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Abstract
Exposure to gestational stress is implicated in increased risk for neuropsychiatric disorders in offspring. We assessed association between prenatal exposure to a 1-month period of repeated rocket attacks during the 2006 Second Lebanon War in
Northern Israel and emergence of childhood neuropsychiatric disorders from birth through 9 years of age. Children born
to women who were pregnant during the war (N = 6999) were identified and compared to children in the same district born
a year later (N = 7054), whose mothers were not exposed to rocket attacks during pregnancy. Multivariable regression
models assessed risk for attention deficit hyperactivity disorder, autism, epilepsy, depression and/or anxiety, or any of these
disorders (composite outcome) in offspring. Models controlled for multiple confounders including parents’ demographics,
parity, maternal use of psychotropic medications during pregnancy, post-partum depression and parental psychiatric history.
Results show that exposed and comparison groups did not differ with respect to demographics, parity or psychiatric history.
Exposed and comparison groups were similar with regard to gestational age and weight at birth. Multivariable models did
not demonstrate an association between exposure to rocket attacks during pregnancy and neuropsychiatric outcomes by age
9. No interactions were found between exposure and gestational trimester at exposure or child’s sex. Our findings suggest
that in utero exposure to isolated, 1-month repeated rocket attacks on a civilian population was not associated with major
neuropsychiatric outcomes in children by age 9. Future studies should evaluate whether this exposure is associated with
psychiatric and/or other health-related outcomes later in life.
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Introduction
The prenatal environment is known to influence health outcomes throughout the lifecycle [1]. While this hypothesis
was previously suggested in the context of limited supply
of nutrients during pregnancy as a predictor of later life
medical conditions [2], recent studies suggest that other
stress-imposing exposures during pregnancy could induce
in utero programming to disease susceptibility [3]. Multiple mechanisms have been proposed to explain the prenatal
reprogramming effect of stress, those include the placenta,
gene–environment interactions, epigenetics, and neuro-endocrine-immune systems, including the hypothalamic–pituitary–adrenal axis and cytokines (for review see Glover et al.)
[4]. Studies show that psychological stress of the pregnant
mother is associated with various early conditions in the
offspring, including length of gestation and birth-related

13

Vol.:(0123456789)

European Child & Adolescent Psychiatry

abnormalities [5–7], along with immune-related conditions
in childhood, such as asthma and allergies [8, 9]. Few studies
have suggested that prenatal exposure to gestational stress
is associated with neurodevelopmental disorders like attention deficit hyperactivity disorder (ADHD), autism spectrum
disorder (ASD) and other mental health outcomes [10].
Ongoing conflict in the Middle East often exposes civilians to repeated rocket attacks [11]. Several studies on pregnancy exposure to these long-lasting attacks have reported
an increased rate of spontaneous abortions [12], low birth
weight [13] and other pregnancy complications [14] compared to non-exposed controls. In the summer of 2006, from
July 13th to August 13th, during the Second Lebanon War,
the population of Northern Israel endured roughly 4000
rocket attacks, with more than 40 civilian fatalities [15].
To date, no study has evaluated the association of exposure to an isolated period of repeated rocket attacks during
pregnancy and offspring development. In the current study,
we evaluated the association of exposure to repeated rocket
attacks during pregnancy with neuropsychiatric outcomes in
childhood using the integrated longitudinal electronic health
record data of members from Israel’s largest integrated
payer–provider health care organization. We hypothesized
that children born to exposed mothers would be at increased
risk for a variety of neuropsychiatric conditions, such as
ADHD, epilepsy, ASD and depression and/or anxiety compared to a comparison group of children whose mothers
were not exposed to the rocket attacks.

Methods
Study design
This retrospective cohort study followed an exposed and
comparison group from birth (index date) over a 9-year
period. The exposed group was composed of children born
to women who, while pregnant, lived in the Haifa district in
Israel during repeated rocket attacks over a 1-month period
during the Second Lebanon War (July 14–August 14, 2006).
The comparison group was composed of children born to
women who, while pregnant, lived in the same district 1 year
later (July 14, 2007–August 14, 2007) during a time of no
rocket attacks. Following the ceasefire on August 14, 2006
and extending throughout the study period, there were no
additional periods of rocket attacks in proximity to the Haifa
district. Children in both groups were followed from birth
until a mean age of 9 years (April 2016 for the exposed
group and April 2017 for the comparison group).
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Data source
Data were extracted from the comprehensive electronic
health record (EHR) database of Clalit Health Services
(CHS), the largest integrated payer–provider health care
organization in Israel, serving over four million members
and over half of Israel’s population. CHS provides inpatient
and outpatient services in 14 hospitals and over 1500 clinics.
The database includes claim-based inpatient and outpatient
clinical and procedural data, socio-demographic, laboratory
data, information on all births, pharmacy medication prescription and dispensing records, as well as details regarding
health behavior.
Access to the data warehouse and the analyses were
approved for this study by the CHS Institutional Review
Board.

Study population
We included CHS members whose mothers lived in the
Haifa district and were pregnant during the full duration of
the Second Lebanon War (exposed group), and CHS members whose mothers were pregnant and lived in the same
district 12 months later (non-exposed comparison group).
We excluded children whose mothers did not have continuous CHS membership for at least 2 years before the index
birth and through the 9-year follow-up period. Additionally,
children whose mothers took systemic steroids during pregnancy were excluded, as it was assumed that systemic steroid
exposure overrides the physiologic stress response (since it
interferes with the physiologic stress response hypothalamus–pituitary–adrenal axis). Lastly, children whose parent
(either mother or father) died during the entire study period
were excluded in order to avoid the impact of the stress of
losing a parent in childhood, that has been shown to be associated with stress response physiology [16], and hence may
override the gestational stress possibly associated with the
exposure.

Variables
Primary outcomes Four neuropsychiatric diagnoses outcomes were considered over the 9-year follow-up period:
ADHD, ASD, epilepsy and depression and/or anxiety disorder (diagnosis of anxiety or depressive disorders or any purchase of an antidepressant medication). In addition, a binary
composite outcome was created that indicates whether or
not any of the defined neuropsychiatric outcomes occurred
(a case was considered if a participant had at least one of the
following diagnoses: ADHD, ASD, epilepsy, depression or
anxiety). A complete list of International Classification of
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Diseases (ICD) codes and medications are described in the
Supplemental data (Supplemental tables S1 and S2). Clinical diagnoses and ICD codes are commonly added by CHS
physicians as part of routine medical care. The diagnoses are
based on standard medical practice in Israel and are added
to the EHR either by the primary care pediatrician, or alternatively the consulting physician (child and adolescent psychiatrist, child neurologist or developmental pediatrician).
Purchase of antidepressant medications was considered for
participants with at least one dispensed prescription of any
antidepressant (ATC N06A). According to the Israeli Health
Ministry instructions, mandatory for all physicians, antidepressant treatment in children is prescribed only following
a comprehensive evaluation by a certified child psychiatrist.
The neuropsychiatric outcomes among the children were
followed up for 9 years due to data constraints (data were
extracted on April 2017, allowing a 9-year follow-up for the
study population).

Covariates
We tested potential confounders at the start of the war (July
14, 2006) for mothers in the exposed group and again on
the same date a year later (July 14, 2007) for mothers in the
comparison group, including maternal population ethnicity (Arab or Jewish), maternal socio-economic status (low,
medium, high), maternal and paternal age at index birth
(in years), maternal and paternal smoking status (never,
past, current), singleton vs. multiple birth, parity of index
birth (ordinal), gestational age at birth (in weeks), psychiatric medication treatment during pregnancy (defined as a
purchase of antidepressants or antipsychotics; or at least
three purchases of benzodiazepines), maternal post-partum
depression (yes, no), trimester of pregnancy at exposure
(first, second, third), and the following maternal or paternal
diagnoses as documented in the EHR at the time of exposure (i.e., in the prenatal/pregnancy period): ADHD (yes,
no), ASD (yes, no), epilepsy (yes, no) and depression and/
or anxiety (yes, no).

Statistical analysis
The distributions of socio-demographic and clinical variables of the exposed and comparison groups were compared
using Chi-square test for categorical variables, Student’s t
test or Mann–Whitney U for continuous variables as appropriate. Univariate associations between the exposed and
comparison groups and the five neuropsychiatric developmental outcomes (ADHD, ASD, epilepsy, depression and/
or anxiety, and the composite outcome) were assessed using
Chi-square tests. Univariate analyses were further stratified
by trimester to determine whether there was a differential
association between gestational stress and neuropsychiatric

developmental outcomes based on the timing (trimester) of
the exposure during the mother’s pregnancy.
Five hierarchical logistic regression models assessed the
association between exposure and neuropsychiatric developmental outcomes among children controlling for child’s sex,
parents’ population sector, socioeconomic status (SES), age,
smoking status at index-birth, parity, gestational age and
weight at birth, maternal psychiatric medications treatment
during index-pregnancy, maternal post-partum depression,
trimester of exposure and parental neuropsychiatric diagnoses. Interaction terms were introduced to determine the
modifying effect of trimester, child’s sex, maternal ethnic
background and maternal post-partum depression on the
association between exposure and children’s neuropsychiatric outcomes throughout the 9-year study period. Odds ratios
(OR) and 95% confidence intervals (CI) were calculated.
Analyses were conducted using R (R Foundation for Statistical Computing) version 3.4.0.

Results
Exposed and comparison groups had similar rates of participants who met exclusion criteria for not continuing membership in CHS during study period (11.7% vs. 11.5%, respectively) and similar rates of prenatal exposure to systemic
steroids (0.7% vs. 0.5%, respectively). See Fig. 1 for the population flowchart. Characteristics of the included exposed
(N = 6999) and comparison (N = 7054) groups are presented
in Table 1. Among the entire sample, 49% of mothers were
Arab and 51% were Jewish, mean maternal age at birth was
28.3 years, mean parity was 2.5 children and 1% was treated
with psychiatric medications during pregnancy (0.9% in the
exposed group). Women exposed to the rocket attacks during
pregnancy had a slightly greater gestational age at delivery
(38.8 vs. 38.7 weeks, p = 0.04), and their rate of post-partum
depression was slightly lower than the comparison group
(2.0% vs. 2.5%, p = 0.03). Children in both the exposed and
comparison group were born with a mean weight of 3.2 kg.
The five multivariable logistic models examining associations between gestational stress and developmental neuropsychiatric outcomes are presented in Table 2. There was
no observed association between gestational stress and neuropsychiatric outcomes, including ADHD (OR 1.02; 95%
CI 0.92–1.14), ASD (OR 1.03; 95% CI 0.62–1.69), epilepsy
(OR 1.14; 95% CI 0.78–1.68), depression and/or anxiety
(OR 1.02; 95% CI 0.82–1.27) or the composite outcome of
any of these diagnoses (OR 1.06; 95% CI 0.95–1.17) over
the 9-year course of the children’s follow-up. The following
variables emerged as positively associated with the composite outcome: male sex (OR 2.48; 95% CI 2.23–2.76); being
from the Jewish sector (OR 2.66; 95% CI 2.38–2.98); maternal and paternal smoking (OR 1.40; 95% CI 1.18–1.66 and
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Fig. 1  Population flowchart.
CHS Clalit Health Services

OR 1.18; 95% CI 1.05–1.32, respectively) and post-partum
depression up to 1 year following birth (OR 1.75; 95% CI
1.29–2.36); gestational age at delivery was negatively associated with ADHD and the composite outcome (OR 0.93;
95% CI 0.91–0.96). The four interaction terms were examined in all models (gestational stress*trimester, gestational
stress*sex, gestational stress*maternal population ethnicity
and gestational stress*maternal post-partum depression);
none were statistically significant.
A sensitivity analysis was conducted among the study
population that included children who lost their parents during study period (that were excluded in the main analyses)
and found similar results for all models.

Discussion
In the current study, we found no association between prenatal exposure to an isolated period of repeated rocket attacks
and neuropsychiatric outcomes on children by age 9. This
finding is inconsistent with a group of previous studies that
observed an association of gestational stress due to stressful
life events [17–23] or natural disasters [24, 25] with neuropsychiatric outcomes in children. Our results do concur
with two studies that found no association between gestational stress and ASD in offspring [26, 27].
There are several potential explanations for our null findings. First, it is possible that there is a resilience effect of
gestational exposure to stress on select children outcomes.
Research has suggested that there may be an “inoculation
effect” of stress up to a certain degree, before it reaches a
“toxic” level [28, 29], along with the notion of community
resilience at times of extreme hardship, such as disasters or
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other adverse events [30]. It may be that the 1-month exposure to rocket attacks resulted in the development of tolerance to the stress rather than imposing toxic levels of stress
on the child’s development in utero. Indeed, the lower postpartum depression rate among exposed mothers in this study
may support this notion of resilience. Second, it is possible
that the outcomes we evaluated are not sensitive enough
to detect the signal of the risk imposed by the exposure.
For example, previous studies show associations of prenatal
stress exposure with increased autistic traits or ADHD symptoms [18], outcomes in the current analysis were defined by
diagnoses (ASD, ADHD), rather than symptom-level outcomes, which may be more sensitive to smaller effect size of
exposure. Additionally, the adverse neuropsychiatric effects
of exposure may present at ages older than 9 years (end
of the follow-up period), as suggested by studies describing adolescence and early adulthood depression in youth
exposed to prenatal stress [31–33], and by a recent study
linking prenatal exposure to terror attacks with increased
risk for offspring schizophrenia in adulthood [34]. Future
follow-up of this cohort through adulthood may reveal longterm consequences of the exposure.

Strengths and limitations
The major strength of the current study was the large sample
that we were able to study using comprehensive EHR data
from Israel’s largest health care organization. This permitted the longitudinal examination of the effect of multiple
mother and child covariates along with interactions such as
offspring sex and timing of exposure by trimester on the
neuropsychiatric outcomes. An additional strength was the
ability to create a control group composed of a population
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Table 1  Cohort characteristics
for pregnant women exposed
to gestational stress, 14 July
2006–4 June 2007, and the
unexposed comparison group,
14 July 2007–4 June, 2008,
Haifa, Israel

Total
N = 14,053

Exposed
N = 6999

Offspring sex, no. (%)
Female
6926 (49.3)
3457 (49.4)
Male
7127 (50.7)
3542 (50.6)
Maternal population sector, no. (%)
Arab
6814 (48.5)
3444 (49.2)
Jewish
7239 (51.5)
3555 (50.8)
Maternal SES, no. (%)
Low
6883 (49.3)
3489 (50.1)
Medium
3935 (28.2)
1946 (28.0)
High
3151 (22.6)
1527 (21.9)
Maternal age at birth, years
Mean (SD)
28.3 (5.3)
28.3 (5.3)
Maternal smoking status, no. (%)
Never
10,131 (88.5)
4391 (88.9)
Past
416 (3.6)
132 (2.7)
Current
905 (7.9)
418 (8.5)
Paternal age at b irtha
Mean (SD)
32.4 (5.8)
32.4 (5.9)
Paternal smoking status, no. (%)a
Never
4998 (59.0)
2038 (59.0)
Past
525 (6.2)
189 (5.5)
Current
2949 (34.8)
1228 (35.5)
Singleton birth, no. (%)
Yes
13,427 (95.5)
6706 (95.8)
No
626 (4.5)
293 (4.2)
Parity
Mean (SD)
2.5 (1.5)
2.5 (1.5)
Gestational age at birth, weeks
Mean (SD)
38.8 (1.8)
38.8 (1.7)
Birth weight, g
Mean (SD)
3189.0 (560.6)
3205.5 (525.6)
Psychiatric medication treatment during pregnancy, no. (%)
Yes
132 (0.9)
64 (0.9)
No
13,921 (99.1)
6935 (99.1)
Post-partum depression, no. (%)
Yes
314 (2.2)
137 (2.0)
No
13,739 (97.8)
6862 (98.0)
Trimester of pregnancy at exposure, no. (%)
First
5396 (38.4)
2667 (38.1)
Second
5734 (40.8)
2865 (40.9)
Third
2923 (20.8)
1467 (21.0)
Maternal ADHD
Yes
28 (0.2)
12 (0.2)
No
14,025 (99.8)
6897 (99.8)
Paternal ADHD
Yes
27 (0.2)
13 (0.2)
No
14,026 (99.8)
6986 (99.8)
Maternal ASD
Yes
6 (0.04)
4 (0.1)
No
14,047 (99.96)
6995 (99.9)

Comparison
N = 7054

p value

3469 (49.2)
3585 (50.8)

0.8

3370 (47.8)
3684 (52.2)

0.09

3394 (48.4)
1989 (28.4)
1624 (23.2)

0.1

28.3 (5.3)

0.5

5740 (88.2)
284 (4.4)
487 (7.5)

< 0.001

32.4 (5.8)

0.8

2960 (59.0)
336 (6.7)
1721 (34.3)

0.05

6721 (95.3)
333 (4.7)

0.1

2.5 (1.6)

0.2

38.7 (1.9)

0.04

3171.9 (594.6)

0.158

68 (1.0)
6986 (99.0)

0.8

177 (2.5)
6877 (97.5)

0.03

2729 (38.7)
2869 (40.7)
1456 (20.6)

0.8

16 (0.2)
7038 (99.8)

0.6

14 (0.2)
7040 (99.8)

1.0

2 (0.03)
7052 (99.97)

0.4
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Table 1  (continued)

Total
N = 14,053

Exposed
N = 6999

Paternal ASD
Yes
6 (0.04)
No
14,047 (99.96)
Maternal epilepsy
Yes
69 (0.5)
No
13,984 (99.5)
Paternal epilepsy
Yes
71 (0.5)
No
13,982 (99.5)
Maternal depression and/or anxiety
Yes
1213 (8.6)
No
12,840 (91.4)
Paternal depression and/or anxiety
Yes
892 (6.3)
No
13,161 (93.7)

Comparison
N = 7054

p value

4 (0.1)
6995 (99.9)

2 (0.03)
7052 (99.97)

0.4

39 (0.6)
6960 (99.4)

30 (0.4)
7024 (99.6)

0.3

(36 (0.5)
6963 (99.5)

35 (0.5)
7019 (99.5)

0.97

578 (8.3)
6421 (91.7)

635 (9.0)
6419 (91.0)

0.1

426 (6.1)
6573 (93.9)

466 (6.6)
6588 (93.4)

0.2

SES, socio-economic status; SD, standard deviation; ADHD, attention deficit hyperactivity disorder; ASD,
autism spectrum disorder
a

There were similar rates of fathers that were not CHS members from 2 years prior to index birth, hence
were not included in the analyses. In the exposed group, 1996 (28.5%) of fathers; in the control group,
1922 (27.2%) fathers

Table 2  Associationsa between
exposure to gestational
stress and neuropsychiatric
developmental outcomes among
offspring until 9 years of age

Gestational stress (Y/N)

ADHD
(n = 1905)

ASD (n = 77)

Epilepsy
(n = 177)

Depression/anx- Composite outiety (n = 398)
come (n = 2225)

β
SE β
OR
Lower 95% CI
Upper 95% CI
p value
Nagelkerke R2

0.02
0.06
1.02
0.92
1.14
0.66
0.31

0.03
0.25
1.03
0.62
1.69
0.92
0.26

0.13
0.2
1.14
0.78
1.68
0.49
0.15

0.01
0.11
1.02
0.82
1.27
0.84
0.21

0.01
0.11
1.06
0.95
1.17
0.3
0.21

OR, odds ratio; CI, confidence interval; ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder
a

Odds ratios were calculated via logistic multivariable regression models and adjusted for offspring sex,
parents’ population sector, age at child’s birth and smoking status, parity, child’s gestational age and weight
at birth, maternal psychiatric medication use during pregnancy, post-partum depression and parental history of ADHD, ASD, epilepsy or depression/anxiety

of women who were pregnant 1 year following the exposure
who closely resembled the exposed group in their sociodemographic and clinical covariates.
The current study had several limitations. Primarily, we did
not have any measure of the subjective stress that the pregnant
mothers experienced during the exposure period. The rationale
for the study hypothesis was that the exposed mothers would
be stressed during pregnancy in a manner that would trigger
biological processes that would contribute to an increase in the
identified outcomes compared to control mothers. However,
others have suggested that the subjective experience of distress
following exposure, such as in the case of a natural disaster like

13

Project Ice Storm [24], is the dominant factor that drives associations with offspring adverse outcomes beyond the exposure itself. In our study, if exposed pregnant mothers were
indeed resilient to the traumatic stress and did not respond
with a marked subjective distress, we would not have captured
the expected associations. Another limitation is that we were
unable to track pregnant mothers who left the rocket-targeted
area during the exposure period, which may serve to dilute
the expected association. Another key limitation was that we
did not have dimensional outcome measures (i.e., scales for
neuropsychiatric conditions) that might have been more sensitive to subtle changes in brain and behavior, rather we used
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dichotomous outcomes composed of threshold clinical disorders (i.e., ICD diagnoses), and the diagnoses were not established in a systematic procedure by child psychiatrists, rather
were added to the EHR as part of standard clinical practice.
This limitation is augmented by the fact that interrater reliability for child psychiatric disorders is hard to be established
among practitioners. In addition, we cannot rule out the possibility that some participants received consultations outside of
the CHR system and therefore were not included in the EHR.
It is also possible that some multivariable models included too
many predictor variables as covariates, given that for some outcomes the number of cases was rather small. Lastly, while we
selected an exposed and comparison group that were similar
on most observable clinical and socio-demographic variables
(with the exception of gestational age and smoking status that
were both controlled for in the multivariable analyses), there
is always the possibility in observational studies that there are
unobservable differences, which are not considered, that could
substantially bias the detected associations.
To conclude, we did not find an association between prenatal exposure to an isolated 1-month rocket attack on a civilian
population and neuropsychiatric outcomes in children 9 years
old. Despite the inherent limitations of the study design, our
findings suggest that our study population may be resilient to
the impact of the exposure to repeated short bursts of stress.
Presumably, if the effect was immense, we would have still
seen non-null results despite the methodological limitations
that bias the findings to the null. We therefore postulate that
a huge pathogenic effect of rocket attacks in pregnancy is not
obvious. Our findings highlight the need for future studies on
prenatal reprogramming effect of gestational stress to focus on
subjective perception of the stress, examining cohorts prospectively, evaluating child’s behavior with established and reliable instruments and a long-term follow-up including directly
observed traits, behaviors and diagnoses.
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