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Abstract

Background
Because humidi�er disinfectants (HDs) have been prohibited by the government because of their
potential serious effects on human body, several studies on the relationship between HD and lung
diseases have been separately performed on children and adults; however, to our knowledge, no studies
have investigated the effects of HD exposure on pregnant women and their fetuses. Therefore, the
present study aimed to investigate the effects of HD exposure on the fetuses of women who were
exposed to HDs during pregnancy.

Methods
We collected data from the Korea Environment Industry & Technology Institute (KEITI) to investigate the
effects of HD exposure on the fetus during pregnancy. Among the applicants, mothers with HD exposure
during pregnancy were recruited to determine the damage from HD. Others were included by self-referral
or by their guardians. From 2017 to 2020, there were 56 cases. All had been exposed to HDs from 1994 to
2006. Seven cases were excluded because HD exposure did not coincide with pregnancy. We determined
the effects of HD exposure on maternal-fetal survival and classi�ed the duration of exposure as it related
to the various stages of pregnancy, including prepregnancy, trimester of pregnancy, and seasonal
variation. A subgroup analysis based on maternal-fetal survival was performed as a nested case-control
study.

Results
Of the 49 mothers, 22 (44.9%) survived, and 27 (55.1%) died. In the group of survivors, the total duration
of exposure (P = 0.004), the duration of exposure until symptom onset (P = 0.023), the duration of
exposure before delivery (P = 0.023), and duration of exposure before pregnancy (P = 0.010) were shorter
than those in the group who died. Of the mothers who survived, 50% were exposed before pregnancy, and
66.7% of the mothers who died were exposed before delivery.

Conclusions
A shorter period of HD exposure was associated with a higher likelihood of maternal survival. Also, a
shorter time from childbirth to symptom onset was associated with a higher likelihood of maternal-fetal
survival.

Background
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Humidi�er disinfectants (HDs) have been used in Korea since 1994 to suppress the propagation of
microorganisms in humidi�ers and to avoid washing the humidi�er according to the standards for
maintaining their cleanliness while in use [1]. However, since 2006, HDs have been found to contribute to
the progressively increasing incidence interstitial lung disease (ILD) of unknown origin, also referred to as
HD lung injury (HDLI) [2−5]. In 2011, the Government of the Republic of Korea banned the use of HDs and
has established an “HDLI Investigation and Decision Committee” to clinically evaluate registered patients
who were presumed to have developed lung injury due to HD use and to determine whether the injury was
clinically associated with HD use. Victims of HD use (adults and children or their guardians) voluntarily
applied for information on the determination of damage due to HDs, and the Korea Centers for Disease
Control and Prevention continued retrospective epidemiological investigations [6, 7].

According to epidemiological studies, 75.6% of patients with HDLI used humidi�ers, and 31.1% of the
users were children [8]. Importantly, 63.5% of all HDLI cases were among preschool children less than 6
years of age who participated in HD-related damage assessment and 77.1% of the HDLI cases were
infants under 3 years of age [9]. Korea has four distinct seasons, and humidi�er usage is most frequent in
winter and spring [10, 11]. Before the realization of their harm to human body, HDs were used frequently
to maintain the cleanliness of the humidi�er and protect children, especially those with allergies, who
suffer from respiratory infections more frequently than adults and pregnant women [8]. According to one
study in Korea, the frequency of humidi�er use in winter was 45.5% [10].

In pregnant women, among whom the frequency of HD use was relatively high, there was a need to
con�rm the effects of in utero fetal exposure to HDs as well as the effects of HD exposure on the mother.
Accordingly, the “HD Extrapulmonary Damage Determination Committee” was formed in 2017, and the
effects of HDs on pregnant women were determined.

Several studies on the relationship between HD use and lung diseases have been carried out by
separating children from adults, but there have been no reports on the effects of HD use on pregnant
women and their fetuses. Therefore, this study was conducted to investigate the effects of HDs on the
fetuses of women who used HDs during pregnancy.

Methods

Study participants
We collected data from the Korea Environment Industry & Technology Institute (KEITI) to investigate the
effects of HD exposure on the fetuses of women who were exposed to HDs during pregnancy from 2017
to 2020. Among the applicants, mothers with HD exposure during pregnancy were recruited to determine
the damage from HD. Other participants were included by self-referral or by their guardians. To evaluate
the effects of HDs on the fetus, study participants were recruited by two methods. First, an automatic
sorting group was formed by chart review to recruit mothers who were exposed to HDs during pregnancy
among applicants for damage determination by HDs �led with the KEITI. Second, a volunteer group
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comprising guardians who volunteered for the assessment of HD damage was formed. During
pregnancy, mothers with exposure to HDs or fathers of the children were voluntarily recruited by
submitting documents containing the patient’s medical records and informed consent from guardians to
the KEITI. HD use during pregnancy was con�rmed by submission of a receipt for the use of HDs and
actual photos of the HDs in use at the time of medical record submission. A total of 56 applicants who
were recruited in the present study were classi�ed as patients who were evaluated for the determination
of external pulmonary damage due to HD use, and all medical records were reviewed retrospectively.

The study protocol was approved by the Institutional Review Board of Hallym University Dongtan Sacred
Heart Hospital (IRB No. 2019-12-014-001), and written informed consent to participate in the study was
obtained from the parents or their guardians at enrollment.

Collection of disinfectant information
The data obtained from the medical records included the following maternal data: date of birth, start and
end dates of HD use, survival status, date of death (if relevant), starting date of the mother’s symptoms,
estimated due date, and fetal height and weight at the time of the visit to the obstetrician. If these data
were missing from the medical records at the prepregnancy visit, the other medical records were checked
to assess HD-related damage. The following fetal data were collected: date of birth, gestational age, birth
weight, and survival status within 28 days of life. All data were retrospectively investigated through the
medical records. Hospitalization records or clinical records those obtained from clinics were used to
determine the date of symptom onset for the mother.

Measurement of data
The age of the mother was de�ned as the age at symptom onset. Body mass index (BMI) of the mother
was calculated using the following formula: BMI = body weight/height2 (kg/m2). Total duration of HD
exposure in the mother was de�ned as the period from the �rst date of HD use to the end of HD use or the
date of maternal death. The period from childbirth to the onset of symptoms in the mother was expressed
as a negative value in cases where the symptoms were observed before birth. The period from pregnancy
until when symptoms became apparent was calculated from the start date of symptoms to the estimated
date of pregnancy, and the period from the start of HD use until when symptoms became apparent was
calculated. In cases where HD use was initiated preconception, the duration of HD exposure was
calculated from the estimated date of conception to the end of HD use or until childbirth.

For fetuses, with the exception of cases with estimated dates of conception, the duration of HD exposure
was de�ned as the number of weeks of pregnancy in which the fetus was exposed to HDs. If HDs were
used before pregnancy, the duration of HD exposure was calculated from the start of pregnancy. If HDs
were used before pregnancy, the exposure period before pregnancy was converted to weeks. Gestational
age and birth weight of the neonate were reported as blank in cases of fetal demise or miscarriage.
Estimated pregnancy start date (month) was identi�ed and classi�ed as spring (March to May), summer
(June to August), autumn (September to November), and winter (December to February). The start date of
HD use was classi�ed as prepregnancy, �rst trimester (1–12 weeks), second trimester (13–26 weeks),
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and third trimester (27–40 weeks). The study subjects were further subdivided according to HD use into
those who started HD use from before pregnancy to the �rst trimester and those who started HD use after
the �rst trimester.

Data analysis
The chi-square test was used to compare categorical data, and Student’s t test was used to compare
numerical data. Differences between groups with estimated pregnancy dates in summer and non-
summer seasons were compared. The effect of HD exposure in early pregnancy was determined by
comparing subjects based on the trimester in which HD use was initiated. All statistical analyses were
performed using SPSS version 21.0 (SPSS Inc., Chicago, IL, USA).

Results

Clinical characteristics of the participants
The present study cohort included patients with overlapping HD use periods and pregnancy periods.
Among a total of 56 fetal cases (42 cases in 2017, 12 cases in 2018, and 2 cases in 2019) �led by the
KEITI, the present study included 49 cases after the exclusion of 7 cases, including 2 cases where
pregnancy and childbirth occurred before HD use and 5 cases where pregnancy and childbirth occurred
after the end of HD use (Figure 1).

Duration of HD use and maternal mortality
Of the 49 mothers, 22 survived (44.9%) and 27 died (55.1%). The maternal survival analysis showed that
the total duration of HD use (642.4 ± 470.1 vs. 1019.5 ± 917.3 days, p = 0.004), the duration of HD use
until the onset of symptoms (553.0 ± 417.1 vs. 799.0 ± 663.4 days, p = 0.023), the duration of HD use
before birth (376.3 ± 314.4 vs. 646.1 ± 546.1 days, p = 0.023), and the duration of HD use before
pregnancy (22.3 ± 36.9 vs. 56.6 ± 71.4 weeks, p = 0.010) were shorter in the mothers who survived than in
those who died. The analysis of HD use start date categorized according to the speci�c trimester revealed
that 50% of the mothers who survived used HDs before pregnancy and that 66.7% of the mothers who
died used HDs before birth. None of the mothers started using HDs in the �rst or third trimester of
pregnancy (Table 1).
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Table 1
Comparison of demographic features of groups based on maternal outcome

  Maternal
survival

(n = 22)

Maternal death

(n = 27)

p
value

Maternal age (years) 32.1 ± 3.2 31.5 ± 3.3 0.686

Maternal height (cm) 158.2 ± 5.9 161.6 ± 5.1 0.877

Maternal weight (kg) 59.3 ± 11.8 61.2 ± 14.3 0.621

Maternal BMI (kg/m2) 23.6 ± 3.6 23.3 ± 4.8 0.379

Neonatal survival (%) 15/22 (68.2) 17/27 (63.0) 0.703

Total HD use duration (days) 642.4 ± 470.1 1019.5 ± 917.3 0.004

Duration from birth to symptom onset (weeks) 24.2 ± 46.1 23.0 ± 54.5 0.459

Duration from conception to symptom onset
(weeks)

38.0 ± 18.6 37.2 ± 6.8 0.074

Duration from start of HD use to symptom onset
(days)

553.0 ± 417.1 799.0 ± 663.4 0.023

Duration of intrauterine exposure (days) 185.7 ± 93.8 237.1 ± 75.7 0.276

Duration from start of HD use to birth (days) 376.3 ± 314.4 646.1 ± 546.1 0.023

Duration of HD exposure when started      

during pregnancy (weeks) 10.1 ± 11.9 6.9 ± 10.3 0.579

before conception (weeks) 22.3 ± 36.9 56.6 ± 71.4 0.010

Gestational age (weeks) 34.1 ± 5.8 32.8 ± 6.9 0.248

Birth weight (g) 2372.9 ± 1072.0 2621.5 ±
1099.3

0.742

Estimated conception season (%)     0.454

Spring (Mar–May) 5/22 (22.7) 12/27 (44.4)  

Summer (Jun–Aug) 10/22 (45.5) 8/27 (29.6)  

Autumn (Sep–Nov) 3/22 (13.6) 3/27 (11.1)  

Winter (Dec–Feb) 4/22 (18.2) 4/27 (14.8)  

Classi�cation by season

(Summer vs other seasons) (%)

10/22 (45.5) 8/27 (29.6) 0.253

Estimated trimester of exposure (n, %)     0.038
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  Maternal
survival

(n = 22)

Maternal death

(n = 27)

p
value

Prenatal exposure 11/22 (50) 18/27 (66.7)  

1st trimester (1–12 weeks) 3/22 (13.6) 0/27 (0)  

2nd trimester (13–26 weeks) 5/22 (22.7) 9/27 (33.3)  

3rd trimester (27–40 weeks) 3/22 (13.6) 0/27 (0)  

Classi�cation by trimester

(Prenatal–1st vs 2nd –3rd ) (n, %)

14/22 (63.6) 18/27 (66.7) 0.825

Subgroup analysis of neonatal outcomes according to
maternal survival
Among the 22 surviving mothers, 15 (68.2%) neonates survived and 7 (31.8%) neonates died. The
duration from birth to the start of clinical symptoms was shorter (17.9 ± 33.6 vs. 36.8 ± 65.9 weeks, p =
0.013) and the average gestational age was higher (35.5 ± 4.0 vs. 28.7 ± 9.0 weeks, p = 0.020) among the
surviving neonates compared with those who died.

Among the 27 mothers who died, 17 (63.0%) neonates survived and 10 (37.0%) neonates died. In this
group of mothers who died, the duration from birth to the start of clinical symptoms was longer in the
neonates who survived than in those who died (39.2 ± 61.8 vs. −7.6 ± 3.9 weeks, p < 0.001) (Table 2).
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Table 2
Comparison of demographic features of groups based on maternal outcome with fetal outcome

subgroup analysis

  Maternal Survival (n = 22) Maternal Death (n = 27)

  Neonatal
survival

(n = 15)

Neonatal
death

(n = 7)

p
value

Neonatal
survival

(n = 17)

Neonatal
death

(n = 10)

p
value

Maternal age (years) 31.8 ± 3.1 32.9 ± 3.6 0.800 31.3 ± 3.7 32.0 ± 2.6 0.101

Maternal height (cm) 157.5 ± 6.0 159.8 ±
5.8

0.620 161.3 ± 5.6 162.4 ± 3.9 0.249

Maternal weight (kg) 57.8 ± 12.1 63.2 ±
11.5

0.989 60.9 ± 16.0 61.7 ± 11.6 0.460

Maternal BMI
(kg/m2)

23.2 ± 3.8 24.7 ± 3.3 0.973 23.2 ± 4.7 23.6 ± 5.7 0.694

Neonatal survival (%) 15/22(68.2) 7/22(31.8)   17/27(63.0) 10/27(37.0)  

Total HD use
duration (days)

609.7 ±
501.4

712.4 ±
422.4

0.804 1270.4 ±
973.9

593.0 ±
650.8

0.100

Duration from birth to
symptom onset
(weeks)

17.9 ± 33.6 36.8 ±
65.9

0.013 39.2 ± 61.8 -7.6 ± 3.9 <0.001

Duration from
conception to
symptom onset
(weeks)

44.4 ± 15.9 21.9 ±
16.0

0.529 41.5 ± 4.1 33.5 ± 6.6 0.347

Duration from start
of HD use to
symptom onset
(days)

500.9 ±
401.0

657.0 ±
461.2

0.377 901.2 ±
661.4

606.0 ±
660.6

0.403

Duration of
intrauterine exposure
(days)

200.9 ±
98.1

153.3 ±
81.1

0.148 243.6 ±
73.3

226.1 ±
82.4

0.892

Duration from start
of HD use to birth

365.7 ±
255.1

399.1 ±
439.5

0.235 627.1 ±
511.1

678.4 ±
628.6

0.841

Duration (weeks) of HD exposure when started

during pregnancy 10.1 ± 12.6 10.1 ±
11.2

0.489 8.0 ± 10.2 5.1 ± 10.7 0.465

before conception 18.9 ± 27.6 29.6 ±
53.9

0.232 54.2 ± 65.6 60.7 ± 83.8 0.867

Gestational age
(weeks)

35.5 ± 4.0 28.7 ± 9.0 0.020 37.5 ± 3.1 25.7 ± 4.3 0.207
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  Maternal Survival (n = 22) Maternal Death (n = 27)

Birthweight (g) 2578.2 ±
836.8

1620.0 ±
1698.9

0.031 3097.2 ±
616.0

837.5 ±
324.3

0.324

Estimated pregnancy season (%)   0.869     0.411

Spring (Mar–May) 4/15 (26.7) 1/7 (14.3)   6/17 (35.3) 6/10 (60.0)  

Summer (Jun–Aug) 6/15 (40.0) 4/7 (57.1)   5/17 (29.4) 3/10 (30.0)  

Autumn (Sep–Nov) 2/15 (13.3) 1/7 (14.3)   3/17 (17.6) 0/10 (0.0)  

Winter (Dec–Feb) 3/15 (20.0) 1/7 (14.3)   3/17 (17.6) 1/10 (10.0)  

Classi�cation by
season

(Summer vs other
seasons) (%)

6/15 (40.0) 4/7 (57.1) 0.452 5/17 (29.4) 3/10 (30.0) 0.974

Estimated trimester of exposure (n,
%)

  0.550     0.260

Prenatal exposure 8/15 (53.3) 3/7 (42.9)   10/17
(58.8)

8/10 (20.0)  

1st trimester (1–12
weeks)

1/15 (6.7) 2/7 (28.6)   0/17 (0.0) 0/10 (0.0)  

2nd trimester (13–26
weeks)

4/15 (26.7) 1/7 (14.3)   7/17 (41.2) 2/10 (20.0)  

3rd trimester (27–40
weeks)

2/15 (13.3) 3/7 (42.9)   0/17 (58.8) 0/10 (0.0)  

Classi�cation by
trimester

(Prenatal–1st vs 2nd
–3rd ) (n, %)

9/15 (60.0) 5/7 (71.4) 0.604 10/17
(58.8)

8/10 (80) 0.260

HD exposure and neonatal death
Among the 49 mothers, 32 neonates survived (65.3%) and 17 neonates died (34.6%). The comparison of
these two neonatal groups revealed that, albeit not statistically signi�cant, the total duration of HD use
(96.07 ± 845.7 vs. 642.2 ± 555.7 days, p = 0.057) and the duration of HD use until the onset of symptoms
(29.5 ± 51.4 vs. 11.9 ± 47.6 weeks, p = 0.315) tended to be longer and the gestational age (36.7 ± 3.6 vs.
26.4 ± 5.4 weeks, p = 0.227) and the birth weight of the neonates tended to be higher (2877.6 ± 749.0 vs.
1172.9 ± 1090.7 g, p = 0.634) in the surviving neonates than in those who died (Table 3).
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Table 3
Comparison of demographic features of groups based on fetal outcome

  Neonatal
survival

(n = 32)

Neonatal death

(n = 17)

p
value

Maternal age (years) 31.5 ± 3.4 32.4 ± 3.0 0.357

Maternal height (cm) 159.3 ± 6.0 160.9 ± 4.9 0.559

Maternal weight (kg) 59.3 ± 13.9 62.4 ± 11.0 0.535

Maternal BMI (kg/m2) 23.2 ± 4.2 24.2 ± 4.3 0.634

Maternal survival (%) 15/32(46.9) 7/17(41.2) 0.703

Total HD use duration (days) 960.7 ± 845.7 642.2 ± 555.7 0.057

Duration from birth to symptom onset (weeks) 29.5 ± 51.4 11.9 ± 47.6 0.315

Duration from conception to symptom onset
(weeks)

43.1 ± 12.0 29.9 ± 11.1 0.394

Duration from start of HD use to symptom onset
(days)

720.4 ± 586.5 628.3 ± 564.3 0.392

Duration of intrauterine exposure (days) 223.6 ± 87.1 196.1 ± 87.5 0.750

Duration from start of HD use to birth 504.6 ± 426.4 563.4 ± 561.0 0.628

Duration (weeks) of HD exposure when started      

during pregnancy 9.0 ± 11.2 7.2 ± 10.9 0.574

before conception 37.6 ± 53.8 47.9 ± 72.7 0.604

Gestational age (weeks) 36.7 ± 3.6 26.4 ± 5.4 0.227

Birthweight (g) 2877.6 ± 749.0 1172.9 ±
1090.7

0.634

Estimated pregnancy season (%)     0.649

Spring (Mar–May) 10/32 (31.3) 7/17 (41.2)  

Summer (Jun–Aug) 11/32 (34.4) 7/17 (41.2)  

Autumn (Sep–Nov) 5/32 (15.6) 1/17 (5.9)  

Winter (Dec–Feb) 6/32 (18.8) 2/17 (11.8)  

Classi�cation by season

(Summer vs other seasons) (%)

11/32 (34.4) 7/17 (41.2) 0.638

Estimated trimester of exposure (n, %)     0.461
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  Neonatal
survival

(n = 32)

Neonatal death

(n = 17)

p
value

Prenatal exposure 18/32 (56.3) 11/17 (64.7)  

1st trimester (1–12 weeks) 1/32 (3.1) 2/17 (11.8)  

2nd trimester (13–26 weeks) 11/32 (34.4) 3/17 (17.6)  

3rd trimester (27–40 weeks) 2/32 (6.3) 1/17 (5.9)  

Classi�cation by trimester

(Prenatal–1st vs 2nd –3rd ) (n, %)

19/32 (59.4) 13/17 (76.5) 0.231

Subgroup analysis of maternal outcomes according to
neonatal survival
Among the 32 surviving neonates, 15 mothers survived (46.9%), and 17 mothers died (53.1%). The total
duration of HD use (609.7 ± 501.4 vs. 1270.4 ± 973.9 days, p = 0.023), the duration of HD use from birth
to the development of clinical symptoms (17.9 ± 33.6 vs. 39.2 ± 61.8 weeks, p = 0.008), the duration of
HD use until the onset of symptoms (500.9 ± 401.0 vs. 901.2±661.4 days, p = 0.021), the duration of HD
use before birth (365.7 ± 255.1 vs. 627.1 ± 511.1 days, p = 0.002), and the duration of HD use before
pregnancy (18.9 ± 27.6 vs. 54.2 ± 65.6 weeks, p = 0.001) were shorter and the birthweight of the neonate
was lower (2578.2 ± 836.8 vs. 3097.2 ± 616.0 g, p = 0.046) in the mothers who survived than in those
who died.

Among the 17 neonates who died, 7 mothers survived (41.2%) and 10 mothers died (58.8%). The duration
of HD use from birth to the development of clinical symptoms was longer (36.8 ± 65.9 vs. −7.6 ± 3.9
weeks, p < 0.001), the duration of HD use from conception to the development of clinical symptoms was
shorter (21.9 ± 16.0 vs. 33.5 ± 6.6 weeks, p = 0.016), and the birthweight was higher (1620.0 ± 1698.9 vs.
837.5 ± 324.3 g, p = 0.015) in the mothers who survived than in those who died (Table 4).
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Table 4
Comparison of demographic features of groups based on fetal outcome with maternal outcome

subgroup analysis

  Neonatal survival (n=32) Neonatal death (n=17)

  Maternal
survival (n =
15)

Maternal
death (n =
17)

p
value

Maternal
survival (n
= 7)

Maternal
death (n =
10)

p
value

Maternal age (years) 31.8 ± 3.1 31.1 ± 3.7 0.223 32.9 ± 3.6 32.0 ± 2.6 0.514

Maternal height (cm) 157.5 ± 6.0 161.3 ± 5.6 0.951 159.8 ±
5.8

162.4 ± 3.9 0.690

Maternal weight (kg) 57.8 ± 12.1 60.9 ± 16.0 0.420 63.2 ±
11.5

61.7 ± 11.6 0.886

Maternal BMI
(kg/m2)

23.2 ± 3.8 23.2 ± 47 0.476 24.7 ± 3.3 23.6 ± 5.7 0.363

Maternal survival (%) 15/32(46.9) 17/32(53.1)   7/17(41.2) 10/17(58.8)  

Total duration of HD
use duration (days)

609.7 ±
501.4

1270.4 ±
973.9

0.023 712.4 ±
422.4

593.0 ±
650.8

0.782

Duration from birth
to symptom onset
(weeks)

17.9 ± 33.6 39.2 ± 61.8 0.008 36.8 ±
65.9

-7.6 ± 3.9 <0.001

Duration from
conception to
symptom onset
(weeks)

44.4 ± 15.9 41.5 ± 4.1 0.282 21.9 ±
16.0

33.5 ± 6.6 0.016

Duration from start
of HD use to
symptom onset
(days)

500.9 ±
401.0

901.2 ±
661.4

0.021 657.0 ±
461.2

606.0 ±
660.6

0.885

Duration of
intrauterine exposure
(days)

200.9 ±
98.1

243.6 ±
73.3

0.073 153.3 ±
81.1

226.1 ±
82.4

0.644

Duration from start
of HD use to birth
(days)

365.7 ±
255.1

627.1 ±
511.1

0.002 399.1 ±
439.5

678.4 ±
628.6

0.627

Duration (weeks) of HD exposure when started        

during pregnancy 10.1 ± 12.6 8.0 ± 10.2 0.461 10.1 ±
11.2

5.1 ± 10.7 0.850

before conception 18.9 ± 27.6 54.2 ± 65.6 0.001 29.6 ±
53.9

60.7 ± 83.8 0.529

Gestational age
(weeks)

35.5 ± 4.0 37.5 ± 3.1 0.104 28.7 ± 9.0 25.7 ± 4.3 0.056
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  Neonatal survival (n=32) Neonatal death (n=17)

Birthweight (g) 2578.2 ±
836.8

3097.2 ±
616.0

0.046 1620.0 ±
1698.9

837.5 ±
324.3

0.015

Estimated pregnancy season (%)   0.904     0.229

Spring (Mar–May) 4/15 (26.7) 6/17 (35.3)   1/7 (14.3) 6/10 (60.0)  

Summer

(Jun–Aug)

6/15 (40.0) 5/17 (29.4)   4/7 (57.1) 3/10 (30.0)  

Autumn

(Sep–Nov)

2/15 (13.3) 3/17 (17.6)   1/7 (14.3) 0/10 (0.0)  

Winter

(Dec–Feb)

3/15 (20.0) 3/17 (17.6)   1/7 (14.3) 1/10 (10.0)  

Classi�cation by
season

(Summer vs other
seasons) (%)

6/15 (40.0) 5/17 (29.4)   4/7 (57.1) 3/10 (30.0)  

Estimated trimester of exposure (n,
%)

  0.269     0.155

Prenatal exposure 8/15 (53.3) 10/17
(58.8)

  3/7 (42.9) 8/10 (80.0)  

1st trimester (1–12
weeks)

1/15 (6.7) 0/17 (0.0)   2/7 (28.6) 0/10 (0.0)  

2nd trimester (13–26
weeks)

4/15 (26.7) 7/17 (41.2)   1/7 (14.3) 2/10 (20.0)  

3rd trimester (27–40
weeks)

2/15 (13.3) 0/17 (0.0)   1/7 (14.3) 0/10 (0.0)  

Classi�cation by
trimester

(Prenatal–1st vs 2nd
–3rd ) (n, %)

9/15 (60.0) 10/17
(58.8)

0.946 5/7 (71.4) 8/10 (80.0) 0.682

Discussion
According to the data from the 2009–2011 period by the Korea Statistical O�ce, in 2012, the incidence of
infant deaths under 1 year of age was 3.0 per 1000 live births, the maternal mortality rate was 17.2 per
100,000 live births, and the perinatal mortality rate was 3.1 per 1000 live births for neonates who were
born over 28 weeks’ gestational age and who were less than 7 days old [12]. These data encompassing
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the present study period included 1677 deaths among 7498 victims of ILD caused by HD exposure, with a
mortality rate of 22.4% [13]. In the present study, 17 neonates (14.3%) and 27 mothers (55.1%) died
among 49 mothers who used HDs during pregnancy. The observed high mortality rate among the
pregnant women in the present study may be attributed to speci�c immunological changes during
pregnancy. There are several effects of HDs on the fetus during pregnancy: 1) increase in maternal blood
concentration of the medication which can directly affect the fetus given that the medication can pass
through the placenta [14]; 2) metabolites that accumulate when medication concentrations increase in
the mother’s body which can impact the fetus via in�ammatory mediators [15], hormones [16], and toxins
[17]; 3) deterioration of the maternal physical condition caused by the medication (repair or damage to
several organs) which can affect the fetus; and 4) disruption of implantation due to medication effects
[18].

The placenta, through which medications pass and are delivered to the fetus, also serves to �lter the
substances that pass through. The placenta is a metabolically active tissue that responds to the maternal
environment, including perturbations during pregnancy, by regulating the fetal supply of nutrients and
oxygen and the secretion of hormones into the maternal and fetal circulation [19]. Importantly, there
might be differences in the transplacental transfer of medications due to signi�cant functional
differences of the placenta between the �rst two months of pregnancy (histiotrophic nutrition) and later
in pregnancy (hemotrophic nutrition) [20]. In some cases, in�ammatory mediators secreted from the
mother can cross the placenta and affect the fetus [21]. In�ammatory processes in mothers can cause
premature birth [15] and fetal damage regardless of preterm birth [22]. One study investigating the effects
of persistent inhalation of chemicals by mothers reported that birthweight decreased with increasing
exposure to contaminants [23], which is in agreement with the results of the subgroup analysis based on
fetal survival performed in the present study. Our �ndings suggest that both pregnant women and
neonates in the present study experienced not only direct lung damage but also systemic adverse effects
caused by HDs through inhalation.

The analysis of pregnant women with their fetuses categorized according to maternal survival revealed
that survival was related to the total duration of HD use, especially the duration of pre pregnancy HD use.
These results may be associated with not only the direct effects of HDs but also rapid worsening of
symptoms due to the progression of damage to various maternal organs, especially the lungs, with
continuous exposure. Longer duration of HD use was associated with decreased maternal-fetal survival,
consistent with studies reporting that HD use exacerbates HDLI in a dose-dependent manner [9].

Regarding immune tolerance that occurs during pregnancy, according to the “evolutionary non-self
model,” the presence of fetal antigens at the maternal-fetal interface does not necessarily activate the
immune system. “Danger” and related models assert that danger signals are not expressed as long as the
fetus is growing and developing normally and that the immune system is not activated to become
harmful to the fetus. In the present study, the subgroup analysis based on maternal survival revealed that
the onset of clinical symptoms after childbirth was associated with survival. In addition, the subgroup
analysis based on fetal survival indicated that chances of maternal survival increased as time from the
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onset of clinical symptoms to birth diminished. However, maternal mortality increased in cases where the
symptoms occurred before childbirth, indicating that the receptor-mediated immune response is activated
in the presence of infection to protect the mother. Eventually, the change in the immune status of the
mother due to HD use means that exceeding the threshold for immune tolerance is recognized as a
“danger” state, leading to the deployment of a rapid immune response [23].

In mothers exposed to hazardous chemical material, the fetus may not be implanted or the neonate might
have a lower birth weight [18]. In the present study, we performed subgroup analysis to determine the
effect of HD exposure on trimester-speci�c survival rates. To this end, we grouped prepregnancy with the
�rst trimester and the second trimester with the third trimester to evaluate exposure duration because the
�rst trimester of pregnancy is considered to be a vulnerable period for implantation and fetal organ
formation. In the �rst trimester, various issues, including abnormalities in the endocrine system, can have
a critical impact on fetal development after fetal exposure to hazardous substances [14]. However, in the
current study cohort, there were no cases of exposure in the �rst or third trimester in the subgroup with
fetal and maternal death; therefore, statistical analysis could not be conducted. It is possible that
exposure might lead to implantation di�culties in the �rst trimester. Additionally, the symptoms of
mothers appeared before the 27th week in the group with both fetal and maternal death; therefore, there
was no HD use in the third trimester in this group.

In Korea, summer is humid whereas spring, autumn, and winter are dry. Thus, we determined the survival
rates speci�cally in summer and non-summer seasons and found that the proportion of mothers who
became pregnant was higher in the spring and summer when HD use began to decline than in autumn
and winter when HD use began to increase. One possibility is that an implantation disruption may occur
when pregnancy starts in the autumn and winter during which HD use is relatively higher [18].

The current study has several limitations. First, the exact concentration and capacity of HD use and total
seasonal consumption could not be con�rmed. The information on HD use was obtained from blinded
medical records and retrospectively reviewed; therefore, data to estimate HD concentrations, such as
room size, average humidi�er usage period, season of use, ventilation status, could not be obtained. To
compensate for this limitation, converted dates were used, such as the date from the start of each event,
seasonal classi�cation, and trimester of exposure during pregnancy. Second, while we aimed to use
objective data from the collected information, we cannot rule out recall bias over time. Third, the speci�c
link between the effects of the maternal condition, such as hypoxia, hormones, in�ammatory factors,
abnormalities in metabolic processes, on fetal growth are unknown. Fourth, it is di�cult to con�rm the
long-term consequences of HD exposure during the fetal period and to determine whether HD exposure
affects the future growth and development of neonates, even those with no abnormalities at birth. Fifth,
in mothers who are exposed to HDs, it is necessary to consider the individual differences in maternal
reactions. Sixth, regarding premature babies, the differences in medical technology and development over
the past 10 years might have affected mortality. Finally, we were not able to compare pregnant women
who used HD with age-matched non-pregnant women who used HD or with age-matched pregnant
women who did not use HD because women with no clinical symptoms did not use medical services or
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give speci�c information about their HD use. Because of this limitation, we analyzed the data as a nested
case-control study including subjects who used HD during pregnancy.

Despite these limitations, the current study investigated the rarely considered relationship between
maternal and fetal survival in response to HD exposure, speci�cally including data on fetal survival in
response to maternal inhalation exposure to small amounts of chemically hazardous substances with
de�nitive maternal adverse effects. HDs do not generally have hazardous effects in humans; a large
population throughout Korea has been exposed to HDs for a long duration. The present study included
patients with clear respiratory symptoms. Because of various ethical and moral concerns, it is di�cult to
determine the effect of HD use in pregnant women. As a major strength, this is the �rst study
investigating the survival of neonates born to mothers who were exposed to HDs during pregnancy.

Conclusions
In the present study examining neonatal survival in pregnancies with HD exposure, we found that shorter
HD use was associated with higher maternal survival rate and that shorter time from birth to symptom
onset was associated with higher likelihood of maternal-fetal survival. We also found that the surviving
neonates born to mothers who survived had lower birth weights and that the maternal symptoms started
before childbirth in the group of mothers and fetuses who died.
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Figure 1

Study �owchart (n = 56) [2, 13]


