells8040379
https://doi.org/10.3390/cells8040379
https://doi.org/10.1001/jamacardio.2017.3683
https://doi.org/10.1001/jamacardio.2017.3683
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.psyneuen.2020.104793
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.3390/ijms24043402
https://doi.org/10.1016/j.pnpbp.2022.110656
https://doi.org/10.1016/j.pnpbp.2022.110656
https://doi.org/10.1371/journal.pone.0259591
https://doi.org/10.1371/journal.pone.0259591
https://doi.org/10.1016/j.psychres.2019.112616
https://doi.org/10.3390/cells9040884

Li et al. BMC Psychiatry

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

(2023) 23:866

is elevated in major depressive disorder. Neuropsychopharmacology.
2018;43(7):1557-64. https://doi.org/10.1038/541386-017-0001-9. Epub 2018
Jan 30.

Chang CC, Jou SH, Lin TT, Lai TJ, Liu CS. Mitochondria DNA change and oxida-
tive damage in clinically stable patients with major depressive disorder. PLoS
ONE. 2015;10(5):¢0125855. https://doi.org/10.1371/journal.pone.0125855
HeY,Tang J, Li Z, Li H, Liao Y, Tang Y, Tan L, Chen J, Xia K, Chen X. Leukocyte
mitochondrial DNA copy number in blood is not associated with major
depressive disorder in young adults. PLoS ONE. 2014;9(5):€96869. https://doi.
0rg/10.1371/journal.pone.0096869

Kato T, Winokur G, McMahon FJ, DePaulo JR, Crowe RR. Quantitative analysis
of leukocyte mitochondrial DNA deletion in affective disorders. Biol Psychia-
try. 1997;42(5):311-6. https://doi.org/10.1016/50006-3223(96)00377-0

Zhao D, Wu Z, Zhang H, Mellor D, Ding L, Wu H, Wu C, Huang J, Hong W, Peng
D, Fang Y. Somatic symptoms vary in major depressive disorder in China.
Compr Psychiatry. 2018,87:32-7. Epub 2018 Aug 28.

Caruso G, Benatti C, Blom JMC, Caraci F, Tascedda F. The many faces of
mitochondrial dysfunction in Depression: from Pathology to Treatment. Front
Pharmacol. 2019;10:995. https://doi.org/10.3389/fphar.2019.00995

Annesley SJ, Fisher PR. Mitochondria in Health and Disease. Cells.
2019,8(7):680. https://doi.org/10.3390/cells8070680

Zuccoli GS, Saia-Cereda VM, Nascimento JM, Martins-de-Souza D. The Energy
Metabolism Dysfunction in Psychiatric disorders Postmortem brains: Focus
on Proteomic evidence. Front Neurosci. 2017;11:493. https://doi.org/10.3389/
fnins.2017.00493

Lin S, Huang L, Luo ZC, Li X, Jin SY, Du ZJ, Wu DY, Xiong WC, Huang L, Luo ZY,
Song YL, Wang Q, Liu XW, Ma RJ, Wang ML, Ren CR, Yang JM, Gao TM. The
ATP level in the Medial Prefrontal Cortex regulates depressive-like Behavior
via the Medial Prefrontal cortex-lateral habenula pathway. Biol Psychiatry.
2022;92(3):179-92. https://doi.org/10.1016/j.biopsych.2022.02.014. Epub
2022 Feb 22.

Gardner A, Boles RG. Mitochondrial energy depletion in depression with
somatization. Psychother Psychosom. 2008;77(2):127-9. https://doi.
0rg/10.1159/000112891. Epub 2008 Jan 25.

Yuan Q, Li Y, Deng X, Shi H, Zhao Z, Wang C, Feng X, Guo J, Guo R. Effects

of Xingpi Kaiyu Fang on ATP, Na/K-ATPase, and respiratory chain com-

plexes of Hippocampus and gastrocnemius muscle in depressed rats.

Evid Based Complement Alternat Med. 2019;2019:6054926. https://doi.
0rg/10.1155/2019/6054926

Angelova PR, Abramov AY. Role of mitochondrial ROS in the brain: from
physiology to neurodegeneration. FEBS Lett. 2018;592(5):692-702. https.//
doi.org/10.1002/1873-3468.12964. Epub 2018 Jan 18.

ChenWJ, Du JK, Hu X, Yu Q, Li DX, Wang CN, Zhu XY, Liu YJ. Protective effects
of resveratrol on mitochondrial function in the hippocampus improves
inflammation-induced depressive-like behavior. Physiol Behav. 2017;182:54—
61. Epub 2017 Sep 28.

Javani G, Babri S, Farajdokht F, Ghaffari-Nasab A, Mohaddes G. Mitochon-
drial transplantation improves anxiety- and depression-like behaviors in

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

Page 11 of 11

aged stress-exposed rats. Mech Ageing Dev. 2022;202:111632. https://doi.
0rg/10.1016/j.mad.2022.111632. Epub 2022 Jan 20.

LiJ,GaoW, Zhao Z, LiY,Yang L, Wei W, Ren F, Li Y, Yu Y, Duan W, Li J, Dai B, Guo
R. Ginsenoside Rg1 reduced Microglial activation and mitochondrial dysfunc-
tion to Alleviate Depression-Like Behaviour Via the GAS5/EZH2/SOCS3/NRF2
Axis. Mol Neurobiol. 2022;59(5):2855-73. https://doi.org/10.1007/512035-022-
02740-7. Epub 2022 Mar 1.

McClintock CR, Mulholland N, Krasnodembskaya AD. Biomarkers of mito-
chondrial dysfunction in acute respiratory distress syndrome: a systematic
review and meta-analysis. Front Med (Lausanne). 2022;9:1011819. https://doi.
0rg/10.3389/fmed.2022.1011819

Picard M. Blood mitochondrial DNA copy number: what are we counting?
Mitochondrion. 2021;60:1-11. https://doi.org/10.1016/.mit0.2021.06.010.
Epub 2021 Jun 19.

St John JC. Mitochondrial DNA copy number and replication in reprogram-
ming and differentiation. Semin Cell Dev Biol. 2016;52:93-101. https://doi.
0rg/10.1016/j.semcdb.2016.01.028. Epub 2016 Jan 28.

Verhoeven JE, Révész D, Picard M, Epel EE, Wolkowitz OM, Matthews KA,
Penninx BWJH, Puterman E. Depression, telomeres and mitochondrial DNA:
between- and within-person associations from a 10-year longitudinal study.
Mol Psychiatry. 2018;23(4):850-7. https://doi.org/10.1038/mp.2017.48. Epub
2017 Mar 28.

Picca A, Calvani R, Coelho-Junior HJ, Marzetti E. Cell death and inflammation:
the role of Mitochondria in Health and Disease. Cells. 2021;10(3):537. https://
doi.org/10.3390/cells10030537. PMID: 33802550; PMCID: PMC7998762.
Raison CL, Borisov AS, Majer M, Drake DF, Pagnoni G, Woolwine BJ, Vogt GJ,
Massung B, Miller AH. Activation of central nervous system inflammatory
pathways by interferon-alpha: relationship to monoamines and depression.
Biol Psychiatry. 2009;65(4):296-303. Epub 2008 Sep 18.

Lindqvist D, Fernstrém J, Grudet C, Ljunggren L, Traskman-Bendz L, Ohlsson
L, Westrin A. Increased plasma levels of circulating cell-free mitochondrial
DNA in Suicide attempters: associations with HPA-axis hyperactivity. Trans!
Psychiatry. 2016;6(12):e971. https://doi.org/10.1038/tp.2016.236

CaiN, Chang S, LiY, et al. Molecular signatures of major depression. Curr Biol.
2015;25(9):1146-56. https://doi.org/10.1016/j.cub.2015.03.008. Epub 2015
Apr 23.

Fazzini F, Schopf B, Blatzer M, Coassin S, Hicks AA, Kronenberg F, Fendt L.
Plasmid-normalized quantification of relative mitochondrial DNA copy num-
ber. Sci Rep. 2018;8(1):15347. https://doi.org/10.1038/541598-018-33684-5
Pereira CV, Gitschlag BL, Patel MR. Cellular mechanisms of mtDNA hetero-
plasmy dynamics. Crit Rev Biochem Mol Biol. 2021;56(5):510-25. Epub 2021
Jun 13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1038/s41386-017-0001-9
https://doi.org/10.1371/journal.pone.0125855
https://doi.org/10.1371/journal.pone.0096869
https://doi.org/10.1371/journal.pone.0096869
https://doi.org/10.1016/S0006-3223(96)00377-0
https://doi.org/10.3389/fphar.2019.00995
https://doi.org/10.3390/cells8070680
https://doi.org/10.3389/fnins.2017.00493
https://doi.org/10.3389/fnins.2017.00493
https://doi.org/10.1016/j.biopsych.2022.02.014
https://doi.org/10.1159/000112891
https://doi.org/10.1159/000112891
https://doi.org/10.1155/2019/6054926
https://doi.org/10.1155/2019/6054926
https://doi.org/10.1002/1873-3468.12964
https://doi.org/10.1002/1873-3468.12964
https://doi.org/10.1016/j.mad.2022.111632
https://doi.org/10.1016/j.mad.2022.111632
https://doi.org/10.1007/s12035-022-02740-7
https://doi.org/10.1007/s12035-022-02740-7
https://doi.org/10.3389/fmed.2022.1011819
https://doi.org/10.3389/fmed.2022.1011819
https://doi.org/10.1016/j.mito.2021.06.010
https://doi.org/10.1016/j.semcdb.2016.01.028
https://doi.org/10.1016/j.semcdb.2016.01.028
https://doi.org/10.1038/mp.2017.48
https://doi.org/10.3390/cells10030537
https://doi.org/10.3390/cells10030537
https://doi.org/10.1038/tp.2016.236
https://doi.org/10.1016/j.cub.2015.03.008
https://doi.org/10.1038/s41598-018-33684-5

	﻿Association between mitochondrial DNA levels and depression: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study registration
	﻿Literature search strategy
	﻿Inclusion and exclusion criteria
	﻿Data extraction
	﻿Quality assessment
	﻿Statistical analysis

	﻿Results
	﻿Study selection
	﻿Study characteristics and quality assessment
	﻿MtDNA levels in depression
	﻿Subgroup analysis
	﻿Publication bias analysis and sensitivity analysis

	﻿Discussion
	﻿Mitochondrial energy metabolism disorders are involved in depression
	﻿MtDNA, mitochondrial energy metabolism disorder, and depression
	﻿Discussion of meta-analysis results
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


