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Childhood maltreatment (CM) comprises experiences of abuse and
neglect during childhood. CM causes psychological as well as
biological alterations in affected individuals. In humans, it is hardly
explored whether these CM consequences can be transmitted directly
on a biological level to the next generation. Here, we investigated the
associations between maternal CM and mitochondrial bioenergetics
(mitochondrial respiration and intracellular mitochondrial density)
in immune cells of mothers and compared themwith those of their
newborns. In n = 102 healthy mother-newborn dyads, maternal
peripheral blood mononuclear cells and neonatal umbilical cord
blood mononuclear cells were collected and cryopreserved shortly
after parturition to measure mitochondrial respiration and intra-
cellular mitochondrial density with high-resolution respirometry
and spectrophotometric analyses, respectively. Maternal CM was
assessed with the Childhood Trauma Questionnaire. Maternal and
neonatal mitochondrial bioenergetics were quantitatively compa-
rable and positively correlated. Female newborns showed higher
mitochondrial respiration compared to male newborns. Maternal
CM load was significantly and positively associated with mitochon-
drial respiration and density in mothers, but not with mitochondrial
respiration in newborns. Although maternal and neonatal mitochon-
drial bioenergetics were positively correlated, maternal CM only had
a small effect on mitochondrial density in newborns, which was not
significant in this study after adjustment for multiple comparisons.
The biological relevance of our finding and its consequences for child
development need further investigation in future larger studies.
This study reports data on mitochondrial bioenergetics of healthy
mother-newborn dyads with varying degrees of CM.
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Childhood maltreatment (CM) has a strong impact on the
development of psychological as well as biological func-

tioning of affected individuals. CM includes physical, sexual, and
emotional abuse as well as physical and emotional neglect during
childhood and adolescence (1). A history of CM is associated
with a statistically elevated risk for somatic and mental diseases
throughout life such as diabetes, metabolic and cardiovascular
diseases, depression, and posttraumatic stress disorder (2). A
growing body of literature indicates that CM exposure exerts its
lifelong detrimental effects on mental and physical health via
impairing the physiological stress regulation (3, 4). However,
specific pathways and underlying mechanisms linking CM to
health outcomes in adulthood are hardly identified.
Not only women directly affected by CM suffer from the detri-

mental consequences of CM but also their children: CM exposure
and psychosocial stress of mothers predicts an increased risk for
adverse health outcomes among their children such as lower birth
weight, asthma, or allergies (5, 6). Additionally, maternal CM
experiences are linked to a higher prevalence of attention deficit
hyperactivity disorder, autism, or emotional and behavioral

problems among affected individuals’ descendants (7–9). However,
not all affected individuals or their children develop adverse health
outcomes later in life, suggesting that psychological and biological
resilience factors may influence how deep psychological stress gets
under the skin (10). There are different mechanisms through which
risk and resilience factors might be conferred from parents to
children, including (i) behavioral alterations, e.g., dysfunctional
parenting behavior among parents with CM such as less maternal
sensitivity or less emotional availability (11); (ii) inheritance of
genetic risk or resilience factors (12); and (iii) the transmission
of persistent biological alterations related to parental trauma
exposure, termed biological intergenerational transmission (13).
On a biological scale, studies have tried to improve the un-

derstanding of how CM affects health by targeting (epi)genetics,
gene expression, as well as endocrine and immunological changes
(14, 15). Specifically, the immune system has become a topic of
interest as chronic and traumatic psychological stress has been
related to chronic low-grade inflammation (16–18) and impaired
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wound healing (19). Additionally, there is evidence for altered
mitochondrial functioning in individuals with CM (16). We provided
the first empirical evidence for an association between CM and
mitochondrial oxygen consumption rates as well as the production of
reactive oxygen species (ROS) in postpartum women with CM (16,
20). Human studies assessing the association between early life
stress such as CM and mitochondrial density revealed mixed re-
sults: In our previous study, mitochondrial density was not altered
in postpartum women with CM (16), whereas nonpregnant, non-
postpartum adults with CM showed significantly higher leukocyte
mitochondrial DNA copy number (mtDNAcn) than those
without CM (21). Another study also reported a significantly
higher mtDNAcn with the experience of childhood sexual abuse in
adult women with current major depression, however not in
healthy controls (22). Chronic caregiving stress, another kind of
chronic stress, was associated with lower mitochondrial respiration
but not with mtDNAcn in chronically stressed women (23).
Mitochondria are intracellular organelles present in almost all

eukaryotic cells. Mitochondria are essentially responsible for the
production of biochemical energy in the form of adenosine tri-
phosphate (ATP). To a great extent, ATP synthesis depends on
cellular oxygen consumption through the oxidative phosphory-
lation (OXPHOS) system located at the inner mitochondrial
membrane. Mitochondria possess their own circular DNA, mi-
tochondrial DNA (mtDNA), which encodes protein subunits of
the OXPHOS system. Additionally, mitochondria play a key role
in regulating calcium homeostasis (24), redox balance (25), ap-
optosis (26), steroid synthesis (27), and inflammatory processes
(28). Moreover, mitochondria are key components of the physio-
logical stress response in humans (29). They are primarily responsible
for meeting the increased energy demand in stressful situations
challenging the homeostasis of cells, tissues, and organs (30).
Therefore, mitochondrial functioning and the intracellular den-
sity of mitochondria are highly reactive to stress (29, 31).
Notably, among humans, mitochondria and mtDNA are pre-

dominantly inherited from mothers to the next generation (32).
However, there is an ongoing debate about the possibility of
biparental transmission of mtDNA in some exceptional cases
(33). Nevertheless, stress and trauma-associated alterations in
mitochondrial functioning can be expected to be predominantly
inherited from mothers to their children. On the biological level,
the findings of lower placental mtDNAcn in mothers reporting
more traumatic events over their lifespan can be seen as a first
hint on possible intergenerational effects of trauma-associated
mitochondrial alterations (34, 35), while the physiological con-
sequence of these findings remain undetermined.
To address a direct intergenerational transmission of CM-

associated mitochondrial alterations from mother to child, we
investigated mitochondrial bioenergetics (i.e., mitochondrial respira-
tion and density) with respect to maternal CM experiences in mother-
newborn dyads (n = 102, SI Appendix, Table S1). First, we charac-
terized mitochondrial respiration and density in umbilical cord blood
mononuclear cells (UBMCs) of newborns and in peripheral blood
mononuclear cells (PBMCs) of their mothers to test for possible
associations of maternal and neonatal mitochondrial parameters.
Second, based on our previous results (16), we hypothesized to
find maternal CM exposure associated with higher mitochondrial
bioenergetics in women in the early postpartum period (n =
105). Third, we hypothesized an association of neonatal mito-
chondrial bioenergetics (n = 104) with maternal CM exposure as
an indicator of a possible intergenerational transmission of mi-
tochondrial alterations from mother to child.

Results
Mitochondrial Respiration and Density in Mother-Newborn Dyads.
Mitochondrial respiration and intracellular density (citrate syn-
thase activity; CSA) values were in a comparable range for
mothers and their newborns (Table 1). Maternal and neonatal

mitochondrial respiration parameters showed small- to medium-
sized positive correlations (τ = 0.10−0.29), which were all sig-
nificant with the exception for Leak respiration and Leak control
ratio (Table 1 and SI Appendix, Fig. S1). Maternal and neonatal
CSA showed a small-sized positive correlation (τ = 0.13, 95% CI
[−0.01, 0.26], P = 0.072; PFDR = 0.090; Table 1 and SI Appendix,
Fig. S1). Furthermore, female newborns showed significantly higher
Routine respiration (η2p = 0.053, P = 0.018, PFDR = 0.036) and
ATP-turnover–related respiration (η2p = 0.094, P = 0.003,
PFDR = 0.008) than male newborns (SI Appendix, Tables S3 and
S4). Moreover, maximal respiratory capacity was also higher in
female newborns than in male newborns. However, this effect
was small (η2p = 0.032) and no longer significant after the ad-
justment for multiple comparisons (P = 0.034, PFDR = 0.051, SI
Appendix, Tables S3 and S4).

Associations Between Maternal Childhood Maltreatment and Maternal
Mitochondrial Bioenergetics. PBMCs of CM+ mothers exhibited
significantly higher Routine respiration (η2p = 0.057, P = 0.009,
PFDR = 0.019), ATP-turnover–related respiration (η2p = 0.051,
P = 0.010, PFDR = 0.020), and CSA (η2p = 0.061, P = 0.012,
PFDR = 0.023) than PBMCs of CM− mothers, with medium effect
sizes, in analyses of covariance (ANCOVAs) accounting for the
storage time of cryopreserved cells as a covariate (Fig. 1, Table 1,
and SI Appendix, Table S5). CM+ and CM− mothers did not
differ with regard to other mitochondrial respiration parameters
or flux control ratios (Table 1 and SI Appendix, Table S5). Mi-
tochondrial parameters that differed significantly between CM−
and CM+ mothers were additionally predicted by CM load (CTQ
sum score) using linear regression analyses. CM load was linked to
significantly higher Routine respiration (β = 0.25, 95% CI [0.06,
0.43], P = 0.010) and significantly higher ATP-turnover–related
respiration (β = 0.19, 95% CI [0.004, 0.37], P = 0.046) as well as
(nonsignificantly) higher CSA (β = 0.18, 95% CI [−0.01, 0.36],
P = 0.058) (Fig. 1 and Table 2), with longer storage time of
cryopreserved cells leading to lower mitochondrial respiration.
Controlling for possible influences of the PBMC subcell com-
position (i.e., the percentage of lymphocytes and monocytes in
whole blood) in an additional regression model did not change
the effect sizes for CM load prediction, but the significance for
the given (now smaller) sample size (n = 98; SI Appendix, Table
S6). We repeated the analyses with the respiration parameters
normalized for CSA. As a result, the associations between CM
load and Routine respiration as well as ATP-turnover–related
respiration diminished (SI Appendix, Table S7).

Associations Between Maternal Childhood Maltreatment and Neonatal
Mitochondrial Respiration and Density. Mitochondrial respiration
parameters did not differ between newborns of CM+ and CM−
mothers (Table 1). Newborns of CM+ mothers had higher CSA
values than newborns of CM− mothers; however, the effect was
small (η2p = 0.039) and not significant for the given sample size
(P = 0.070, PFDR = 0.133) when newborns’ biological sex and the
storage time of cryopreserved cells were considered as covariates
(Fig. 2, Table 1, and SI Appendix, Table S8). In linear regression
analyses, maternal CM load predicted neither neonatal Routine
respiration, nor ATP-turnover–related respiration, nor CSA, when
infants’ biological sex and storage time of cryopreserved cells were
considered as covariates (Fig. 2 and Table 2). Including UBMC
subcell composition (SI Appendix, Table S9) or neonatal gestational
age and birth weight (SI Appendix, Table S10) as further covariates or
normalizing the mitochondrial respiration parameters for CSA did
not change the results (SI Appendix, Table S11).

Discussion
Investigating healthy mother-newborn dyads, we traced whether
maternal CM-related alterations in mitochondrial bioenergetics also
occur in the next generation. Our results show that mitochondrial
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bioenergetic parameters had a similar physiological range in mothers
and their newborns, exhibiting small- to medium-sized positive cor-
relations. These results are in line with the fact that mitochondria as
well as mtDNA are predominantly maternally inherited (32).
In women with CM, we found increased mitochondrial bio-

energetic function and density. In detail, higher Routine respiration
(i.e., a higher basal physiological activity), higher ATP-turnover–
related respiration (i.e., an augmented ATP production), and
higher CSA (i.e., a higher mitochondrial density per cell) were
observed in PBMCs of CM+ women. Supporting these results,
we further found mitochondrial alterations associated with
maternal CM load in a dose–response relationship, such that
women with a more severe history of CM exhibited higher Routine
respiration and ATP-turnover–related respiration as well as higher
mitochondrial density (CSA) in PBMCs. These observations sug-
gest that the total energy demand of immune cells is elevated in
individuals with higher CM exposure. Correspondingly, we
previously reported elevated Routine respiration and ATP-
turnover–related respiration linked to more severe CM exposure
among women 3 mo postpartum, however only in interaction with
increasing serum cortisol levels (20).
In the present study, there have been no significant CM-related

alterations in mitochondrial flux control ratios or respiration pa-
rameters normalized for CSA. Thus, CM exposure per se might
not be associated with an elevated respiratory activity or increased
averaged energy production of single mitochondria. Rather, CM
exposure appears to be linked to an elevated mitochondrial density
per cell, with the higher number of mitochondria per cell probably

resulting in an increased overall cellular respiratory activity.
However, this interpretation needs further clarification and support
through future studies, which are designed to assess mitochondrial
density with different markers (e.g., CSA, mtDNAcn) and with a
specific focus on postpartum women.
So far, studies assessing the association between CM and mito-

chondrial density (measured as mtDNAcn or CSA) in humans
revealed mixed results: In our previous study, mitochondrial density
was not altered in postpartum women with CM (16). In contrast,
higher leukocyte mtDNAcn was found in nonpostpartum adults
with CM (21). A significantly higher mtDNAcn in saliva was reported
only in adult women with a history of childhood sexual abuse along
with current major depression; however, this was not found in healthy
controls with a history of childhood sexual abuse (22).
As we have investigated women shortly after giving birth, their

bioenergetic status probably also reflects the elevated energy
demand of pregnancy (36), parturition itself, or the inflammatory
processes related to wound healing in the early postpartum pe-
riod (37). Importantly, chronic and traumatic stress is associated
with slower wound healing, probably due to an impaired immune
regulation (19). Thus, the elevated mitochondrial bioenergetic
function and density in immune cells of mothers with CM could
reflect the increased energy demand due to slower wound healing.
According to a previous study of our group, the CM-related alter-
ations in mitochondrial density were no longer present among women
3 mo after birth (16), indicating that the CM-related alterations may
disappear later after birth, i.e., when the immune reaction eventually
weakens and the acute energy requirement decreases.

Table 1. Biological data of mothers and their newborns with correlation between maternal and neonatal mitochondrial bioenergetics

Mothers (n = 105) Newborns (n = 104) Correlation (n = 102)*

Main effect CM

group†

Main effect CM

group†

CM− group

(n = 67)

M [SD]

CM+ group

(n = 38)

M [SD]

F (1,

102) η2partial P PFDR

CM− group

(n = 65)

M [SD]

CM+ group

(n = 39)

M [SD]

F (1,

100) η2partial P PFDR τ 95% CI (τ) P PFDR

Mitochondrial respiration

and density

Routine respiration‡ 3.31 [0.62] 3.62 [0.64] 7.11 0.057 0.009 0.019 3.18 [0.50] 3.30 [0.60] 1.04 0.012 0.309 0.412 0.16 [0.01, 0.30] 0.021 0.030

Leak respiration‡ 0.97 [0.27] 1.07 [0.31] 1.03 0.010 0.314 0.428 0.86 [0.19] 0.86 [0.24] 0.37 0.004 0.543 0.639 0.10 [−0.03, 0.23] 0.146 0.146

ATP-turnover–related

respiration‡

2.34 [0.47] 2.55 [0.46] 6.87 0.051 0.010 0.020 2.32 [0.43] 2.43 [0.46] 1.84 0.018 0.178 0.274 0.20 [0.06, 0.34] 0.003 0.010

Maximal respiratory

capacity‡
5.93 [1.33] 6.24 [1.18] 1.33 0.014 0.252 0.360 5.66 [1.42] 6.09 [1.60] 1.53 0.021 0.219 0.313 0.16 [0.01, 0.30] 0.019 0.030

Spare respiratory

capacity‡
2.62 [1.07] 2.62 [1.07] 0.03 <0.001 0.870 0.932 2.48 [1.21] 2.80 [1.24] 1.11 0.017 0.294 0.406 0.18 [0.04, 0.32] 0.007 0.016

Routine control ratio, % 57 [11] 59 [12] 0.57 0.006 0.450 0.587 58 [12] 56 [10] 0.03 <0.001 0.861 0.906 0.22 [0.07, 0.36] 0.002 0.010

Leak control ratio, % 17 [5] 18 [5] 0.17 0.002 0.682 0.787 16 [5] 15 [4] 1.58 0.016 0.212 0.313 0.11 [−0.02, 0.24] 0.132 0.146

Net routine ratio, % 41 [8] 42 [9] 0.33 0.003 0.568 0.695 42 [8] 41 [8] 0.01 <0.001 0.903 0.926 0.29 [0.16, 0.42] <0.001 0.001

Coupling efficiency, % 71 [6] 71 [6] 0.01 <0.001 0.938 0.938 73 [5] 74 [5] 2.40 0.017 0.125 0.211 0.19 [0.06, 0.32] 0.008 0.016

Citrate synthase activity§ 0.0038 [0.0007] 0.0043 [0.0011] 6.62 0.061 0.012 0.023 0.0033 [0.0005] 0.0034 [0.0005] 3.35 0.039 0.070 0.133 0.13 [−0.01, 0.26] 0.072 0.090

Blood cell composition{

Lymphocytes (% in

whole blood)

19.3 [5.2] 18.8 [4.9] t(96) = −0.44,
d = −0.09#

0.659 — 30.6 [7.9] 29.8 [6.0] t(82) = −0.48,
d = −0.11#

0.629 — — — — —

Monocytes (% in

whole blood)

6.1 [1.5] 6.1 [1.6] t(96) = −0.002,
d < −0.001#

0.999 — 8.3 [2.3] 9.3 [2.6] t(82) = 1.85, d =

0.42#
0.068 — — — — —

Storage time of

cryopreserved cells (d)

1,100 [216] 1,143 [237] U = 3,413.50, r =
0.09#

0.359 — 1,101 [218] 1,140 [237] U = 3,288.00, r =
0.08#

0.403 — — — — —

All measures are given as mean [SD]. Significant group effects and correlations are given in bold. Parameters for mitochondrial respiration are presented
corrected for residual oxygen consumption (ROX). For ROX-uncorrected raw data, please see SI Appendix, Table S2. For the mitochondrial parameters, P
values were adjusted for multiple comparisons according to the Benjamini–Hochberg procedure (i.e., false discovery rate, FDR) (52). CM, childhood maltreat-
ment; CM−, women without CM experiences; CM+, women with mild to severe CM experiences.
*Correlation between maternal and neonatal mitochondrial respiration and density: Two-tailed Kendall’s tau correlation coefficients (τ) were calculated.
†Main effect of the CM group (ANCOVA). CM− group as reference group. For further information, see SI Appendix, Table S5 for the mothers and SI Appendix,
Table S8 for the newborns.
‡Given in pmol O2/s per Mio cells.
§Given in μmol/min per Mio cells.
{Blood counts available from n = 98 mothers (CM− group: n = 64, CM+ group: n = 34) and n = 84 newborns (CM− group: n = 54, CM+ group: n = 30); Blood
cell compositions of postpartum women (53) and umbilical cord blood (54, 55) were comparable to other studies.
#Two-tailed Student t tests or Mann–Whitney U tests were calculated where appropriate. CM− as reference group. As effect size measure Cohen’s d or r is reported.
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Taken together, our results suggest that CM-related physio-
logical alterations, e.g., in the immunocellular energy produc-
tion, might only be seen in stressful phases. According to the
mitochondrial allostatic load model (30), mitochondrial energy
production might determine the limits of an organism’s capacity
to adapt to external and internal stressors. An up-regulation of
mitochondrial density and function could thus indicate an in-
creased adaptability and biological resilience, whereas a reduction
of both parameters limits the organism’s adaptive capacity (30,
38). However, as a consequence, higher mitochondrial function
might increase inflammation and the production of ROS, which
was already observed in individuals with CM (16–18, 39).
Regarding the intergenerational perspective, we found ma-

ternal and neonatal bioenergetics significantly positively corre-
lated. However, maternal CM exposure did not account for
differences in newborns’ mitochondrial respiration. CM history
(CM group) of the mother showed a small positive effect on
neonatal CSA. However, the effect was not significant for the
given sample size when newborns’ biological sex and the storage
time of cryopreserved cells were considered as covariates. This
result may be seen as a hint for a possible intergenerational
transmission of CM-related alterations in terms of increased
mitochondrial density in newborns of CM+ mothers. There was
further no association between the maternal CM load and mi-
tochondrial density of the newborns. Future studies with larger
cohorts are needed to replicate the small effect of maternal CM
exposure on newborns’ mitochondrial density and to investigate

the biological relevance of such small effects. Moreover, our
finding underlines the importance to control for the intracellular
mitochondrial density in future studies.
According to the mitochondrial allostatic load model (30), a

higher mitochondrial density in UBMCs might be related to in-
creased adaptability and biological resilience of the newborns.
More mitochondria per cell might provide the newborns of
CM+ mothers with higher energy production and, thus, prepare
them for stressful phases they may face later in life. Longitudinal
research is needed to gain comprehensive knowledge on the
intergenerational effects of CM-related mitochondrial alter-
ations, to investigate whether the observed small effect of
maternal CM on higher neonatal mitochondrial density persists,
and to trace its possible consequences for child development. We
additionally performed a power analysis to estimate required
sample sizes for future studies (SI Appendix). To our knowledge,
no animal studies have yet investigated the intergenerational
transmission of mitochondrial alterations related to early
life stress.
Contrary to our observation, previous studies reported lower

placental mtDNAcn as a marker of lower mitochondrial density
among pregnant mothers with higher lifetime trauma exposure
(34, 35). As the placenta is an important regulator of maternal-
fetal communication throughout pregnancy (40), trauma-related
alterations in placental mitochondrial biogenesis might indirectly
affect the fetal physiology. However, those findings were based
on parameters measured in placental blood, which is part of the

Fig. 1. Mitochondrial respiration and intracellular mitochondrial density in mothers (n = 105). (A–C) Boxplots for group differences. Routine respiration (A), ATP-
turnover–related respiration (B) and citrate synthase activity (C) were significantly higher in PBMCs of mothers with CM (CM+, n = 38) than in PBMCs of CM−
mothers (n = 67). (D–F) Scatterplots for the association between maternal CM load and mitochondrial respiration and density. CM load (CTQ sum score) was linked
to higher Routine respiration (D), higher ATP-turnover–related respiration (E), as well as (nonsignificantly) higher citrate synthase activity (F) in PBMCs of mothers
(n = 105). Please note for D that two women have the same CTQ sum score of 62 and the same Routine respiration (3.55 pmol O2/s per Mio cells). β, standardized
regression coefficient; CM, Childhood maltreatment; CM+, women with CM experiences; CM−, women without CM experiences; CTQ, Childhood Trauma
Questionnaire.
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maternal blood circulation. Instead, to test a direct intergener-
ational transmission, we used cells of the umbilical cord blood,
which is physiologically and genetically part of the fetus. We
demonstrated the methodological possibility to measure mito-
chondrial respiration in newborns’ UBMCs. Moreover, our study
design allowed the provision of intergenerational data that
(largely) excludes the influences of psychosocial factors. By in-
vestigating the epigenetic signature of genes involved in the
physiological stress response again in UBMCs, we further found
no evidence for a direct intergenerational transmission of maternal CM
on newborns’ epigenetic signature in a previous study of the “My
Childhood—Your Childhood” project (41). In other studies on in-
tergenerational transmission of stress- and trauma-related biological
alterations, descendants were already grown up (42, 43) and, thus,
exposed to psychosocial factors during their life (e.g., parent-
ing behavior, lifestyle factors like nutrition or psychosocial stress),

whereby possible intergenerational transmission effects were
confounded.
Of additional interest, our study indicated possible sex dif-

ferences in mitochondrial respiration in newborns’ UBMCs. In-
dependent of maternal CM exposure, UBMCs of female
newborns exhibited higher mitochondrial respiration than those
of male newborns, although the absolute sex differences were
relatively small with accounting for less than 10% of variance. A
previous study investigated sex differences in mitochondrial
function in adults and found higher mitochondrial respiration in
women (44), which is consistent with our findings. Furthermore, CSA
was also significantly higher in women compared to men (44). Sex
hormones influence mitochondrial respiration and density (45),
which might explain the higher mitochondrial bioenergetics in
females. Potentially, sex differences in mitochondrial biology
could contribute to sex differences in stress physiology and disease

Table 2. Results of multiple linear regression analyses concerning associations between maternal CM load and mitochondrial
respiration and density in mothers (n = 105) and in their newborns (n = 104)

Outcome variable Predictor B (SE) β 95% CI (β) t η2partial P

Mothers (n = 105)
Routine respiration (pmol O2/s per Mio cells) Intercept 3.54 (0.36) — — 9.85 — <0.001***

CTQ sum score 0.02 (0.01) 0.25 [0.06, 0.43] 2.63 0.063 0.010*
Storage time of

cryopreserved cells
−5.48×10−4

(2.71×10−4)
−0.19 [−0.38, −0.004] −2.02 0.039 0.046*

Overall model statistics: F(2,102) = 5.45, P = 0.006**, R2 = 0.097, R2
adj = 0.079

ATP-turnover–related respiration (pmol O2/s per
Mio cells)

Intercept 2.80 (0.26) — — 10.64 — <0.001***
CTQ sum score 8.60×10−3

(4.25×10−3)
0.19 [0.004, 0.37] 2.02 0.038 0.046*

Storage time of
cryopreserved cells

−5.93×10−4

(1.98×10−4)
−0.28 [−0.46, −0.09] −2.99 0.081 0.003**

Overall model statistics: F(2,102)= 6.48, P= 0.002**, R2 = 0.113, R2
adj = 0.095

Citrate synthase activity (μmol/min per Mio cells) Intercept 2.85×10−3

(4.00×10−4)
— — 7.13 — <0.001***

CTQ sum score 1.48×10−5

(7.72×10−6)
0.18 [−0.006, 0.36] 1.92 0.035 0.058#

Storage time of
cryopreserved cells

4.90×10−7

(2.65×10−7)
0.13 [−0.009, 0.26] 1.85 0.032 0.067#

Overall model statistics†: F(2,102) = 3.07, P = 0.051#, R2 = 0.097, R2
adj = 0.079

Newborns (n = 104)
Routine respiration (pmol O2/sec per Mio cells) Intercept 2.90 (0.32) — — 9.13 — <0.001***

CTQ sum score 3.71×10−3

(5.00×10−3)
0.07 [−0.12, 0.26] 0.74 0.008 0.460

Storage time of
cryopreserved cells

9.49×10−5

(2.35×10−4)
0.04 [−0.16, 0.23] 0.40 <0.001 0.687

Female sex 0.25 (0.11) 0.24 [0.04, 0.43] 2.35 0.052 0.021*
Overall model statistics: F(3,100) = 2.10, P = 0.105, R2 = 0.059, R2

adj = 0.031
ATP-turnover–related respiration (pmol O2/sec

per Mio cells)
Intercept 2.30 (0.25) — — 9.05 — <0.001***

CTQ sum score 3.85×10−3

(4.01×10−3)
0.09 [−0.10, 0.28] 0.96 0.012 0.340

Storage time of
cryopreserved cells

−1.51×10−4

(1.89×10−4)
−0.08 [−0.27, 0.11] −0.80 0.017 0.425

Female sex 0.26 (0.09) 0.29 [0.10, 0.49] 3.00 0.083 0.003**
Overall model statistics: F(3,100) = 4.00, P = 0.010*, R2 = 0.107, R2

adj = 0.080
Citrate synthase activity (μmol/min per Mio

cells)
Intercept 2.77×10−3

(2.72×10−4)
— — 10.18 — <0.001***

CTQ sum score 1.60×10−6

(4.29×10−6)
0.04 [−0.16, 0.23] 0.37 0.001 0.709

Storage time of
cryopreserved cells

4.66×10−7

(2.02×10−7)
0.23 [0.03, 0.42] 2.31 0.054 0.023*

Female sex −2.79×10−5

(9.25×10−5)
−0.03 [−0.23, 0.17] −0.30 0.001 0.764

Overall model statistics: F(3,100) = 1.99, P = 0.120, R2 = 0.056, R2
adj = 0.028

#P < 0.10, *P < 0.05, **P < 0.01, ***P < 0.001. Multiple linear regression or robust multiple regression (†) where appropriate. B, unstandardized regression
coefficient; β, standardized regression coefficient; CTQ, Childhood Trauma Questionnaire; SE, standard error.
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risk throughout life. Future research is needed on the mechanisms
underlying sex differences in mitochondrial functioning as well as
their long-term consequences for stress physiology and health.

Limitations. Future research is required to generalize our findings
and to further investigate whether CM-related alterations in
mitochondrial bioenergetics become evident specifically in
stressful situations. For the same, studies should include severely
stressed women in different phases of pregnancy as well as in
post pregnancy phase. Similarly, for an intergenerational per-
spective, severely stressed individuals descending from CM-
affected mothers should be investigated. A further limitation of
the study is the assessment of mitochondrial bioenergetics in
cryopreserved cells. Although storage time of cryopreserved cells
was statistically considered, we cannot exclude that freezing and
thawing procedures might have differentially affected the im-
mune cells of individuals with and without CM. Furthermore, the
used cells included different proportions of immune cell subsets
(i.e., lymphocytes, monocytes, and dendritic cells), which differ
in mitochondrial respiration and density (46). However, CM was
not associated with the proportion of monocytes and lymphocytes
neither in fresh whole blood in this study, nor within thawed
PBMCs of women 3 mo postpartum (47). Moreover, including
lymphocyte and monocyte proportions as covariates in additional
regression analyses did not change the results. Building on our
previous studies (47, 48), further studies should examine mito-
chondrial bioenergetics in immune cell subsets separately as well as

across different cell types to more broadly investigate possible CM-
related mitochondrial alterations. As the body mass index (BMI) is
an important confounding variable for biological analyses, future
studies should monitor the maternal BMI over the course of the
pregnancy to analyze its influence on mitochondrial bioenergetics
in postpartum women. Moreover, the retrospective cross-
sectional design of the study does not allow causal conclusions.
Conclusion. By analyzing the mitochondrial bioenergetics in

peripheral immune cells in healthy mother-newborn dyads, we in-
vestigated a possible intergenerational transmission of CM-related
alterations in mitochondrial bioenergetics from mothers to their
newborns. Maternal CM exposure was linked to a higher mito-
chondrial density in mothers, probably leading to the higher mito-
chondrial respiration per cell. Although maternal and neonatal
mitochondrial parameters were positively correlated, maternal CM
exposure did not predict mitochondrial respiration in newborns.
Immune cells of newborns with CM-exposed mothers showed slightly
higher CSA but no association with maternal CM load. The bio-
logical relevance of this finding needs further investigation in larger
and longitudinal study cohorts. Increased mitochondrial density
in UBMCs might, however, contribute to higher resilience toward
bioenergetic demands, including more immunological, endocrine, or
central nervous system-related challenges due to early environmental
stressors. Future longitudinal research needs to investigate the long-
term consequences of maternal CM for the behavioral, tempera-
mental, and immunological development of the upcoming generation.

Materials and Methods
Detailed description of blood sampling, mitochondrial respiration, assess-
ment of the intracellular mitochondrial density, and statistical methods is
available in SI Appendix, SI Materials and Methods.

Study Participants. In accordance with the Declaration of Helsinki (49), all
participants declared their written informed consent and all study proce-
dures were approved by the ethics committee of Ulm University. Mothers
were recruited within one week after parturition within the study “My
Childhood—Your Childhood” Mothers with CM (CM+) and their newborns
did not differ from mothers without CM (CM−) and their newborns with
regard to descriptive characteristics, except for CM load (CTQ sum score) (SI
Appendix, Table S1).

Assessing Mitochondrial Bioenergetics (Mitochondrial Respiration and Mitochondrial
Density). In n = 105 mothers and n = 104 newborns, mitochondrial respira-
tion in intact PBMCs and UBMCs was measured with high-resolution respi-
rometry using an O2k Oxygraph (Oroboros Instruments, Innsbruck, Austria)
as previously described in detail (16, 20, 50). For quantifying the density of
the mitochondrial network (51), CSA was determined spectrophotometrically
in freshly thawed samples at 30 °C as previously described (50, 51).

Data Availability. The dataset of this manuscript is not publicly available
because the data may not be passed on or published to third parties outside
the research project. We do not have the consent of the ethics committee or
the participants to grant access to the collected data. Upon reasonable re-
quest, the corresponding authors will consult the ethics committee to decide
on the admissibility to share the data in the specific case.
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Fig. 2. Intracellular mitochondrial density in newborns (n = 104). (A) Box-
plot for group difference. Citrate synthase activity (A) was slightly higher in
newborns of CM+ women (n = 39) than in newborns of CM−women (n = 65)
but did not reach significance for the given sample size. (B) Scatterplot for
the association betweenmaternal CM load and neonatal mitochondrial density.
Higher maternal CM load (CTQ sum score) was not linked to citrate synthase
activity in UBMCs of newborns (n = 104). β, standardized regression coefficient;
CM, childhood maltreatment; CM+, women with CM experiences; CM−, women
without CM experiences; CTQ, Childhood Trauma Questionnaire.
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