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the second trimester accompanied by a higher score for 
avoidance coping (OR =  3.31, 95  % CI: 1.13–9.70) or 
a lower score for social support (OR =  4.39, 95  % CI: 
1.05–18.31) were likely to be at a higher risk for ADHD 
symptoms. The epidemiological evidence in this prospec-
tive follow-up study suggests that the effect of prenatal 
SLEs on ADHD symptoms in offspring may depend on 
the timing of prenatal stress and may vary according to 
the sex of the offspring.
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Introduction

Attention-deficit hyperactivity disorder (ADHD) is believed 
to be a multifactorial disorder [1, 2]. It has a worldwide 
prevalence ranging from 5 to 10 % of all school-aged chil-
dren [3, 4]. Evidence from a significant body of independ-
ent prospective studies suggested that prenatal maternal 
stress (PNMS) had long-term effects on neurobehavioral 
development in offspring [5–7]. To date, a small but grow-
ing number of studies highlighted that maternal exposure to 
prenatal stressful life events (SLEs) is a potential risk factor 
for ADHD [8–10]. These studies were independent and dif-
ferent in terms of design (registration system based, retro-
spective or prospective investigations).

Abstract  There is increasing evidence that prenatal 
stressful life events (SLEs) may be a potential risk factor 
for attention-deficit hyperactivity disorder (ADHD), but 
the sex-specific and time-dependent effects of prenatal 
stress on ADHD are less clear. In this prospective longitu-
dinal study, data on prenatal SLEs during different stages 
of gestation and indicators of buffers against stress, 
including maternal social support and avoidance coping, 
were obtained from 1765 pregnant women at 32  weeks 
of gestation. The behavioral symptoms of ADHD in chil-
dren aged 48–54 months were evaluated by reports from 
the parents. There were 226 children (12.8 %) above the 
clinically significant cutoff for ADHD. After adjusting 
for potential confounders, boys whose mother experi-
enced severe SLEs in the second trimester had a signifi-
cantly increased risk (OR =  2.41, 95  % CI: 1.03–5.66) 
of developing ADHD symptoms compared with boys 
whose mothers did not experience severe SLEs at this 
time. However, no significantly increased risk of ADHD 
symptoms was observed in girls born to mothers expe-
rienced prenatal severe SLEs. Additionally, significant 
interaction effects of prenatal SLEs, social support and 
coping style on ADHD symptoms were found in males. 
Boys whose mothers experienced severe SLEs during 
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Animal studies indicate that some of the brain structural 
and functional alterations induced by prenatal stress dif-
fer according to offspring sex and depend on the timing of 
prenatal stress [11]. The presence of periods with specific 
neurodevelopmental events results in windows of specific 
vulnerability for adverse influences. Although sex differ-
ences have been highlighted in ADHD research primarily 
because boys are overrepresented in clinical samples, most 
of the existing studies in humans have not mentioned about 
whether there are any differences in the effect of prenatal 
stress on neurobehavioral development in offspring accord-
ing to the timing of prenatal stress or the gender of off-
spring. Additionally, a few recent studies have suggested 
that interpersonal resources such as social support and 
adaptive coping styles could reduce prenatal stress and alle-
viate its effects on birth outcome [12], but avoidance cop-
ing, also referred to as maladaptive coping, may be applied 
to stressful events or internal conflicts, often unconsciously. 
However, little is known about the impact of maternal 
social support and the coping style during pregnancy on 
offspring neurobehavioral development.

The aim of the present study was to explore the associa-
tion between prenatal stress and ADHD symptoms in chil-
dren aged 48–54 months using a prospective longitudinal 
sample. A broad measure of common life events was taken 
as an indicator of PNMS, and social support, the coping 
style and other multiple confounders were also detected in 
our study. Based on the findings of previous research [7, 
13], we hypothesized that the risk of ADHD symptoms in 
male offspring whose mothers experienced prenatal stress 
is higher than that in female offspring. Moreover, we also 
investigated the timing effect of prenatal stress on ADHD 
symptoms in offspring.

Methods

Participants

The participants of this prospective study were recruited 
in the Hefei Maternal and Child Health Hospital between 
January and September 2008. A total of 2552 pregnant 
women, of gestational ages from 30 to 34 weeks, willingly 
participated in the project and completed a structured ques-
tionnaire including a Prenatal Life Events Checklist, social 
support scale and coping style questionnaire. Women with 
delivery before 32  weeks of gestation (n =  14), stillbirth 
(n = 11), birth defect (n = 12), 5 min Apgar score below 
7 (n = 27), pregnancy with assisted reproductive technol-
ogy (n = 6), mental disorder (n = 2) or multiple gestations 
(n = 48) were excluded from the study. A total of 2455 eli-
gible participants participated in the follow-up. At 2 months 

postpartum, information on infant feeding was collected by 
telephone interview. Between 48 and 54 months postpar-
tum, parents were re-contacted and invited to evaluate their 
children’s behavioral symptoms of ADHD. Finally, we 
obtained complete data from 1765 (71.9 %) mother–infant 
pairs. The study was approved by the Ethics Committee of 
Anhui Medical University (reference number: 2008020), 
and informed consent was obtained from the participants.

Prenatal stressful life events

A 19-item Prenatal Life Events Checklist [14] designed on 
the basis of a Life Events Scale [15], which assessed the 
individuals’ perceived stress about adverse negative life 
events in the first trimester (0–14 weeks), second trimes-
ter (15–27 weeks) and third trimester (28–42 weeks),was 
administered to mothers at the gestational age of 32 weeks. 
The detailed items were reported in our previous study 
[14]. Participants were invited to indicate whether the 
events had occurred during pregnancy using a dichoto-
mous (yes–no) response scale. If the event occurred, they 
were asked to recall when it occurred, reported as the stage 
of gestation, and to weigh their perception of its impact 
on their emotional condition, ranging from no impact (0) 
to an extreme impact (4). The values in each event were 
summed up and used to assess the participants’ percep-
tions of stress during the first, second and third trimester. 
Consistent with our previous study, total scores during 
the different stages of gestation of 0, 1 and 2 or greater 
were defined as no stress, modest stress and severe stress, 
respectively; severe stress has been indicated as a signifi-
cant predictor of adverse birth outcomes [14]. The two- to 
four-week test–retest reliability (n = 200) of the Prenatal 
Life Events Checklist was 0.87, which ensured that the 
assessments of perceived stimulus intensity and the timing 
of prenatal stress were reliable.

Social support

The Chinese revised edition of the social support scale, 
which included ten items and was previously validated in 
healthy populations and clinical samples in China [16], 
was used to assess social support as a buffer of stress. The 
scale addresses several dimensions of perceived social sup-
port, including emotional support, instrumental support and 
social integration. For the analysis, a total score is calcu-
lated based on all ten items. Higher scores indicate more 
material and emotional support from the members of one’s 
social network. The scale showed high values of internal 
consistency (Cronbach’s alpha is 0.89), and the test–retest 
reliability was 0.88. In this study, social support was ana-
lyzed both as a continuous variable and as a quartile.
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Avoidance coping

The Chinese revised edition of the trait coping style ques-
tionnaire (TCSQ), which included ten items giving a total 
score ranging from 10 to 50 and was previously validated 
in sample from China [17], assessed avoidance coping to 
deal with stress. The scale was designed to assess the use of 
strategies that involved avoiding thinking about a problem, 
avoiding dealing with a stressor, and avoiding relationships 
or social activities. For the analysis, global scores were 
calculated based on all ten items. Higher scores indicated 
a greater tendency to adopt avoidance coping style to deal 
with stress. Internal consistency (Cronbach’s alpha) of the 
scales was 0.88, and the test–retest reliability was 0.85. In 
this study, avoidance coping was analyzed both as a con-
tinuous variable and as a quartile.

ADHD symptoms in offspring

The children’s behavioral symptoms of ADHD were 
assessed using the parent version of the Conners’ Hyper-
activity Index [18], which has been widely used in epide-
miological and clinical studies [19–21] and has previously 
been validated in preschooled children in China [22, 23]. 
This index comprises ten items rated on a four-point scale 
(from 0 = not at all to 3 = very much). The internal con-
sistency (Cronbach’s alpha) of the scales was 0.84, and the 
reliability was 0.89. The items were summed with higher 
scores reflecting higher levels of behavioral symptoms of 
ADHD. In addition, a score of >15 was used to identify 
those above the clinically significant cutoff of symptoms 
[18].

Confounding factors

Information on essential potential confounders, including 
maternal sociodemographic characteristics, prepregnancy 
lifestyle, prepregnancy body mass index (BMI), compli-
cations with pregnancy, pregnancy and birth outcomes 
and infant-feeding patterns, was prospectively collected 
from medical records or interviews. Maternal sociodemo-
graphic characteristics included age, education (≤9 and 
>9  years of completed schooling) and household income 
(<2000, 2000–4000 and more than 4000 Yuan/RMB Yuan/
month). Prepregnancy lifestyle characteristics included 
maternal alcohol consumption and paternal smoking and 
alcohol consumption up to 6 months before pregnancy. The 
prepregnancy BMI was calculated based on the height rou-
tinely measured at the clinical visit, and the prepregnancy 
weight obtained at the interview. Complications with preg-
nancy included diabetes mellitus, hypertension, heart fail-
ure, glandula thyreoidea disease, intrahepatic cholestasis 

of pregnancy and moderate and severe anemia. Pregnancy 
and birth outcomes included the delivery mode, infant sex, 
birth weight and gestational age at birth. Preterm births 
(births with a gestational age <37 completed weeks) were 
calculated from the gestational age (incompleted weeks) 
based on the difference between the date of the last men-
strual period and the date of delivery. Low birthweight was 
defined as an infant weighing less than 2500  g, and fetal 
macrosomia was defined as a fetus or infant weighing more 
than 4000 g. In the telephone interview at 2 months post-
partum, participants were asked about how they had been 
feeding their infants, including predominantly breast-feed-
ing or breast-feeding and bottle-feeding. The definitions 
of infant-feeding patterns refer to the criteria that define 
selected infant-feeding practices of the WHO and UNICEF 
[24].

Statistical analysis

Crude odd ratios (ORs) and 95  % confidence intervals 
(CIs) were generated for associations of maternal sociode-
mographic characteristics and birth outcomes with ADHD 
symptoms in the offspring using Chi-square tests (Table 1). 
Interrelationships between predictors (prenatal SLEs during 
different stages of pregnancy, maternal social support and 
avoidance coping) and ADHD symptoms in the offspring 
were assessed using Pearson’s correlations (Table 2). Mul-
tiple linear regression models were performed to calculate 
the regression coefficient of each predictor of ADHD symp-
toms in the offspring (Table 3). Multiple logistic regression 
models were used to test whether each predictor was inde-
pendently associated with an increased risk of clinically 
significant behavioral symptoms of ADHD (Table  4). We 
adjusted for the following factors that have been suggested 
to be potentially associated with prenatal stress or neurode-
velopment: maternal age, education, income, prepregnancy 
BMI, complications of pregnancy, smoking, alcohol con-
sumption, mode of delivery, gestational weeks, birth weight 
and infant-feeding patterns. To identify the unique contri-
bution of prenatal SLEs in each trimester, the occurrences 
of SLEs at other time point were controlled for. To test for 
possible sex-specific effects, the data were stratified by 
the sex of the infants. Sensitivity analyses were performed 
by adjusting for propensity scores [25]. Additionally, the 
effects of interactions of prenatal SLEs during different 
stages of pregnancy, social support and coping styles on 
ADHD symptoms in the offspring were tested using hier-
archical logistic regression models. A sample size of 800 
is robust enough to detect an effect size of 0.05 with 90 % 
power and 95 % confidence. All analyses were two-tailed, 
and P < 0.05 was considered significant. SPSS version 10.0 
was used to perform the analyses.
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Table 1   Sociodemographic 
characteristics for study 
population according to ADHD 
symptoms in 48- to 54-month-
old child

OR odd ratio, CI confidence intervals
a  The clinically significant ADHD symptoms were defined as the scores of ADHD symptoms assessed by 
the Conners’ Hyperactivity Index—parent version more than 15
b  Complications with pregnancy included diabetes mellitus, hypertension, heart failure, glandula thyre-
oidea disease, intrahepatic cholestasis of pregnancy, moderate and severe anemia

Sociodemographic characteristics N = 1765 Clinically significant ADHD symptomsa

N (%) % OR 95 % CI P value

Maternal age

 20–24 years 256 (14.5) 11.3 1.0 [reference]

 25–29 years 1034 (58.6) 13.9 1.27 0.83–1.94 0.28

 Above 30 years 475 (26.9) 11.2 0.98 0.61–1.59 0.95

Maternal school education

 ≤9 years 298 (16.9) 12.1 0.92 0.63–1.35 0.68

 >9 years 1467 (83.1) 13.0 1.0 [reference]

Maternal income

 <2000 Yuan/RMB 281 (15.9) 13.2 1.10 0.75–1.62 0.62

 2000–4000 Yuan/RMB 1290 (73.1) 12.1 1.0 [reference]

 >4000 Yuan/RMB 194 (11.0) 17.0 1.49 0.99–2.25 0.057

Prepregnancy BMI

 Underweight 411 (23.3) 12.2 0.92 0.66–1.29 0.63

 Normal 1222 (69.2) 13.1 1.0 [reference]

 Overweight or obesity 132 (7.5) 12.1 0.92 0.53–1.58 0.75

Complication of pregnancyb

 No 1473 (83.5) 12.4 1.0 [reference]

 Yes 292 (16.5) 14.7 1.22 0.85–1.74 0.28

Maternal alcohol consumption up to 6 months before pregnancy

 None 1493 (84.6) 12.5 1.0 [reference]

 Any 272 (15.4) 14.3 1.17 0.81–1.70 0.41

Paternal smoking up to 6 months before pregnancy

 None 975 (55.2) 12.1 1.0 [reference]

 1–5 cigarettes daily 388 (22.0) 11.3 0.93 0.64–1.34 0.70

 Above 6 cigarettes daily 402 (22.8) 15.9 1.38 0.99–1.91 0.058

Paternal alcohol consumption up to 6 months before pregnancy

 None 329 (18.6) 13.7 1.16 0.82-1.67 0.41

 Once a week or less 1211 (68.6) 12.0 1.0 [reference]

 Several times a week or more 225 (12.7) 16.0 1.40 0.94–2.08 0.096

Gender of infant

 Male 951 (53.9) 12.5 0.95 0.71–1.25 0.69

 Female 814 (46.1) 13.1 1.0 [reference]

Mode of delivery

 Vaginal delivery 663 (37.6) 12.7 1.0 [reference]

 Cesarean section 1102 (62.4) 12.9 1.02 0.76–1.36 0.90

Gestational weeks

 Full term 1660 (94.1) 12.8 1.0 [reference]

 Premature 105 (5.9) 12.4 0.96 0.53–1.75 0.89

Birth weight

 <2500 g 50 (2.8) 12.0 0.91 0.38–2.17 0.84

 2500–3999 g 1563 (88.6) 13.0 1.0 [reference]

 ≥4000 g 152 (8.6) 11.2 0.84 0.50–1.43 0.53

Infant-feeding patterns at 2 months postpartum

 Predominant breast-feeding 1048 (59.4) 12.1 1.0 [reference]

 Breast-feeding 525 (29.7) 13.1 1.10 0.80–1.50 0.56

 Bottle-feeding 192 (10.9) 15.6 1.34 0.87–2.07 0.18
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Results

Characteristics of the study population

Attrition analyses show the mean values of years of 
education in non-participants were significantly lower 
than that in participants at follow-up (12.89  ±  2.98 vs 
13.45 ±  2.64  years, P  <  0.05). For all other sociodemo-
graphic characteristics, the non-participants did not dif-
fer from the participants. The characteristics of the study 
population as well as the associations between sociodemo-
graphic characteristics and ADHD symptoms in the off-
spring are presented in Table  1. There were 226 children 
(12.8 %) above the clinically significant cutoff for ADHD. 
No significant difference between males and females for 
the prevalence of ADHD symptoms was observed.

Correlation between predictors and ADHD symptoms 
in offspring

Table 2 shows the univariate correlation of prenatal SLEs 
during different stages of pregnancy, social support and 
avoidance coping with ADHD symptoms measured as 
continuous variables. The mean value of ADHD symp-
tom scores in boys and girls was 10.23 (range from 0 to 
28, SD = 4.11) and 10.09 (range from 0 to 26, SD = 4.20), 
respectively. For males, ADHD symptoms were positively 
correlated with prenatal SLEs in the second trimester 
(r = 0.09, P = 0.004) and with avoidance coping (r = 0.17, 
P  <  0.001) but negatively correlated with social support 
(r = −0.10, P =  0.002). For females, ADHD symptoms 
were only positively correlated with prenatal SLEs in the 
third trimester (r = 0.08, P = 0.025). In addition, prenatal 

Table 2   Pearson’s correlation of prenatal life events stress, social support, avoidance coping with ADHD symptoms as continuous variables in 
48- to 54-month-old child

SD standard deviation

* P < 0.05, ** P < 0.01, *** P < 0.001
a  The scores of ADHD symptoms were assessed by the Conners’ Hyperactivity Index—parent version

Scores of predictors Range Mean score (SD) ADHD symptoms scoresa

Males Females All Males Females

Maternal life events stress

 In the first trimester 0–7 0.20 (0.65) 0.21 (0.65) 0.03 0.03 0.03

 In the second trimester 0–8 0.13 (0.53) 0.14 (0.56) 0.05* 0.09** <−0.01

 In the third trimester 0–8 0.10 (0.40) 0.12 (0.60) 0.06** 0.05 0.08*

Social support 18–54 38.06 (5.21) 37.54 (5.16) −0.08** −0.10** −0.06

Avoidance coping 10–50 25.79 (8.85) 26.71 (9.08) 0.11** 0.17*** 0.05

Table 3   Associations of maternal life events stress during pregnancy, social support and avoidance coping with ADHD symptoms as continuous 
variables in 48- to 54-month-old child in multiple regression models

CI confidence interval

* P < 0.05, ** P < 0.01, *** P < 0.001
a  Model 1 is crude estimate of maternal life events stress during different stages of pregnancy, social support and avoidance coping on ADHD 
symptoms in offspring
b  Model 2 is adjusted for maternal age, education, income, prepregnancy BMI, complication of pregnancy, maternal alcohol consumption, pater-
nal smoking and consumption up to 6 months before pregnancy, mode of delivery, gestational weeks, birth weight, infant-feeding patterns and 
occurrence of life events at other time point

Scores of predictors Male, β (95 % CI) Female, β (95 % CI)

Model 1a Model 2b Model 1a Model 2b

Maternal life events stress

 In the first trimester 0.19 (−0.22, 0.59) −0.04 (−0.45, 0.37) 0.18 (−0.26, 0.62) 0.07 (−0.38, 0.52)

 In the second trimester 0.72 (0.23, 1.21)* 0.55 (0.06, 1.05)* −0.02 (−0.54, 0.50) −0.07 (−60, 0.45)

 In the third trimester 0.48 (−0.17, 1.14) 0.39 (−0.27, 1.05) 0.55 (0.07, 1.03)* 0.51 (0.02, 0.99)*

Social support −0.08 (−0.13, −0.03)* −0.06 (−0.11, −0.02)* −0.05 (−0.10, 0.01) −0.04 (−0.10, 0.02

Avoidance coping 0.08 (0.05, 0.11)*** 0.07 (0.04, 0.10)*** 0.02 (−0.01, 0.06) 0.02 (−0.1, 0.05)
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SLEs in the second trimester were weakly positively corre-
lated with stress in the third trimester (r = 0.09, P < 0.001) 
and avoidance coping (r = 0.07, P < 0.001) in the whole 
sample.

Linear relationship between predictors and ADHD 
symptoms in offspring

Table 3 presents the results of the multiple linear regression 
analyses examining the associations between predictors 
and ADHD symptoms in the offspring measured as con-
tinuous variables. After adjusting for all of the confound-
ing variables, prenatal SLEs in second trimester, maternal 
social support and avoidance coping independently contrib-
uted to the variance in ADHD symptoms in male. However, 

prenatal SLEs in the third trimester were independently 
positively correlated with ADHD symptoms in females.

Odds ratios of predictors for clinically significant 
ADHD symptoms in offspring

As shown in Table  4, boys whose mothers experienced 
severe SLEs in the second trimester had a significantly 
increased risk (OR = 2.41, 95 % CI: 1.03–5.66, P = 0.041) 
of clinically significant ADHD symptoms comparing with 
boys in the reference group. Boys whose mother were in 
the highest quartile of avoidance coping (OR = 2.64, 95 % 
CI: 1.39–5.00, P = 0.002) or in the lowest quartile of social 
support (OR = 1.92, 95 % CI: 1.08–3.41, P = 0.022) had 
the highest risk of clinically significant ADHD symptoms 

Table 4   Risk ratio for maternal life events stress during pregnancy, social support and avoidance coping on clinically significant ADHD symp-
toms in 48- to 54-month-old child

The clinically significant ADHD symptoms were defined as the scores of ADHD symptoms assessed by the Conners’ Hyperactivity Index—par-
ent version more than 15

OR odd ratio, CI confidence interval

* P < 0.05, ** P < 0.01
a  Adjustment for maternal age, education, income, pre-pregnancy BMI, complication of pregnancy, maternal alcohol consumption, paternal 
smoking and alcohol consumption up to 6 months before pregnancy, mode of delivery, gestational weeks, birth weight, infant-feeding patterns 
and occurrence of life events at other time point

Prenatal exposure N (%) Male (n = 951) Female (n = 814)

N (%) Crude OR  
(95 % CI)

Adjusted OR  
(95 % CI)a

N (%) Crude OR  
(95 % CI)

Adjusted OR 
(95 % CI)a

Maternal life events stress

 In the first trimester

  0 1540 (87.3) 101 (12.1) 1.0 [reference] 1.0 [reference] 91 (12.9) 1.0 [reference] 1.0 [reference]

  1 139 (7.9) 11 (14.1) 1.19 (0.61–2.32) 1.02 (0.48–2.12) 10 (16.4) 1.33 (0.65–2.71) 1.19 (0.56–2.53)

  ≥2 86 (4.9) 7 (17.1) 1.49 (0.64–3.45) 1.30 (0.57–3.00) 6 (13.3) 1.04 (0.43–2.53) 1.01 (0.41–2.49)

 In the second trimester

  0 1618 (91.7) 104 (11.9) 1.0 [reference] 1.0 [reference] 96 (12.9) 1.0 [reference] 1.0 [reference]

  1 86 (4.9) 7 (14.6) 1.26 (0.55–2.88) 1.18 (0.51–2.72) 6 (15.8) 1.27 (0.52–3.12) 1.19 (0.47–3.01)

  ≥2 61 (3.5) 8 (25.0) 2.46 (1.08–5.62)* 2.41 (1.03–5.66)* 5 (17.2) 1.41 (0.53–3.79) 1.33 (0.47–3.83)

 In the third trimester

  0 1650 (93.5) 109 (12.2) 1.0 [reference] 1.0 [reference] 101 (13.3) 1.0 [reference] 1.0 [reference]

  1 81 (4.6) 7 (15.9) 1.36 (0.59–3.12) 1.25 (0.52–2.99) 4 (10.8) 0.79 (0.27–2.28) 0.74 (0.26–2.12)

  ≥2 34 (1.9) 3 (18.8) 1.66 (0.46–5.90) 1.54 (0.39–5.98) 2 (11.1) 0.81 (0.18–3.59) 0.72 (0.16–3.23)

Social support

 Quartile 1 (lowest) 356 (20.2) 34 (18.7) 2.26 (1.32–3.88)* 1.92 (1.08–3.41)* 23 (13.2) 1.02 (0.57–1.83) 0.94 (0.50–1.74)

 Quartile 2 374 (21.2) 25 (12.5) 1.41 (0.79–2.49) 1.24 (0.68–2.26) 19 (10.9) 0.82 (0.45–1.51) 0.76 (0.40–1.45)

 Quartile 3 500 (28.3) 32 (12.1) 1.35 (0.79–2.32) 1.32 (0.75–2.31) 35 (14.9) 1.17 (0.69–1.98) 1.14 (0.66–1.98)

 Quartile 4 (highest) 535 (30.3) 28 (9.2) 1.0 [reference] 1.0 [reference] 30 (13.0) 1.0 [reference] 1.0 [reference]

Avoidance coping

 Quartile 1 (lowest) 465 (26.3) 16 (6.6) 1.0 [reference] 1.0 [reference] 26 (11.7) 1.0 [reference] 1.0 [reference]

 Quartile 2 394 (22.3) 24 (10.6) 1.68 (0.87–3.25) 1.60 (0.81–3.16) 16 (9.6) 0.80 (0.41–1.54) 0.85 (0.43–1.68)

 Quartile 3 473 (26.8) 38 (15.5) 2.60 (1.41–4.81)** 2.50 (1.32–4.75)** 34 (14.9) 1.32 (0.76–2.28) 1.46 (0.81–2.63)

 Quartile 4 (highest) 433 (24.5) 41 (17.4) 2.98 (1.62–5.48)** 2.64 (1.39–5.00)** 31 (15.7) 1.41 (0.80–2.47) 1.59 (0.87–2.89)
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compared with boys in the reference group, respectively. 
However, no significant effect of maternal exposure to 
prenatal SLEs during pregnancy, social support and avoid-
ance coping on clinically significant ADHD symptoms was 
observed in female offspring.

Sensitivity analyses and interaction effects

We conducted the sensitivity analyses by adjusting for pro-
pensity scores using as continuous variables or categorical 
variables with four levels and found that the associations 
between prenatal stress in the second trimester and ADHD 
symptoms in the male offspring remained significant 
(β =  0.56, 95  % CI: 0.07–1.05, P =  0.025; OR =  2.38, 
95 % CI: 1.01–5.62, P = 0.048). Additionally, significant 
interaction effects of prenatal SLEs, social support and 
coping style on ADHD symptoms were found in males. 
There was a significant association between prenatal SLEs 
in the second trimester and the risk (OR  =  3.31, 95  % 
CI: 1.13–9.70, P = 0.029) of clinically significant ADHD 
symptoms in male among mothers with higher avoidance 
coping scores (greater than the 50th percentile), but not 
among mothers with lower avoidance coping scores (less 
than the 50th percentile). Similarly, there was a significant 
association between prenatal SLEs in the second trimester 
and the risk (OR = 4.39, 95 % CI: 1.05–18.31, P = 0.042) 
of clinically significant ADHD symptoms in male among 
mothers with lower social support scores (less than the 50th 
percentile), but not among mothers with higher social sup-
port scores (more than the 50th percentile).

Discussion

This is the first prospective longitudinal study to simultane-
ously examine the sex-specific and time-dependent effects 
of PNMS on the early behavioral development of ADHD 
symptoms. The study showed that boys whose mother 
experienced perceived severe SLEs during the second tri-
mester but not the first or third trimester were over two 
times more likely to have clinically significant behavio-
ral symptoms of ADHD after adjusting for extensive con-
founding factors. However, no significantly increased risk 
of ADHD symptoms was observed in girls whose mothers 
experienced prenatal severe SLEs.

Our findings suggest that boys are more vulnerable than 
girls and more likely to display ADHD symptoms in later 
life when their mother experienced prenatal SLEs, which 
is in line with those from two previous clinical studies [8, 
26]. However, there is a lack of data concerning the bio-
logical plausibility. We speculate that the sex-specific 
effect on neurodevelopment maybe due to differences 
between male and female fetuses on the vulnerability of 

the dopamine transmitter system [27], the binding ability 
of the 5-HT1A receptor in the ventral hippocampus [28], 
the hypothalamic–pituitary–adrenocortical axis [29] and 
the neurotrophic effect of estrogen [30]. However, there is 
also another possibility that the brain development of both 
males and females is influenced by prenatal stress but that 
they respond in different ways [11, 28]. PNMS may result 
in different behavioral/emotional problems in girls, and this 
needs to be examined in future studies.

Previous studies have suggested that the effect of PNMS 
on neurodevelopment may vary according to the timing 
of exposure [6, 31]. However, human studies designed to 
investigate the gestational time window when stress expo-
sure produces the greatest impact on the risk of ADHD 
symptoms are limited [8, 26]. The findings of this study 
suggest that the middle or the second half of pregnancy is 
a particularly sensitive period for the effects of PNMS on 
the development of ADHD symptoms in offspring. This is 
in line with the finding that pregnancy anxiety at 19 weeks 
of gestation was associated with gray matter volume reduc-
tions in the prefrontal cortex of offspring [31] and that 
maternal exposure to natural disasters or anxiety during 
the second half of pregnancy is related to neurobehavio-
ral development in offspring [6, 32]. The time-dependent 
effect might be attributed to the fact that different brain 
regions have a unique timetable for development, indicat-
ing specific periods of neural vulnerability [33].

To date, the roles of maternal social support and coping 
styles in fetal in trauterine development and late develop-
ment in childhood remain incompletely understood. Mul-
tiple types of social support from different sources may 
encourage mothers to adopt healthier lifestyles, reduce 
their stress levels and pursue better prenatal care [34]. 
Coping efforts may influence birth outcomes by serving to 
minimize or prevent negative emotional, behavioral, cogni-
tive and physiological responses to stressors [35]. Previ-
ous studies indicated that a lack of social support, avoidant 
coping styles and poor coping skills might result in adverse 
effects on pregnancy outcomes and infant development 
[36, 37]. Our findings show that maternal lower social sup-
port and higher avoidance coping may be independently 
related to the later development of ADHD symptoms and 
may moderate the association between prenatal SLEs and 
ADHD symptoms in male offspring. Future studies should 
explore the neurobiological factors associated with the con-
tribution of maternal social support and coping styles to 
fetal development.

The prospectively collected data, the large sample and 
the statistical adjustment for a large number of covariates 
are clear strengths of this study. The perceived stimulus 
intensity was used as analysis indicators rather than counts 
of life events to better estimate the quantity of stimulants 
of stressful life events. An earlier assessment of ADHD 
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symptoms might reduce the confounding of the postnatal 
environment on the associations between prenatal factors 
and late neurobehavioral development.

However, some limitations of this study should also be 
acknowledged. First, sample attrition bias and recall bias 
were inevitable in this longitudinal follow-up study. Sec-
ond, for the stratification by the sex of the offspring and 
the stages of gestation in Table  4, the sample size in the 
subgroups is relatively small, resulting in limited statisti-
cal power. The association between prenatal stress in the 
second trimester and ADHD symptoms in male was not 
significant in the context of the conservative Bonferroni 
correction, in which the level of significance was 0.05/12. 
Therefore, findings in this study should be cautiously inter-
preted and further prospective studies with large sample 
sizes should be conducted to validate our results. Third, 
assessment of the child’s behavioral symptoms of ADHD 
was based on parental report. However, mothers with 
elevated perceived stress, lower social support or higher 
avoidance coping might experience higher levels of dif-
ficulties and have biased negative representations of their 
children, which may lead to measurement bias. Fourth, the 
absence of data on heritable factors, postnatal stress and 
environmental factors could be viewed as a major limita-
tion. Thus, we could not exclude the potential contributions 
of these essential confounding factors to the increased risk 
of ADHD symptoms in offspring aged 48–54 months; this 
may result in residual confounding in this study. Missing 
data on prenatal stress after 32  weeks also might slightly 
contribute to the lack of effects in the third trimester. 
Finally, earlier assessment raises a disadvantage that some 
children in this age range did not display significant behav-
ioral symptoms of ADHD, which may partly contribute 
to the reason why there was no male predominance in the 
prevalence of ADHD symptoms in this study. Further stud-
ies on the long-term effects of prenatal stress on ADHD in 
offspring are needed. Additionally, although the correla-
tions between the prenatal SLEs, avoidance coping, social 
support and ADHD symptoms are significant, the intensi-
ties of the dose–response relationship are very small and 
should be considered as weak correlations.

Conclusion

The epidemiological evidence in this prospective follow-up 
study suggests that early behavioral development in male 
offspring may be more vulnerable to PNMS than that in 
female offspring and that the middle or the second half of 
pregnancy may be a critical window during which PNMS 
has a greater influence on fetal brain and ADHD symptom 
development. This study also raises the possibility of inter-
ventions for neurobehavioral development in offspring by 

providing social support and resilience training to moth-
ers during pregnancy. These findings support intervention 
research or animal study to further identify the causality 
underlying these associations.
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