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Mothers’ prenatal tobacco smoke exposure is positively
associated with the occurrence of developmental coordination
disorder among children aged 3–6 years: A cross-sectional
study in a rural area of Shanghai, China
Qing Yang1*, Liqin Pan1*, Cuili Shen1*, Huilin Yao2*, Qingqing Zhu1, Chunfen Cheng1, Ruiping Wang3

ABSTRACT
Prenatal tobacco smoke exposure is a potential risk factor for
developmental coordination disorder (DCD) in children, but evidence on the
relationship between DCD in children and tobacco smoke exposure in women
is limited in China. We conducted a cross-sectional study to understand the
prevalence of prenatal tobacco smoke exposure among mothers and the prevalence
of DCD among children and to explore if mothers’ prenatal tobacco smoke
exposure is positively associated with the occurrence of DCD among children.
METHODS During 2018, we sampled 8586 children aged 3–6 years and their
mothers in Songjiang district, Shanghai. DCD in children was identified by
MABC-2 screening combined with pediatrician confirmation. Prenatal tobacco
smoke exposure among mothers was classified into firsthand smoke (FHS) and
secondhand smoke (SHS) exposure. SAS 9.2 software was applied to calculate
the prevalence of DCD in children, the prevalence of prenatal FHS and SHS
exposure in mothers and to analyze the differences by chi-squared test and logistic
regression.
RESULTS Among the 8586 women, the prevalence of prenatal FHS and SHS exposure
was 0.94% and 20.79%, respectively. The prevalence of DCD in children was
6.65%, which was significantly higher in boys (7.64%) than in girls (5.51%), and
children aged 3 years (9.77%) had a higher prevalence of DCD than children
aged 4, 5 or 6 years (7.44%, 5.27% and 4.28%, respectively). In comparison with
children whose mother was not exposed to prenatal FHS or SHS, the odds of
having DCD was higher in children whose mother was exposed to prenatal FHS
(OR=4.42; 95% CI: 2.62–7.44) and SHS (OR=1.77; 95% CI: 1.47–2.14), even
after adjustment for potential confounders.
CONCLUSIONS The occurrence of DCD among children is positively associated with
prenatal tobacco smoke exposure among the mothers. It is crucial to implement
tobacco control measures to decrease the prevalence of smoking among pregnant
women and SHS exposure at home as well as in the work environment.
INTRODUCTION
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INTRODUCTION
defined as a neurodevelopmental disorder and
Developmental coordination disorder (DCD) is characterized by a marked impairment and clumsiness
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in the development of motor coordination abilities1,2.
DCD not only interferes with activities of daily living
but also affects children’s academic achievement along
with emotional and behavioral issues3,4. Globally, the
prevalence of DCD ranges from 1.8% to 8.6% among
primary school children5, and ranges from 5.5% to
8.3% among children of preschool age6,7. In China,
a study with 3316 children in Suzhou demonstrated
that the prevalence of DCD was 7.6%6. Previous
research have shown that the risk of DCD increases
among children from less advantaged socioeconomic
backgrounds, among children with a birthweight
under 2500 g or born before 37 weeks of gestation2,8,9.
Furthermore, boys have higher risk of developing
DCD than girls, and the prevalence of DCD decreases
when children become older10,11. In recent years, the
increased prevalence as well as the risk factors of DCD
among children have made it an important public
health issue worldwide.
Maternal smoking during pregnancy is the most
prevalent preventable cause of low birthweight,
neonatal morbidity and premature delivery12. It has
been well established that maternal smoking is a
significant risk factor for attention deficit hyperactivity
disorder (ADHD), which has an almost 50% overlap
with DCD13, but the association of maternal smoking
during pregnancy and DCD among children is
equivocal14,15. A study with 122 children from Canada
indicated that children exposed to secondhand smoke
in utero have 3 times increased risk of DCD16, while
another study with 744 children in Auckland, New
Zealand, demonstrated that children whose mothers
smoke during pregnancy have an increased risk of
DCD in comparison with children whose mothers
are non-smokers17. However, two other studies (420
children investigated in Menorca Island, Spain, and
3207 children studied in Great Britain) find no
association between prenatal smoking exposure in
mothers and DCD in children18,19. The inconsistent
results presented above emphasize the urgent need
to explore the association between prenatal smoking
in mothers and DCD in children with a larger study
population size.
China is the largest producer and consumer
of tobacco in the world, with 300 million adult
smokers, and 1 million deaths attributed to tobacco
consumption each year20-22. In China, the prevalence
of active smoking (firsthand smoke, FHS) among

pregnant women ranges from 0.7% to 1.6%, but
38.9% to 75.1% of non-smoking women are exposed
to secondhand smoke (SHS) 23 . Moreover, one
observational study evaluating the urinary cotinine
concentration in Chinese pregnant women indicates
that the prevalence of urinary cotinine detection
reaches 87%, indicating that pregnant women are at
high risk of being exposed to SHS24, but evidence on
the relationship between DCD in children and SHS
as well as FHS in pregnant women is still limited in
China.
We conducted a cross-sectional study in Shanghai,
China with the aim to understand the prevalence of
prenatal SHS and FHS exposure among mothers, as
well as the prevalence of DCD among children aged
3–6 years, and to explore if mothers’ prenatal tobacco
smoke exposure is positively associated with the
occurrence of DCD among children aged 3–6 years.

METHODS
Study population
The cross-sectional study was conducted during
March and September in 2018 in the Songjiang
district of Shanghai. We employed a cluster sampling
method to recruit the study population. First, we
randomly selected 20 out of the 115 kindergartens
in Songjiang District. Then, we recruited all children
aged 3–6 years and their mothers from each of the 20
selected kindergartens, and a questionnaire interview
was completed on-site in the selected kindergartens.
Overall, a total of 8626 children and their mothers
were sampled and invited to participate in the study.
The ethics approval was obtained from Songjiang
Maternal and Childcare Hospital Institution Review
Board (IRB#20171203). An informed consent form,
both for the children and their mothers, was orally
communicated face-to-face by study coordinators and
then signed by each mother before the questionnaire
interview, and information that could identify
individual participants during or after data collection
could not be accessed by authors. Finally, 8586
children and their mothers completed the interview
and were included in the analysis.
Data collection
The questionnaire for data collection in this study
was designed by Songjiang Maternal and Children’s
Health-care Hospital with reference to a published
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questionnaire in Shanghai, China6. A pilot study
demonstrated that the split-half reliability coefficient
of the questionnaire was 0.81 and the content validity
coefficient was 0.84. The questionnaire includes four
parts. Part A covered 10 questions on demographic
information (gender of children, age of children,
age of mother, education of mother, family yearly
income etc.). Part B covered 9 items on prenatal
tobacco smoke exposure information and perinatal
factors of DCD : ‘Did you smoke cigarettes during
your pregnancy?’, ‘Did anyone smoke cigarettes
around you at home or in the workplace during
your pregnancy?’, ‘What was the delivery method of
your child, vaginal or cesarean delivery?’, ‘Was your
child delivered before the gestational week of 37?’,
‘Did fetal asphyxia happen to your child during the
delivery?’, ‘Was your child admitted to the ICU after
the delivery?’, ‘How long did you breastfeed your
child?’, etc.). Part C covered 15 items on daily physical
activity information of the children. Part D covered
personal contact information both for the investigator
and the mother. Data from this study are available
upon request from the corresponding author. The
request should state the title and aim of the research
for which the data are being requested.

The prevalence of DCD was calculated as the number
of children with DCD divided by the total number of
children. In this study, we defined preterm birth as
a baby born alive before 37 gestational weeks. The
age of mother was classified into four age groups
(19–25, 26–30, 31–35, and 36–48 years). Education
of mother was recorded as completed years of
schooling and categorized into four categories: 0–6
years (illiterate or primary school), 7–9 years (junior
high school), 10–12 years (senior high school), and
>12 years (college and above). Family yearly income
(in equivalent US$) was classified into five groups:
<8000, 8000–16000, 16001–24000, 24001–48000
and >48000 US$ equivalent.

Data analysis
Data analysis was performed by SAS software (version
9.2). We described the data by using frequency
counts and proportions (prevalence) for qualitative
variables and means with standard deviations (SD)
for quantitative variables. We applied the chi-squared
test to examine the prevalence difference of prenatal
exposure to FHS as well as SHS among mothers with
different demographic characteristics. We applied
logistic regression to calculate the odds ratios (ORs)
and 95% confidence interval (95% CI) of DCD
prevalence among children with different age and
gender, as well as among the mothers with different
demographic characteristics. A univariate logistic
regression and multivariate logistic regression with
adjustment for potential confounders were applied
to explore the association of mothers’ prenatal
tobacco smoke exposure, perinatal factors and the
DCD prevalence among the children aged 3–6 years.
Potential confounders were identified by using
directed acyclic graphs (DAGs) method. Figures were
produced to explore whether the prenatal tobacco
smoke exposure among mothers was positively
associated with a higher prevalence of DCD among
their children by gender and by age. In this study,
a p<0.05 (two-tailed) was considered statistically
significant.

Definition and index calculation
We defined prenatal exposure to firsthand smoke
(FHS) for a woman who smoked at least one
cigarette every day for at least six months during the
pregnancy20,21, while prenatal exposure to secondhand
smoke (SHS) is defined for a non-smoker woman
exposed to tobacco smoke for at least 10 minutes
per day in the workplace or at home during the
pregnancy23. The prevalence of prenatal exposure to
FHS was calculated as the number of women who
prenatally were exposed to FHS divided by the total
number of participants, and the prevalence of prenatal
exposure to SHS was calculated as the number of
women who prenatally were exposed to SHS divided
by the total number of participants. We designed two
steps to diagnose DCD among children in this study. In
Step 1, we applied the movement assessment battery
for children-second edition (MABC-2) to evaluate the
developmental coordination abilities by scoring25,26.
In Step 2, we invited an experienced pediatrician to
confirm the DCD diagnosis among children with a
score of 71 or lower that were evaluated in Step 1.

RESULTS
In this study, 8586 children qualified, of which 4595
were boys (53.52%), with overall age range from 3 to
6 years and average age 4.46 ± 0.96 years. The age of
mothers ranged from 19 to 48 years with average age
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32.17 ± 3.95 years. The majority of mothers (71.13%)
had college education and above (>12 years), and
nearly half of the investigated families had yearly
income over 48000 US$, while 52.94% of the mothers
were local residents.

SHS exposure was significantly higher in mothers
aged <30 years (25.43%) than mothers aged >30
years (18.16%). Mothers who were local residents
had higher prevalence of prenatal SHS exposure
(24.07%) than mothers who were no-local residents
(17.10%). Mothers with high school education (junior
and senior) had higher prevalence of prenatal SHS
exposure than other mothers, and mothers with a
higher family yearly income had a lower prevalence
of prenatal SHS exposure (Table 1).

Prevalence of prenatal tobacco smoke exposure
Among 8586 mothers, the prevalence of prenatal FHS
exposure (active smoking) was 0.94% (81/8586). The
prevalence of prenatal FHS exposure was significantly
higher in mothers of local residents (1.23%) than
no-local residents (0.62%). Mothers aged <25
years (2.53%) or >40 years (1.30%) had a higher
prevalence of prenatal FHS exposure. Mothers with
college education and above had a lower prevalence
of prenatal FHS exposure than mothers who were
illiterate, had primary or high school education (junior
and senior) (Table 1).
In all, 1785 out of 8586 mothers were exposed to
SHS during pregnancy with a prevalence of prenatal
SHS exposure of 20.79%. The prevalence of prenatal

Prevalence of developmental coordination
disorder (DCD) in children
In this study, 571 children were finally confirmed as
having developmental coordination disorder (DCD),
the prevalence of DCD was 6.65%. The prevalence
of DCD was significantly higher in boys (7.64%)
than in girls (5.51%) (OR=1.42; 95% CI: 1.19–1.69).
Children aged 3 years had higher prevalence of DCD
(9.77%) than children aged 4, 5 or 6 years (7.44%,
5.27% and 4.28%, respectively) (Table 2).

Table 1. The prevalence of prenatal exposure to firsthand and secondhand tobacco smoke among mothers
whose children were aged 3–6 years, rural area of Shanghai, China, 2018 (N=8586 )
Variables

Participants (N=8586)
n

Firsthand smoke (N=81)
n

(%)a

(%)b

Secondhand smoke (N=1785)
n

(%)b

Age (years)

c,d

19–25

237

2.76

6

2.53

62

26.16

26–30

2870

33.43

25

0.87

728

25.37

31–35

3858

44.93

29

0.75

730

18.92

1621

18.88

21

1.30

265

16.35

71

0.83

1

1.41

14

19.72

36–48
Education

c,d

Illiterate/Primary
Junior High

795

9.26

14

1.76

181

22.77

Senior High

1613

18.79

25

1.55

373

23.12

6107

71.13

41

0.67

1217

19.93

College and above
Family yearly income (US$)

d

<8000

1344

15.65

15

1.12

334

24.85

8000–16000

1206

14.05

9

0.75

273

22.64

16001–24000

1117

13.01

12

1.07

239

21.40

24001–48000

1169

13.62

11

0.94

204

17.45

>48000

3750

43.68

34

0.91

735

19.60

Local

4545

52.94

56

1.23

1094

24.07

Non-local

4041

47.06

25

0.62

691

17.10

Resident statusc,d

a Proportion. b Prevalence. c The differences between group on prevalence of prenatal exposure to firsthand smoke were statistically significant (p<0.01). d The differences
between group on prevalence of prenatal exposure to secondhand smoke were statistically significant (p<0.01).
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Table 2. The prevalence of developmental coordination disorder (DCD) among children aged 3–6 years, rural
area of Shanghai, China, 2018 (N=8586 )
Variables

DCD
n (%)

Yes
n (%)

OR

95% CI

AOR

95% CI

No
n (%)

Gender
Female

3991 (46.68)

220 (5.51)

3771 (94.49)

1.00

-

-

-

Males

4595 (53.52)

351 (7.64)

4244 (92.36)

1.42

1.19–1.69

-

-

Age (years)

a

3

1525 (17.76)

149 (9.77)

1376 (90.23)

1.00

-

1.00

-

4

2930 (34.13)

218 (7.44)

2712 (92.56)

0.74

0.59–0.92

0.72

0.58–0.90

5

2752 (32.05)

145 (5.27)

2607 (94.73)

0.52

0.41–0.65

0.49

0.38–0.62

6

1379 (16.06)

59 (4.28)

1320 (95.72)

0.41

0.30–0.56

0.37

0.27–0.51

237 (2.76)

31 (13.08)

206 (86.92)

1.00

-

1.00

-

Age of motherb (years)
19–25
26–30

2870 (33.43)

205 (7.14)

2665 (92.86)

0.51

0.34–0.77

0.74

0.48–1.11

31–35

3858 (44.93)

223 (5.78)

3635 (94.22)

0.41

0.27–0.61

0.74

0.48–1.13

1621 (18.88)

112 (6.91)

1509 (93.09)

0.49

0.32–0.75

0.78

0.50–1.21

36–48
Education of mother

b

Illiterate/Primary

71 (0.83)

12 (16.90)

59 (83.10)

1.00

-

1.00

-

Junior High

795 (9.26)

112 (14.09)

683 (85.91)

0.81

0.42–1.55

0.85

0.44–1.65

Senior High

1613 (18.79)

148 (9.18)

1465 (90.82)

0.50

0.26–0.95

0.52

0.27–1.01

College and above

6107 (71.13)

299 (4.90)

5808 (95.10)

0.25

0.14–0.48

0.27

0.14–0.52

<8000

1344 (15.65)

141 (10.49)

1203 (89.51)

1.00

-

1.00

Family yearly income (US$)c
8000–16000

1206 (14.05)

77 (6.38)

1129 (93.62)

0.58

0.44–0.78

0.69

0.52–0.93

16001–24000

1117 (13.01)

59 (5.28)

1058 (94.72)

0.48

0.35–0.65

0.62

0.45–0.85

24001–48000

1169 (13.62)

51 (4.36)

1118 (95.64)

0.39

0.28–0.54

0.54

0.38–0.75

>48000

3750 (43.68)

243 (6.48)

3507 (93.52)

0.59

0.48–0.74

0.69

0.55–0.86

Non-local

4041 (47.06)

278 (6.88)

3763 (93.12)

1.00

-

-

Local

4545 (52.94)

293 (6.45)

4252 (93.55)

0.93

0.79–1.11

0.86

Resident statusd
0.72–1.03

a AOR adjusted for the age of mother and education of mother. b AOR adjusted for the age of children, education of mother, family income and residency status. c AOR adjusted
for the age of mother, education of mother and residency status. d AOR adjusted for the age of mother, education of mother and family income. AOR: adjusted odds ratio.

compared with those children whose mothers were
lower educated. With increase in family income, the
prevalence of DCD in children decreased significantly
(Table 2).

In comparison with children whose mothers
were aged <25 years, the prevalence of DCD was
lower than among those whose mothers were aged
26–30 years (OR=0.51; 95% CI: 0.34–0.77), 31–
35 years (OR=0.41; 95% CI: 0.27–0.61) or 36–48
years (OR=0.49; 95% CI: 0.32–0.75). Similarly, the
prevalence of DCD was significantly lower among
children whose mothers had an education of senior
high school (OR=0.50; 95% CI: 0.26–0.95) or
college and above (OR=0.25; 95% CI: 0.14–0.48)

Relationship between DCD in children and
prenatal tobacco smoke exposure in mothers
Mothers’ prenatal tobacco smoke exposure was
positively associated with the occurrence of DCD
in children. Children whose mothers were exposed
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to FHS prenatally had significantly higher odds of
DCD prevalence than children whose mothers were
without prenatal FHS exposure (OR=4.42; 95% CI:
2.62–7.44), even after adjustment of prenatal or
perinatal confounders (OR=3.68; 95% CI: 2.17–6.25).
Likewise, children whose mothers were prenatally
exposed to SHS had higher odds of DCD prevalence
than children whose mothers were without prenatal
SHS exposure (OR=1.77; 95% CI: 1.47–2.14), even
after adjustment of prenatal or perinatal confounders
(OR=1.63; 95% CI: 1.35–1.97) (Table 3).
In this study, children with fetal asphyxia during
delivery had higher odds of DCD prevalence (OR=2.34;

95% CI: 1.60–3.43), and children breastfeeding for
less than 6 months also had higher odds of DCD
prevalence (OR=1.30; 95% CI: 1.08–1.56).
Figure 1 indicates that the association between
mothers’ prenatal tobacco smoke exposure and DCD
in children was stronger in boys than in girls, both
for FHS exposure (boys: OR=5.8; girls: OR=3.08)
and SHS exposure (boys: OR=2.02; girls: OR=1.48).
Stronger associations were also identified among
children aged 6 years than children aged 3–5 years,
both for the FHS exposure (OR=7.68; 95% CI: 1.52–
21.83) and SHS exposure (OR=2.94; 95% CI: 1.73–
5.02) (Figure 1).

Table 3. The correlation of mothers’ prenatal tobacco smoke exposure, perinatal factors and the prevalence of
DCD among their children aged 3–6 years, rural area of Shanghai, China 2018 (N=8586 )
Variables

DCD
Yes
n (%)

Univariate
No
n (%)

Multivariate*

OR

OR 95% CI

OR

OR 95% CI

62 (76.54)

4.42

2.62–7.44

3.68a

2.17–6.25

552 (6.49)

7953 (93.51)

1.00

–

1.00

–

Yes

176 (9.86)

1609 (90.14)

1.77

1.47–2.14

1.63b

1.35–1.97

No

395 (5.81)

6406 (94.19)

1.00

–

1.00

–

Yes

78 (8.78)

810 (91.22)

1.41

1.10–1.81

1.28c

0.99–1.67

No

493 (6.40)

7205 (93.60)

1.00

–

1.00

–

Vaginal

236 (6.28)

3519 (93.72)

1.11

0.94–1.32

1.09d

0.92–1.30

Cesarean

335 (6.93)

4496 (93.07)

1.00

–

1.00

–

191 (84.89)

2.59

1.78–3.77

2.34e

1.60–3.43

537 (6.42)

7824 (93.58)

1.00

–

1.00

–

Yes

70 (8.56)

748 (91.44)

1.36

1.01–1.76

1.12f

0.85–1.47

No

501 (6.46)

7267 (93.55)

1.00

–

1.00

–

<6

204 (7.96)

2360 (92.04)

1.33

1.12–1.59

1.30g

1.08–1.56

≥6

367 (6.09)

5655 (93.91)

1.00

–

1.00

–

Prenatal exposure to firsthand smoke
Yes
No

19 (23.46)

Prenatal exposure to secondhand smoke

Children with preterm birth

Children’s delivery method

Fetal asphyxia in delivery
Yes
No

34 (15.11)

Newborn infants treated in ICU

Children’s breastfeeding time (months)

* Multivariate logistic regression with covariates adjusted during the logistic regression selected by Directed Acyclic Graph (DAG) method. a OR after covariate adjustment of
prenatal exposure of secondhand smoke and breastfeeding time. b OR after covariate adjustment of prenatal exposure of firsthand smoke, fetal asphyxia in delivery, newborn
infants treated in ICU, family yearly income and breastfeeding time. c OR after covariate adjustment of fetal asphyxia in delivery, newborn infants treated in ICU, breastfeeding
time, age of children, gender of children and family yearly income. d OR after covariate adjustment of prenatal exposure of secondhand smoke, preterm birth, breastfeeding
time, age and gender of children. e OR after covariate adjustment of prenatal exposure of secondhand smoke, preterm birth, newborn infants treated in ICU, and gender of
children. f OR after covariate adjustment of prenatal exposure of secondhand smoke, preterm birth, fetal asphyxia in delivery, breastfeeding time, and age of children. g OR after
covariate adjustment of prenatal exposure of secondhand and firsthand smoke, preterm birth, newborn infants treated in ICU, and age of children.
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Figure 1. The Odds Ratio (OR, 95% CI) of the Developmental Coordination Disorder (DCD) prevalence among
children between mothers with prenatal exposure to firsthand smoke and without prenatal exposure to
firsthand smoke, as well as between mothers with prenatal exposure to secondhand smoke and without
prenatal exposure to secondhand smoke

DISCUSSION
Tobacco smoke contains many harmful substances
and is one of the most ubiquitous environmental
health hazards both for adults and children27. Prenatal
exposure to tobacco smoke is reported to be associated
with higher risk of still birth, congenital malformation,
lower birthweight, and decreased head circumference
at birth28,29. In this study, the prevalence of prenatal
FHS exposure (active smoking) was 0.94%, which
was lower than the findings of the GATS23 in 2012
and SSACB in 2017 cohorts 20-22. Meanwhile, the
prevalence of prenatal SHS exposure among women

was 20.79%, which was lower than the investigation
results in Sichuan Province (70%) and Henan
Province (60%), as well as in the GATS investigation
in China (53%) and Indonesia (76%)23,30,31. The lower
prevalence of prenatal tobacco smoke exposure might
be attributable to the implementation of public health
education and intervention on smoking cessation
in Shanghai 32. Meanwhile, many more residents
are aware of the physical harm of tobacco use in
recent years and have stopped tobacco smoking
successfully 33 . Whereas we still notice a high
prevalence of prenatal SHS exposure among mothers
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<30 years with education of junior/senior high school,
thus we suggest tobacco control measures should be
focused on their living and working circumstances in
the future.
Currently, DCD is identified as an impairment
of motor ability, which is not just relevant to the
movement system but related to a complex series
of neurological dysfunctions involving memory,
attention, executive function and reasoning34. In this
study, the prevalence of DCD among children was
6.65%, which is consistent with previous studies5-7, but
slightly lower than the findings in Suzhou (8.3%) in
2012. The lower DCD prevalence might be attributed
to the combined effect of MABC-2 application and
pediatrician diagnosis, which decreased the false
positive rate of DCD screening by the tools of DCDQ
and DSM-5 in the Suzhou study26. Moreover, the
prevalence of DCD in this study was higher among
boys than girls, and the prevalence of DCD decreased
when children became older, these findings are in line
with previous investigations10,11. We suggest that DCD
screening should be implemented among preschool
children aged 3–6 years and primary school children
aged 7–12 years, especially among boys, which could
provide an opportunity for DCD early intervention.
Previous studies demonstrated that the risk of
DCD increases among children from less advantaged
socioeconomic backgrounds, among children with a
birthweight under 2500 g or preterm birth (<37 weeks
of gestation)2,8,9. In this study, we identified a higher
prevalence of DCD among children with preterm
birth, fetal asphyxia in delivery, a history of perinatal
ICU admission and breastfeeding less than 6 months,
whereas significant associations were only observed
between higher DCD prevalence and children with
fetal asphyxia in delivery or with breastfeeding time
less than 6 months after the adjustment for potential
confounding factors, consistent with previous
studies2,9,10. But the possible causal association and
pathogenic mechanism between the initiation of DCD
and the fetal asphyxia in delivery as well as the short
breastfeeding time is still unclear and needs to be
clarified in the future.
In this study, we observed an elevated prevalence
of DCD in children whose mother was exposed to
prenatal tobacco smoke, both for FHS and SHS. The
prevalence of DCD was 4.42 times higher among
children if their mothers were exposed to FHS

prenatally, and 1.77 times higher among children
if their mothers were exposed to SHS prenatally.
Previous studies indicated that the association
between high prevalence of DCD in children and
mothers’ prenatal tobacco exposure was confounded
by social, economic factors, as well as perinatal risk
factors including preterm birth, lower birthweight,
gender of children, age of children, etc8,10,19. In order
to address this, we adjusted the potential confounding
factors mentioned above, ascertained by directed
acyclic graphs (DAGs)16,20, and logistic regression
analysis with covariable adjustment demonstrated that
children still had higher risk of DCD occurrence if their
mother was exposed to tobacco smoke prenatally, with
OR=3.68 and OR=1.63 for FHS and SHS exposure,
respectively. Potential mechanisms underlying this
association include intrauterine hypoxia, and direct
toxic effects of nicotine 35. Nicotine is the major
teratogenic component of tobacco smoke and could
lead to adverse neurodevelopmental consequences.
Other potential mechanisms include a form of fetal
malnutrition due to maternal tobacco smoke exposure
and the possible influence of components in cigarette
smoke other than nicotine19,35, but mechanisms of the
association need to be clarified in further studies.

Strengths and limitations
This study is the first attempt to estimate the
association of prenatal FHS and SHS exposure among
mothers and occurrence of DCD in children aged 3–6
years in China. A key strength of this study is the large
sampling population size. We sampled 8586 children
accounting for about 20% of the total population of
preschool children in Songjiang district, and hence
the study results could be generalized to all children
aged 3–6 years in Songjiang district or even to other
rural areas of Shanghai. Another strength of this study
is that we used directed acyclic graphs (DAGs) to
identify potential confounding factors and adjusted
them in the multivariate logistic regression analysis,
which ensured a relatively unbiased association
between children’s DCD prevalence and mothers’
prenatal tobacco smoke exposure.
Our study has some limitations. First, the crosssectional study design only allows the calculation of
prevalence and may induce some information bias,
and the positive association between prenatal tobacco
exposure in mothers and DCD in children should be
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validated by studies with a design of case-control or
cohort. Second, detailed information of prenatal SHS
and FHS exposure (daily tobacco smoking, hours of
SHS exposure at home and workplace etc.) among
mothers was not recorded, making it impossible to
estimate the dose-effect relationship between DCD
in children and prenatal tobacco smoke exposure in
mothers. Third, information of perinatal determinants
of DCD is self-reported, which might lead to some
recall bias, and the prenatal SHS and FHS exposure
among mothers might be under-reported, leading to
a potential risk of under-estimating the odds ratios.
The incorporation of some improvements should be
considered in further follow-up studies.

doi:10.1542/peds.2008-1770
6. Hua J, Gu GX, Zhu QQ, et al. The reliability and
validity of the Developmental Coordination Disorder
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mainland China. Res Dev Disabil. 2015;47:405-415.
doi:10.1016/j.ridd.2015.10.006
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10. Goyen TA, Lui K. Developmental coordination
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doi:10.1136/adc.2007.134692
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doi:10.1111/j.1469-7610.2004.00359.x
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exposure to maternal smoking on behavioural problems
and academic achievement in childhood: prospective
evidence from a Dutch birth cohort. Early Human Dev.
2003;75:21-33. doi:10.1016/j.earlhumdev.2003.09.001
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disrupted in children with developmental coordination
disorder and attention deficit/hyperactivity
disorder. Neuroimage Clin. 2014;4:566-575.
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cessation in relation to leukocyte telomere length
and mortality. Oncotarget. 2016;7:60419–60431.
doi:10.18632/oncotarget.11051
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length in female newborns. Environ Pollut. 2018;235:446452. doi:10.1016/j.envpol.2017.12.095
16. Mahlberg N, James ME, Bulten R, Rodriguez C, Kwan M,
Cairney J. Investigating the association between exposure
to second hand smoke in utero and developmental
coordination disorder. Front Pediatr. 2019;7(438):1-7.
doi:10.3389/fped.2019.00438
17. Slykerman RF, Thompson JM, Clark PM, et al.

CONCLUSIONS
The occurrence of developmental coordination
disorder (DCD) among children is positively
associated with prenatal tobacco smoke exposure
among their mothers, both for FHS and SHS, but the
causality needs to be validated by future prospective
studies. We emphasize that it is crucial to implement
tobacco control measures to decrease the prevalence
of smoking among pregnant women and also among
their family members and fellows at work in Shanghai,
China.
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