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ABSTRACT
Objectives: Adverse childhood experiences (ACE) are a significant risk factor for developing major 
depressive disorder (MDD) later in life, with mitochondria, key sensors of biological stress signals, 
emerging as a potential underlying mechanism. In the present study, we investigated the effects 
of ACE and MDD on whole blood mitochondrial DNA copy number (mtDNAcn), a proposed 
biomarker of mitochondrial health. In our analyses, we accounted for the platelet-to-leukocyte 
ratio, recognised as a source of variation in mtDNAcn measurements.
Methods:  Whole blood mtDNAcn was measured by qPCR in n = 21 healthy participants without 
ACE, n = 25 MDD patients without ACE, n = 22 healthy participants with ACE, n = 23 patients with 
MDD and ACE. None of the participants was taking psychotropic medication.
Results:  We observed a significant effect of ACE on whole blood mtDNAcn, while no effect of 
MDD or ACE and MDD interaction was seen. After adjustment for the platelet-to-leukocyte ratio, 
the effect of ACE on mtDNAcn was no longer significant.
Conclusions:  Our findings do not support an association between ACE or MDD and whole blood 
mtDNAcn. Considering blood cell composition may enhance the understanding of whole blood 
mtDNAcn findings in trauma‑ and MDD‑related research.

1.  Introduction

Major depressive disorder (MDD) is a common mental 
disorder, affecting approximately 280 million people 
worldwide (WHO 2024). Despite numerous studies 
conducted over the past decades, clinical findings 
regarding the pathological mechanisms contributing 
to MDD remain inconclusive (Otte et  al. 2016). 
Therefore, it is pivotal to understand the biological 
processes and pathways that underlie the pathophysi-
ology of depression in order to develop a robust sig-
nature for early interventions and personalised 
treatments. Exposure to adverse childhood experiences 
(ACEs), such as physical and sexual abuse, is a 

significant risk factor for the development of MDD 
(Heim et  al. 2010). Childhood adversities can become 
biologically embedded, leading to long-lasting disrup-
tions in key physiological systems, including the neu-
roendocrine stress response and immune system (Heim 
et al. 2010; de Punder et al. 2018; Entringer et al. 2020).

Mitochondria represent a key site for detecting and 
responding to biological stress signals. The (dys)func-
tion of mitochondria, particularly when assessed in 
immune cells, has been implicated in the pathophysi-
ology of various psychiatric disorders and stress-related 
conditions, including ACEs (Karabatsiakis et  al. 2014; 
Boeck et  al. 2016, 2018; Picard and McEwen 2018; 
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Gumpp et al. 2020; Zitkovsky et al. 2021). Mitochondrial 
DNA (mtDNA), a circular double-stranded macromole-
cule essential for maintaining mitochondrial function 
and energy production, has emerged as a promising 
biomarker for mitochondrial health (Castellani et  al. 
2020; Filograna et  al. 2021).

Various studies examined mtDNAcn levels measured in 
extracted DNA from peripheral (whole) blood in relation 
to MDD, however, with inconsistent results (Calarco et  al. 
2024). Both higher (Tyrka et  al. 2016; Chung et  al. 2019; 
Tsujii et  al. 2019; Ryan et  al. 2023) and lower (Kim et  al. 
2011) whole blood mtDNAcn have been observed in peo-
ple with MDD or in the context of depressive symptoms. 
Also, one study found no significant difference in whole 
blood mtDNAcn between individuals with MDD and 
MDD-free controls (He et  al. 2014). Similar, whole blood 
mtDNAcn has been positively associated with childhood 
adversity in some studies (Tyrka et  al. 2016; Ridout et  al. 
2020), but negatively in others (Kang et  al. 2021).

In summary, there is evidence for whole blood mtD-
NAcn changes in the context of MDD and ACE, although 
results are not conclusive. A reason for the variability in 
findings may be attributable to the lack of accounting for 
blood cell composition. Specifically, the platelet-to-leuko-
cyte ratio represents a significant source of variation in 
mtDNAcn when DNA is extracted from whole blood 
(Picard 2021). Since mtDNAcn is calculated by normalis-
ing mitochondrial DNA (mtDNA) to nuclear DNA (nDNA) 
(i.e. mtDNAcn/nuclear single-gene DNAcn), platelets, that 
also contain mitochondria, contribute to the numerator 
(mtDNA) but not to the denominator (nDNA), leading to 
an overestimation of mtDNAcn (Shim et  al. 2020; Picard 
2021). Importantly, both MDD and ACE are linked with 
low-grade systemic inflammation and alterations in 
immune cell subsets (Baumeister et  al. 2016; de Punder 
et  al. 2018; Behnke et  al. 2023; Chin Fatt et  al. 2025), 
which as a consequence, could alter the platelet-to-leuko-
cyte ratio. This underscores the importance of accounting 
for this variable to ensure accurate and reliable findings.

Thus, the goal of the present study was to study 
the effects of ACE and MDD on mtDNAcn using a full 
factorial design (ACE ± and MDD±) including four care-
fully diagnosed groups of healthy participants and 
MDD patients, both with and without a history of ACE, 
while accounting for the platelet-to-leukocyte ratio in 
our analyses. None of the patients and participants 
was taking psychotropic medication.

2.  Material and methods

2.1.  Participants

Both male and female healthy participants with and 
without ACE and patients diagnosed with MDD were 

recruited from the Affective Disorder-unit at the 
Department of Psychiatry and Psychotherapy, Campus 
Benjamin Franklin, Charité -Universitätsmedizin Berlin 
and by public postings. MDD as an inclusion criterion 
for patients was validated using the Structured Clinical 
Interview for DSM-IV axis I (SCID-I) (Wittchen et  al. 
1997). The severity of depressive symptoms was 
assessed in an interview with the Montgomery Asberg 
Depression Rating Scale (MADRS) (Montgomery and 
Asberg 1979; Williams and Kobak 2008) as well by 
self-report using the Beck Depression Inventory (BDI) II 
(Beck et  al. 1996). ACE was defined as repeated physi-
cal or sexual abuse at least once a month over one 
year or more before the age of 18 and measured by a 
semi-structured interview, the Early trauma Interview 
(ETI) (Bremner et  al. 2000; Wingenfeld et  al. 2011) and 
by self-report with the Childhood Trauma Questionnaire 
(CTQ) (Bernstein et  al. 2003; Wingenfeld et  al. 2010). 
Using both assessments enabled clear group assign-
ment as well as a quantification of ACE severity, which 
facilitates comparability with other studies.

In the MDD group, schizophrenia, schizoaffective 
disorder, bipolar disorder, depressive disorder with 
psychotic features, dementia, eating disorders, panic 
disorder and substance dependence were rated as 
exclusion criteria. Healthy participants (with and with-
out experiences of ACE) did not have any current or 
lifetime mental health diagnosis and had never experi-
enced depression, either currently or in the past. 
Further exclusion criteria for all were neurological dis-
eases, severe somatic diseases, diabetes type 1 and 2, 
steroid diseases, hypertonia, current infections, preg-
nancy and the intake of psychotropic medication at 
study inclusion. Physical health was checked by a com-
prehensive medical examination, which included an 
assessment of vital functions, organ functions, neuro-
logical status, physical appearance, weight and a clini-
cal interview covering the current health condition 
and medical history. Additionally, a complete blood 
count was performed.

All participants provided written informed consent 
prior to study participation. Healthy participants and 
outpatients received monetary compensation for par-
ticipation. The study was approved by the Charité’s 
Ethics Committee with written informed consent from 
all subjects. All subjects gave written informed consent 
in accordance with the Declaration of Helsinki.

The study sample comprised n = 21 individuals with 
no current or lifetime MDD and no ACE (MDD–/ACE–), 
n = 25 individuals with MDD without ACE (MDD+/ACE–),  
n = 22 individuals with ACE but no current, or lifetime 
MDD (MDD–/ACE+) and n = 23 individuals with MDD 
and ACE (MDD+/ACE+). Table 1 summarises group 
demographics and clinical characteristics.
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2.2.  Study protocol

All participants attended one study appointment for 
psychiatric and medical diagnostics by physical exam-
ination, blood sampling and clinical interviews 
(including SCID-I and –II, MADRS as well as the ETI to 
assess ACE). Participants also completed MDD- and ACE- 
related questionnaires (BDI-II and CTQ, respectively). 
Non-fasting blood samples were collected in BD 
Vacutainer EDTA tubes (BD Vacutainer, Cat. 366643) 
and immediately sent to the to the Labour Berlin–
Charité Vivantes GmbH, Berlin, Germany for assess-
ment of complete blood counts and to the Laboratory 
of the Institute of Medical Psychology, Campus Mitte, 
Charité–Universitätsmedizin Berlin, Germany for fur-
ther processing. Whole EDTA blood was aliquoted 
within 4 h and stored at −80 °C until mtDNAcn 
analysis.

2.3.  Mitochondrial DNA copy number variations

Mitochondrial DNAcn was measured at the laboratory 
of the Centre for Environmental Sciences, University 
Hasselt, Belgium in DNA extracted from whole blood 
using QIAamp DNA Mini Kit (Qiagen) according to the 
manufacturer’s instruction. mtDNA content was mea-
sured by determining the ratio of two mitochondrial 
gene copy numbers, MT-ND1 (mitochondrial encoded 
NADH dehydrogenase 1) and MTF3212/R3319 (mito-
chondrial forward primer from nucleotide 3212 and 
reverse primer from nucleotide 3319) to a single-copy 
nuclear control gene, RPLP0 (acidic ribosomal 
phosphoprotein P0), using a quantitative real-time 
polymerase chain reaction (qPCR) assay (Janssen et  al. 
2012). More detailed information on the used primer 
and cycling conditions and calculations of the relative 

average mtDNAcn are provided in the supplementary 
material.

2.4.  Complete blood counts

A standard clinical complete blood count was per-
formed with the Sysmex XN 1000 (Sysmex). Due to 
technical reasons, hemogram data was missing for 9 
individuals (n = 1 MDD–/ACE–, n = 2 MDD+/ACE–, n = 2 
MDD–/ACE+, n = 4 MDD+/ACE+). Chi2 test results indi-
cated there were no significant group differences 
regarding the number of missing biological measure-
ments (X2 (3, 91) = 3.01, p = .38).

2.5.  Statistics

Demographic and clinical characteristics, including the 
severity of depressive symptoms and childhood trauma 
scores of the MADRS, BDI-II, ETI and the CTQ were 
analysed with one-way ANOVA (BDI-II, CTQ) or, if 
appropriate, Kruskal-Wallis tests (MADRS, ETI) for con-
tinuous variables or chi2 test for dichotomous vari-
ables across groups. Two general linear models with 
the between-subjects factors ‘ACE’ (ACE+ vs. ACE−) and 
‘MDD’ (MDD+ vs. MDD−) were used to investigate the 
effect of ACE and MDD on mtDNAcn (dependent vari-
able). In Model 1, we adjusted for BMI as it differed 
significantly between groups and was associated with 
mtDNAcn in the control group (r = .44, p = .046). In 
Model 2, we, in addition to BMI, adjusted for the 
platelet-to-leukocyte ratio, obtained from the standard 
clinical complete blood count, which in our study 
showed a strong association with whole blood mtD-
NAcn (r = .64, p < .001, Figure 1). Pearson’s correlations 
between other blood cell composition variables and 

Table 1. D emographic and clinical characteristics of MDD patients and healthy participants with and without ACE.
MDD−/ACE−

(n = 21)
MDD+/ACE−

(n = 25)
MDD−/ACE+

(n = 22)
MDD+/ACE+

(n = 23)
Statistics (ANOVA, 

Kruskal–Wallis test, Chi2)

Age (years), M (SD) 36.1 (10.2) 33.2 (11.6) 34.7 (10.7) 38.1 (11.4) p = .48
BMI, M (SD) 23.5 (3.6)a, b 21.9 (3.5)a 23.9 (3.1)a, b 25.1 (2.9)b p = .01
Sex (m/f) 9/12 7/18 7/15 9/14 p = .71
Current smoking (y/n) 6/15 7/18 8/14 14/9 p = .07
School education (years) M (SD) 12.3 (1.2) 12.1 (1.4) 11.8 (1.4) 11.2 (1.7) p = .06
Depressive symptoms
  BDI-II sum score, M (SD) 1.3 (1.6)a 25.3 (8.7)b 4.5 (4.7)a 26.8 (8.6)b p < .001
  MADRS score, M (SD) 0.8 (1.4)a 28 (5.7)b 1.6 (1.8)a 27.4 (8.0)b p < .001
Adverse childhood experiences
  CTQ sum score, M (SD) 31.3 (4.7)a 40.7 (10.5)a 60.7 (17.2)b 71.8 (16.3)c p < .001
  ETI score, M (SD) 14.8 (21.7)a 192.8 (197.3)a 612.3 (364.4)b 732.7 (431.4)b p < .001
Biological markers
  Relative mtDNAcn, M (SD) 1.12 (0.23) 1.11 (0.21) 1.07 (0.2) 0.98 (0.25) p = .15
  Platelet-to-leukocyte ratio, M (SD) 45.54 (14.13) 40.74 (13.62) 39.87 (15.58) 36.12 (11.92) p = .22

Notes: ACE: adverse childhood experiences; BMI: body mass index; BDI: Becks Depression Inventory; CTQ: Childhood Trauma Questionnaire; ETI: Early 
Trauma Interview; MADRS: Montgomery Asberg Depression Rating Scale; MDD: major depressive disorder; M: mean; SD: Standard deviation. Statistically 
significant p values are given in bold.
a,bSame superscripts within the same line indicate groups are not significantly different from one another.

https://doi.org/10.1080/15622975.2025.2601134
https://doi.org/10.1080/15622975.2025.2601134
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mtDNAcn are presented in Table S1. Furthermore, 
associations between depression severity (MADRS, 
BDI-II sum score), trauma load (ETI sum score, CTQ 
sum score) and the platelet-to-leukocyte ratio and 
mtDNAcn were explored through Pearson’s (partial) or 
Spearman’s rank correlations, where appropriate. Data 
analysis was performed using the SPSS statistical soft-
ware (SPSS 26.0, Inc., Chicago, IL, USA). The signifi-
cance level was set at p < .05 for all analyses.

3.  Results

3.1.  Whole blood mtDNAcn in the context of ACE 
and MDD

In Model 1, a significant effect of ACE was observed on 
whole blood mtDNAcn, indicating lower relative mtD-
NA/S ratios in individuals exposed to ACE compared to 
non-exposed individuals (F1, 86 = 4.57, p = .035, η2 = 0.05, 
Figure 2). The effect of MDD (F1, 86 = 0.89, p = .35, 
η2 = 0.01) and the interaction effect between ACE and 
MDD (F1, 86 = 1.14, p = .29, η2 = 0.01) with mtDNAcn were 
not significant, see also Table 2. After additionally adjust-
ing for the platelet-to-leukocyte ratio in Model 2, the 
association of ACE with mtDNAcn was no longer 

significant (F1, 77 = 2.32, p = .13, η2 = 0.03). The 
platelet-to-leukocyte ratio was highly associated with 
mtDNAcn (F1, 77 = 52.93, p < .001, η2 = 0.41, Table 3).

3.2.  Associations of trauma and depression 
severity with mtDNAcn and the platelet-to-
leukocyte ratio

Analyses of trauma severity indicated a trend towards a 
significant negative association of the CTQ sum score 
(r = −.20, p = .059) and a significant negative association 
of the subscale physical abuse (r = −.22, p = .04) with 
mtDNAcn. An overview of associations between all the 
CTQ subscales and mtDNAcn is reported in Table S2. 
Furthermore, a negative but non-significant association 
of the ETI score with mtDNAcn was observed (rs = −.17, 

Figure 1. S catterplot illustrating the relationship between 
platelet-to-leukocyte ratio and relative mtDNAcn (r = .64,  
p <.001, n = 83). mtDNAcn: mitochondrial DNA copy number.

Table 2.  Model 1, ANCOVA summary table for determining 
the effects of ACE, MDD, their interaction term and BMI. 
Source of 
variation Mean square df F p η2

ACE 0.23 1 4.57 .035 .05
MDD 0.04 1 0.89 .35 .01
ACE*MDD 0.06 1 1.14 .29 .01
BMI 0.06 1 1.11 .29 .01

Note: mtDNAcn is the dependent variable in this analysis. ACE: adverse 
childhood experiences; BMI: body mass index; MDD: major depressive disor-
der. Statistically significant p-values are given in bold.

Table 3.  Model 2, ANCOVA summary table for determining 
the effects of ACE, MDD, their interaction term and the covari-
ates BMI and platelet-to-leukocyte ratio.
Source of 
variation

Mean 
square df F P η2

ACE 0.07 1 2.32 .13 .03
MDD 001 1 0.02 .88 .0003
ACE*MDD 0.04 1 1.3 .26 .02
BMI 0.08 1 2.73 .10 .03
Platelet-to-

leukocyte ratio
1.57 1 52.93 <.0001 .41

Note: mtDNAcn is the dependent variable in this analysis. ACE: adverse 
childhood experiences; BMI: body mass index; MDD: major depressive dis-
order. Statistically significant p-values are given in bold.

Figure 2. D ifference in relative mtDNAcn (unadjusted) 
between individuals exposed to ACE and non-exposed individ-
uals. Bars represent the interquartile range. The median mtD-
NAcn was 1.12 (1.22–0.96) for the group with no ACE (n = 46) 
and 1.01 (1.20–0.87) for the group with (yes) ACE (n = 45). 
ACE: adverse childhood experiences; mtDNAcn: mitochondrial 
DNA copy number.

https://doi.org/10.1080/15622975.2025.2601134
https://doi.org/10.1080/15622975.2025.2601134
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p = .12). As expected, no significant associations of 
depression severity indicated by the BDI-II sum score 
(r = −.10, p = .35) and MADRS (rs = −.09, p =.43) were 
seen with mtDNAcn.

Trauma severity, as measured by the ETI score, 
showed a significant negative association with platelet- 
to-leukocyte ratio (rs = −.29, p = .008), but no significant 
association was observed with the CTQ sum score 
(r = −.16, p = .14) or its subscales (all p-values > .05). The 
BDI-II sum score and MADRS were also negatively asso-
ciated with the platelet-to-leukocyte ratio, but these 
associations did not reach statistical significance (BDI-II, 
r = −.18, p = .11; MADRS, rs = −.20, p = .08).

After controlling for the platelet-to-leukocyte ratio, no 
significant associations of trauma and depression severity 
with mtDNAcn were observed (all p values > .05).

4.  Discussion

Previous research addressing mtDNAcn in blood sam-
ples from individuals with and without ACE and MDD 
reported heterogenous findings. In the current study, 
we initially observed lower whole blood mtDNAcn in 
individuals exposed to ACE compared to non-exposed 
subjects, whereas MDD as well as the interaction of 
ACE and MDD had no significant effect. However, after 
adjusting for the platelet-to-leukocyte ratio, the effect 
of ACE on mtDNAcn was no longer significant. 
Previously published results in the same study cohort 
showed increased levels of inflammation, including 
elevated total leukocytes counts, in individuals exposed 
to ACE, with the highest level in the group with MDD 
(de Punder et  al. 2018). This likely reduced the 
platelet-to-leukocyte ratio in these individuals, as fur-
ther evidenced by the observed negative association 
between trauma severity and the platelet-to-leukocyte 
ratio, which correspond with lower measures of mtD-
NAcn (Hurtado-Roca et  al. 2016; Knez et  al. 2016; Shim 
et  al. 2020; Picard 2021). Therefore, our initial finding 
of lower whole blood mtDNAcn in individuals exposed 
to ACE may be attributed to inflammation-related 
shifts in blood cell composition associated with child-
hood trauma exposure (Baumeister et  al. 2016; Danese 
and van Harmelen 2017; de Punder et  al. 2018). A sim-
ilar observation has been reported in a study with 
patients with obsessive-compulsive disorder (OCD) and 
healthy controls. Here, correlation analyses of the 
entire study population showed a negative correlation 
between trauma severity and whole blood mtDNAcn 
(without accounting for the platelet-to-leukocyte ratio). 
Moreover, lower whole blood mtDNAcn in the OCD 
group was significantly correlated with an increase in 
systemic inflammation (Kang et  al. 2021).

Our results contrast with those of other studies, 
which reported higher mtDNAcn in ACE-exposed indi-
viduals (Tyrka et  al. 2016; Ridout et  al. 2020). Although 
these studies had larger sample sizes, they did not 
account for the platelet-to-leukocyte ratio.

The lack of an observed association between MDD 
and whole blood mtDNAcn in our study aligns with 
previous research findings (He et  al. 2014). However, 
other studies reported conflicting results, with some 
showing increased whole blood mtDNAcn (Tyrka et  al. 
2016; Chung et  al. 2019; Tsujii et  al. 2019; Ryan et  al. 
2023) and others reporting decreased levels (Kim et  al. 
2011) in the context of depression or depression 
symptomology. Lower whole blood mtDNAcn was also 
observed in individuals with bipolar disorder (BD) 
compared to a healthy control group (Spano et  al. 
2022). This heterogeneity in findings may be attributed 
to differences in study designs, participant characteris-
tics and measurement methodologies. Notably, most 
studies did not include measures of childhood adver-
sity, and none of the mentioned studies considered 
blood cell composition (i.e. the platelet-to-leukocyte 
ratio), a known source of variation in whole blood 
mtDNAcn calculations (Picard 2021).

As most previous studies investigating MDD did not 
assess experiences of childhood adversity, a key 
strength of the study was the systematic inclusion of 
this factor using a full factorial design. Furthermore, 
none of the patients and participants took psychotro-
pic medication that may impair mitochondrial function 
(Chan et  al. 2020). Finally, mtDNAcn measured in 
whole blood is confounded by platelet abundance, for 
which we, in contrary to previous studies investigating 
ACE and MDD, statistically controlled in our analyses. 
Still, measuring mtDNAcn directly in isolated immune 
cells might have resulted in different findings.

This study has also several limitations. First, the 
cross-sectional design does not allow any causal con-
clusions. Second, the relatively small sample size, 
might have led to insufficient power to detect a signif-
icant effect of ACE, especially when adjusting for a 
strong predictor of whole blood mtDNAcn such as the 
platelet-to-leukocyte ratio. Additionally, it is not possi-
ble to distinguish the effects of ACE, BMI and other 
ACE-related variables, including smoking and SES, as 
these factors are interconnected and may have con-
tributed to the observed associations. Moreover, the 
sample size was insufficient to enable us to compare 
sex differences.

To conclude, after adjusting for the platelet-to-leuko-
cyte ratio, we found no evidence supporting an associ-
ation between ACE or MDD and whole blood mtDNAcn. 
Furthermore, this underlines the importance to consider 
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blood cell composition when measuring whole blood 
mtDNAcn in trauma- and MDD-related research or other 
conditions associated with inflammation.
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