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Abstract

As of November 2011, Korean government recalled and banned the humidifier disinfectants
from the markets since 4 case-control studies and 1 retrospective epidemiological studies were
published to prove the association between humidifier disinfectants and severe interstitial lung
disease with unknown cause. After a careful examination on the association between the
humidifier disinfectants and sever lung diseases based on the Hill's criteria, we found that all the
evidences on the causality fulfilled the 9 criteria (strength of association, consistency, specificity,
temporality, biologic gradient, plausibility, coherence, experiment, and analogy), which proved the
unknown cause severe lung diseases reported in 2011 might be caused by the disinfectants. In
specific, there was no single reported case of unknown cause severe lung diseases since the ban
of selling the humidifier disinfectants in November, 2011 which also strongly proved the
overarching temporal association between the diseases and the disinfectants, the most necessary
one of Hill's criteria. Although the number of epidemiological studies regarding the humidifier
disinfectants case occurred only in Korea were few, those studies contributed to prove the strong
association between the disinfectants and the severe lung diseases based on the scientific

evidences.

Key words: causality, Humidifiers, interstitial lung disease, case-control studies



L4
[=]

A

—
—

FAFO|C}. 2011
L=l

A3

b

k=)
—_
x

o

FRACH 2011 1180) HRE

e
Al S0 M

.
o

=

=

b

<}
—

X}
-

A

8E0| of
g7] A
& 7|4t

=

ES
=

AH =}
o=
M7} &
7| I8l 7t

b

—
=

S
ot

1of CH

o
—

|

[e)
=

.|

(=]
7
()

HNAXHLEZE: wH8l=
Ab

—

—

2HE A
A

!

—

=

oA AR
AL

o
=

ME
7| A
of A

AN

=

|

2
=

7k
o
=71 &oRel 2N dAdE

=
A o] AFZEL}

of Z70of 7|
a0 25t 1

7t

H 4

ol

0| counterfactual concept O|C}. O|Z

Tl

2000 =E=AS W(fact)

T of

=

=

tAd(causation)

‘d(association)O| C}. [t

o2{H, o2 7HX|

=ER0|MO| I

ol A

4ot =it

o

=

—

PN

—

e
[

HEAl
=

b S0l

HE85tH0f fact o+ Ct

—

FCF [2]. 2L AR
)

—

b

.
o
.
o
—

b

—
=
=

IC

I
[

Cta

AN

A O]
e

!

ZtE SO, AL

_i

o

OlM sy 2000 ==EX| AUZS M(counter-fact)2| H
x

2tA O|AE fact 2F counter-fact QA2 &

Ol A 2| counter-fact
AX {old) A0l ot

E]
Ch [31.

Z
=

2
=



of| A

AR, 24

7] gt RESO0[ HMAIE2

o
o

J|zoz de|

ol

7HOil A

J

e} (4],

Jhe w3

Stol &

F

+ [3] Bradford Hille| ©luf

7| &2 w2t

2
=

3. 7}

J4

__I.I.

A1 [5-10], 7t&57[&a A etel HEHgo

O] HEL|

H

2016 HXY7IHX| = 6

O] ZEL|QUCH [11-15] (Table 1).

It

5H

=
o

1

--- Table 1 placed here-----

KIr
foF

Kd

ot RS H|WSEO], 2RI

e

ROy R Q1L [13], 22|32 7FE U of

|

o 7HEA,

710

A
=

Bt 7t

CHE 7H50

HIZES HASH7| 2

S0M ugtHs2 Qloh

of 4

C} [14].

Ab [11]= BHRFLE EARKE

(=13
of

M
]

ALY,

HAIEHOIOA =l dHEF2l o X7}

oK 7F 2l ell

=714

7t 7t

a4

Pl AT

N
1

AHo| 90-100%0A 7h&7| 4FH

2 0 He 2Xjo|Lt B

o

189

7| &Aook

E=
=

SIAE A2z BEago, AHYU A9 KX HiXg 4= ULt FEHEICE 7h

old, OfZlo|7}

=
-

T [15]0f A

= CEEY0 v Tt o

ol
@

Hdel 2AHE7t

=
od

n

=ofl

'|7|

X0
=
od

f

4. Hille|



ol0| &
A
=

o
=

|

7 daHe 5

o K 2F

A
Ak
=

=)

7|

A

=

2HoHo], 7t
CHE 2).

F

—

e
o

At
HAJQl [11-13] vs. 20} [12]), CHE Q17

- Zuof M= ot

AT+ Z1tof| 7|

A

o
—

116H{0f Of

—

--- Table 2 placed here -----
210l M
2738, BH

—

—

W, Azdo| ZEo|ct.

.I

A

x:
STH A Aolof HA

MEIC} [11-13].

= N ¥ n® T S o©o N O T KH
il Lo s K X o g T
< w o_o o ~N —_ N g _”_I._._ N _|T_ - HT_
ar o © . <X X — AT - D
[l | N R [ o & m Ho T o
O o Mo £z N o T R X0
<~ 8 = o = u Koo o < < 8l
- ._|O —_ . —_— I - |T.A|
4 om 5 oy ow ¥ ) ~ B o By
= % o OB o BN — e T oo .0 5
Wom Tomo g <A S . & o D o
e g h G 2 Fgog glh g
[ — — — _ = s | o — (e] =7 ol
on K Kz Ko Y S O ol ﬂ___ ._.mﬁ
¥ o MH . O 5 ® O s 2 . = = - Moz
- o T K B oW = o N Z 5 z O
M 0 wm X K K =5 N K op o ¥
L~ X NN R o3 = ol W= o
Kl U T oo T o @ d m B 4 [T
T o < W o X = <u T T
" T o ®OR ~ dog oL F 4!
W HF | o o N o5 oM M S o o O
T o 2 2 9 v Y & H om £ 3 $ B
L = = ol © w mon I ht 10 OF MM
I - oo urom KMoy 5 m 3 Rz T
I = = K 4 = @7 T = o ¥
t T A - N > T o I
U W m Ko s T+ Vom - A =
n 3 ol o K F oo om oo oo o &
— O_D ._d_.._ E_l = = hrd = Kr Yl =] I
b o T = H K{ Tof H S ST | B>
wp &R Wy £ os - & oo X R Y
of T F g o ™ o 85 T oo < W =
M B Ko op = R ol g = o M wo £ 7 <k 0N
Ko a8 ®m W o B o TS /N N
roR U A N R T A R
0 N @ zl © Klo D|| = 7y o N o H KO wm o
o op & W = 72 o m 5 o0 T = = =
. = ol = = — |_M — oF N = it} = o__._._
& o K = oj
S or - Mmoo N D o . = K K ol
= OF: — _._._ H o N T = 1 %o ©
T = T s & H 4 & T B o= o H OH I
oo o N = o o . W s B =~ ~ w7
5 KM o~ 8 o@ g T ¥ ¥ o L X g x D
o <0 n = KI > =l o = gl = = ohu = ok
rH Kir — Lo — < ~ o3 H._l oo < == 1o IR
I A N o N o wo TH
== N 3 = = |r_._._ or
T mﬁ - M_»_m . D 2 oy = oo oo =04
K O E = g = U S SR - Y B
o= X X ® w o o w T o M K = =
=~ ™ LU M %3 i N & M
T K gr  wpr ' H 3 H m & v o



Ct.

@

ZEW, ZIEX Mol LX|Go[tt. 7|EY e

iz

3

—

.
o

NN &

A

=

XS 20 EtM 7t

—

7] W20, SJEIAH=ZNN SY=S0 o

3

Ag G50 =X
| EaHe =2

A

=

t= HEHS 2RACt [6, 8] 2 F Lt O|=0i|A
E2 AMEE AolEtE
AURALCE ALy 7t

—

—

Me o|o] EDE|D UQUCE[1]. O]

LHr

ofn

o/l
oI

__I.L

Yy

38

Chet E7ht §its &

= QU [17]. O]

=

(=13
g2 Hille] elapd

—

VH MO =

(X}
2} 9

[

=

A2t
xI

A
—

A
0y SSH

—

=0f tiet

M
(=}
o

o
=

|

2

=
T

7| MaH el PHMG 2 Of

A

o K 2F

&7

7| A 2
=

A

=

O[AE 7t

Atg[2ta StUC.

7{o|ct. 7}
~

F

—
—

—1

.
o

[ PS|
S

[ |
of E{UAE acraming 20| 7}

HEH o< ol

|2IE

Iy

1

OXZe 2, FAHSOIEE 1990 MFO0A A0 HIE AHE ZZALO|A

o5, A
IChe FOIM A

HojECt

HE
x

o @lojat= Hoil thskof of

E
=

SHRCL 2k 7t

=
=

L

ojn

KH

F=|0, O|£Ct

A Z
o T

=
230 XHED

—

oM BIFOILE

=

=

agiLt, 7t
|3 Rf

—

glct olol =EE 7|
—

Z2 Al7nE|

—

A
T

b

.
o
=

i

k=t
bE[Of L}EFCHCE

—

.
o

of =

b



RNERETS

HH
=

BHaasta QUCH [15].

{7} ot CHE F7I9

I

o u]
7 B,

oy

e
o
[

A = ALk gLt Hey

Toll

Mol =&

| 7t

1

_-—

oF

RO

ol

72T =

of ALt 7H&

ot 24t 50|49

HEE

Klo

=
S

ol

HEgtel ozl MAO[Lt HIY S2| H

Kl

OfL|C} [3].

E
=

UL HH =2

=Lt Z=(necessary cause) 22 =

-

OJ_
S

ja

Of SAlf

oz 7Hxl 292l 3815

=
[

H(sufficient cause) ¥gt2 o}

off M2

A=
T

Chit gl

SEX
= T

AANY =22 2| 5

B0o|gt=

b

k=
—_

A=l HE|H

=

o
o
=

7t 2218 =t

H ol

el
<

oM Zta7la

=
=

ojn

W st 5E0[ =F0| o2 B

L sxo| Be

oM 2L

7|

Ea3
=

2R 11 =& 7t

o, ANz

AHo{ O
HA AN —

2zgol

o glof Zite

M
(=]

oME Rl

A7|9

Jo

ol

HoilM S5E0[7F HEEX| B

ol
K

oF

ol
70

J|daH Aol B2, S5EO0| AN E

A
=

et ojH 7t

=
S

ter 2Lt

o
o

10| EtE

7| AHE AHM| 7t

Q8= T

=
[

uj

7| & H 7y o

A
=

of 7t

ol

oju

=55 H(coping capacity)

#elo] ¥

PNPSPS|
=

o=

9ol
—

=8

A

A

olo

Ho



=LHOIAM

o
-

4l

7| AR

EaS
=

x| QCh 20114 7}

J

H 2 7|0fE ™tt= 2O0j7F AL,

=
—

got

g 7

ojiu

N

S

1o
[l

g 772 H

5| 20114 11

—
=

UAALY.

AL
e

r

k=2e]
=2 =

(o)
=

K
Klo

Jod

Ko



LEASXE 222 HELZARIYR 7ts7|dad dZoo) Ard M. M2 =MET

2.Hofler M. Causal inference based on counterfactuals. BMC Med Res Methodol 2005;5:1.

3.Szklo M, Nieto J. Epidemiology: Jones & Bartlett Publishers; 2012

4.Hill AB. The environment and disease: association or causation? Proc R Soc Med 1965;58:295.
5.Koo HJ, Do K-H, Chae EJ, Kim HJ, Song JS, Jang SJ, et al. Humidifier disinfectant-associated lung
injury in adults: Prognostic factors in predicting short-term outcome. Eur Radiol 2016:1-9.

6.Lee E, Seo J-H, Kim HY, Yu J, Jhang W-K, Park S-J, et al. Toxic inhalational injury-associated
interstitial lung disease in children. J Korean Med Sci 2013;28:915-923.

7.Kim KW, Ahn K, Yang HJ, Lee S, Park JD, Kim WK, et al. Humidifier disinfectant—-associated
children’s interstitial lung disease. Am J Respir Crit Care Med 2014;189:48-56.

8.Hong S, Kim H, Huh J, Do K, Jang S, Song J, et al. Korean Unknown Severe Respiratory Failure
Collaborative Korean Study Group of Respiratory Failure A cluster of lung injury associated with
home humidifier use: clinical, radiological and pathological description of a new syndrome. Thorax
2014;69:694-702.

9.Yoon HM, Lee E, Lee JS, Do K-H, Jung AY, Yoon CH, et al. Humidifier disinfectant-associated
children’s interstitial lung disease: Computed tomographic features, histopathologic correlation
and comparison between survivors and non-survivors. Eur Radiol 2016;26:235-243.

10.Kim YH, Kim KW, Lee KE, Lee MJ, Kim SK, Kim SH, et al. Transforming growth factor-beta 1 in
humidifier disinfectant-associated children's interstitial lung disease. Pediatr Pulmonol 2016;51:173-
182.

11Kim HJ, Lee M-S, Hong S-B, Huh JW, Do K-H, Jang SJ, et al. A cluster of lung injury cases
associated with home humidifier use: an epidemiological investigation. Thorax 2014:thoraxjnl-
2013-204132.

12.Yang H-J, Kim H-J, Yu J, Lee E, Jung Y-H, Kim H-Y, et al. Inhalation toxicity of humidifier
disinfectants as a risk factor of children’s interstitial lung disease in Korea: a case-control study.
PLoS One 2013;8:€64430.

13.Park J-H, Kim HJ, Kwon G-Y, Gwack J, Park Y-J, Youn S-K, et al. Humidifier Disinfectants Are a
Cause of Lung Injury among Adults in South Korea: A Community-Based Case-Control Study. PLoS
One 2016;11:e0151849.

14 Park D-U, Choi Y-Y, Ahn J-J, Lim H-K, Kim S-K, Roh H-S, et al. Relationship between Exposure to
Household Humidifier Disinfectants and Risk of Lung Injury: A Family-Based Study. PLoS One
2015;10:e0124610.

15.Paek D, Koh Y, Park D-U, Cheong H-K, Do K-H, Lim C-M, et al. Nationwide Study of Humidifier
Disinfectant Lung Injury in South Korea, 1994-2011. Incidence and Dose—-Response Relationships.
Ann Am Thorac Soc 2015;12:1813-1821.

16.Park S, Lee K, Lee EJ, Lee SY, In KH, Kim H-K, et al. Humidifier Disinfectant-associated Interstitial

Lung Disease in an Animal Model Induced by Polyhexamethylene Guanidine Aerosol. Am J Respir



Crit Care Med 2014;190:706-708.

17.Nemery B, Hoet PH. Humidifier Disinfectant-associated Interstitial Lung Disease and the
Ardystil Syndrome. Am J Respir Crit Care Med 2015;191:116-117.

18 Kim J-Y, Kim HH, Cho K-H. Acute cardiovascular toxicity of sterilizers, PHMG, and PGH: severe

inflammation in human cells and heart failure in zebrafish. Cardiovasc Toxicol 2013;13:148-160.



2 M, 20114

O

XXSle & =
RE S =%t

g H et A
7oA et 2

A
=
A

=)

7t
DXl o=

I

=
—

ANSOM 2|8t 7S A
tof 7t

o
o

7
25

=

—
X[ Aote] 2x|d,
Ak
=

F =LA
-tz det 1749
E|
=0l 2
=

7]

A

=

7t
Hille] 7|

b

e
—
=
=

=1
A, s, 7

—

| -

20114 11€ 7t

201144 49 Of

IexE
7ol

S 11

A

o
i

ol

J4

7| &R Ard2 FLHOAM

Ea
=

Ct. O 7t

[e]]
A

Cl= o|O0|7} AL}

-
Si
= A

=

mdot=d 2 7|9



