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Maternal Cooking during Pregnancy May Increase Hyperactive Behaviors among

Children Aged around 3 Years Old

Abstract

Cooking is one of the main sources of indoor air pollution in China. Given emerging evidence
of a link between air pollutants and neurodevelopmental delays, we examined whether maternal
experiences with cooking during gestation might increase their child’s hyperactivity at 3 years
of age. The participants involved 45518 mothers of children who were newly enrolled at
kindergarten in the Longhua District of Shenzhen from 2015 to 2017. The results show that
maternal exposure to cooking fumes during pregnancy was related to an increased risk of their
off-spring having hyperactivity behaviors at the age of 3 years. Compared with pregnant
mothers who never cooked, pregnant mothers who cooked sometimes, often or always had
children who showed a significantly higher hyperactivity risk. Households using cooking fuels
such as coal, gas during the mothers’ pregnancy, exhibited more hyperactivity behaviors in the
young child when compared to those using electricity for cooking. In addition, poor ventilation
during cooking, while mothers were pregnant, was found to be a significant risk factor for
clinical levels of the offspring’s hyperactive behaviors. Furthermore, the positive association
with maternal cooking during pregnancy and their offsprings’ hyperactivity was relatively

consistent across strata defined by social class, education, and other covariates.
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Practical Implications

There is an obvious need to raise the public’s awareness to the harmful effect of maternal
prenatal exposure to cooking fumes on child hyperactivity and to elucidate the factors which
affect cooking emissions in order to guide the development and implementation of effective
interventions. These findings support the implication that reducing cooking emission through
using clean fuels and improving ventilation conditions in households of women who cook

during pregnancy can decrease the prevalence of child hyperactive behaviors.



1. Introduction
Hyperactivity is one of the primary clinical symptoms of attention deficit hyperactivity disorder
(ADHD)'. In turn, ADHD is one of the most prevalent childhood neurobehavioral disorders',
and can cause significant impairment in the affected individuals’ performance in social,
educational, or work environments, as well as placing long-term economic burdens on the
family and country?~. The exact causes of hyperactivity have not yet been fully elucidated and
so there is a need to further explore risk factors for the presence of hyperactive behaviors in
children.

There is emerging evidence that air pollutants may impair children’s neurodevelopment®
7. Given that pregnant women are susceptible to indoor environmental hazards®, and given that
the brain cortex maturation is intensive in the utero life, fetal brain development may be
particularly vulnerable to exposure to environmental pollutants’. A series of prior
epidemiological studies have already indicated a link between air pollution exposure prenatally
and the increased risk of child behavior problems!®!®. For example, prenatal exposure to
polycyclic aromatic hydrocarbons(PAH) was found to be associated with adverse cognitive
outcomes around age 5 years in the birth cohort studies in both New York and Krakow '* !,
and with behavioral problems at ages 6 to 7 years'?. Although the epidemiological evidence
mentioned above have focused on outdoor air pollution, these findings also raise concerns about
similar effects from indoor air pollution.

According to the Ministry of Health of China, although Chinas economy has grown
rapidly in recent decades, many people living in rural areas still use solid fuels (coal, wood) for
daily cooking and heating purposes!’. Moreover, unlike the single method of cooking meals
typical in Western culture, Chinese people tend to cook at home by multiple means
simultaneously such as stir-frying, deep-frying and, pan-frying, which produces an extensively

larger amount of lampblack'®. Lampblack includes large quantities of harmful substances, such
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as particulate matter, carbon monoxide, nitrogen oxides, PAHs, acids, alcohols, and aldehyde!®-
22 Compared with inside rooms when no cooking has occurred, cooking increases the average
concentration of particles in the kitchen by 20-40 times and the living room by 10 times®.
Therefore, cooking is an important potential source of indoor air pollution in China, particularly
for Chinese women who typically do the family cooking. This is potentially problematic for
young Chinese children given the finding from a small birth-cohort study indicating that early
life exposure to air pollution from indoor gas appliances was inversely associated with cognitive
function and increased risk of ADHD symptoms®*. Similarly, a prospective birth cohort study
conducted on a bigger Spanish population (1887 mother-child pairs) also reported that the
presence of a gas cooker was associated with slower mental development of young children®.
However, no study to date has examined the impact of experiences with cooking during
pregnancy on subsequent child hyperactivity. Therefore, the aim of the current study was to
assess whether maternal exposure during pregnancy was associated with an increased risk of
hyperactivity in the mother’s child when the child was aged 3 years old.

2. Methods

2.1 Study population

The current study was based on the baseline survey of a large population-based cohort study
initially recruited in the autumn of 2015 from 171 kindergartens in the Longhua District of
Shenzhen, a coastal city located in the southern region of Mainland China. In brief, the Longhua
Child Cohort Study (LCCS) is an on-going prospective cohort study which was designed to
evaluate the impact of family and school environment on children’s mental and behavioral
problems. Detailed information about the research procedures of the LCCS have been described
elsewhere®®. This analysis was grounded on baseline data on the mother’s recall of cooking
exposure during pregnancy and their observations of their child’s hyperactive behaviors when

children were in their first year of preschool. The data was collected during October 2015 to
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October 2017. Children of mothers who did not answer questions on cooking exposure or
complete information on hyperactive behaviors were not included (n=526) resulting in 45518
mother-child pairs being included in the analysis. Participants signed informed consent forms
after having the study explained to them. The study was approved by the Ethic Committee of
School of Public Health of Sun Yat-sen University.
2.2 Data collection procedures
The parents were given a questionnaire and asked to complete it under the guidance of a trained
health-care assistant. The demographic questions included the number of people residing
together; participant’s home address at birth, maternal and paternal age at child birth; parental
education; family income per month; migrant status; marital status; maternal obstetric history,
birth weight, premature birth and child age and sex; delivery way (eutocia, caesarean); feeding
pattern (breast feeding, mixed feeding, artificial feeding); and consumption of multivitamins,
folic acid, calcium use, and alcohol; as well as engagement in active and passive cigarette
smoking. Also, we collected the information about average daily sleep duration for children
and the frequencies of parent-child interactive activities for different time periods: before their
child was 1 year old and when their child was 1 to 3 years old. More details about parent-child
interactive activities can be seen in our pervious study?’.

In addition, average outdoor PMzs and NO; concentrations at each participant’s home
address at birth were evaluated for the pregnancy period by land-use regression models® .
2.3 Exposure assessment of maternal cooking
Maternal cooking status during pregnancy was measured with the following questions: when
you were pregnant with your child who is now attending preschool 1) did you ever cook (yes
vs. n0); 2) what was the frequency of cooking (never, occasionally, sometimes, often, always);
3) what type of cooking fuels were used (electricity, nature gas, liquefied petroleum gas, coal

and others); 4) what was the condition of the kitchen ventilation when you cooked (good, fairly
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good, poor); and 5) what amount of cooking fumes did you experience when you cooked (little,
a lot of). We defined those who cooked at least once per month during pregnancy as
“occasionally cooking”, those who cooked at least one time every two weeks during pregnancy
as “sometimes cooking” and considered those who cooking at least once per week during
pregnancy as “often cooking” as well as those who cooking at least once every day during
pregnancy as “always cooking”. For the kitchen ventilation condition, we defined those who
always used an extractor fan when cooking as “good ventilation” and those who sometimes
used an extractor fan or who always opened a door and windows when cooking as “fairly good”
and those who never used an extractor fan or sometimes opened a door and windows when
cooking as “poor ventilation” .

2.4 Measurement of hyperactive behaviors

The Conners’ Hyperactivity Index (HI), a subscale of the Conners’ Parent Rating Scale-Revised
(CPRS-48), was used to measure the children’s hyperactive behaviors in our study. The scale
is widely validated and utilized across a range of international studies to assess hyperactive
behaviors in children aged between 3-17 years old®°. This tool has previously been translated
into Chinese and demonstrated to have good reliability and validity’®. The HI measure is
comprised of 10 items, with the scores from the items summed and then divided by 10 to get a
mean score that ranges from 0 to 3. A higher score indicates a higher level of hyperactivity. In
our study, the Cronbach’s a coefficient for the HI was 0.83. In addition to this continuous
measure of hyperactivity, the HI was also treated as a dichotomous measure by using the 90th
percent HI score for the child’s age and gender as the cut-off for establishing the presence of
hyperactive behaviors®® 3!,

2.5 Statistical analysis

Continuous variables were described in terms of means and standardized deviations, while

categorical variables were described as frequencies and proportions. T-tests or chi-square tests

7



were used where appropriate for comparison between groups. Unconditional binary logistic
regression models were used to examine the association between cooking during pregnancy and
the dichotomous measure of the presence of child hyperactive behaviors. In addition,
multivariate liner regression models were utilized to assess the association between exposure
to cooking during pregnancy and the continuous measure of child hyperactive behaviors. Since
some HI scores contained “0” values, we added the value of “1” to the HI score and preformed
a natural logarithmic transformation to reduce the skewness of the data for multiple linear
regression model.

Covariates included child’s sex and age, maternal and paternal education, maternal and
paternal age at the time of the birth, family income, marital status, migrant status, birth weight,
premature birth, parity, delivery way, feeding pattern, maternal active and passive smoking
during pregnancy, gestation alcohol consumption, multivitamins, folic acid, or calcium
supplementation during pregnancy, average daily sleep duration for children and frequencies
of parent-child interactive activities at 0-1 and 1-3 years and number of persons in the house.
All the covariates significantly related to the outcome (p < 0.20) were included in the
multivariate model, and they were retained only if they modified the coefficient of the cooking
variable by more than 10%°2. The final multivariate model was adjusted for child sex and age,
migrant status, maternal and paternal age at birth, maternal and paternal education, family
income, marital status, parity, multivitamins supplementation during pregnancy, passive
smoking during pregnancy, feeding pattern, premature birth, average daily sleep duration for
children and frequencies of parent-child interactive activities at 0-1 and 1-3 years .

We examined the robustness of results over various strata of potential confounding
variables. We also stratified by supplementation of antioxidant nutrients (feeding pattern,
multivitamins, folic acid, or calcium consumption during pregnancy), which were possible

modifiers of air pollution effects as reported in the literature®. Given outdoor air pollution may
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also associated with behavior problems, we conducted a subgroup analysis of those mothers
who were living in Shenzhen during pregnancy to evaluate the influence of adjusting for PMz 5
and NOa.

The statistical analyses were performed using SPSS version 20.0 (SPSS Inc., Chicago, IL,
USA) and Statistics Analysis System (SAS, version 9.3, SAS Institute Inc., Cary, NC, USA).
All of the p-values were two-sided. Type I errors were set at p<.05.

3 Results

A total of 45518 mother-child dyads were enrolled in the study. The mean maternal age at child
birth was 27.43 (SD=4.05) years old. There were no statistically significant differences in
family income and maternal education level between mothers who cooked and those who did
not. Mothers with cooking exposure during pregnancy disclosed lower levels of passive and
active smoking during gestation. They also reported lower consumption of vitamins, but their
intake of folic acid and calcium and the proportion of breast-feeding were similar to mothers
who did not cook during gestation. Finally, households where mothers who cooked during
pregnancy had fewer residents in the household.

The mother-related Conners’ HI scores ranged from 0 to 3, and 13.3% (6053/45518) of
the participants were over the threshold of a high probability of hyperactive behaviors according
to the standard cut-off value (i.e. using the 90th percent HI score). Of the investigated children,

54.4% were boys and the mean age was 3.45 (SD = 0.40) years old (see Tablel).

Insert Table 1 about here

As shown in Table 2, in this sample, 45.3 (20616/45518) percent of mothers reported
cooking at home during the pregnancy. Of these, most cooked using electricity (n = 14212),
while the rest used natural gas or liquefied petroleum gas to cook. Of those who did not use

light fuels, most used coal for cooking. The presence of prenatal cooking exposure was
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significantly associated with the presence of hyperactivity behaviors in the mother’s young
children both in the univariate model (OR = 1.15, 95% CI = 1.09-1.21, p < 0.001; B = 0.015,
95% CI=0.011-0.020, p < 0.001), and in the adjusted model (OR =1.17, 95% CI = 1.10-1.24,
p<0.001; =0.021, 95% CI=0.015-0.024, p < 0.001). Compared with pregnant mothers who
never cooked, those who cooked were sometimes (OR = 1.32, 95% CI=1.21-1.44, p <0.001;
B =0.030, 95% CI = 0.023-0.038, p < 0.001) or often (OR = 1.92, 95% CI = 1.55-2.38, p <
0.001; B = 0.042, 95% CI = 0.033-0.045, p < 0.05) and always (OR = 2.40, 95% CI = 1.88-
3.05, p <0.001; B =0.131, 95% CI = 0.105-0.157, p < 0.001) likely to show a significantly
higher risk of hyperactivity after adjusting for the covariates. Likewise, those who reported
being exposed to a lot of cooking fumes during pregnancy had an increased risk of offspring’s
hyperactive behaviors compared to those who reported little exposure to cooking fumes (OR =
1.83, 95% CI =1.38-2.44, p <0.001; B =0.072, 95% CI = 0.041-0.102, p < 0.001). In addition,
an increased risk of hyperactive behaviors in the child was found when mothers had used coal
(OR =2.16, 95% CI = 1.59-2.99, p < 0.001; B = 0.104, 95% CI = 0.071-0.138, p < 0.001) and
liquefied petroleum gas (OR =1.75, 95% CI =1.46-2.10, p < 0.001; B=0.075, 95% CI =0.058-
0.092, p <0.001) or natural gas (OR = 1.69, 95% CI = 1.51-1.90, p <0.001; B = 0.075, 95% CI
= 0.065-0.085, p < 0.001) in cooking, compared to those who had used electricity to cook.
Furthermore, poor ventilation in the kitchen was found to be a significant risk factor for the
presence of hyperactive behaviors in the children in both the univariate and adjusted models.
This relationship was further demonstrated by a stratified analysis of cooking fumes and
ventilation condition (Table 3). However, we did not observe a significant interaction effect (p

= 0.737).

Insert Table 2 and 3 about here
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When the analyses were stratified by the covariates (Table 4), we found that the negative
effect of maternal cooking during pregnancy was fairly homogeneous in most subcategories
and that there was little evidence for interactions between these variables and the cooking
condition (test for interaction p > 0.1) with the except for passive smoking during pregnancy
(p < 0.01). The greatest risks for the presence of childhood hyperactive behaviors, that were
related to maternal cooking during pregnancy, were found in a) families with the lowest income,
b) mothers who were migrants, ¢) mothers with primary educational level, d) households where
more than 4 persons resided, and e) households were at least one person smoked. The effect of
maternal cooking during pregnancy on child’s hyperactive behaviors was somewhat stronger
in mothers who did not consume folic acid or calcium during gestation. When the analyses were
preformed separately for children who were born in Shenzhen with and without adjusting for

outdoor PM» 5 and NO; concentration, we observed very similar results (Table 5).

Insert Table 4 ,5 about here

4 Discussion

This study examined the association between maternal exposure to cooking fumes during
pregnancy and the offspring’s hyperactive behaviors at around 3 years old using baseline data
of LCCS that include 45518 participants in Southern China. Our finding supported the
conclusion that the presence of cooking experience at home during pregnancy was associated
with the presence of hyperactivity behaviors in the offspring. These, associations were
relatively consistent across social and educational categories. Moreover, we found that the
higher the frequency of cooking during pregnancy, the greater the risk of children’s hyperactive
behaviors. Furthermore, compared with pregnant women who used electricity for cooking

during pregnancy, those who used natural gas or LPG gas or coal were likely to have a
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significantly increased risk of hyperactive behaviors. In addition, having a kitchen with good
ventilation was protective to the development of hyperactive behaviors.

Previous research on the associations between cooking and health have largely focused
on respiratory illness, cardiovascular diseases and adverse birth outcome®, with only a few
studies examining the effects on neurobehavioral development. For example, two studies in
Spain indicated that a mother’s exposure to gas cooking during pregnancy was associated with
harmful effects on their child’s neurobehavioral development®> ¥, In line with these two
studies, our study showed that maternal cooking during pregnancy was associated with a higher
risk of the offspring’s level of hyperactivity, with a dose-response relationship between the
cooking frequency and the risk of hyperactive behaviors. All these findings support a
deleterious effect of maternal cooking during pregnancy with offspring’s neurobehavioral
development.

It is well known that cooking emissions are influenced by many factors, such as cooking
duration, fuel types and ventilation®®. Recently, a prospective birth cohort study reported that
exposure to cooking with gas during pregnancy was related to a poor mental development
compared to cooking with electricity (f = -2.5, 95% CI = -4.0 ~ -0.9) and that the effect was
further strengthened when combined with poor ventilation (B = -3.6, 95% CI = -6.0 ~ -1.1)%.
Similarly, our study also found an increased risk of the presence of hyperactive behaviors in
the children of mothers who had used coal and liquefied petroleum gas or natural gas in cooking
during pregnancy compared with those who cooked with electricity. In addition, our study
presented evidence that having a good ventilation during maternal cooking can effectively
reduce the hazards of cooking and was protective against the development of hyperactive
behaviors in the offspring. Though no other studies have observed the relationship between
maternal cooking during pregnancy and childhood neurobehavior development, cross-sectional

epidemiological studies have shown a higher risk of prevalent cases of childhood asthma in
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homes with gas stoves compared with homes with electric stoves®’°. Blair, and colleagues
found the use of wood cooking fuel increased the risk of preeclampsia compared to gas fuel®.
A nationwide population-based study in Bangladesh reported that the risk of the development
of child acute respiratory infection and low birth weight were significant increased while
cooking inside the house and using indoor solid fuels*!. A review which focused on lung cancer
in Xuanwei indicated that the installation of a chimney in homes resulted in a substantial
reduction in lung cancer incidence and mortality**. Analogously, a nested case-control study
found that always using a fume extractor during cooking can reduce the risk of cervical
intraepithelial neoplasm in women in China*’. Overall, these findings suggest that when
exposure to cooking fumes is unavoidable, the use of clean fuels and improved ventilation are
necessary and effectivity ways to reduce the hazards upon health.

In addition to above mentioned analyses, we also evaluated the robustness of cooking
during pregnancy upon children’s hyperactivity by stratification analysis, and the negative
effects of cooking during pregnancy were demonstrated to be fairly consistent across most
subcategories. The replication of an association of cooking with neuro-development in different
subgroups strengthens the evidence for a causal association, although similar confounding
structures cannot be excluded as explanation.

Although the mechanisms by which maternal cooking might affect the developing brain
of fetus has not yet been fully elucidated, some studies have already provided possible
explanations. During the cooking process, the fumes emitted contain particulate matter (PM),
polycyclic aromatic hydrocarbon (PAH), volatile organic compounds (VOCs), carbon
monoxide (CO), sulfur dioxide (SO2), nitrogen dioxide (NO>), and other gaseous compounds**
46 Moreover, these pollutants which the mothers potentially inhale may translocate from the
respiratory tract into the systemic circulation and cross the placenta to gain access to the fetal

circulation*’. These substances promote chronic neuro-inflammation, oxidative stress,
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microglia activation, white matter abnormalities and endocrine disruption, and subsequent
damage the central nervous system*®. Precursors of the central nervous system originate early
in embryogenesis and specific areas of the brain start to develop within the first month of
pregnancy®. Normal brain development requires careful coordination of a number of vital
processes covering proliferation, differentiation, migration, synaptogenesis, apoptosis, and
myelination®. Interruption of any of these processes can lead to functional developmental
abnormalities*’. Different pollutants may exert their neurotoxic effects via a variety of different
pathways>. For instance, CO readily diffuses across the placenta and binds to fetal hemoglobin
after maternal exposure to CO and formation of COHb*""*2. PAHs can arouse DNA damage
resulting in activation of apoptotic pathways>>~>>. Apoptosis has been shown to be a mechanism
of physiologic cell death in cerebellar granule neurons in vivo during the first 2 weeks of
postnatal development®® as well as binding to receptors for placental growth factors leading to
decreased exchange of oxygen and nutrients’’. Although little is known about the direct
neurotoxic effects of NOo, it is speculated that it may lead to lipid per-oxidation in the brain or
interference with dopamine biosynthesis®. In addition, the effects on childhood hyperactivity
found between cooking with different types of fuel during pregnancy may be due to the unequal
release of harmful substances. Several studies reported that cooking with electricity and natural
gas released less particular matter (PM) and PAHs than when cooking with coal and biomass
3860 A Spanish cohort study also found that more NO> was emitted by butane and propane gas
than by natural gas®'. Further, good ventilation may have a similar mechanism for reducing the
risk of hyperactivity in children. For instance, a recent experimental study demonstrated that
the wind speed of the kitchen ventilator directly affected the level of PM concentration during
the cooking process, and that the concentration of PM could be decreased by over 65 percent at

high wind speed when compared to medium wind speed®?. These results provide some support
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for our findings, but more research is needed to verify these findings and to identify more
clearly and comprehensively the potential mechanisms.

Several limitations should be considered in this study. This study used the baseline data of
the LCCS. Therefore, the measures of maternal cooking experiences during pregnancy were
based upon the mothers’ recall of these experiences from three years earlier and so there is a
risk of recall bias. We therefore need to be cautious about suggesting a causal relationship
between cooking exposure during pregnancy and the subsequent presence of hyperactive
behaviors in the mother’s child when the child was around 3 years of age. In addition, the
assessment of cooking exposure in the questionnaire was limited. We did not collect
information in different trimesters of pregnancy, the time spent cooking, and the methods (e.g.
frying, roasting, grilling, boiling and broiling) or ingredients (e.g. meat, vegetables) used in
cooking. We also had no information on the household’s kitchen design (separated or open

plan) and we had no measure of the levels of NOj_polycyclic aromatic hydrocarbons, or other

gas-cooking-related pollutants both in the kitchen and in the living room. Better measurement
of these factors that may characterize the level of exposure to cooking related fumes, as well as
the measurement of the air pollutants will be important for future studies. In addition, given
that the exposure assessment was limited to prenatal period only, the study lacked information
about postnatal and infanthood exposure to air pollutants or other pollutants (e.g. lead or
mercury in food). Thus, it is hard to determine how the timing of exposure (prenatal versus
postnatal versus infanthood) might affect the associations identified in this study. As such
conclusions can not be extended to further time periods of infant/child exposure to cooking
fumes, although we expect a larger effect during the development of the child in utero, when
critical brain growth occurs. Another limitation of our study is that we did not have exact
outdoor air pollution data for children’s birth addresses that were not in Shenzhen City (36.9%

of the children were not born in Shenzhen). However, when we analyzed the smaller sample of
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participants with available outdoor air pollution data, the association between prenatal cooking
exposure and child hyperactivity was quite similar before and after adjusting for PMz s and NO»
concentrations. Finally, while we controlled for the potential confounding effects of a wide
range of demographic factors, gestation risk factors, life-style habits, and cognitively
stimulating activities at age 0-3 years old, there may still be a range of other potential
confounding risk factors for behavior problems that should be measured in future studies (such
as family history of ADHD and home environmental indicators).

S Conclusions

Taken together, our results suggest that cooking during pregnancy is associated with an
increased risk of hyperactive behaviors in children at around 3 years of age. Moreover, these
risks were higher when the mothers cooked frequently, or when the households used gas or
solid fuels for cooking, or the kitchen was poorly ventilated. If our findings are replicated in
future longitudinal and interventional studies, then they will provide crucial evidence to support
a relatively simple, low-cost, and sustainable public health intervention to decrease the rates of
hyperactive behaviors in children. Such an intervention could have a significant positive impact
on reducing the social, emotional, and economic burden on individuals, families, and societies
affected by hyperactive behaviors.
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Tablel. Summary measures of covariates by prenatal cooking and hyperactive behaviors

Cooking(N=45518) Hyperactive behaviors(N=45518)
Covariates Yes (n=20616) No (1=24902) P value Yes (n—=6053) No (1=39465) P value
Child sex, n (%) 0.594 0.210
Girl 9380(45.5) 13497(54.2) 2809(46.4) 17957(45.5)
Boy 11236(54.5) 11405(45.8) 3244(53.6) 21508(54.5)
Child age; mean (SD) 3.45(0.40) 3.46(0.39) 0.048 3.40(0.39) 3.46(0.40) <0.001
Birth weight; mean (g, SD) 3254(449) 3255(443) 0.758 3235(444) 3257(446) <0.001
Migrant, n (%) 0.602 <0.001
No 7875(38.2) 9587(38.5) 1973(32.6) 15470(39.2)
Yes 12741(61.8) 15314(61.5) 4080(67.4) 23995(60.8)
Single child, n (%) 0.490 <0.001
No 9360(45.4) 11231(45.1) 2415(39.9) 18193(46.1)
Yes 11256(54.6) 13671(54.9) 3638(60.1) 21272(53.9)
Prematurity, n (%) 0.001 0.016
No 19565(94.9) 23781(95.5) 5726(94.6) 37610(95.3)
Yes 1051(5.1) 1121(4.5) 327(5.4) 1855(4.7)
Delivery mode, n (%) 0.703 <0.001
Eutocia 9050(43.9) 10882(43.7) 2512(41.5) 17404(44.1)
Caesarean 11566(56.1) 14020(56.3) 3541(58.5) 22061(55.9)
Feeding pattern, n (%) 0.082 <0.001
Breast feeding 5360(26.0) 6300(25.3) 1525(25.2) 11169(28.3)
Mixed feeding 13009(63.1) 15962(64.1) 3735(61.7) 27783(70.4)
Artificial feeding 2247(10.9) 2640(10.6) 793(13.1) 513 (1.3)
Maternal age at child birth; mean (SD) 27.49(4.01) 27.37(4.08) 0.002 26.53(3.95) 27.57(4.05) 0.011

Paternal age at child birth; mean (SD) 29.85(4.71) 29.71(4.72) 0.001 28.92(4.59) 29.91(4.73) <0.001



Maternal education, n (%)
Primary or secondary
High school
College
Postgraduate
Family income, RMB/month, n (%)
<5000
5000-10000
10000-20000
>20000
Maternal marital status, n (%)
Married
Unmarried/Divorced/Windowed
Gestation smoking, n (%)
No
Yes
Gestation passive smoking, n (%)
No
Yes
Gestation drinking, n (%)
No
Yes
Taken folic acid during pregnancy, n (%)
No
Yes
Taken vitamins during pregnancy, n (%)
No

3587(17.4)

5752(27.9)

10679(51.8)
598(2.9)

2268(11.0)
5092(24.7)
7257(35.2)
5999(29.1)

19915(96.6)
701(3.4)

20224(98.1)
392(1.9)

15586(75.6)
5030(24.4)

20307(98.5)
309(1.5)

1979(9.6)
18637(90.4)

12803(62.1)

4233(17.0)

7122(28.6)

12899(51.8)
648(2.6)

2640(10.6)
6026(24.2)
8890(35.7)
7246(29.5)

24030 (96.5)
872(3.5)

24379(97.9)
523(2.1)

17207(69.1)
7695(30.9)

24528(98.5)
374(1.5)

2465(9.9)
22437(90.1)

15215(61.1)

0.435

0.273

0.581

0.147

<0.001

0.920

0.238

0.019

1307(21.6)
1901(31.4)
2845(47.0)

805(13.3)
1780(29.4)
2106(34.8)
1362(22.5)

5793(95.7)
260(4.3)

5896(97.4)
157(2.6)

3759(62.1)
2294(37.9)

5980(98.8)
73(1.2)

660(10.9)
5393(89.1)

3765(62.2)

8801(22.3)
2644(6.7)
28020(71.0)

4104(10.4)
9353(23.7)
14050(35.6)
11958(30.3)

38163(96.7)
1302(3.3)

38676(98.0)
789(2.0)

29046(73.6)
10419(26.4)

38873(98.5)
592(1.5)

5052(12.8)
34413(87.2)

24271(61.5)

<0.001

<0.001

<0.001

0.007

<0.001

0.148

0.002

0.288
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Yes
Taken calcium during pregnancy, n (%)
No
Yes
Number of person residence, n (%)
<4
>4
Average daily sleep duration / h (0-1 years old)
Average daily sleep duration / h (1-3 years old)

7813(37.9)

3113(15.1)
17503(84.9)

14596(70.8)
6020(29.2)
16.38(3.24)
11.75(1.86)

9687(38.9)

3685(14.8)
21217(85.2)

17182(69.0)
7720(31.0)
16.43(3.25)
11.81(1.91)

0.489

<0.001

0.166
0.003

2288(37.8)

968(16.0)
5085(84.0)

4298(71.0)
1755(29.0)
16.09(3.28)
11.63(1.82)

15194(38.5)

5841(14.8)
33624(85.2)

27468(69.6)
11997(30.4)
16.41(3.24)
11.81(1.89)

0.012

0.029

<0.001
<0.001
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Table 2. Association of exposure to cooking during gestation with child hyperactive behaviors

Hyperactive behaviors

Independent variables N dichotomous measure (OR, 95% CI) continuous measure (B, 95% CI)
Model 1 Model 2 Model 1 Model 2

Cooking

No 24902 Ref Ref - -

Yes 20616 1.15(1.09-1.21) *** 1.17(1.10-1.24)*** 0.015(0.011-0.020) *** 0.019(0.015-0.024) ***
Cooking fumes

Little 20325 Ref Ref - -

Alot of 291 2.63(2.04-3.40) 1.83(1.38-2.44) " 0.130(0.100-0.159) *** 0.072(0.041-0.102) ***
Frequency of cooking

Never 24902 Ref Ref - -

Occasionally 14294 0.99(0.93-1.06) 1.04(0.98-1.12) 0.001(-0.004-0.006) 0.009(0.004-0.015) ***

Sometimes 5361 1.34(1.24-1.46) *** 1.32(1.21-1.44)** 0.032(0.025-0.040) *** 0.030(0.023-0.038) “**

Often 578 2.18(1.79-2.65) *** 1.92(1.55-2.38)*** 0.044(0.023-0.065) *** 0.042(0.033-0.045)*

Always 383 3.33(2.68-4.13) ™ 2.40(1.88-3.05) *** 0.178(0.153-0.203) *** 0.131(0.105-0.157) **
Type fuels of cooker used

Electricity 14212 Ref Ref - -

Nature gas 5154 2.20(2.02-2.40) *** 1.69(1.51-1.90)"* 0.116(0.108-0.124) *** 0.075(0.065-0.085) ***

Liquefied petroleum gas 1016 2.29(1.96-2.69) *** 1.75(1.46-2.10) *** 0.118(0.102-0.134) *** 0.075(0.058-0.092) ***

Coal and others 234 3.02(2.25-4.05) *** 2.16(1.56-2.99)"* 0.159(0.127-0.191) ** 0.104(0.071-0.138) ***
Ventilation condition

Good 10149 Ref Ref - -

Fairy good 8579 1.13(1.04-1.23)" 1.03(0.94-1.13) 0.024(0.018-0.032) *** 0.010(0.003-0.018) **

Poor 1888 2.61(2.32-2.94)"* 1.68(1.46-1.94) *** 0.148(0.135-0.160) *** 0.077(0.063-0.091) ***

tModel 1 was adjusted for none confounding variables; Model 2 was adjusted for child sex and age, migrant or not, maternal and paternal age at birth, maternal and paternal education, family income, marital status, parity,

multivitamins supplementation during pregnancy, passive smoking during pregnancy, feeding pattern, premature birth, average daily sleep duration (0-1 and 1-3 years old), and frequency of parent-child interaction(0-1 and 1-3 years

old). * P<0.05, ** P<0.01, *** P<0.001
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Table 3. Association of cooking fumes and ventilation condition with child hyperactive

behaviors at around 3 years old.

Cooking

fumes Ventilation condition n Crude OR (95%CI) Adjusted TOR (95%CI)
Little Good/ Fairy good 18530 Ref Ref

Little Poor 1795 2.39(2.14-2.68) *** 1.63(1.43-1.87)"*
Alot of Good/ Fairy good 198 2.19(1.57-3.03) ** 1.71(1.20-2.45)**
Alot of Poor 93 4.93(3.26-7.46) " 3.07(1.93-4.87) "

1'- adjusted for child sex and age, migrant or not, maternal and paternal age at birth, maternal and paternal education, family income,
marital status, parity, multivitamins supplementation during pregnancy, passive smoking during pregnancy, feeding pattern, premature

birth, average daily sleep duration (0-1 and 1-3 years old), and frequency of parent-child interaction(0-1 and 1-3 years old). * P<0.05, **

P<0.01, *** P<0.001
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Table 4. Association of exposure to cooking during gestation with child hyperactive

behaviors, stratified by covariates

n

OR (95%CI)

B(95%CI)

Overall

Migrant or not
No
Yes

Maternal education
Primary or secondary
High school
College
Postgraduate

Family income, RMB/month
<5000
5000-10000
10000-20000
>20000

Gestation smoking
No
Yes

Gestation passive smoking
No
Yes

Number of person residence
<4
>4

Feeding pattern
Breastfeeding
Mixed feeding
Artificial feeding

Gestation folic acid supplementation

No
Yes

Gestation multi-vitamin supplementation

No
Yes

Gestation calcium supplementation

No
Yes

45518

17462
28055

7820
12874
23578

1246

4908
11118
16147
13245

44603
915

32793
12725

31778
13740

11660
28971
4887

4444
41074

28018
17500

6798
38720

1.16(1.10-1.22)

1.12(1.01-1.23)
1.18(1.10-1.26)

1.31(1.16-1.48)
1.19(1.08-1.31)
1.08(1.00-1.17)
1.00(0.67-1.49)

1.31(1.12-1.53)
1.18(1.06-1.31)
1.14 (1.04-1.25)
1.09(0.98-1.23)

1.16(1.10-1.23)
1.11(0.77-1.61)

1.12(1.04-1.20)
1.36(1.24-1.49)

1.14(1.07-1.22)
1.20(1.09-1.33)

1.19(1.07-1.33)
1.16(1.09-1.25)
1.06(0.91-1.24)

1.25(1.06-1.48)
1.15(1.08-1.22)

1.15(1.08-1.24)
1.16(1.06-1.27)

1.21(1.05-1.39)
1.15(1.08-1.22)

0.016(0.012-0.021)

0.009(0.002-0.016)
0.020(0.015-0.026)

0.033(0.022-0.045)

0.021(0.012-0.029)

0.009(0.003-0.015)
-0.005(-0.032-0.023)

0.028(0.014-0.043)
0.025(0.016-0.034)
0.012(0.005-0.020)
0.009(0.0007-0.017)

0.016(0.011-0.02)
0.038(0.002-0.076)

0.008(0.003-0.013)
0.053(0.044-0.062)

0.021(-0.064-0.107)
0.015(0.001-0.029)

0.012(0.003-0.021)
0.020(0.014-0.025)
-0.005(-0.009-0.019)

0.021(0.009-0.033)
0.015(0.010-0.020)

0.016(0.011-0.066)
0.015(0.008-0.023)

0.021(0.009-0.033)
0.015(0.010-0.020)

t-adjusted for child age, child sex, maternal and paternal age at birth.
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Table 5. Fully-adjusted combined associations between prenatal cooking exposure and child hyperactive behaviors among participants with prenatal outdoor
air pollution exposure available

(n=28712)
Hyperactive behaviors
Independent variables N dichotomous measure (OR, 95% CI) continuous measure (B, 95% CI)
Model 1 Model 2 Model 1 Model 2
Cooking
No 15848 Ref Ref - -
Yes 12864 1.20(1.11-1.30) *** 1.18(1.10-1.28) *** 0.018(0.012-0.024) *** 0.017(0.011-0.023) ***
Cooking fumes
Little 12686 Ref Ref - -
Alot of 178 2.30(1.61-3.30) 2.29(1.59-3.30) 0.091(0.052-0.130) *** 0.086(0.045-0.124) **
Frequency of cooking
Never 15848 Ref Ref - -
Occasionally 8941 1.07(0.98-1.17) 1.07(0.98-1.17) 0.009(0.003-0.016) ** 0.010(0.003-0.016) **
Sometimes 3305 1.35(1.20-1.52) *** 1.33(1.18-1.50) *** 0.025(0.015-0.034) *** 0.023(0.014-0.032) ***
Often 374 2.09(1.58-2.75)** 1.71(1.29-2.26) *** 0.042(0.014-0.058) *** 0.039(0.012-0.047) ***
Always 244 2.48(1.82-3.39) ** 2.09(1.53-2.86) *** 0.139(0.108-0.171) ** 0.100(0.069-0.131) ***
Type fuels of cooker used
Electricity 9318 Ref Ref - -
Nature gas 3004 1.59(1.21-2.08) *** 1.21(1.12-1.52) ** 0.054(0.030-0.078) ** 0.027(0.004-0.051)*
Liquefied petroleum gas 482 1.68(1.44-1.95)*** 1.31(0.92-1.59) 0.073(0.060-0.086) *** 0.046(0.033-0.059) ***
Coal and others 60 1.97(1.02-3.81) " 1.63(0.84-3.18) 0.107(0.042-0.172) *** 0.088(0.024-0.151)*
Ventilation condition
Good 6387 Ref Ref - -
Fairy good 5646 1.07(0.95-1.22) 0.96(0.84-1.09) 0.019(0.009-0.028) *** 0.010(0.001-0.019)*
Poor 831 1.97(1.61-2.43)*** 1.65(1.34-2.03)*** 0.085(0.065-0.104) *** 0.070(0.051-0.090) ***

1'- Model 1 adjusted for child sex and age, migrant or not, maternal and paternal age at birth, maternal and paternal education, family income, marital status, parity, multivitamins supplementation during pregnancy, passive smoking

during pregnancy, feeding pattern, premature birth, average daily sleep duration (0-1 and 1-3 years old), and frequency of parent-child interaction(0-1 and 1-3 years old); Model 2 adjusted all variables in Model 1 and prenatal outdoor
air pollution exposure(PM: s and NO2). * P<0.05, ** P<0.01, *** P<0.001
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