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Abstract
Background: Previous research has shown an association between adverse childhood experi-
ences (ACEs) and secondary mental health problems in youth with prenatal substance exposure
(PSE), but the association between ACEs and neurodevelopmental disorders is less clear.
Methods: This longitudinal register-based cohort study investigated relationships between health
at birth, ACEs (out-of-home care (OHC) and maternal adversities), and neurodevelopmental dis-
orders among youth with PSE (alcohol/drugs, n = 615) and matched unexposed controls
(n = 1787). Hospital medical records and register data were merged and analysed using Cox
regression models. Results: Conduct and emotional disorders (International Statistical
Classification of Diseases and Related Health Problems ICD-10, F90–F94) were more common
among the exposed than the controls but only when the exposed and controls with no OHC
were compared. The difference appeared in hyperkinetic disorders (ADHD, F90), mixed disorders
of conduct and emotions (F92) and emotional disorders with onset specific to childhood (F93).
Among the exposed and controls with OHC, over 40% had received an F90–F94 diagnosis.
Regarding specific developmental disorders (F80–F83, e.g., impairments in speech and language
and scholastic skills) the moderate difference between the exposed and controls attenuated
after adjustment for OHC. Again, the rates were highest among the exposed with OHC and
the controls with OHC. OHC and maternal risks were interrelated and, together with male
sex and low birth weight, were associated with neurodevelopmental disorders both among the
exposed and controls and decreased the difference between them. Conclusions: A strong asso-
ciation between ACEs and neurodevelopmental disorders was found. Brain research is needed to
examine whether ACEs worsen neurodevelopmental outcomes caused by PSE.
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The developing brain is highly sensitive and
responsive to environmental exposures during
the prenatal and early postnatal periods
(Miguel et al., 2019). Maternal alcohol con-
sumption during pregnancy is a major prenatal
environmental risk and can impair the normal
development of the foetus resulting in a
cluster of behavioural, neurocognitive and
physical abnormalities diagnosed as Foetal
Alcohol Spectrum Disorders (FASD) (Popova
et al., 2016; Riley et al., 2011). The use of
illicit drugs may have similar neurodevelop-
mental consequences (Ross et al., 2015) but
research is inconsistent (Irner, 2012; Lambert
& Bauer, 2012).

Maturation of the brain continues throughout
childhood and adolescence, and environmental
factors play a crucial role in the maturation of

the brain regions responsible for higher cogni-
tive functioning (Johnson et al., 2016; Miguel
et al., 2019; Noble et al., 2012). Severe stress
caused by recurrent traumatic experiences,
especially in early life during the rapid develop-
ment of the brain, can cause enduring brain dys-
function (Anda et al., 2006; Fox et al., 2010;
Noble et al., 2012). Limbic regions, such as
the amygdala and hippocampus, are particularly
affected (Miguel et al., 2019; Tottenham et al.,
2010) as well as the anterior cingulate cortex
(Noble et al., 2012). The amygdala has a
central role in social-emotional processing, the
hippocampus in memory functions and the
anterior cingulate cortex in cognitive control
and self-regulation (Noble et al., 2012). Poor
caregiving and institutional rearing, even in
the best circumstances, may have long-term
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effects on the neurobiological development
associated with socioemotional behaviours
(De Bellis & Zisk, 2014; Miguel et al., 2019;
Tottenham et al., 2010).

Because of possible teratogenic central
nervous system (CNS) effects of alcohol and
drugs, affected children are prone to additional
mental and behavioural disorders (Irner, 2012;
Streissguth et al., 1996). Studies on prenatal
alcohol exposure (PAE) have shown an associ-
ation between adverse childhood experiences
(ACEs) and disabilities referred to as second-
ary, such as mental health problems, disrupted
school experience and alcohol/drug problems
(Easey et al., 2019; Popova et al., 2016;
Streissguth et al., 1996, 2004). However,
based on brain research (Miguel et al., 2019;
Tottenham et al., 2010), it is possible to
assume that ACEs may also increase neurode-
velopmental disorders, manifesting especially
in cognitive control, self-regulation and
memory functions. According to a review by
Alberry et al. (2021), a stressful environment
in early life may worsen the neurodevelopmen-
tal outcomes of prenatal alcohol exposure
through epigenetic changes.

The relationship between PAE, ACEs and
neurodevelopmental disorders has not been
well studied (Alberry et al., 2021; Koponen
et al., 2009; Kambeitz et al., 2019; Price
et al., 2017). The few existing studies suggest
that ACEs may increase the likelihood of neuro-
developmental problems appearing in attention,
memory, intelligence, language development
and behaviour (Koponen, 2006; Koponen
et al., 2009, 2013; Coggins et al., 2007; Henry
et al., 2007; Hyter, 2012; Kambeitz et al.,
2019). Studies on prenatal drug exposure have
focused more systematically on environmental
risk factors. These studies conclude that envir-
onmental factors largely moderate or even over-
shadow the effects of prenatal drug exposure on
children’s and adolescents’ cognitive and emo-
tional development (Ackerman et al., 2010;
Buckingham-Howes et al., 2013; Irner, 2012;
Lambert & Bauer, 2012; Minnes et al., 2011;
Schempf, 2007).

This longitudinal register-based cohort study
investigated associations between prenatal sub-
stance exposure (PSE, alcohol/drugs), ACEs
and diagnosed neurodevelopmental disorders.
First, the prevalence of specific developmental
disorders (F80–F83) and conduct and emotional
disorders (F90–F94) was compared between
youth with PSE (n= 615) aged 15–24 years
and matched unexposed controls (n= 1787).
Second, the relationships between PSE, health
at birth (birth weight, exposure to smoking),
ACEs (out-of-home care (OHC) and maternal
adversities), and F80–F83 and F90–F94 diagno-
ses were investigated. The classification of dis-
eases is based on the International Statistical
Classification of Diseases and Related Health
Problems (ICD-10, version 2016). The studied
disease categories include disorders in
speech and language, scholastic skills, motor
function, ADHD, and conduct and emotional
disorders, which have been strongly asso-
ciated with PAE in particular (Mattson et al.,
2019).

Our hypothesis was that diagnosed neurode-
velopmental disorders are more common
among the exposed than the controls, and that
ACEs are associated with an increased risk of
these disorders in both groups. ACEs are asso-
ciated particularly with diagnoses that reflect
difficulties in cognitive control and self-
regulation of emotion and behaviour.

Methods

Data collection
Exposed youths were born in 1992–2001 to
mothers with a significant substance abuse
problem (alcohol and/or drugs) identified by
public health maternity clinic nurses in the
Helsinki metropolitan area and referred to three
special tertiary care antenatal clinics at Helsinki
University Hospital (HUS) for antenatal
follow-up and counselling. Identification was
based on the test score (≥ 8) on the Alcohol
Use Disorders Identification Test (AUDIT),
detected drug abuse or nonmedical use of a
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central nervous system medication or opioid
treatment and evaluation of the mother’s life situ-
ation. The pregnancy follow-up at antenatal
clinics included visits scheduled every 2–4
weeks according to individual need, with
intensified support by the experienced multi-
disciplinary addiction treatment team and
easy access to addiction treatment and/or psy-
chiatric care services (Kahila et al., 2010;
Sarkola et al., 2007). At each visit, substance
use (i.e., alcohol, cannabis, amphetamine,
heroin, buprenorphine, and other drugs) was
monitored with voluntary urine toxicology
screenings, conventional blood tests reflecting
alcohol consumption, i.e., carbohydrate-deficient
transferrin (CDT), haemoglobin-acetaldehyde
adducts, mean cell volume (MCV), gamma-
glutamyl transferase (GGT), and self-reports
(Sarkola et al., 2000). A majority of children
were exposed to alcohol or alcohol and drugs.

Matched unexposed controls were collected
from the Medical Birth Register among
women with no evidence of maternal substance
abuse in any of the national health and social
welfare registers at the time of the offspring’s
birth. The matching criteria were as follows:
same maternal age, parity and number of foe-
tuses and same month of birth and delivery hos-
pital of the child. Mothers’mean age at the time
of the child’s birth was 27 years (SD 6.5, range
15–45 years). Matching was done for maternal
characteristics and therefore children were not
matched by sex. The proportion of boys in the
cohort corresponds with the proportion of new-
borns in Finland (51.1%, Statistics Finland,
2019).

The present study is the second follow-up
of the cohort (Sarkola et al., 2007). For
the first follow-up, from birth up to the age of
5–15 years, hospital medical records of
substance-abusing mothers and their children
were reviewed and linked with register data
from multiple mandatory national health and
social welfare registers. Similar register data
from the national registers were gathered for
each mother–child control dyad. In the present
second follow-up, the data collected for the

first follow-up were used and new data up to
the age of 15–24 years were collected.

The unique identification number assigned
to each Finnish citizen at birth or immigration
was used to link the data, and after linkage the
identification numbers were concealed and
replaced with study numbers. The first follow-up
of the cohort included 638 exposed and 1914
unexposed mother–child dyads. The present
second follow-up included 615 exposed and
1787 unexposed mother–child dyads after exclu-
sions (missing/nondisclosed ID information,
died in infancy, incorrect birth year). The data
collection process and registers are described in
detail in Koponen et al. (2020b).

Ethics
The study was approved by the local ethical
committee of HUS (Dnro 333/E8/02) and all
register organisations which provided data. No
study subjects were contacted. All register lin-
kages were performed by a statistical authority
(Finnish Institute for Health and Welfare,
THL) and the data were analysed anonymously
by researchers with research permission pro-
vided by the register keepers. According to
Finnish law, informed consent is not required
in register studies when study subjects are not
contacted.

Variables and register sources
The variables used in the present study are listed
below. These include variables on childhood
adversities considered important for children’s
neurocognitive and emotional development
(Miguel et al., 2019; Shonkoff et al., 2009).

Outcome variables.
Primary diagnosis for a neurodevelopmental

disorder: Specific developmental disorders
(ICD-10 F80–F83 and conduct and emotional
disorders F90–F94). At least one inpatient
episode (public and private hospitals, 1992–
2016) or outpatient hospital visit (public hospi-
tals, 1998–2016) with International Statistical
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Classification of Diseases and Related Health
Problems ICD-10 codes F80–F83 and F90–
F94 (1996–2016) and the corresponding
ICD-9 codes (1992–1995) based on the
Hospital Discharge Register (1992–1993) and
Care Register for Health Care (1994–2016).

Youths’ demographic background factors. Sex
(male, female): Medical Birth Register.

Mortality (no, yes; date of death): Cause of
Death Register.

Native language (Finnish, Swedish, other):
Population Information System.

Marital status (married, unmarried: single/
divorced/widowed): Population Information
System.

Completed secondary education (no, yes):
Education Register.

Prenatal substance exposure (alcohol/drugs).
FASD (no, yes): FAS, FAE (Foetal Alcohol
Effects), ARND (Alcohol Related
Neurobehavioral Disorder), ARBD (Alcohol
Related Birth Defect): Register of Congenital
Malformations. At least one inpatient episode
or outpatient hospital visit with ICD-9 code
760.71 or ICD-10 code Q86.0. FAS (Foetal
Alcohol Syndrome): Hospital Discharge
Register or Care Register for Health Care.

Neonatal Abstinence Syndrome (NAS) (no,
yes): Medical records from the HAL clinics,
Medical Birth Register, and Hospital
Discharge Register or Care Register for Health
Care including inpatient episodes and out-
patient hospital visits with ICD-9 code 7795
or ICD-10 code P96.1.

Maternal smoking during pregnancy.
Exposure to mother’s daily smoking (no expos-
ure or mother stopped smoking after the first tri-
mester, mother smoked throughout pregnancy):
Medical Birth Register.

New-born health. Gestational weeks at deliv-
ery (< 37 weeks, ≥ 37 weeks): Medical Birth
Register.

Apgar score at one minute (0–6, 7–10):
Medical Birth Register.

Birth weight (< 2500 g, ≥ 2500 g; median):
Medical Birth Register.

Birth height (median): Medical Birth Register.

Adverse childhood experiences:. Out-of-home
care (no OHC, at least one episode; age at
first episode). Information on OHC during
1992–2016 is based on the Child Welfare
Register. In the Finnish child welfare system,
outpatient support is always offered first and
OHC is only indicated if outpatient support
has failed (Child Welfare Act, 2007). OHC
ends at the age of 18 years, but extended after-
care services were available for OHC youth
until the age of 24 years at the time of the study.

Mother’s life situation at delivery. Age: Medical
Birth Register (< 25 years, ≥ 25 years).

Marital status (married, unmarried: single/
divorced/widowed): Medical Birth Register.

Socioeconomic status (high (self-employed/
lower-level employee/upper-level employee),
low (manual worker/student/pensioner/other)):
Medical Birth Register.

Maternal risk factors. Diagnosed mental or
behavioural disorder: At least one outpatient
visit or inpatient episode with a primary diagno-
sis for mental or behavioural disorder: ICD-9
codes (1987–1995) 290 and 293–319, and
ICD-10 codes (1996–2016) F00–F09 and
F20–F99 based on the Hospital Discharge
Register or the Care Register for Health Care.

Diagnosed substance abuse: At least one
outpatient visit or inpatient episode with a
primary or a secondary diagnosis or external
cause for alcohol and/or drug-related abuse:
ICD-9 (1987–1995) codes: 291–292, 303–
305, 3570, 4255, 5353, 5710, 5711–5713,
6483, 6555, 9650, and 9696–9697 and
ICD-10 (1996–2016) codes E24.4, F10–F16,
F18–F19, G31.2, G40.5, G40.51, G40.52,
G62.1, G72.1, I42.6, K29.2, K70, K85.2,
K86, O35.4–O35.5, P04.4, R78.0–R78.5, T40,
T43.6, T50.2–T50.3, T51, Z71.4, Z72.1–
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Z72.2, X45, and X69 based on the Hospital
Discharge Register or the Care Register for
Health Care.

Mortality (no, yes; date of death): Cause of
Death Register.

Criminal record (no sentence, at least one
sentence during 1985–2018): Criminal Records
Register.

Social assistance (no long-term social assist-
ance, long-term social assistance (10–12
months during a one-year period in 2002–
2016)): Register of Social Assistance. Social
assistance is the last-resort financial assistance
for individuals and families in order to guaran-
tee a minimum standard of living.

Statistical analysis
Data from hospital medical records and nine
registers were merged for this longitudinal
register-based matched cohort study. Data ana-
lysis was guided by the fact that a majority
(64%) of the exposed youth had been in OHC
compared with a minority (8%) of the unex-
posed control group. Previous studies have
shown a strong association between OHC, espe-
cially institutional care, and mental health pro-
blems (e.g., van IJzendoorn et al., 2020).
Therefore, in the first step of the analysis, the
prevalence of specific developmental disorders
(F80–F83) and conduct and emotional disorders
(F90–F94) was analysed separately according
to exposure status and OHC status by using
Pearson chi2 tests and Fisher’s exact test.

In the next step of the analysis, bivariate
associations between OHC, other childhood
adversities and specific developmental disor-
ders and conduct and emotional disorders
were analysed separately among the exposed
and controls in order to see whether predictors
of these disorders are similar in both groups.
In the final hierarchical multivariable models,
the exposure status and all childhood adversities
were added step by step. Cox regression model-
ling was used in univariate and multivariable
analyses with the longitudinal data. The
follow-up started from birth and lasted until

the first F80–F83 diagnosis or the first F90–
F94 diagnosis, death or the end of the follow-up
in 2016. The time of the first incidence of mater-
nal risk factors (e.g., child’s age at the mother’s
first mental or behavioural disorder diagnosis)
was taken into account in the analyses. The
cut-off points were before birth and/or before
school age (< 7 years), as appropriate. Crude
and adjusted hazard ratios (HRs) with 95% con-
fidence intervals (CIs) were calculated. The
level of statistical significance was set at p <
0.05.

Variables to the multivariable Cox regres-
sion models were chosen on a theoretical and
statistical basis. Spearman correlations between
study variables were explored prior to multivari-
able analyses to check multicollinearity. Due to
moderate or strong correlations between expos-
ure status and maternal risk factors (0.244–
0.675, p<0.001), a sum score of five maternal
risk factors (mental or behavioural disorder,
diagnosed substance abuse problem, death, long-
term social assistance, criminal record) was
created to address the multicollinearity. Child
and maternal age were not included in the multi-
variable Cox regression models as the groups
were matched by these factors. IBM SPSS statis-
tics (version 28.0) was used.

Results

Sample description
About half of the 615 exposed (49.3%) and
1787 controls (51.7%) were male, 59.5% were
18–24 years old in 2016 (range 15–24 years),
a majority had Finnish as their native language
(exposed 95.9%, controls 86.2%), and 17.9% of
the exposed and 23.4% of the controls had com-
pleted secondary education. In both groups, 1%
had died during the follow-up, and less than 2%
were married. Of the exposed, 7.5% (n= 46)
had a FASD continuum diagnosis and 8.1% (n
= 50) had a history of NAS diagnosis.
Compared with the unexposed controls, the
exposed were more often exposed to daily
maternal smoking throughout pregnancy
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(75.3%/18.9%, p< 0.001) and were more likely
to have had a birth weight less than 2500 g
(12.5%/6.7%, p< 0.001) and birth height
below the median (60.0%/39.4%, p < 0.001).
No differences between the exposed and con-
trols were found in gestational age at delivery
or 1-min Apgar scores. Of the exposed, 63.9%
had been in OHC at least once (controls 8.2%, p
<0.001) and 91.9% had at least one maternal
risk factor (controls 27.8%, p<0.001), (Koponen
et al., 2020a). The median age of the first diagno-
sis of specific developmental disorders (F80–F83)
was 6.4 years (interquartile range IQR 5.3–9.6)
among the exposed and 6.4 years (IQR 5.2–9.8)
among the controls. The median age of diagnosis
of conduct and emotional problems (F90–F94)
was 10.2 years (IQR 7.8–12.8) among the
exposed and 10.7 years (IQR 8.2–13.9) among
the controls.

Neurodevelopmental disorders among
youth with prenatal substance exposure
and unexposed controls, and separately
stratified for OHC
Figure 1(a) to (d) and Table 1 show that the
overall proportion of specific developmental
disorders (F80–F83) was somewhat higher,
and the proportion of conduct and emotional
disorders (F90–F94) almost four times higher
among the exposed than the controls.
However, when the results were analysed by
the combined effects of PSE and OHC, the
picture was more complicated. The first point
noticed was that the rates of neurodevelopmen-
tal disorders were much higher among youth
with OHC regardless of their substance expos-
ure status. Second, the differences between the
exposed and controls were seen mostly
between the exposed without OHC and the con-
trols without OHC.

Comparison between youth with and without OHC
separately in the exposed and control groups..
Specific developmental disorders (F80–F83)
were twice as common among the exposed

with OHC (16.5%) compared with the
exposed with no OHC (8.1%, p= 0.003).
Regarding the subcategories, a significant dif-
ference was seen in mixed specific developmen-
tal disorders (F83, p= 0.008) but not in the
proportion of speech and language (F80), scho-
lastic skills (F81) or motor function (F82) disor-
ders. Similarly, F80–F83 diagnoses were more
common among the controls with OHC
(25.2%) than the controls with no OHC
(7.9%, p< 0.001), and the differences were
clear in all subcategories (p < 0.001) (Table 1,
Figure 1(a) and (b)).

Conduct and emotional disorders (F90–F94)
were almost four times more common among
the exposed with OHC (43.8%) than the
exposed with no OHC (11.7%, p < 0.001). The
clear difference (p< 0.001) was seen in all sub-
categories: hyperkinetic disorders (ADHD,
F90), conduct disorders (F91), mixed disorders
of conduct and emotions (F92), emotional dis-
orders with onset specific to childhood (F93)
and disorders of social functioning (F94).
Among the controls, F90–F94 diagnoses were
seven times more common among those for
OHC (41.5%) than those with no OHC (5.9%,
p< 0.001), and the differences in all subcategor-
ies were significant (p< 0.001) (Table 1,
Figure 1(c) and (d)).

Comparison between exposed and controls
stratified for OHC.. Regarding the main and sub-
categories of specific developmental disorders
(F80–F83), no significant differences were
found between the exposed without OHC
(8.1%) and the controls without OHC (7.9%).
Among the youth with OHC, F80–F83 diagno-
ses were more common among the controls
(25.2%) than the exposed (16.5%, p= 0.023)
mainly due to the higher proportion of disorders
of speech and language (F80) and motor func-
tion (F82) (Table 1, Figure 1(a) and (b)).

Conduct and emotional disorders (F90–
F94) were two times more common among
the exposed without OHC (11.7%) compared
with the controls without OHC (5.9%, p=
0.001) mainly due to the higher proportion of
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hyperkinetic disorders (ADHD, F90), mixed
disorders of conduct and emotions (F92) and
emotional disorders with onset specific to child-
hood (F93). No differences were found between
the exposed with OHC and controls with OHC.
In both groups, over 40% had an F90–F94 diag-
nosis (Table 1, Figure 1(c) and (d)).

Bivariate associations between childhood
adversities and neurodevelopmental
disorders
Specific developmental disorders (F80–F83)..
Among the exposed, F80–F83 diagnoses were

associated with low birth weight, OHC, mater-
nal long-term social assistance and a sum of
maternal risk factors. In addition, F80–F83
diagnoses were more common among the
exposed with a diagnosed FASD than those
who were undiagnosed (Table 2).

Among the controls, male sex, low birth
weight, OHC and maternal adversities related
to low socioeconomic status, mental and behav-
ioural disorders, diagnosed substance abuse
after delivery, long-term social assistance and
a sum of maternal risk factors were all asso-
ciated with F80–F83 diagnoses (Table 2).

The association between maternal adversi-
ties and F80–F83 diagnoses was stronger

Figure 1. (a) Specific developmental disorders (F80–F83) among the exposed and controls (%). (b) Specific
developmental disorders (F80–F83) among the exposed and controls with and without out-of-home care
(OHC) (%). F80–F83 Specific developmental disorders, F80 Specific developmental disorders of speech and
language, F81 Specific developmental disorders of scholastic skills, F82 Specific developmental disorder of
motor function, F83 Mixed specific developmental disorders. (c) Conduct and emotional disorders (F90–F94)
among the exposed and controls (%). (d) Conduct and emotional disorders (F90–F94) among the exposed
and controls with and without OHC (%). F90–F94 Conduct and emotional disorders, F90 Hyperkinetic
disorders (ADHD), F91 Conduct disorders, F92 Mixed disorders of conduct and emotions, F93 Emotional
disorders with onset specific to childhood, and F94 Disorders of social functioning with onset specific to
childhood and adolescence.
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among the controls than the exposed, which
may be due to the strong correlation between
substance exposure and maternal adversities.
The exposure status correlated strongly with
the sum of maternal risk factors (0.638),
mother’s diagnosed substance abuse (0.675)
and smoking (0.523), and moderately with
mother’s marital status (0.346) and mental and
behavioural disorders (0.330). Moreover,
OHC correlated strongly with the sum of mater-
nal risk factors (0.594) and exposure status
(0.582) (Appendix 1).

Conduct and emotional disorders (F90–F94)..
Among the exposed, F90–F94 diagnoses were
associated with being male, low birth weight,
OHC and maternal adversities related to diag-
nosed substance abuse, long-term social assist-
ance and a sum of maternal risk factors. In
addition, diagnosed FASD was associated with
a higher rate of F90–F94 diagnoses (Table 2).

Among the controls, F90–F94 diagnoses
were associated with male sex, OHC, and
maternal adversities: daily smoking throughout
pregnancy, young age, being unmarried and
low socioeconomic status at delivery, mental
or behavioural disorders, diagnosed substance
abuse after the delivery, long-term social assist-
ance, criminality and a sum of maternal risk
factors (Table 2).

Similarly to F80–F83 diagnoses, associa-
tions between maternal adversities and
F90–F94 diagnoses were stronger among the
controls than the exposed. In addition, the cor-
relation between exposure status and F90–F94
diagnoses was stronger (0.287) than the correl-
ation between exposure status and F80–F83
diagnoses (0.060) (Appendix 1).

Multivariable associations between
prenatal substance exposure, childhood
adversities and neurodevelopmental
disorders
In the final Cox regression models, the main
risk factors (based on results from Table 2 andT
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on theoretical importance) of F80–F83 and
F90–F94 diagnoses were added to the models.
The difference between the exposed and con-
trols in F80–F83 diagnoses was attenuated fol-
lowing the inclusion of maternal adversities
and OHC in the analyses. Male sex, low birth
weight, a sum of maternal risks and OHC
were associated with F80–F83 diagnoses
(Table 3, Figure 2(a)).

The difference between the exposed and
controls in F90–F94 diagnoses diminished
after adding maternal risk factors and especially
OHC into the final model. F90–F94 diagnoses
were associated with male sex, unmarried
mother and low socioeconomic status at deliv-
ery, a sum of maternal risks and OHC. After
adjustments of other independent variables,
youths with OHC had a five times higher risk
of conduct and emotional disorders than
youths without OHC (HR= 5.10, 95% CI
3.71–7.01, p < 0.001) (Table 4, Figure 2(b)).

Discussion
This study investigated the prevalence of neuro-
developmental disorders among youth with
PSE in comparison to unexposed matched con-
trols and environmental adversities associated
with these disorders. The limitation of many
previous studies has been the lack of a control
group enabling the researchers to adjust for
the effect of OHC and other ACEs. The
present longitudinal study was able to fill this
gap. The results showed that neurodevelopmen-
tal disorders were in general more common
among exposed youth, but the magnitude of dif-
ference between the exposed and controls
varied in different disorder categories and
according to their OHC status and other child-
hood adversities.

Conduct and emotional disorders (F90–F94)
were more common among the exposed than
specific developmental disorders (F80–F83).
This result is in line with previous studies,
which show a high prevalence of emotional
and behavioural dysregulation among children
and youth with substance exposure (Irner,

2012; Popova et al., 2016; Weyrauch et al.,
2017). The proportion of F90–F94 diagnoses
was higher compared with the controls but
only when the exposed without OHC were com-
pared with the controls without OHC. The dif-
ference was seen in hyperkinetic disorders
(ADHD, F90), mixed disorders of conduct and
emotions (F92) and emotional disorders with
onset specific to childhood (F93). All diagnoses
in the F90–F94 category were as common
among the controls with OHC as the exposed
with OHC.

Regarding specific developmental disorders
(F80–F83), the moderate difference between
the exposed and controls attenuated when the
results were stratified for OHC. Again, the
rates were highest among the exposed with
OHC and controls with OHC. Surprisingly,
the controls with OHC were even more often
diagnosed with deficits in speech and language
development (F80) and motor function (F82)
compared with the exposed with OHC. Many
previous studies have found a higher prevalence
of language and motor dysfunctions among the
exposed (Irner, 2012; Mattson et al., 2019; Price
et al., 2017; Riley et al., 2011). Language abil-
ities are closely related to socioeconomic status,
the linguistic environment and parent–child
interaction (Noble et al., 2012; Pace et al.,
2017), which may explain the difference
between the results from the present study and
previous studies.

Multivariable analyses showed that OHC and
maternal risk factors, which were interrelated,
were strongly associated with an increased risk
of specific developmental disorders (F80–F83)
and even more strongly with conduct and emo-
tional disorders (F90–F94) among both the
exposed and controls. The relationship between
the mother’s marital and socioeconomic status
with neurodevelopmental disorders was
weaker. Low birth weight and male sex were
additional risk factors. Children who had ended
up with OHC had the highest number of ACEs
and the exposed also had poorer health at birth
compared with those with no OHC as we have
previously reported in Koponen et al. (2020a).
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The results reflect the mothers’ difficult life
situations, difficulties in taking care of their
children, and regarding the mothers of the
exposed, also heavy maternal substance
abuse during pregnancy.

The onset of disorders included in the F80–
F83 and F90–F94 diagnosis categories (ICD-10)
is in childhood, and these disorders are strongly

related to the biological maturation of the central
nervous system. ACEs causing severe stress and
prolonged institutional rearing have detrimental
consequences on the biological stress systems
and the development of brain areas responsible
for cognitive control, self-regulation and
memory (De Bellis & Zisk, 2014; Miguel et al.,
2019; Noble et al., 2012; Tottenham et al.,

Table 3. Association between childhood adversities and F80–F83 diagnoses from birth to early adulthood. Cox regression
hazard models, N= 2402.

Model 1
HR (95% CI)

Model 2
HR (95% CI)

Model 3
HR (95% CI)

Model 4
HR (95% CI)

Model 5
HR (95% CI)

Exposure
Controls
Exposed

1
1.47 (1.13–1.92)

**

1
1.45 (1.06–1.99)

*

1
1.35 (0.96–1.90)

1
0.74 (0.51–1.09)

1
0.60 (0.41–0.90)

*

Sex
Female
Male

1
2.27 (1.74–2.97)

***

1
2.26 (1.71–3.00)

***

1
2.25 (1.70–2.98)

***

1
2.23 (1.68–2.95)

***

Birth weight
≥ 2500 g
< 2500 g

1
2.74 (1.97–3.80)

***

1
2.75 (1.95–3.88)

***

1
2.77 (1.96–3.90)

***

1
2.57 (1.82–3.62)

***

Exposure to smoking
No
Yes

1
0.92 (0.68–1.25)

1
0.85 (0.62–1.18)

1
0.72 (0.52–0.99)

1
0.67 (0.48–0.93)

Mother’s socioeconomic status
at delivery
High
Low

1
1.24 (0.95–1.63)

1
1.08 (0.83–1.43)

1
1.05 (0.80–1.38)

Mother’s marital status at
delivery
Married
Not married

1
1.05 (0.79–1.41)

1
0.97 (0.73–1.30)

1
0.94 (0.71–1.26)

Number of maternal risk
factors
0
1
2–5

1
1.98 (1.38–2.83)

***
3.37 (2.27–5.01)

***

1
1.76 (1.22–2.54)

**
2.37 (1.53–3.69)

***

Out-of-home care (OHC)
No
Yes

1
2.23 (1.53–3.25)

***

Note. HR = hazard ratio; CI = confidence interval.
*p< 0.05. **p< 0.01. ***p< 0.001.
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2010; van IJzendoorn et al., 2020). The results are
in line with the view of Alberry et al. (2021) that a
stressful postnatal environment may worsen the
outcomes of PAE. In addition, Fisher et al.
(2011) have shown that early adversities have an
equal effect to PSE in the onset and growth of
behaviour dysregulation during adolescence.

Strengths and limitations
The strengths of this study include the large
sample size, matched control group, longitu-
dinal design, the high-quality register data
without response and recalling bias or subject
loss (Aro et al., 1990; Gissler & Haukka,
2004; Sund, 2012) and the possibility to inves-
tigate the combined effect of PSE and many
ACEs, which is in contrast to prior studies in
the field (Pei et al., 2011; Price et al., 2017;
Shonkoff et al., 2009). In Finland, publicly
funded healthcare assures health services to all
pregnant women, of whom almost all (99.7%)
attend these services (Kahila et al., 2010). In
addition, free-of-charge child and school
health services increase the possibility that
every child and adolescent is referred to
special care when problems arise, providing
validity to the present study.

As the exposed cohort represents only 0.4%
of all children born in the Helsinki metropolitan
area in 1992–2001, the study includes only the
most severe spectrum of maternal substance
abuse (Kahila et al., 2010). Moreover, registered
diagnoses of mental and behavioural disorders
from specialised care in hospitals may reflect
more severe cases. Diagnoses from primary
care were not included because they were not
available for the complete study period.

As in all studies on prenatal substance expos-
ure (Behnke et al., 2013), detailed information
on the type, timing and amount of exposure is
limited, despite regular substance use monitor-
ing during the antenatal follow-up, and the
results are likely to reflect the combined effect
of alcohol and drugs. Further, the unexposed
control group may include light alcohol use
during pregnancy not seeking medical attention
and, thus, not included in the mandatory health
and social welfare registries. However, it is
unlikely that maternal substance use during
pregnancy could explain the higher rate of neu-
rodevelopmental disorders among the controls
with OHC compared with the exposed with no
OHC. In addition, the range of childhood
adversities is limited and information on
fathers and on the quality of life in foster/

Figure 2. (a) Hazard function for F80–F83 diagnoses among the exposed and controls after adjustment for
covariates (sex, birth weight, exposure to smoking, mother’s socioeconomic status, mother’s marital status,
sum of maternal risk factors and out-of-home care). Follow-up from birth until the first F80–F83 diagnosis,
death or the end of the follow-up in 2016. (b) Hazard function for F90–F94 diagnoses among the exposed and
controls after adjustment for covariates (sex, birth weight, exposure to smoking, mother’s socioeconomic
status, mother’s marital status, sum of maternal risk factors and out-of-home care). Follow-up from birth
until the first F90–F94 diagnosis, death or the end of the follow-up in 2016.
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Table 4. Association between childhood adversities and F90–F94 diagnoses from birth to early adulthood.
Cox regression hazard models, N= 2402.

Model 1
HR (95% CI)

Model 2
HR (95% CI)

Model 3
HR (95% CI)

Model 4
HR (95% CI)

Model 5
HR (95% CI)

Exposure
Controls
Exposed

1
4.18

(3.39–5.16)
***

1
3.53

(2.74–4.56)
***

1
2.88

(2.19–3.79)
***

1
1.63

(1.20–2.22)
**

1
1.13

(0.82–1.54)

Sex
Female
Male

1
1.72

(1.39–2.13)
***

1
1.64

(1.31–2.06)
***

1
1.64

(1.31–2.06)
***

1
1.66

(1.32–2.08)***

Birth weight
≥ 2500 g
< 2500 g

1
1.39

(1.01–1.93)*

1
1.56

(1.11–2.18)**

1
1.53

(1.09–2.14)*

1
1.34

(0.96–1.87)

Exposure to smoking
No
Yes

1
1.35

(1.05–1.74)*

1
1.28

(0.98–1.68)

1
1.10

(0.84–1.43)

1
0.89

(0.68–1.17)
Mother’s

socioeconomic
status at delivery
High
Low

1
1.50

(1.18–1.91)***

1
1.37

(1.08–1.74)**

1
1.28

(1.01–1.63)*

Mother’s marital status
at delivery
Married
Not married

1
1.46

(1.12–1.91)**

1
1.38

(1.06–1.79)*

1
1.34

(1.03–1.74)*
Number of maternal

risk factors
0
1
2–5

1
2.23

(1.58–3.15)***
3.45

(2.42–4.92)
***

1
1.67

(1.17–2.40)
**
1.65

(1.11–2.44)
*

Out-of-home care
No
Yes

1
5.10 (3.71–7.01)

***

Note. HR = hazard ratio; CI = confidence interval.
*p< 0.05. **p< 0.01. ***p< 0.001.
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adoptive care is lacking. Finally, despite the
longitudinal design and analysis of the timing
of ACEs, we are able to show only association,
not causality, between ACEs and neurodevelop-
mental disorders.

Conclusion
This study is one of the first to show the strong
association between OHC, other ACEs, and
neurodevelopmental disorders typically related
to prenatal substance exposure, especially
alcohol exposure, such as disorders of attention,
conduct and emotional functioning. By secur-
ing a safe and predictable caregiving environ-
ment for children with PSE, it is possible to
prevent further risks caused by the environment
and offer the best possible life to exposed chil-
dren despite their disabilities caused by PSE.
Every effort to support the caregiving abilities
of mothers with difficult life situations
should be made in health and social care.
More research including brain research is
needed to explore the combined effect of
central nervous dysfunction present at birth
and adverse experiences during childhood and
adolescence.
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