
across the genome, including pathways highly relevant to PAH
pathogenesis, such as WNT signaling (8, 10, 11).

One of the findings in our study was that the positive effect of SRY
on BMPR2 expression had an upper limit, above which adding more
SRY did not result in a corresponding increase in BMPR2 expression.
This is not a surprising finding, as most transcription factors have a
limited range of function. Furthermore, BMPR2 expression is likely
controlled by a coordinated action of multiple different transcriptional
regulators, and thus one transcription factor would not be expected to
modify its expression to an unlimited extent. For example, previous
studies have identified other factors that regulate BMPR2 expression,
such as estrogen receptor a (4, 5). Thus, the integration of multiple
factors may explain why SRY has a limited, but important, capacity to
increase BMPR2 expression. Each factor may play a role in PAH
susceptibility or resilience. It is important to acknowledge that in some
assays, the effect sizes were modest; this may reflect the fact that
multiple factors likely contribute to BMPR2 expression, not simply
SRY activity. Finally, much of this work was conducted using PAH
fibroblasts because of the low expression of SRY in typical lung vascular
cells. Although the amount of data suggesting that fibroblasts may
contribute to PAH pathogenesis is growing, future work will determine
whether SRY contributes to variations in lung vascular cell health and
function.

In conclusion, SRY binds to and positively regulates BMPR2
expression. This builds on recent novel work by Umar and
colleagues, which demonstrated the relevance of the Y chromosome
to pulmonary hypertension (7). Our findings advance the concept
that protective factors on the Y chromosome contribute to
pulmonary hypertension, with a focus on the reduced male incidence
in PAH via sex-specific BMPR2 regulation. n
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Exposure to Humidifier Disinfectants Increases the
Risk for Asthma in Children

To the Editor:

In South Korea, several types of chemical disinfectants that had been
widely used in humidifiers since 1994 were found to be associated
with lung injury and widespread lung fibrosis (1–4). After the
humidifier disinfectants (HDs) were found to be the cause of the
lung injury, they were withdrawn from the market in 2011, after
which no new cases of lung injury have been reported (1). Although
much research has examined the acute lung injury resulting
from HD exposure in terms of outcomes such as mortality and
HD-induced lung injury (HDLI), the long-term consequences
of HD usage on health effects have not been reported. Patients
with HDLI and people exposed to HDs have complained of asthma
symptoms, but only one case of occupational asthma resulting
from isothiazolinone exposure has been reported (5). A previous
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report has indicated that approximately 30% of young
children in the general Korean population were exposed to
HDs (6); however, little is known about the relationship between
early-life HD exposure and asthma symptoms later in life. We
therefore investigate this issue in two independent birth cohort
studies.

A modified Korean version of the ISAAC (International
Study of Asthma and Allergies in Childhood) questionnaire was
previously validated as a tool for assessment and diagnosis
of allergic diseases in Korean children (7, 8). The ISAAC
questionnaires were completed by parents or guardians in two
general population-based birth cohort studies: the PSKC (Panel
Study of Korean Children) study (9) and the COCOA (Cohort for
Childhood Origin of Asthma and Allergic Diseases) study (8).
The PSKC study was conducted from 2013 to 2015, and the
participating children were 5 to 7 years old (n = 1,577). The study
participants were all born in 2008, and HDs were withdrawn
from the Korean market in 2011; therefore, HD exposure was

estimated to have occurred within 3 years of birth. We also
included children born during 2007–2014 from the COCOA
study (n = 1,829), and evaluated the occurrence of early-life
wheezing between 0 and 3 years of age. We compared the occurrences
of wheezing symptoms and asthma treatment before and
after the discontinuation of HD sales and calculated the
odds ratios (ORs) and 95% confidence intervals (CIs) for HD
exposure by using logistic regression models. The Institutional
Review Board of Asan Medical Center approved each study
protocol (2015–0907, 2008–0616). The Wald statistic for trend
in logistic regression was calculated by using SPSS version 23
(SPSS, Inc.).

In the PSKC study, children who developed acute bronchiolitis
before 3 years of age and who had HD exposure showed a
significantly increased risk for asthma treatment during the last
12 months (adjusted OR, 2.25; 95% CI, 1.01–5.00; data not shown).
We divided the children into four groups according to bronchiolitis
history and use of HD. The risk for wheezing symptoms during
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Figure 1. (A) Adjusted odds ratio (95% confidence interval) of asthma in the 5- to 7-year-old study participants with HD exposure and history of acute
bronchiolitis. (B) Occurrence of asthma treatment according to HD exposure and history of acute bronchiolitis, adjusted by sex, socioeconomic status,
environmental tobacco smoking, and family history of allergic disease. Br = history of bronchiolitis before 3 years of age; HD = humidifier disinfectant.
*Trend P value (Wald statistic for trend in logistic regression) , 0.01.
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the last 12 months (adjusted OR, 3.61; 95% CI, 1.93–6.72), asthma
diagnosis ever (adjusted OR, 4.28; 95% CI, 2.38–7.72), and
asthma treatment during the last 12 months (adjusted OR, 5.07;
95% CI, 2.52–10.20) were all significantly higher in children with
bronchiolitis history than in those without bronchiolitis history
(trend P value, 0.01; Figure 1A).

The occurrence of asthma treatment was consistently
higher in children who were exposed to HD and had history of
bronchiolitis, with 5.9% of 5-year-old children with both exposures
having received asthma treatment in the last year, 9.6% of 6-year-
olds, and 10.2% of 7-year-olds. Conversely, the children with
history of bronchiolitis who were not exposed to HD were less
likely to have received asthma treatment in the last year, with
increasing age, with 4.5% of 5-year-olds having been treated, 5.9%
of 6-year-olds, and 2.1% of 7-year-olds (Figure 1B). This finding
suggested that HD exposure in the past may cause persistent
asthma symptoms.

In the COCOA study, considering that HD sales were
totally discontinued in 2011 (2), we divided children who were
born from 2007 to 2010 (presumed to have been exposed to
HD) and those born from 2012 to 2014 (not exposed to HD)
and compared the occurrence of early-life wheezing during
3 years after birth. The occurrences of wheezing symptoms and
asthma diagnosis between 0 and 3 years showed a significant
decreasing trend (Figures 2A and 2B). The trend of the asthma
treatment also tended to decrease, albeit not statistically
significantly (Figure 2C).

Our current result from two independent general population-
based cohort studies revealed the link between early-life HD

exposure to asthma symptoms in childhood. In the PSKC
cohort, only the group with history of bronchiolitis during
the first 3 years of life showed correlation between HD
exposure and childhood asthma in 5- to 7-year-olds. HD
exposure showed a relationship with asthma development and
persistency in 5- to 7-year-olds. Another independent birth
cohort indirectly showed the difference in the occurrence of early-
life wheezing before and after the cessation of HD sales in patients
younger than 3 years. This was characterized by a significant
decrease in the occurrences of wheezing symptoms, asthma
diagnosis, and treatment for possible asthma development in
childhood.

There were some notable limitations, including remote
memory recall related to questionnaire responses and difficulty
in discerning whether the wheezing started before or after
HD exposure. We also could not determine the distinct effect of
different HD component chemicals because of duplicate use of
the components. Pandemic influenza infection in 2009 (10), and
other respiratory viruses that cause acute bronchiolitis, need to
be considered. Further evaluation to prove more concrete causal
relationships and animal studies such as HD exposure in a mouse
model of bronchiolitis to determine the pathophysiology or
synergistic effect is needed. Despite these limitations, our study is
meaningful, in that the relationship between HD use and asthma
was identified through two independent general population-based
birth cohorts.

In conclusion, our results are the first to link early-life
HD exposure to the development and persistence of asthma in
young children. It is an important issue because such chemical
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Figure 2. Occurrences of (A) wheezing symptoms, (B) asthma diagnosis, and (C) asthma treatment according to year of birth in the COCOA (Cohort for
Childhood Origin of Asthma and Allergic Diseases) birth cohort. Children who were born in 2011 were excluded from the analysis.
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inhalation can affect children’s health not only in the
acute phase such as HDLI but also years after the exposure.
Thorough safety evaluation of household chemicals is needed
to prevent future chemical-related fatalities and health crises in
children. n
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The LIBERATE Trial: Options to Reduce the Risk of
Post-procedural Pneumothorax and Length of Stay

To the Editor:

We read with great interest the recent article by Criner and colleagues
of the LIBERATE (Lung Function Improvement after Bronchoscopic
Lung Volume Reduction with Pulmonx Endobronchial Valves Used
in Treatment of Emphysema) Study Group reporting their results
from the first multicenter randomized controlled trial to evaluate the
effectiveness and safety of Zephyr endobronchial valves (EBVs) in
patients with little or no collateral ventilation out to 12 months (1).
Chronic obstructive pulmonary disease represents a significant
disease burden worldwide, and patients with advanced emphysema
with hyperinflation have limited options apart from lung volume
reduction surgery or transplantation (2). EBVs represent a minimally
invasive option to achieve similar results in patients with little or no
collateral ventilation; however, follow-up studies to date have been
short term (limited to 3–6 mo) (3, 4). In this elegant study, Criner
and colleagues concluded that Zephyr EBVs provided clinically
meaningful benefits in lung function, exercise tolerance, dyspnea,
and quality-of-life scores for at least 12 months after implantation.

However, as in previous studies, the authors reported that
pneumothorax was the most common and significant serious adverse
event during the treatment period, occurring in 44 of 128 patients with
EBVs (34.4%) during the 12-month period. Seventy-six percent of these
pneumothoraces occurred within 3 days of EBV placement, and 85%
occurred within 5 days. This resulted in at least one valve removal in 12
patients, and 38 patients required placement of a chest drain. Eight
patients were managed conservatively with observation only. No
statistically significant risk factors for pneumothorax occurrence were
identified. Of particular concern, three of the four mortalities reported
during the treatment period resulted from a pneumothorax at Day 3 in
two patients and Day 13 in one patient. Consequently, the authors
advised a minimum hospital stay of 3 days after EBV placement, and the
optimal post-procedural length of stay could justifiably extend to 5 days.

To address this issue, our group has begun placing a
prophylactic chest drain on the side of the implanted EBV at
the time of valve placement. We use a 16F chest drain (Thal-
Quick Chest Tube Set; Cook Medical Inc.). The drain is placed on a
Portex bag (Ambulatory Chest Drainage System; Smiths Medical
International Ltd.) and the patient is discharged home with the drain
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