creative
commons

cCcCoOoMMO NS D EE D

2.0

T WO®

(Legal Code)

Disclaimer D._'I

Collection



http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 48009- 200000337538

|d
HJ
ok
or

<r

+|—M
o]

Jlgd N A

S
=]

t

Reduced diffusing capacity of lung in humidifier

disinfectant-related asthma
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(mL/min/mmHg = mmol/min/kpa X 2.986)

e Park’s equations for calculating predicted DLco value
Male = 0.3504 X Height - 0.2156 X Age - 23.168

Female = 0.2491 X Height - 0.1533 X Age - 11.662

) measured DLqg value
e DLco% predicted (DLco%) = X 100 (%)
predicted DLco value
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298 cases

of HDA were
retrieved
> 128 were
under 19 years
Y
n= 170
> 60 had
no DL¢o data
Y
n=110
> 2 had ILD
superimposed
Y
n=108
38 were
>
ever smoker
Y
n=70

Fig. 1. Flow chart for the selection of HDA subjects.

HDA, humidifier disinfectant-related asthma; DLco, diffusing capacity of the lung for carbon monoxide;

ILD, interstitial lung disease
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305 cases of
Asthma with AHR*

114 had
d no DL¢g data

A
n= 191
> 3 foreigner
Y
n=188
. One
”| exposured to HD
A
n =187
42 superimposed
»| COPD or other
lung diseases
Y
n =145
» 66 were
” ever smoker
Y
n=79

Fig. 2. Flow chart for the selection of asthmatics without exposure to HD subjects.

AHR*, airway hyper-responsibility; DLco, diffusing capacity of the lung for carbon monoxide; HD, humidifier disinfectant;

COPD, chronic obstructive pulmonary disease
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Table 1. Baseline characteristics of never-smoker asthma with or without exposure to HD

Asthma without

Characteristics HDA (n"=70) p value
exposure to HD (n"=79)
Age 46.6+15.3 51.8+£16.9 0.051
Sex — male, n* (%) 17(24.3%) 14(17.7%) 0.325
BMI 24.4+4.3 25.1£4.0 0.293
FEV1/FVC (%) 73.1£13.8 70.619.0 0.195
FVC% predicted 83.2+£17.5 89.9+16.4 0.018
FEV,% predicted 75.8+22.1 79.7+£155 0.208
FEF25.759.% predicted 66.1£36.3 56.21+£22.65 0.099
DLco% predicted 81.9+215 88.6+£13.2 0.021
DLco/VA%, (n°) 101.5+£21.8, (53) 102.6+£14.1, (79) 0.748
TLC% predicted, (n%) 93.6+£13.1, (32) 98.7+20.5, (15) 0.388
RV/TLC (%), (n") 36.2+15.7, (32) 324+10.7, (15) 0.403
BPT positive%, (n") 56%, (14/25) 100%, (79/79) N/A

Data are present as means + standard deviation or absolute number (%).

n’; Number of patients with pulmonary function test results, i.e. number of patients who were able to obtain results; HD,
humidifier disinfectant; HDA, humidifier disinfectant-related asthma; BMI, body mass index; FEV,, forced expiratory volume
in one second; FVC, forced vital capacity; FEF.s.75%, forced expiratory flow at 25-75%; DLco, diffusing capacity of the lung for

carbon monoxide; TLC, total lung capacity; RV, residual volume; BPT, bronchial provocation test; N/A, not applicable.
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. p=0.021

150 = | l
" 81.9+2.6% 88.6x1.5%
- AA
" A
- A
A [ ]
- o000
A [}
- A [ ]
i A:A "o:::o.
© 100- AA::A: ..:: °
2 1 4a o %,
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@ . ——ferr 003838323,
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- A
i aa
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I I
HDA Asthma
without exposure

Fig. 3. Comparison of diffusing capacity between HDA and asthma without exposure group.

Plots indicate individual data points and mean + SEM of DLco% predicted (horizontal line and vertical bar). p-value for t-

test (p=0.021). DLco, diffusing capacity of the lung for carbon monoxide; HDA, Humidifier disinfectant-related asthma
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HDAZOA HD == JFE7I FAsittn dx= 2E==S52  definitedt LIHA|

LU X[ Z2LHEA (one-way ANOVA) SRS I SASH 22 {Foot XI0|E EYL (71.8% vs.
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X
O
%
o
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o
Ot
30
o

86.9% vs. 88.6%; p < 0.001), Jonckheere-Terpstra A™HC2 =520
I HD Hl=Z MAZO|AM definite SERE =580 S7I'Z+E DLco% BTal0l dAdt=

AYS 2 QUL (p for trend = 0.002). (Fig. 4.)
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150 -
" p-value for trend=0.002
1 71.8£21.9 86.9+19.7 88.6+13.2
100+ . Tesdtee”
3 [T [ E—
kT ' ’ —eie N
° . nat eestice,
g _ TN
o . \ °e
R - R .2
o] .o
o - A
-
0 - : °
50+ ‘
0 ] ] ]
HDA with HDA with Asthma

definite exposure non-definite exposure  without exposure

Fig. 4. Diffusing capacity of asthma with definite, non-definite exposure and without exposure to HD.

Plots indicate individual data points and mean + SEM of DLco% predicted (horizontal line and vertical bar). p-value for trend
was analyzed by Jonckheere-Terpstra test (p=0.002).

DLco, diffusing capacity of the lung for carbon monoxide.
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Table 2. Multiple linear regression models for diffusing capacity by exposure status and BMI

Independent variables Beta coefficient (95%Cl) p value R?
Exposure to HD -5.831 (-11.334 to -0.327) 0.038

0.104
BMI 3.651 (0.566 to 1.903) < 0.001

BMI, body mass index; Cl, confidence interval; HD, humidifier disinfectant.
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Table 3. Multiple linear regression models for diffusing capacity by exposure status and BMI, FVC

Independent variables Beta coefficient (95%Cl) p value R?
Exposure to HD -2.799 (-7.909 to 2.310) 0.281

BMI 1.475 (0.862 to 2.087) < 0.001 0.261
FVC% 0.427 (0.411 to 5.656) < 0.001

BMI, body mass index; FVC, forced vital capacity; Cl, confidence interval; HD, humidifier disinfectant.
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Beta=-5.831

Exposure > DL(o
(R?=0.104,p < 0.001)

FVC
Beta=-7.091 Beta=0.444
(R2= 0.043 (R2= 0260,
p =0.015) p <0.001)
Beta=-2.799
Exposure > DLco
(R2=0.261, p<0.001)

Sobel z =-2.36, p =0.009

Fig. 5. Regression pathway analyses.

Showing that FVC accounts for approximately 52.9% of the relationship between Exposure and DLco. The P values shown are

for one-tailed probability, after adjustment for BMI. DLco, diffusing capacity of the lung for carbon monoxide; FVC, forced

vital capacity.
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DLo%’Zt 80% DIt ZHALE HFYLHC=zZ Folgtu®» LFE Chi-square AY2E
HWSIAS M, HDAT UM HIEY mHetits dAL 207 SANHLZ |F2lSHA BERUATE (47.1% vs.
27.9%; p = 0.015), (Table 4)

MEXel 7|ZQ FVC%Tt 80% DIRQl RS AMN O[MAHOR DO HD kB0 U

FVC X3l (<80%), BMI &

mjo

2|
=8

rE
+

2 310 DLeo M3t (<80%)0f CHoH Cte ZX[AE 2|4

HI

MEZ SRAS M, HD ==0| OR 2.1272 U&A 2|0|9| DL%2t A& UAJALL (p = 0.035) (Table

5)
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Table 4. Number of abnormal diffusing capacity in study subjects

Asthmatics without
HDA Total

p value
exposure to HD
DLco% <80, n(%) 33 (47.1%) 22 (27.9%) 55
DLco% 280, n(%) 37 (52.9%) 57 (72.2%) 94 0.015
Total 70 79 149

DLco, diffusing capacity of the lung for carbon monoxide; HDA, humidifier disinfectant-related asthma.
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Table 5. Odds ratios for having abnormal DLco by exposure status, BMI, and abnormal FVC

Independent variables Odds ratio (95%Cl) p value R?
Exposure to HD 2.127 (1.053 to 4.294) 0.035

Abnormal FVC (<80%) 2.596 (1.217 to 5.539) 0.014 0.132
BMI 0.908 (0.829 to 0.994) 0.036

DLco, diffusing capacity of the lung for carbon monoxide; BMI, body mass index; FVC, forced vital capacity; Cl, confidence

interval; HD, Humidifier disinfectant.
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4. HDAZOIM BHA-SS2T S$ALSX| B0 M2 HIAs 24

= = =

SAL-=S30| W2t Definite, Probable, Possible, Indeterminate®2 2fZt 239, 20, 23H, 43
O|UOM, DLo% YTt DefinitedWM= 71.8%, Probable® 90.5%, Possible2 81.5%,

Indeterminate 100.3% O|RUCt HDO| CHDH =& F[E7t FSSICHD HZEes &

= o T

oln
il
ro

Definite 2t LIHX| =£&& (Non-definite exposure; Probable + Possible + Indeterminate) =

2ot non-definite @ 7t DLo% XIO|E 2QI5H7| 2|3t0] Student T ZHSIAS W &4

[ AN

1%
Al

o=

FISHA Definite | A 22 DLo%E EULCH (71.8% vs. 86.9%; p = 0.008). (Table 6)
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Table 6. DL¢o of groups with definite exposure or non-definite exposure in HDA

DLco% Definite exposure (n=23) Non-definite exposure p value
(n=47)
Mean+SD 71.8+21.9 86.9+19.7 0.008

DLco, diffusing capacity of the lung for carbon monoxide; HDA, humidifier disinfectant-related asthma; SD, standard deviation.

Non-definite exposure includes probable, possible, and indeterminate exposure.
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Table 7. Correlation between DLy and exposure indicators

Spearman rank test DLco %

correlation coefficient -0.281
Daily usage time 0

p value 0.019

n 69

r -0.329
Cumulative usage time p value 0.006

n 67

r -0.019
Usage time during sleep ~ p value 0.880

n 67

r -0.101
Distance to humidifier p value 0.439

n 61

r -0.101
Exposure concentration p value 0.439

n 61

r -0.280
Exposure intensity p value 0.042

n 53

DLco, diffusing capacity of the lung for carbon monoxide
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150 - r=-0.329 p=0.006

100 -

DL:o% predicted

0 7 A 1 1 I 1
0 12 3 4 5 6

Cumulative usage time (Log4y hours)

Fig. 6. Correlation between cumulative usage time and DLco%.
Cumulative usage time (hours) was changed to logso scale. Negative slope line was presented as correlation that was analyzed
by Spearman rank test.

DLco, diffusing capacity of the lung for carbon monoxide.
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Background

Humidifier disinfectant-related lung injury (HDLI) is a severe form of interstitial lung damage in
South Korean individuals who were exposed to a specific humidifier disinfectant (HD). A previous
study suggested that reduced diffusing capacity of lung (DLco) may be considered a marker of HDLI.
Exposure to HD is also reported to increase the risk of asthma. DLco in typical asthma patients with
mild symptoms is increased due to physiological changes in the blood perfusion of upper lung

parenchyma.

Research Question

DLco decreased in HD-related bronchial asthma (HDA), although DLco increased in bronchial asthma

without exposure to HD.

Study Design and Methods

We compared DLco between 79 asthmatics without exposure to HD and 70 HDA. Correlation

between DLco and several indicators related to exposure to HD was measured in HDA.

Results

The mean value of DLco% were significantly reduced in HDA group compared to asthmatics without
exposure to HD. The mean of DLc% of asthmatics with definite exposure was significantly smaller
than asthmatics with other exposure, and furthermore, asthmatics without exposure with graded
differences. Multiple linear regression analysis also indicated that DLco was decreased by 5.8% in
HDA, compared to asthmatics without exposure to HD after adjustment for BMI. Logistic regression
analysis indicated that asthmatics exposed to HD was also 2.1-fold more likely to have reduced

DLco, compared to asthmatics not exposed to HD. Correlation analysis indicated statistically
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significant inverse correlations of DLco% with cumulative usage time, in particular. Pathway analysis
showed that exposure to HDs affected DLco directly, and indirectly through forced vital capacity

(FVQ).
Interpretation

DLco decreased in HDA compared to asthmatics without exposure. It is necessary to check DLco in

asthmatics exposed to HD, to identify HDA.
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