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The effect of prenatal TVOC exposure on birth and infantile
weight: the Mothers and Children’s Environmental Health study
Moonhee Chang1, Hyesook Park1, Mina Ha2, Yun-Chul Hong3, Youn-Hee Lim3, Yangho Kim4, Young Ju Kim5,
Dongheon Lee6 and Eun-Hee Ha7

BACKGROUND: Volatile organic compounds (VOCs) might
restrict prenatal and postnatal growth. However, the effect of
the exposure of prenatal VOCs on postnatal growth has not
been studied sufficiently. Thus, we investigated the relationship between the exposure of total volatile organic compounds (TVOCs) during pregnancy and its effects on postnatal
growth.
METHODS: A total of 383 pregnant participants were
enrolled from 2006 to 2008. We investigated maternal
characteristics using a questionnaire. Personal air samples of
TVOCs were obtained in mid or late pregnancy. After these
mothers had given birth, 360 singleton newborns were
selected and postnatal follow-up data were collected at 6, 12,
24, and 36 months, as well as anthropometric factors
including body weight. Multiple general linear and mixed
models were applied for statistical analyses.
RESULTS: The mean concentration of prenatal exposure to
TVOCs was 284.2 μg/m3 and that of formaldehyde was
81.6 μg/m3. The birth weight of newborns decreased
significantly with prenatal TVOC exposure (β = − 45.89,
P = 0.04). The adjusted mean body weight was 300 g lower
in the high-TVOC group (⩾75th) compared with that in the
low-exposure group (o75th).
CONCLUSION: These results indicate that elevated exposure
to TVOCs during the prenatal period may adversely influence
early postnatal growth.

(2). The health risks of VOC exposure should receive more
attention because of their ubiquitous prevalence, unintentionality of exposure, and greater concentration indoors than
outdoors. Pregnant women and their fetuses are at higher risk,
as they are more susceptible to environmental toxicants.
Recent public concerns about VOC-related health effects
have arisen after several reports on sick building syndrome. In
addition, evidence from epidemiological and experimental
studies has shown that exposure to VOCs adversely affects
birth outcomes and hinders infantile immunologic and
neurologic functional development (3–6). HCHO was classified as a potential carcinogen by the International Agency for
Research on Cancer (IARC), and a European study classified
VOCs and HCHO as environmental risk factors with medium
priority (7–9). However, there are still limited data on the link
between prenatal exposure to VOCs and postnatal growth.
This study investigated the relationship between TVOC/
HCHO exposure during the prenatal period and the newborn’s postnatal growth, with a special focus on weight. We
focused on two major research questions: (i) the relationship
between prenatal environmental VOC exposure and birth
weight as an indicator of harmful effects due to intrauterine
exposure and (ii) the relationship between prenatal VOC
exposure and postnatal infant weight at birth and at 6, 12, 24,
and 36 months after birth.
METHODS

P

regnant women tend to spend more time indoors during
the latter part of pregnancy (1). During this period,
activities such as papering or buying new items for their
upcoming baby may lead to elevated exposure to air
contaminants for pregnant women. Staying in the house
and engaging in decorating activities increase exposure to
volatile organic compounds (VOCs) such as formaldehyde
(HCHO), benzene, toluene, xylene, and their totals (TVOCs)

Study Population and Weight Growth Assessment
A subsample of 383 pregnant participants was chosen from a
prospective birth cohort study (Mother and Children’s Environmental Health Study) (10). The Mother and Children’s Environmental Health Study was initiated in May 2006 to establish a
mother–child cohort to examine how environmental exposures from
the fetal period affect a newborn’s growth, development, and
susceptibility to disease. All study protocols were reviewed by the
institutional review board of three collaborative centers at Ewha
Womans University Hospital in Seoul, Dankook University Hospital
in Choen-an, and Ulsan University in Ulsan. After participants had
given their informed consent, trained nurses investigated the
prenatal characteristics of the mothers using questionnaires on
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maternal demographic factors, socioeconomic status, previous
obstetric history, and residential factors including exposure to
household products (air cleaner, humidifier, sofa, etc.), house age,
and the number of cohabitants during pregnancy. After delivery,
birth-related information, including gestational age, birth weight,
gender, and current obstetric complications, was obtained from the
delivery records. Infants were followed up at 6, 12, 24, and 36 months
of age. The numbers of infants that participated in the physical
examination at 6, 12, 24, and 36 months was 262, 234, 199, and 92,
respectively. When participants visited the research hospital, mothers
were asked to complete questionnaires on demographic characteristics, disease history, and environmental conditions surrounding the
infants. At the same time, anthropometric factors such as body
weight and height of infants were measured by trained staff. Agespecific weights by gender were calculated on the basis of the growth
standard for Korean children developed by the Korean Pediatric
Society and Ministry of Health and Welfare (11). Retention rates
were 94% at birth, 72.8% at 6 months, 89.3% at 12 months, and
85.0% at 24 months; except for the cases aged under 36 months at
final follow-up.
TVOC and HCHO Exposure Measurements During Pregnancy
Personal TVOC samples were collected using a passive sampler (3M
3500 OVM Badge, St. Paul, MN, USA) for 3 days in mid or late
pregnancy of participants, which were analyzed using GC/MSD
(Agilent, model 6890/5973N, Santa Clara, CA, USA). Simultaneously, personal HCHO levels were recorded by pulling air through
a 2,4-dinitrohydrazine-coated silica gel cartridge (SKC UMEX 100,
Eighty Four, PA, USA) with a flow rate of 0.2 l/min for 3 days.
The 2,4-dinitrohydrazine-HCHO derivative eluted with acetonitrile
was determined by reverse-phase high-performance liquid
chromatography.
Covariates
Prenatal covariates and confounders were obtained from the
questionnaires and medical records. We investigated demographic
factors such as maternal age and pre-pregnancy body mass index,
socioeconomic factors such as parental education level and family
income, and obstetric factors such as parity (equal to birth order),
gestational age, and the newborn’s gender.
Postnatal covariates were obtained using a questionnaire after
birth. Information on breastfeeding and family income was collected
by interviewing the mothers.
Statistical Analysis
We used data on 360 singleton newborns born to an initial sample of
383 mothers. TVOC and HCHO concentrations were categorized
into two groups at the 75th percentile (low vs. high), and continuous
values were log-transformed to assume a normal distribution. We
prepared models to measure the associations between TVOC/HCHO
and birth weight: (i) a univariate model with simple regression; and
(ii) a multivariate model adjusted for related confounders such as
maternal age, pre-pregnancy body mass index, education level,
parity, newborn’s gender, gestational age at birth, and related
residential factors. Second, we constructed a general linear model at
each visit separately to explore the relationship between TVOC/
HCHO and postnatal weight. Multiple linear mixed model analyses
(12,13) were applied to repeated data of infantile weight measured at
birth and at 6, 12, 24, and 36 months after adjusting for gender, birth
order, breastfeeding, and education. In addition, calculated weightfor-age (Z score) was used in the same analysis. Bar plots were
created to illustrate the least square estimates of weight scores at each
visit. All statistical analyses were performed using the Statistical
Analysis System, version 9.2 (SAS Institute, Cary, NC).

RESULTS
Table 1 shows the general characteristics of the mothers and
their newborns. The mean maternal age was 30 years, the
424 Pediatric RESEARCH

Volume 82 | Number 3 | September 2017

mean pre-pregnancy body mass index was 21.3 kg/m2, and
33.8% of mothers were working during pregnancy. A total of
65% of the women had a university-level education and 90.7%
earned over two million Korean Won (1,800 USD) per
month. No significant difference was observed between the
high-exposure group and the low-exposure group regarding
maternal demo-social characteristics; however, family income
in the high TVOC exposure group was higher than that in the
low-exposure group (P = 0.03).
Regarding the newborn’s birth and infantile characteristics,
52.2% of the babies were female and 56.1% had no siblings.
The mean birth weight was 3.3 kg, and nine cases (2.5%) were
born with a low birth weight, defined as lower than 2.5 kg.
The mean infantile body weight was 8.5, 10.1, 12.5, and
14.5 kg at 6, 12, 24, and 36 months of age, respectively.
The mean concentration of prenatal exposure to TVOCs
was 284.2 μg/m3 and that of HCHO was 81.6 μg/m3. The 75th
percentile value of TOVC exposure was 374.0 μg/m3 and that
of HCHO exposure was 105.7 μg/m3 (Table 2).
Table 3 shows the relationship between prenatal exposure
to TVOCs and HCHO and the newborn’s birth weight, after
adjusting for maternal age, body mass index, education level,
parity, infant’s gender, and gestational age at delivery.
Prenatal exposure to TVOCs significantly and adversely
affected the newborn’s birth weight (β = − 45.89, P = 0.04 with
a log 1 unit increase). HCHO also tends to show a negative
relationship with birth weight; however, no statistical
significance was found.
Visit-time-varying association between TVOCs and postnatal weight was explored by comparing adjusted body
weights of the high-exposure group with those of the lowexposure group. We also compared age-specific standardized
weight values (Z score) of the high-exposure group with those
of the low-exposure group (Figure 1). The high-exposure
group showed a lower weight than that in the high-exposure
group at each time point from birth to 36 months. The
adjusted mean body weight (0–36 months) was 224 g lower in
the high-TVOC group (⩾75th) compared with that in the
low-exposure group (o75th).
When using age–gender-specific weights, the adjusted mean
Z score was 0.15 points in the low-exposure group and − 0.05
points in the high-exposure group; however, it was not
statistically significant.
DISCUSSION
In this study, we observed associations between high TVOC
exposure during pregnancy and reduced body weight at birth
and during the infantile period.
To prevent the risk of high indoor VOC exposure, the
Korean Ministry of Environment has provided recommended
values named “Indoor air quality control in public use
facilities, etc.”, which are 120 μg/m3 for HCHO and 500 μg/m3
for TVOCs. In particular, a stronger recommended value of
400 μg/m3 was applied for TVOCs in medical facilities,
including maternity facilities. On the basis of these values,
22.9% of participants exceeded the current reference value for
Copyright © 2017 International Pediatric Research Foundation, Inc.
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Table 1. General characteristics of the participants according to their ambient personal exposure level to total volatile organic compounds
(TVOCs) and formaldehyde (HCHO) during pregnancy
TVOC (μg/m3)

Characteristics

HCHO (μg/m3)

Total

Low (o75th)

High (⩾75th)

Low (o75th)

High (⩾75th)

N

Mean ± SD (%)

Mean ± SD (%)

Mean ± SD (%)

Mean ± SD (%)

Mean ± SD (%)

364

30.30 ± 3.29

30.34 ± 3.31

29.83 ± 3.10

30.41 ± 3.31

29.86 ± 3.11

334

21.27 ± 3.02

21.41 ± 3.06

20.81 ± 3.04

21.12 ± 2.90

21.66 ± 3.35

79

(23.65)

(26.05)

(15.19)

(21.90)

(28.05)

Having

223

(66.17)

(64.26)

(75.00)

(65.73)

(70.37)

Not having

114

(33.83)

(35.74)

(25.00)

(34.27)

(29.63)

Maternal
Age
2

Pre-pregnancy BMI (kg/m )
Obese (⩾23)
Occupation

Education
⩽ High school
University
⩾ Graduated school

88

(24.58)

(24.21)

(28.74)

(25.57)

(23.26)

243

(67.88)

(67.86)

(64.37)

(66.41)

(70.93)

27

(7.54)

(7.94)

(6.90)

(8.02)

(5.81)

Family income (USD)
o2,000
2,000–4,000
⩾ 4,000

33

(9.32)

(11.69)

(3.45)*

(9.69)

(9.30)

238

(67.23)

(67.74)

(68.97)

(68.99)

(62.79)

83

(23.48)

(20.56)

(27.59)

(21.32)

(27.91)

Secondhand smoke
Exposed

161

(49.54)

(48.23)

(53.66)

(51.91)

(45.00)

Non-exposed

164

(50.46)

(51.77)

(46.34)

(48.09)

(55.00)

171

(56.07)

(51.07)

(47.62)

(49.61)

(51.81)

172

(47.28)

(46.27)

(53.49)

(49.43)

(43.53)

Newborn’s
Birth order
First (no sibling)
Gender
Male
Female
Gestation age (weeks)
o37

188

(52.22)

(53.73)

(46.51)

(50.57)

(56.47)

360

39.11 ± 1.71

39.17 ± 1.74

38.98 ± 1.68

39.14 ± 1.73

39.04 ± 1.73

13

(3.61)

(3.14)

(4.65)

(3.02)

(5.88)

360

3.28 ± 0.43

3.30 ± 0.40

3.23 ± 0.49

3.29 ± 0.40

3.26 ± 0.51

(2.50)

(1.57)

(3.49)

(2.26)

(3.53)

Weight (kg)
At birth
o2.5

9

At 6 months

262

8.47 ± 1.02

8.51 ± 1.02

8.36 ± 1.70

8.50 ± 1.02

8.36 ± 1.03

At 12 months

234

10.09 ± 1.12

10.14 ± 1.14

9.89 ± 1.07

10.14 ± 1.16

9.89 ± 0.97

At 24 months

199

12.50 ± 1.33

12.53 ± 1.35

12.22 ± 1.20

12.48 ± 1.38

12.48 ± 1.19

At 36 months

92

14.46 ± 1.53

14.52 ± 1.56

14.14 ± 1.32

14.41 ± 1.52

14.49 ± 1.66

BMI, body mass index.
*Po0.05.

Table 2. Distribution of prenatal exposure to TVOCs and HCHO
N

Mean

SD

GM

Q3

Correlationa

TVOCs

341

284.18

334.65

169.00

374.00

0.22 Po0.01

HCHO

350

81.57

51.88

67.36

105.70

Exposure (μg/m3)

% ⩾ Refb
(22.87)
(28.57)

GM, geometric mean; HCHO, formaldehyde; Q3, 3rd quartile (75th); TVOC, total volatile organic compound.
a
Correlation between TVOCs and HCHO.
b
Current indoor guidance value for TVOCs (40 μg/m3) and reference value for HCHO (100 μg/m3).
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Table 3. Associations between ambient personal TVOC and HCHO exposure during pregnancy and postnatal weight at each time point
Outcome exposure

Crude model β (SE)

P value

Adjusted modela β (SE)

P value

− 30.13 (21.25)

0.16

− 45.89 (22.36)

0.04

− 11.21 (36.43)

0.76

− 37.98 (39.55)

0.34

Birth weight (g)
TVOCs (log)
HCHO (log)
Postnatal weight (kg)

(mean differencesb)

(mean differencesb)

TVOCs
At 6 months

− 0.15

0.316

− 0.26

0.080

At 12 months

− 0.25

0.163

− 0.32

0.066

At 24 months

− 0.31

0.176

− 0.28

0.079

At 36 months

− 0.38

0.305

− 0.40

0.345

At 6 months

− 0.14

0.329

− 0.09

0.529

At 12 months

− 0.25

0.157

− 0.25

0.149

At 24 months

o0.01

0.988

−0.04

0.860

At 36 months

0.38

0.420

0.22

0.702

HCHO

BMI, body mass index; HCHO, formaldehyde; TVOC, total volatile organic compound.
Generalized linear model used to calculate the mean differences between the high-exposed group and the low-exposed (cutoff point at 75th percentile of TVOCs or HCHO)
for postnatal weight.
Adjusted for postnatal weight with gender, birth order, breastfeeding and educational level.
Linear regression analysis performed to estimate beta coefficients and its standard errors.
a
Multiple linear regression analysis performed and adjusted for birth weight with maternal age, gestational age at delivery, pre-pregnancy BMI, educational level, parity, and
infant’s gender plus, existence of kitchen door (TVOCs); air cleaner use and house age (HCHO).
b
Mean difference = high-expose group − low-expose group (cutoff at 75th).

TVOCs and 19.7% exceeded that for HCHO. Compared with
the current TVOC and HCHO exposures in other studies
conducted in Korea, TVOC exposure in this study
was lower than that in other indoor housing air quality assessments in pregnant women (429 μg/m3; (ref. 14)). HCHO
exposure was higher in Korea than in Japan (37.5 μg/m3) but
lower than that in Hong Kong (112.3 μg/m3; (ref. 15)). There
is a limitation comparing our personal exposure results
directly with those of other studies’ indoor exposure; however,
it is noteworthy that we observed a reduction in infantile
growth in babies who were exposed to higher prenatal TVOCs
even at low concentrations.
Many epidemiological studies have investigated residential
risk factors in houses with elevated VOC levels from
decorative activities such as painting, wall papering, and
living in a new house (16–18). Elevated TVOCs showed a
significant relationship with the number of cohabitants (more
than two people), build year (within 3 years), and the presence
of an air conditioner. Furthermore, HCHO was higher in
newly built houses and in those without air conditioners,
sofas, and beds (data not shown).
Cigarette smoking has been known to be related to VOC
concentration as well as being a risk factor for low birth
weight (15,19). The smoking rate in Korean women during
pregnancy has been reported to be 0.5–3.0% (ref. 20). In this
study, participants also showed low smoking rate: three
pregnant women were current smokers (0.88%) and 34
426 Pediatric RESEARCH
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women were past smokers (9.97%). Jaddoe et al. (19) also
reported that active smoking in late pregnancy was associated
with adverse effects on birth weight. Thus, we considered
using exposure to secondhand smoking instead of maternal
active smoking during pregnancy; however, we could not find
any significant relationship between secondhand smoking and
infantile growth.
As a part of national-level action, the United States and
Canadian governments have released information on how to
reduce HCHO by controlling sources that emit HCHO to
help the public manage a safe home environment (21,22).
Suggested methods of controlling exposure to pollutants
include source control (minimizing the emission), ventilation,
and air cleaning control (23).
Adverse birth outcomes such as preterm births, low birth
weight, or lower birth weight have been associated with higher
VOC exposure, not just in the occupational setting but also in
the general population (5,24–26).
A growing number of studies have hypothesized that
developmental origins of health and disease determine the
risk of postnatal diseases or altered growth and function.
Those studies also suggested that fetal environment might
have a long-term effect on the onset of postnatal diseases,
such as metabolic syndrome, and stress the importance of the
fetal environment (27). Those results have significant public
implications in that a harmful fetal environment provides a
rather long-lasting influence.
Copyright © 2017 International Pediatric Research Foundation, Inc.
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Figure 1. Associations between ambient personal total volatile organic compound (TVOC) exposure during pregnancy and body weight growth in
infants (time-varying model). Linear mixed model applied to assess exposure effect at each time point and over time using repeatedly measured
weight growth after controlling for gender, birth order, breastfeeding, and educational level. *P value of weight difference between high- and lowexposure groups in the time-varying model.

It is difficult to achieve a valid confirmation of the causal
association between environmental exposure and health
outcomes using cross-sectional studies; thus, birth cohort
studies, in which explanatory variables precede results in time,
are regarded as a more proper and powerful method of
identifying these associations (28). A number of birth cohort
studies were conducted several decades ago, but these studies
were mainly carried out in western countries (29–31). This
research is unique because it was an environmental health
birth cohort study conducted in Asia. Furthermore, as far as
we know, this is the first report on the influence of prenatal
exposure to TVOCs on postnatal growth that was longitudinally measured.
This study has some limitations. Recruitment was mainly
conducted in hospitals, and hence selection bias was inherent.
We could not calculate specific risks because of the small
number of adverse birth outcome events such as low birth
weight and preterm births. Therefore, we applied a mixed
model to maximize the data utilization by repeatedly
measuring newborns’ growth. Consequently, we were able
to obtain meaningful results despite the small sample size. We
used a standardized weight-for-age value (Z score) based on
Korean growth from the Society of Pediatrics.
We found that prenatal exposure to TVOCs was related to
reduced postnatal growth. Although the underlying mechanism of how hazardous indoor air pollutants affect the fetus
and reduce infantile growth has not been elucidated, oxidative
stress, which is induced by VOCs such as benzene or toluene
(32–34), is one of the mechanisms that explain poor fetal
development (35,36). Kim et al. (37) suggested significant
association between urinary 8-hydroxydeoxyguanosine and
malondialdehyde as biomarkers of oxidative stress and
reduced birth weight. Furthermore, free radicals produced
by hazardous chemicals may cause an inflammatory response
(38–40). Thus, an altered immune system might affect fetal
and infantile growth development. However, there are still
limitations to revealing the mechanism of fetal toxicity by
VOCs, and almost nothing is known about infantile growth.
Copyright © 2017 International Pediatric Research Foundation, Inc.

Supportive studies are needed to deepen our knowledge in
both experimental and epidemiological settings.
CONCLUSION
This study provided evidence of adverse association between
prenatal exposure to TVOCs and postnatal weight. The results
suggest that prenatal exposure to TVOCs as well as their
household environment should be considered as possible
factors that hinder infant development. Precautionary and
preventive actions should be taken to avoid hazardous
toxicants as well as reduce the potential for adverse health
effects.
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