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Checklist (CBCL), and parent’s evaluation, using the Mini 
International Psychiatric Interview (MINI). We created a 
cumulative risk index, conceptualized as each individual’s 
cumulative exposure to perinatal complications. Results 
indicate that perinatal complications were associated with 
higher levels of TBARS. After adjusting for age, gender, 
socio-economic status, CBCL total problems score, paren-
tal psychopathology, and childhood maltreatment, children 
exposed to 3 or more perinatal complications had an 26.9% 
(95% CI 9.9%, 46.6%) increase in TBARS levels, relative 
to the unexposed group. Exploratory mediation analysis 
indicated that TBARS levels partially mediated the asso-
ciation between perinatal complications and externalizing 
problems. In conclusion, an adverse intrauterine and/or 
early life environment, as proxied by the cumulative expo-
sure to perinatal complications, was independently associ-
ated with higher levels of lipid peroxidation in children and 
adolescents.

Keywords Oxidative stress · Lipid peroxidation · 
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Introduction

The framework of developmental origins of health and dis-
ease, or Barker hypothesis, postulates that an adverse intra-
uterine and/or early life environment have a major impact 
on late-life chronic diseases [1, 2]. Indeed, perinatal com-
plications, including, but not limited to, preterm birth, low 
birth weight, maternal diabetes, eclampsia, and exposure 
to alcohol or tobacco, have been consistently associated 
with substantial long-term morbidity and mortality [2–4]. 
Conceptually, the enduring effects of perinatal events are 

Abstract Replicated evidence indicates that perinatal com-
plications are associated with increased markers of oxida-
tive stress and with mental health problems in children. 
However, there are fewer reports on the impact of perinatal 
complications in later phases of development. We aimed to 
investigate the estimated effects of perinatal complications 
on levels of lipid peroxidation and on psychopathology in 
children and adolescents. The study is part of the High Risk 
Cohort Study for Psychiatric Disorders; the population was 
composed by 554 students, 6–14 years of age. Serum levels 
of malondialdehyde, a product of lipid peroxidation, were 
measured by the TBARS method. A household interview 
with parents and caregivers was conducted and included 
inquiries about perinatal history, the Child Behavior 
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thought to be a result of developmental plasticity, defined 
as adaptive modifications to a particular environment. 
Multiple biological systems, such as energy metabolism, 
inflammation, and stress response, may mediate these 
responses [2, 5, 6].

Converging evidence indicates that perinatal compli-
cations are often associated with an increased production 
of reactive oxygen species (ROS) and/or impairment in 
the antioxidant defenses, resulting in oxidative damage in 
both the mother and the fetus [7–11]. Increased oxidant 
molecules (i.e., ONOO−) and markers of lipid peroxida-
tion [i.e., thiobarbituric acid-reactive substance (TBARS)], 
as well as those of decreased antioxidant mediators have 
been reported in preterm neonates with intrauterine growth 
restriction [7, 11, 12]. Nonetheless, there are no reports to 
this date of the impact of perinatal complications on mark-
ers of oxidative stress in later phases of neurodevelopment. 
Moreover, multiple other factors commonly associated 
with perinatal complications, such as psychopathology and 
childhood maltreatment, have been independently associ-
ated with oxidative imbalances and could act as underlying 
common denominators, but their role has not been directly 
evaluated so far.

This study aimed to investigate the estimated effects of 
perinatal complications on levels of the lipid peroxidation 
marker TBARS. We also aimed to assess the impact of the 
associated variables age, gender, socio-economic status 
(SES), childhood maltreatment, emotional and behavioral 
problems, and parental psychopathology. An exploratory 
aim was to assess if TBARS levels mediated the association 
between perinatal complications and childhood psychopa-
thology. We used data from the High Risk Cohort Study 
for Psychiatric Disorders (HRC Study), a large, community 
study, which was enriched for individual and familial psy-
chopathology. Perinatal complications were analyzed using 
a cumulative risk model, which is the model with the most 
consistent empirical support [4, 13–16]. We hypothesized 
that cumulative exposure to perinatal complications would 
have an effect on TBARS levels; a secondary hypothesis 
was that TBARS levels would serve as an intermediate phe-
notype, mediating the relationship between perinatal com-
plications and psychopathology.

Methods

Participants

The sample is part of the HRC Study, which included mul-
tiple investigative steps as previously described [17]. To 
select this study population, we used a three-stage design: 
first, we assessed child symptoms and family history of 
psychiatric disorders in a screening interview, wherein 

9937 interviews (the biological mother in 88% of them) 
using the Family History Survey (FHS) were conducted. 
In the second stage, a random subsample (aimed to be 
representative from the community, n = 958) and a high-
risk subsample (a sample with children with increased risk 
for mental disorders, n = 1554) were selected for further 
evaluation. For subjects in the random-selection stratum, a 
simple randomization procedure was used. The high-risk 
stratum was composed of children that screened positively 
for any of one of the five targeted domains (attention-def-
icit/hyperactivity disorder, anxiety, obsessive–compulsive 
disorder, psychosis, and learning disorders), which were 
selected to generate a sample with diverse psychopathol-
ogy. Among those, children with higher number of family 
members affected were prioritized. The oversampling pro-
cedure was used to select a sample with higher family rates 
of mental disorders, and, therefore, to enhance the power to 
identify developmental trajectories and underlying patho-
physiological processes.

A subsample composed of 750 children was randomly 
selected for blood collection. We were able to collect and 
process a valid blood sample from 554 children; of those, 
286 (51.6%) were from the high-risk stratum. Main rea-
sons for lack of success in blood collection were: caregiver 
refused the participation in this step of the study; children 
refused to collect blood and technical complications during 
blood processing procedures.

Measurements

General risk factors

Questions about risk factors were drawn based on a lit-
erature review about known major risk factors for mental 
disorders [17]. We assessed demographical factors (e.g., 
socio-economic status) and perinatal factors (e.g., gesta-
tional age at birth, exposure to tobacco or alcohol intra-
utero, gestational infections, and clinical conditions). 
The questions about child maltreatment were selected to 
represent four categories of child maltreatment that have 
been distinguished in the literature: (a) physical abuse; 
(b) neglect; (c) emotional maltreatment; and (d) sexual 
abuse. Similar questions are frequently used in other survey 
research [18, 19] and are close to the constructs evaluated 
by other instruments that assess child maltreatment more 
comprehensively, such as the Childhood Trauma Question-
naire [20].

Perinatal problems index composition

We created a cumulative risk index, conceptualized as each 
individual’s cumulative exposure to a set of indicators of 
perinatal complications, according to the previous studies 
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[4, 14, 15]. Definitions and descriptive statistics of risk fac-
tors indicators are depicted in Table 1. Each indicator was 
weighted equally and summed. Individuals’ exposure was 
categorized in four groups: (1) unexposed; (2) exposed to 1 
perinatal complication; (3) exposed to 2 perinatal complica-
tions; and (4) exposed to 3 or more perinatal complications.

Child behavior checklist (CBCL)

The CBCL is a parent-report questionnaire that assesses 
various behavioral and emotional problems. It has been one 
of the most widely used standardized measures for evaluat-
ing maladaptive behavior and emotional complications in 
individuals with ages between 4 and 18 [21, 22]. For this 
study, we used the CBCL total problems score, as well as 
the internalizing and externalizing problems subscales.

Parental psychopathology

During the household interview, the respondent (biologi-
cal mother in 91.5% of individuals) answered the Mini 
International Psychiatric Interview (MINI 6.0). DSM-IV 
algorithms were used to generate five diagnostic groups of 
parental psychopathology: major depressive disorder, bipo-
lar disorder, anxiety disorders (including panic, generalized 
anxiety disorder, social anxiety disorder, or agoraphobia), 
substance use disorders (i.e. any alcohol/drug abuse or 
dependence), and psychotic disorders. We created a dichot-
omous variable indicating the presence of any parental 
diagnosis, defined by the presence of any of the aforemen-
tioned diagnostic categories at the time of the assessment.

Blood samples collection and TBARS assessment

Whole blood samples were obtained from all children. All 
samples were collected between 10:00 am and 04:00 pm. 
After collection, the blood was allowed to clot by leaving 

it undisturbed at room temperature. Serum was extracted 
after blood had been processed at 1000–2000×g for 10 min 
in a refrigerated centrifuge and was kept at −80 °C, with-
out addition of antioxidants, for between 3 and 6 months 
until further analyzed. Serum levels of malondialdehyde 
(MDA), a product of lipid peroxidation, were measured 
by the TBARS method [23]. Results were expressed in 
micrometers of MDA. The inter- and intra-assay coeffi-
cients of variation were 5.9 and 7.4%, respectively.

Statistical analyses

For statistical analysis, the SPSS software for Windows 
(version 17.0) was used. For the comparison of the demo-
graphic and clinical data, the independent samples t test 
was used for quantitative variables; the Chi-square test was 
used for categorical variables. Generalized linear models 
were used to assess the relationship between TBARS lev-
els and perinatal complications, after adjustment for age, 
gender, emotional and behavioral problems, parental psy-
chopathology, and childhood maltreatment. As the outcome 
(i.e., TBARS levels) had a positively skewed distribution 
(many low values and few higher values), we used a model 
with a gamma distribution and log-link function. Due to 
the non-linearity of the model, the estimated β coefficients 
created by the model were transformed into rate ratio (RR) 
estimates.

For the exploratory mediation analysis, we used the Pro-
cess SPSS macro developed by Preacher and Hayes [24]. 
This macro uses a bootstrapping resampling strategy to 
evaluate significance of the model and effects of media-
tors; for this analysis, we used 5000 bootstrap samples. A 
95% confidence interval that does not include 0 was used 
as the criterion for indirect effects significance. Given that 
our cross-sectional data cannot establish temporal prec-
edence between TBARS and children’s psychopathology, 
we chose, for the purposes of this study, to model TBARS 

Table 1  Definitions and 
descriptive statistics

ICU intensive care unit

Perinatal complications index

Label Definition n, %

1. Prenatal tobacco exposure Any tobacco use during pregnancy 115 (20.8%)

2. Prenatal alcohol exposure Any alcohol intake during pregnancy 132 (23.8%)

3. Gestational hypertension Diagnosis of hypertension during pregnancy 117 (21.1%)

4. Gestational diabetes Diagnosis of diabetes during pregnancy 21 (3.8%)

5. Gestational urinary infection Two or more episodes of urinary infection 114 (20.6%)

6. Gestational hospitalization Any other clinical condition that required hospitalization 33 (6.0%)

7. Preterm birth Gestational age ≤36 weeks 74 (13.4%)

8. Low birth weight Birth weight ≤2500 g 50 (9.0%)

9. Need for neonatal ICU Stay, for any period of time, in a neonatal ICU 72 (13.0%)
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as the mediator and children’s psychopathology as the 
outcome.

Results

Sample characteristics

The mean sample age was 10.03, SD ±1.47 (males 9.93 
SD ±1.92, females 10.13 SD ±1.88); the age range was 
6–14. The gender ratio was 53.4% male. There was no dif-
ference in age, gender, and SES between the perinatal com-
plications exposure groups. There was a significant group 
effect on CBCL total problems (F3,548 = 5.010; p = 0.002), 
internalizing (F3,548 = 5.722; p = 0.001), and externalizing 
scores (F3,548 = 3.790; p = 0.010). There were significant 
associations between the cumulative exposure to perinatal 
complications with parental psychopathology (at the time 
of the assessment) (χ2 = 33.261, p < 0.001) and with child-
hood maltreatment (χ2 = 13.823, p = 0.003) (Table 2).

Perinatal complications and TBARS levels

TBARS median level was 14.66 μM of MDA (interquar-
tile range 9.94, 22.81). There was no correlation between 
TBARS levels and age (r = 0.001, p = 0.998) or gender 
(p = 0.274). We examined the impact of perinatal compli-
cations on TBARS levels on an unadjusted model and on a 
model adjusted for age, gender, SES, emotional and behav-
ioral problems, parental psychopathology, and childhood 
maltreatment. Exposure to three or more perinatal compli-
cations was significantly associated with increased TBARS 
levels. Although slightly attenuated, this effect persisted 
significant in the model that included the covariates. Rela-
tive to the unexposed group, the group exposed to three or 
more perinatal complications was associated with a 28.8% 

increase in the TBARS levels in the unadjusted model, and 
with a 26.9% increase after adjusting for age, gender, SES, 
CBCL total problems score, parental psychopathology, and 
childhood maltreatment (Table 3).

Pairwise comparison between groups suggested a 
stronger effect with cumulative exposure, insofar as the 
adjusted TBARS mean level for the group exposed to 3 or 
more perinatal complications (21.70 μM of MDA, 95% 
CI 18.36, 25.03) was significantly higher than the adjusted 
mean of the unexposed group (17.10 μM of MDA, 95% 
CI 14.50, 19.70, p = 0.010), and the adjusted mean of the 
group exposed to 1 perinatal complications (17.86 μM of 
MDA, 95% CI: 15.25; 20.47, p = 0.045). The difference 
between the group exposed to three or more perinatal com-
plications and the group exposed to two was not significant 
(18.97 μM of MDA, 95% CI 16.15, 21.80, p = 0.471). Age 
and CBCL total problems score were included as covariates 
and all p values were adjusted with Bonferroni correction 
(Fig. 1).

Exploratory mediation analysis

Correlation analyses indicated that TBARS levels 
were positively correlated with externalizing prob-
lems (r = 0.103, p = 0.035), but not with internalizing 
(r = 0.071, p = 0.104) or total problems scores (r = 0.080, 
p = 0.063). The association between TBARS and external-
izing problems remained significant after adjustment for 
age, gender, SES, perinatal complications, parental psycho-
pathology, and childhood maltreatment (RR = 1.006, 95% 
CI 1.001, 1.011, p = 0.028).

We then tested if serum TBARS levels mediated the 
association between perinatal complications and externaliz-
ing problems. Results showed that, after adjustment for age, 
gender, and SES, serum TBARS levels partially mediated 
the association between perinatal complications and CBCL 

Table 2  Characteristics of different groups according to the perinatal complications exposure

SD standard deviation, SES socio-economic status, CBCL child behavior checklist

Perinatal complications exposure

0 1 2 3 or more p value

n (%) 148 (26.7) 166 (30.0) 116 (20.9) 124 (22.4)

Age, mean, ±SD 10.17, ±1.88 10.13, ±2.026 10.00, ±1.78 9.74, ±1.88 0.246

Gender, male (%) 84 (56.8) 82 (49.4) 65 (56.0) 65 (52.4) 0.550

SES, low (%) 6 (4.1) 6 (3.6) 7 (6.0) 5 (4.0) 0.784

CBCL total problems score, mean, ±SD 44.14, ±29.64 45.15, ±27.82 53.80, ±32.95 55.88, ±34.26 0.002

CBCL internalizing problems score, mean, ±SD 12.65 (±9.18) 13.79 (±9.75) 16.34 (±10.82) 17.20 (±10.46) 0.001

CBCL total externalizing problems score, mean, ±SD 11.70 (±9.56) 11.84 (±9.43) 14.17 (±10.30) 14.90 (±10.20) 0.010

Parental psychopathology, % 28 (18.9) 52 (31.3) 43 (37.1) 68 (51.6) <0.001

Childhood maltreatment, % 25 (16.9) 42 (25.6) 37 (31.9) 44 (35.5) 0.003
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externalizing problems score (indirect effect = 0.136, 95% 
CI 0.015, 0.353), accounting for approximately 14.2% of 
the total effect of perinatal complications on externalizing 
problems. Unstandardized coefficients for relations among 
the independent, mediating, and dependent variables are 
displayed in Fig. 2. The overall model was significant 
(F5,523 = 2.320, R2 = 0.022, p = 0.042).

Sensitivity analyses

Twenty-four children (4.3%) in our sample were using 
psychotropic medications for mental health problems. 
There was no association between use of psychotropic 
medications and TBARS levels (p = 0.090). Sensitiv-
ity analyses were performed to investigate if the removal 
of these individuals would change the main results. After 
removing children using a psychotropic medication, there 
was still a significant effect of perinatal complications on 
CBCL total problems (F3,524 = 5.147; p = 0.002), inter-
nalizing (F3,524 = 4.694; p = 0.003), and externalizing 
scores (F3,524 = 3.764; p = 0.011). Exposure to three or 
more perinatal complications also remained significantly 
associated with higher TBARS levels, relative to the unex-
posed group and adjusted for age, gender, SES, CBCL total 
problems score, parental psychopathology, and childhood 
maltreatment (RR 1.211, 95% CI 1.041; 1.409, p = 0.010). 
Pairwise comparison between groups continued to suggest 
a stronger effect with cumulative exposure, the adjusted 
TBARS mean level for the group exposed to three or more 
perinatal complications (20.58 μM of MDA, 95% CI 17.48, 
24.24) was significantly higher than the adjusted mean of 
the unexposed group (16.99 μM of MDA, 95% CI 14.71, 
19.62, p = 0.017), and the adjusted mean of the group 
exposed to 1 perinatal complications (17.61 μM of MDA, 
95% CI: 15.34; 20.22, p = 0.045). Finally, the mediation 
analysis continued to show that TBARS partially mediated 
the association between perinatal complications and CBCL 
externalizing problems score (indirect effect = 0.288, 95% 
CI: 0.026; 0.744), accounting for approximately 12.8% of 
the total effect.

Table 3  Generalized linear models of TBARS levels and perinatal 
complications, unadjusted, and adjusted for the listed covariates

TBARS thiobarbituric acid-reactive substance, RR rate ratio, CI con-
fidence interval, REF reference, SES socio-economic status, CBCL 
child behavior checklist

RR 95% CI p value

Unadjusted model

 3 or >perinatal complications 1.288 1.121; 1.481 <0.001

 2 Perinatal complications 1.130 0.981; 1.302 0.090

 1 Perinatal complications 1.049 0.921; 1.196 0.469

 0 Perinatal complications (REF) 1 . .

Adjusted model

 Perinatal complications

  3 or >perinatal complications 1.269 1.099; 1.466 0.001

  2 perinatal complications 1.109 0.962; 1.280 0.154

  1 perinatal problem 1.044 0.917; 1.191 0.513

  0 perinatal Complications (REF) 1 – –

Gender

 Female 1.048 0.950; 1.157 0.350

 Male (REF) 1 – –

SES

 Low 1.156 0.907; 1.473 0.241

 Medium/high (REF) 1 – –

Parental psychopathology

 Yes 1.066 0.952; 1.193 0.269

 No (REF) 1 – –

Childhood maltreatment

 Yes 0.916 0.814; 1.032 0.150

 No (REF) 1 – –

 Age 0.998 0.974; 1.024 0.922

 CBCL total problems score 1.001 0.999; 1.003 0.281
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Fig. 1  Comparison of TBARS levels between the perinatal complica-
tions groups. *p = 0.045, **p = 0.010. Adjusted for age and CBCL 
total problems score. p values corrected with Bonferroni correction. 
TBARS Thiobarbituric acid-reactive substance, CBCL child behavior 
checklist

Fig. 2  Unstandardized regression coefficients from a bootstrap-medi-
ation analysis, which indicated that TBARS levels partially mediated 
the relationship between perinatal complications and CBCL external-
izing problems score. Adjusted for age, gender, and socio-economic 
status. *p < 0.05, **p < 0.001. TBARS Thiobarbituric acid-reactive 
substance, CBCL child behavior checklist
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Discussion

Using data from a large, community sample of children and 
adolescents, we report that perinatal complications were 
associated with higher levels of TBARS. This effect was 
independent of multiple confounding factors. As expected, 
children exposed to cumulative perinatal complications 
had: (1) an increased risk of having a parent diagnosed 
with a mental illness at the time of assessment; (2) higher 
reported frequency of childhood maltreatment; and (3) 
higher levels of emotional and behavioral problems. None-
theless, further analysis indicated that the inclusion of these 
factors as covariates did not substantially change the rela-
tionship between perinatal problems and TBARS levels.

Our results provide support for the hypothesis that the 
early life programing (i.e., during pregnancy and early 
life years) of a biological system (i.e., oxidative regula-
tion) may have further impact on the development of the 
organism, including brain development. Converging find-
ings have indicated that the early life adverse environments 
affect markers of inflammation [25], hypothalamic–pitui-
tary–adrenal (HPA) axis activity [26, 27] and insulin home-
ostasis [28]. Interestingly, a recent study, using a similar 
construct of perinatal insults, documented an association 
between perinatal complications and markers of acceler-
ated aging (i.e., telomere length and perceived age) in indi-
viduals at age 38 years [4]. Oxidative stress has a critical 
role in aging processes through a pleiotropic effect on mul-
tiple cellular mechanisms [29, 30]; our results indicate that 
some of these processes may be already active, and detect-
able, in children and adolescents.

Several mechanisms have been postulated to explain 
the long-term effects of perinatal complication on oxida-
tive stress. Evidence from animal models suggests that 
a key consequence of the early life adversity may be the 
reprogramming of mitochondrial function, leading to 
increased production of ROS [31, 32]. This impairment 
may be underlied by mitochondrial DNA mutations [33]. 
Epigenetic modifications and changes in gene expression 
may also be involved, with studies showing, for example, 
a decreased expression of the antioxidant enzyme catalase 
in newborns with intrauterine growth restriction [2, 11]. 
Moreover, there is evidence that prenatal/obstetric com-
plications (e.g., gestational diabetes and preterm birth) are 
associated with decreased antioxidant defenses, including 
the activities of the enzymes glutathione peroxidase and 
superoxide dismutase [34–36]. Interestingly, it has been 
reported that abnormalities in the regulation of oxidative 
stress are risk factors for the development of perinatal com-
plications [36–38]; for example, altered concentrations of 
the ROS plasma 8-isoprostane and urinary 8-hydroxydeox-
yguanosine were associated with higher risk of preeclamp-
sia and low birth weight, respectively [37, 38]. Conversely, 

a separate study indicated that higher levels of antioxidants 
were protective of hypoxic ischemic brain injury in asphyx-
iated newborns [39], indicating that the presence of perina-
tal complication may reflect the presence of inherited inef-
ficiencies in oxidative stress regulation. Nonetheless, there 
is scarce evidence regarding the role of these mechanisms 
on later-life oxidative balance and they should be the focus 
of additional investigation.

Furthermore, our exploratory analysis indicated that 
TBARS levels partially mediated the relationship between 
perinatal complications and CBCL externalizing problems 
score. Our results suggest that variations in lipid peroxida-
tion could be a component of the neurobiological pathway 
linking the early life adverse environments to an emotional 
and behavioral phenotype. Notwithstanding, our media-
tional models indicated partial mediation; therefore, the 
effects of perinatal complications were not exclusively 
through TBARS levels. There is consistent evidence that 
oxidative stress is prominently involved in mental disorders 
pathogenesis, with multiple studies documenting abnormal 
levels of oxidative stress markers, including, but not limited 
to TBARS, in children and adults with disparate mental 
disorders [40–43]. There are reports that plasma markers of 
oxidative stress are increased, relative to healthy controls, 
in individuals with externalizing problems (i.e., children 
and adolescents with attention-deficit hyperactivity dis-
order; adults with intermittent explosive disorder and/or 
aggressive behavior) [44, 45]. It has been shown that lipid 
peroxidation is associated with white matter damage, which 
putatively could disrupt the neural circuits involved in the 
regulation of aggressive/confrontational behavior [46, 47]. 
However, there is a little evidence on the specific effects of 
TBARS on different pathophysiological pathways. Impor-
tantly, this was a cross-sectional study and no definitive 
conclusions about causality can be drawn. For the purposes 
of this study, we modeled TBARS levels as a causative 
factor of psychopathology. However, the direction of the 
relationship between oxidative stress and psychopathology 
remains unclear, as there is paucity of longitudinal stud-
ies. There is evidence that increased oxidative stress may 
precede the onset of mental health problems [48–50] and, 
conversely, may also predict loss of brain volume [51], sup-
porting the validity of our presumed model. Nonetheless, 
evidence has also indicated that depressive symptoms may 
induce an abnormal oxidative status, suggesting that the 
relationship between oxidative stress and psychopathology 
is, in fact, bidirectional [52].

There are limitations to this study that should be noted. 
First, we used only one marker of oxidative stress (i.e. 
TBARS). Oxidative balance has numerous components, 
including multiple markers of ROS-induced damage, as 
well as antioxidant molecules. The use of a single marker, 
albeit useful, does not fully account for the complexity of 
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this system. As there are no longitudinal studies evaluating 
the levels of TBARS in children, there are questions about 
its stability over time. We collected the samples in a rela-
tively narrow period of the day; however, it is possible that 
the TBARS levels were affected by temporal and contextual 
factors. Moreover, whereas TBARS measurements have 
widely been used in clinical studies and we used validated 
and well-established methods, there are questions about 
its value as a biomarker, mainly due to concerns about the 
reliability of the assay; therefore, interpretation and com-
parisons of reported values should carefully consider the 
technical aspects of the measurement [53]. Our risk fac-
tors assessment was mostly retrospective. There is evidence 
that individuals with more psychopathology tend to report 
exposure to risk factors more frequently [54]. To assess 
childhood maltreatment, we used selected questions from 
the Childhood Trauma Questionnaire, but we did not use 
a fully validated instrument, and questions were answered 
by the parents, which can be susceptible to response bias. 
There are also limitations to our perinatal complications 
index. There are several other important determinants of 
environmental risk factors impact, such as the extent and 
the timing of exposure, which, in our cumulative compos-
ite of exposures, were only partially incorporated and were 
not directly and fully assessed. Conversely, the use of a risk 
index that incorporated multiple different events incurs in a 
loss of sensitivity. It is likely that, for example, the impact 
of prenatal alcohol exposure is different from the impact 
of gestational diabetes. Our process of sample selection 
was designed to increase the prevalence of psychopathol-
ogy and likely also increased the prevalence of risk fac-
tors, when compared with the general population [17]. As 
in any study with selected populations, results cannot be 
generalized to populations with different distributions, as 
well as for different age groups. Our study included a wide 
age range (6–14). Although we statistically controlled for 
age and did not find any age-related effect, it is possible 
that other age-related variations in experience and/or biol-
ogy (e.g. pubertal stage) were not captured by the statisti-
cal control. Finally, we did not account for other possible 
confounders, such as body mass index and sleep quality/
quantity. For example, medical comorbidities are not only 
highly prevalent in children with mental health problems 
[55], but they also have been consistently documented to 
impact oxidative stress markers’ levels and could have had 
confounding, as well as putative mediating effects.

Nonetheless, this study has several strengths. We used 
data from a large, community-based sample, enriched for 
the presence of psychopathology and familial risk. We used 
a standardized assessment, which included structured clini-
cal interviews, as well as detailed information about multi-
ple risk factors. Our perinatal complications index included 

prenatal and neonatal complications, as it has previously 
been suggested [56, 57], and had a robust association with 
a developmental outcome (i.e., psychopathology), reinforc-
ing its validity.

In conclusion, we present evidence that cumulative 
exposure to perinatal complications is independently asso-
ciated with higher levels of lipid peroxidation in children 
and adolescents. Our findings offer insights on possible 
mechanisms underlying adverse intrauterine and/or the 
early life environment and future expression of emotional 
and behavior problems in children and adolescents and 
thereby possible targets for preventive interventions.
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