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ABSTRACT

Objectives: Studies are needed to examine the characteristics of health effects reported by people who used
humidifier disinfectant (HD), including the distribution of victims.

Methods: We analyzed the distribution of health effects including lung injury that were asserted by a total of
699 individuals who registered with the first through third national programs to determine health effects
associated with the use of HD.

Results: We found that HD-associated lung injury (HDLI) occurred every year from 2002 through 2011, and
in 2011 for 37.2% (n=96) of the total of 258 clinically evaluated HDLI victims. More than half of the victims
responded that they were victimized between 2010 and 2011. This was consistent among all classifications by
sex, age, HD brand and HD chemical ingredient.

Conclusion: This study assumed that the major reason for the outbreak of the health effect between 2010 and
2011 could be the variations in concentrations and physical properties related to polyhexamethylene guanidine
(PHMG). Further studies are necessary to examine if some factors related to the chemical disinfectants contained
in HD brands may have caused the massive outbreak of health effects including HDLI.

Key words: CMIT, humidifier disinfectant (HD), humidifier disinfectant-associated lung injury (HDLI),
MIT, PGH, PHMG
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Table 1. Distribution of the disease reported by registered
patients by round and year victimized, n(%)

vicZ;airze d Ist round 2nd round 3rd round  Total
1993 - - 1 (0.6) 1(0.1)
1998 - - 1 (0.6) 1(0.1)
2000 3 (0.8) - 2 (1.2) 5(0.7)
2001 - 3 (1.8) 5 (3.0) 8 (1.1)
2002 4 (1.1) 3 (1.8) 5.0 121.7)
2003 8 (22 2 (1.2) 741D 1724
2004 4 (1.1) 5 (3.0 6 (3.6) 15(2.1)
2005 1233) 3(.8) 169.5 3144
2006 20 (5.5) 22 (13.0) 18 (10.7) 60 (8.6)
2007 25(6.9) 12 (7.1) 13 (7.7) 50 (7.2)
2008 24 (6.6) 11 (6.5) 12 (7.1) 47 (6.7)
2009 34 94) 18 (10.7) 16 (9.5) 68 (9.7)

2010 72 (19.9) 36 (21.3) 29 (17.2) 137 (19.6)
2011 146 (40.4) 37 (21.9) 28 (16.6) 211 (30.2)

2012 5014 5 (3.0) 1(0.6) 11 (1.6)
2013 2 (0.6) 2 (1.2) 2 (1.2) 6 (0.9)
2014 - 8 4.7) - 8 (1.1)
2015 - - 2 (1.2) 2 (0.3)
No

information 2 (0.6) 2 (1.2) 5 (3.0 9 (1.3)

Total 361 (100.0)169 (100.0)169 (100.0)699 (100.0)
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Table 2. Distribution of the disease reported by registered
patients by gender and year victimized, n(%)

Year victimized Male Female Total
1993 1 (0.3) - 1 (0.1)
1998 - 1 (0.3) 1 (0.1)
2000 3 (0.9) 2 (0.6) 5(0.7)
2001 4 (1.2) 4 (1.1) 8 (1.1)
2002 5 (1.5) 7 (1.9) 12 (1.7)
2003 9 (2.6) 8 (2.2) 17 2.4)
2004 8 (2.4) 7 (1.9) 15 2.1)
2005 14 (4.1) 17 (4.7) 31 (44)
2006 29 (8.5) 31 (8.6) 60 (8.6)
2007 23 (6.8) 27 (7.5 50 (7.2)
2008 22 (6.5) 25 (7.0) 47 (6.7)
2009 32 (94) 36 (10.0) 68 (9.7)
2010 63 (18.5) 74 (20.6) 137 (19.6)
2011 106 (31.2) 105 (29.2) 211 (30.2)
2012 5(1.5) 6 (1.7) 11 (1.6)
2013 2 (0.6) 4 (1.1) 6 (0.9)
2014 7 2.1) 1(0.3) 8 (1.1)
2015 1 (0.3) 1 (0.3) 2 (0.3)

No information 6 (1.8) 3 (0.8) 9 (1.3)
Total 340 (100.0) 359 (100.0) 699 (100.0)
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Table 3. Distribution of the disease reported by registered patients by age and year victimized, n(%)

 Year <3 46 7-8 9-18 19~65 > 65 Total
victimized
1993 - - - R 1 (0.4) R 1(0.1)
1998 - - - - 1 (0.4) - 1(0.1)
2000 3 (1.1) - - . 2 (0.7) - 5(0.7)
2001 3 (1.1) - ; - 4 (1.4) 1 (2.0) 8 (1.1)
2002 8 (2.8) 1 (1.6) - - 3 (1.1) - 12 (1.7)
2003 8 (2.8) 4 (6.6) - 1 (7.1) 4 (14) - 17 2.4)
2004 8 (2.8) - - . 5(1.8) 2 (4.0) 15 2.1)
2005 14 (4.9) 3 (4.9) 1 (12.5) - 12 (4.3) 1 (2.0) 31 (4.4)
2006 29 (102) 4 (6.6) 1 (12.5) - 22 (1.8) 4 (8.0) 60 (8.6)
2007 25 (8.8) 9 (14.8) 1 (12.5) 2 (14.3) 11 (3.9) 2 (4.0) 50 (7.2)
2008 21 (7.4) 2(3.3) 1 (12.5) 3214) 15 (5.3) 5 (10.0) 47 (6.7)
2009 24 (8.5) 5(82) 2 (25.0) 4(286) 30 (10.6) 3 (6.0) 68 (9.7)
2010 49 (173) 11 (180) 1 (12.5) 30214) 66 (234)  7(140) 137 (19.6)
2011 80 282) 20 (32.8) - 1 (7.1) 93 33.0) 17 340) 211 (302)
2012 4 (1.4) - - - 6 (2.1) 1 (2.0) 11 (1.6)
2013 1 (0.4) - ; - 2 (0.7) 3 (6.0) 6 (0.9)
2014 - 1 (1.6) 1 (12.5) - 3 (1.1) 3 (6.0) 8 (1.1)
2015 - - - - 1 (0.4) 1 (2.0) 2 (0.3)
No information 7 (2.5) 1 (1.6) - - 1 (0.4) - 9 (1.3)
Total 284 (100.0) 61 (100.0) 8 (100.0) 14 (100.0) 282 (100.0) 50 (100.0) 699 (100.0)
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Table 4. Distribution of the disease reported by registered patients by type of humidifier disinfectant(HD) chemical
ingredient and year victimized, n(%)

Vicgﬁrze q Classification PHMG all PGH_all %ATI_TS‘] N-With_all P];AD‘XESG NI Total
1993  No. of registered patients - - 1 (1.7) - - - 1(0.1)
No. of HDLI - - 0 (0.0) - - - 0 (0.0)
1998  No. of registered patients - - - - - 1 (3.3) 1 (0.1)
No. of HDLI - - - - - 0 (0.0) 0 (0.0)
2000 No. of registered patients 5 (1.3) - - - - - 5(0.7)
No. of HDLI 0 (0.0) - - - - - 0 (0.0)
2001 No. of registered patients 1 (0.3) 1.9 - - 5 (2.6) 1 (3.3) 8 (1.1)
No. of HDLI 0 (0.0) 0 (0.0) - - 0 (0.0) 0 (0.0) 0 (0.0)
2002 No. of registered patients 8 (2.1) - - - 4 (2.1) - 12 (1.7)
No. of HDLI 320 - - - 3(3.6) - 6 (2.3)
2003  No. of registered patients 13 (3.4) - 1 (1.7) - 3 (1.6) - 17 (2.4)
No. of HDLI 4 (2.8) - 0 (0.0) - 1 (1.2) - 5 (1.9)
2004 No. of registered patients 8 (2.1) - 2 (3.4) - 5 (2.6) - 15 2.1)
No. of HDLI 320 - 0 (0.0) - 1(1.2) - 4 (1.6)
2005 No. of registered patients 15 (3.9) - 1 (1.7) - 13 (6.8 2(6.7) 3144
No. of HDLI 4 (2.8) - 0 (0.0) - 4 (4.8) 0 (0.0) 8 (3.1)
2006 No. of registered patients 34 (8.9) - 4 (6.9) - 22 (11.6) - 60 (8.6)
No. of HDLI 18 (12.6) - 2 (40.0) - 8 (9.5) - 28 (10.9)
2007 No. of registered patients 16 (4.2) - 8 (13.8) - 26 (13.7) - 50 (7.2)
No. of HDLI 7 (4.9) - 1 (20.0) - 14 (16.7) - 22 (8.5)
2008 No. of registered patients 25 (6.5) - 5 (8.6) - 15(7.9 2(6.7) 47 (6.7)
No. of HDLI 7 (4.9) - 0 (0.0) - 5 (6.0) 0(0.00 1247
2009  No. of registered patients 38 (9.9) - 4 (6.9) - 24 (12.6) 2 (6.7) 68 (9.7)
No. of HDLI 12 (8.4) - 0 (0.0) - 15 (17.9) 0 (0.0) 27 (10.5)
2010 No. of registered patients 84 (22.0) 1 (29) 17 (29.3) 1 (250) 27 (142) 7 (23.3) 137 (19.6)
No. of HDLI 32 (224) 142 0 (0.0) 0(0.0) 10 (11.9) 1 (50.0) 44 (17.1)
2011  No. of registered patients 115 (30.1) 33 (94.3) 10 (17.2) 2 (50.0) 42 (22.1) 9 (30.0) 211 (30.2)
No. of HDLI 49 (34.3) 23 (95.8) 0(0.0) 0(0.0) 23274 1(50.00 96 (37.2)
2012 No. of registered patients 5 (1.3) - 352 - 1 (0.5) 2 (6.7) 11 (1.6)
No. of HDLI 1 (0.7) - 2 (40.0) - 0 (0.0) 0 (0.0) 3(1.2)
2013  No. of registered patients 3 (0.8) - 2 (3.4) 1 (25.0) - - 6 (0.9)
No. of HDLI 0 (0.0) - 0 (0.0) 0 (0.0) - - 0 (0.0)
2014  No. of registered patients 7 (1.8) - - - 1 (0.5) - 8 (1.1)
No. of HDLI 2 (1.4) - - - 0 (0.0) - 2 (0.8)
2015 No. of registered patients 1 (0.3) - - - 1 (0.5) - 2 (0.3)
No. of HDLI 0 (0.0) - - - 0 (0.0) - 0 (0.0)
NI No. of registered patients 4 (1.0) - - - 105 43033 9(13)
No. of HDLI 1 (0.7) - - - 0 (0.0) 0 (0.0 1 (04)
Total No. of registered patients 382 (100.0) 35 (100.0) 58 (100.0) 4 (100.0) 190 (100.0) 30 (100.0) 699 (100.0)
No. of HDLI 143 (100.0) 24 (100.0) 5 (100.0) 0 (0.0) 84 (100.0) 2 (100.0) 258 (100.0)

PHMG, polyhexamethylene guanidine; PGH, oligo(2-(2-ethoxy) ethoxyethyl guanidium chloride; CMIT, chloromethylisothiazolinone;

MIT, methylisothiazolinone; NI, no information, HDLI; Humidifier disinfectant associated lung injury

J Environ Health Sci 2016; 42(6): 365-374
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Table 5. Distribution of the disease reported by registered patients by type of humidifier disinfectant (HD) brand and year
victimized, n

Viczﬁfirze ‘ Classification O C L A H E N V Y Mx N Totl
1993 No. of registered patients - - - - - - - - 1 - - 1
No. of HDLI - - - - - - - - 0 - - 0
1998 No. of registered patients - - - - - - - - - - 1 1
No. of HDLI - - - - - - - - - - 0 0
2000 No. of registered patients 5 - - - - - - - - - - 5
No. of HDLI 0 - - - - - - - - - - 0
2001 No. of registered patients 1 - - - - - - - - 6 1 8
No. of HDLI 0 - - - - - - - - 0 0 0

2002 No. of registered patients 8 - - - - - - - - 4 - 12
No. of HDLI 3 - - - - - - - - 3 - 6

2003 No. of registered patients 12 - - 1 - - - - - 4 - 17
No. of HDLI 4 - - 0 - - - - - 1 - 5

2004 No. of registered patients 7 - - 2 - - - - - 6 - 15
No. of HDLI 3 - - 0 - - - - - 1 - 4

2005 No. of registered patients 13 - - 1 - - - - - 15 2 31
No. of HDLI 4 - - 0 - - - - - 4 0 8

2006 No. of registered patients 20 - - 4 - - - - - 36 - 60
No. of HDLI 7 - - 2 - - - - - 19 - 28

2007 No. of registered patients 16 - - 8 - - - - - 26 - 50
No. of HDLI 7 - - 1 - - - - - 14 - 22

2008 No. of registered patients 21 - - 1 1 4 - - - 18 2 47
No. of HDLI 6 - - 0 0 0 - - - 6 0 12

2009 No. of registered patients 24 - 1 4 4 - - - - 33 2 68
No. of HDLI 6 - 1 0 0 - - - - 20 0 27

2010 No. of registered patients 62* 1 7 14 4 3 1 1 - 37 7 137
No. of HDLI 20 1 3 0 2 0 0 0 - 17 1 44

2011 No. of registered patients 89 33 7 7 1 1 2 1 - 61 9 211
No. of HDLI 36 23 5 0 0 0 0 0 - 31 1 96

2012 No. of registered patients 3 - 1 3 - - - - - 2 2 11
No. of HDLI 1 - 0 2 - - - - - 0 0 3
2013 No. of registered patients 2 - - 1 - - 1 - - 2 - 6
No. of HDLI 0 - - 0 - - 0 - - 0 - 0
2014 No. of registered patients 7 - - - - - - - - 1 - 8
No. of HDLI 2 - - - - - - - - 0 - 2
2015 No. of registered patients 1 - - - - - - - - 1 - 2
No. of HDLI 0 - - - - - - - - 0 - 0
No informationNo. of registered patients 4 - - - - - - - - 1 4 9
No. of HDLI 1 - - - - - - - - 0 0 1

Total No. of registered patients 295 34 16 46 10 8 4 2 1 253 30 699
No. of HDLI 100 24 9 5 2 0 0 0 0 116 2 258

*Including oxy saksak of solid type; HD brands 100% used; O, Oxy saksak; C, Cefu; L, Lottemart wiselect; A, Aekyung home clinic;
H, Homeplus; E, E-mart eplus; N, N-with; V, Vegetable home; Y, Yukong enclean; NI, no information; HDLI, humidifier disinfectant-
associated lung injury

http://www.kseh.org/ J Environ Health Sci 2016; 42(6): 365-374
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Table 6. Distribution of the disease reported by registered patients by group clinically evaluated and year victimized, n(%)

Year victimized Definite* Probable* Possible Unlikely Others’ Total
1993 - - - 1 (0.3) - 1 (0.1)
1998 - - - 1 (0.3) - 1 (0.1)
2000 - - 1 (0.9) 4 (1.2) - 5(0.7)
2001 - - 1 (0.9) 7(2.2) - 8 (1.1)
2002 4 (2.3) 2 (2.3) 2 (1.8) 4 (1.2) - 12 (1.7)
2003 3 (1.8) 2 (2.3) 327 9 (2.8) - 17 2.4)
2004 3 (1.8) 1 (L1.1) - 10 (3.1) 1 (10.0) 15 (2.1)
2005 3 (1.8) 5 (5.7) 4 (3.6) 17 (5.3) 2 (20.0) 31 (4.4)
2006 15 (8.8) 13 (14.9) 8 (7.3) 24 (7.5) - 60 (8.6)
2007 14 (8.2) 8(9.2) 9 (8.2) 18 (5.6) 1 (10.0) 50 (7.2)
2008 7 (4.1) 5(5.7) 9 (8.2) 26 (8.1) - 47 (6.7)
2009 18 (10.5) 9 (10.3) 10 (9.1) 30 (9.3) 1 (10.0) 68 (9.7)
2010 25 (14.6) 19 (21.8) 23 (20.9) 68 (21.2) 2 (20.0) 137 (19.6)
2011 76 (44.4) 20 (23.0) 34 (30.9) 79 (24.6) 2 (20.0) 211 (30.2)
2012 3 (1.8) - 327 5 (1.6) - 11 (1.6)
2013 - - 1 (0.9) 5 (1.6) - 6 (0.9)
2014 - 2 (23) 1 (0.9) 5 (1.6) - 8 (1.1)
2015 - - - 2 (0.6) - 2 (0.3)

No information - 1 (L1.1) 1 (0.9) 6 (1.9) 1 (10.0) 9 (1.3)
Total 171 (100.0) 87 (100.0) 110 (100.0) 321 (100.0) 10 (100.0) 699 (100.0)

* The groups clinically associated with the use of humidifier disinfectant

¥ Indeterminate (n=6), premature (n=1), fetus death (n=1), evaluation delay (n=2)
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Fig. 2. Number of the registered patients and humidifier
disinfectant-associated lung injury(HDLI) by the

year purchased.

Fig. 1. Number of the registered patients and humidifier
disinfectant-associated lung injury(HDLI) by year.
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Table 7. Distribution of the disease reported by registered patients by total months used and year victimized (months),

n(%)
Vicgﬁf‘irze q Classification <6 2 1324 2536 >36 fofn‘;ﬁon Total
1993 No. of registered patients - - - - 1(1.2) - 1 (0.1)
No. of HDLI - - - - 0 (0.0) - 0 (0.0)
1998 No. of registered patients - - - - 1(1.2) - 1(0.1)
No. of HDLI - - - - 0 (0.0) - 0 (0.0)
2000 No. of registered patients 2 (0.9) - - - 3 (3.6) - 5(0.7)
No. of HDLI 0 (0.0) - - - 0 (0.0) - 0 (0.0)
2001 No. of registered patients 2 (0.9) 2 (1.4) - 1(1.6) 3(3.6) - 8 (1.1)
No. of HDLI 0 (0.0) 0 (0.0) - 0(0.0) 0 (0.0 - 0 (0.0)
2002 No. of registered patients 5 (2.1) 10.7) 2(@1.3) - 4 (4.8) - 12 (1.7)
No. of HDLI 327 1.9 0.0 - 2 (10.0) - 6 (2.3)
2003 No. of registered patients 3 (1.3) 2 (1.4) 8 (5.1) 1(1.6) 3 (3.6) - 17 (2.4)
No. of HDLI 2 (1.8) 1 (19 234 0.0 0/(0.0 - 5(1.9)
2004 No. of registered patients 1 (0.4) 535 2013 233 5.0 - 15 2.1)
No. of HDLI 0 (0.0) 3(36) 000 1(77) 0(.0) - 4 (1.6)
2005 No. of registered patients 6 (2.6) 428 532 608 10(11.9) - 31 (4.4)
No. of HDLI 327 0(0.00 3(.1) 0(.00 2(10.0) - 8 (3.1)
2006 No. of registered patients 7 (3.0) 14 (9.8) 19 (12.1) 10 (16.4) 10 (11.9) - 60 (8.6)
No. of HDLI 6 (54 7(13.00 8(13.6) 2(154) 5 (25.0) - 28 (10.9)
2007 No. of registered patients 15 (6.4) 11 (7.7) 14 (89) 2 33) 8 (9.5 - 50 (7.2)
No. of HDLI 8(72) 6(11) 3G 177 4200 - 22 (8.5)
2008 No. of registered patients 13 (5.5) 9 (6.3) 14 (89) 6(9.8) 4 (4.3 1(53) 47(6.7)
No. of HDLI 4 (3.6) 3(56) 5@5 0.0 0(@©.00 0¢(.0 12 (4.7)
2009 No. of registered patients 22 (9.4) 13 (9.1) 19 (12.1) 8 (13.1) 4 (4.8) 2 (10.5) 68 (9.7)
No. of HDLI 1199 o611) 8(136) 1(7.7) 1(5.0)0 0(0.00 27 (10.5)
2010 No. of registered patients 58 (24.7) 25 (17.5) 30 (19.1) 8 (13.1) 12 (14.3) 4 (21.1) 137 (19.6)
No. of HDLI 20 (18.0) 6 (11.1) 9 (153) 6 (462) 3 (150) 0 (0.0) 44 (17.1)
2011 No. of registered patients 94 (40.0) 49 (34.3) 42 (26.8) 10 (16.4) 10 (11.9) 6 (31.6) 211 (30.2)
No. of HDLI 49 (44.1) 21 (389) 21 (356) 1 (7.7) 3(15.0) 1 (100.0) 96 (37.2)
2012 No. of registered patients 4 (1.7) 2 (1.4) 1 (0.6) 1(1.6) 1(12) 205 11(1.6)
No. of HDLI 327 0.0 0(.00) 0(.0) 0.0 0.0 3(1.2)
2013 No. of registered patients 1 (0.4) - - 233) 3@3.6 - 6 (0.9)
No. of HDLI 0 (0.0) - - 0(0.0) 0 (0.0 - 0 (0.0)
2014 No. of registered patients 1 (0.4) 2 (1.4) - 349 224 - 8 (1.1)
No. of HDLI 1 (0.9) 0 (0.0) - 1(7.7) 0(0.0) - 2 (0.8)
2015 No. of registered patients - 1 (0.7) 1 (0.6) - - - 2 (0.3)
No. of HDLI - 0(0.0) 0(0.0 - - - 0 (0.0)
No informationNo. of registered patients 1 (0.4) 3 2.0 - 1 (1.6) - 4 (21.1) 9 (1.3)
No. of HDLI 1 (0.9) 0 (0.0) - 0 (0.0) - 0 (0.0) 1 (0.4)
Total No. of registered patients235 (100.0) 143 (100.0)157 (100.0)61 (100.0)84 (100.0) 19 (100.0) 699 (100.0)
No. of HDLI 111 (100.0) 54 (100.0) 59 (100.0) 13 (100.0)20 (100.0) 1 (100.0) 258 (100.0)

HDLI, humidifier disinfectant-associated lung injury
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