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— Abstract —

Bugok National Hospital, Department of Occupational and Environmental Medicine, Yeungnam University Hospital?,

Assessment of Acquired Color Vision Impairment in Inhalant Abusers

Myeong-Hyo Kim, Yeon-Cheol Kim?, Kyu-Hwa Lee”, Man-Joong Jeon*?, Joon Sakong*?

Department of Preventive Medicine and Public Health, College of Medicine, Yeungnam University?

Objectives: This study was conducted in order to evaluate the effects of inhalants on color vision
impairment.

Methods: The inhalation group consisted of 81 neurotoxic chemical substance abusers at Bugok
National Hospital and Institute of Forensic Psychiatry, Ministry of Justice. The control group consisted
of 41 employees of Bugok National Hospital. The Lanthony D-15 desaturated hue test was administered
to both groups. For the qualitative analysis, we classified the results by the morphological characteristics
of color vision impairment. For the quantitative analysis, we calculated the total color distance score
(TCDS) and the color confusion index (CCI) and determined that the individual was abnormal if the
TCDSwas over 65.0 or the CCl was over 1.25.

Results: The TCDS of the inhalation group was 75.58+21.07 and the CCI was 1.34+0.37 in the right
eye, and 75.47+23.63 and 1.3440.42, respectively in the left eye. These results are higher than those
found for the control group. In regards to the TCDS, 50 (61.8%) of the abusers in the inhalation group
had color vision impairment in the right eye and 48 (59.2%) had impairment in the left eye. 11 (26.8%)
of the employees in the control group had color vision impairment in the right eye and 13 (31.7%) had
impairment in the left eye. In regards to the CCI, 38 (46.9%) of the abusers in the inhalation group had
color vision impairment in the right eye and 35 (43.2%) had impairment in the left eye. 4 (9.8%) of the
employees in the control group had color vision impairment in the right eye and 7 (17.0%) had impair-
ment in the left eye. The results of multiple logistic regression analysis for acquired color vision impair-
ment showed that the inhalation period (OR=1.20, 95% ClI: 1.03~1.40) was the significant variable.

Conclusions: These findings indicate that the inhalation of neurotoxic substances may impair the color
vision, and the period inhaled with neurotoxic substances is significant variable affecting on the acquired
color vision impairment.

Key words: Color vision, Neurotoxic substance abuse, Color vision test
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a7 flall AR (total color distance score:
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W) sle] A& ex|4=(color confusion index: CCDE
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A7) Amt FAARARG} AEAA5e] B4
=

= BRAQEN, FANAES 56.4, AEAS

= AR RS SigloH, A T AAEA Mg = FAANAEST 56.5-65.0, AEdAF 1.01-1.25%
# F4o] 7Feds Anate] Algstitt o Akl g% s wlE 2 FolH (minor errors), A=
BT Azl el FHE wiHste #AoE A Az ol e FAANAES 65.1-80.0, MESAF 1.26-
HE g AbolE EAUE AEAQ] S o] 1 Mo 1.50, $e%= Azl 42 80.1-100.0, 4
SR Mztolge] R E3 WA B A% 4 EDASF 1.51-1.80, nE Azt FAARS
Ztoldg Fed 5402 EFdhe Verriest” B/FHS 100.1 o]}, METAF 1.81 o] 3o 23ttt
olg3te] 4 (normal), A1AE 2HZ Azt (type
[ : red-green deficiencies), #|24% H=x3 A7} 3) EA{EHH
o]’¢(type I: red-green and blue-yellow defi- EAA 8= SPSS 18.0 T3S o] &3ttt &Y+
ciencies), #1343 A& Mzl (type II: blue-yel- 7 gz gk 54 vluEMe © A4S AR
Table 1. General characteristics of the study subjects Unit: N(%)
Characteristics Inhalation group Control group p-vaue*
Age (years)
<29 20 (24.7) 9(22.0) 0.038
30-34 30(37.0) 6 (14.6)
35-39 16 (19.8) 13(31.7)
>40 15(18.5) 13(31.7)
Drinking (g/week)
<99 25(30.9) 12(29.2) 0.047
100-399 23(28.4) 20 (48.8)
>400 33(40.7) 9(22.0)
Smoking
Never smoker 0( 0.0 11 (26.8) <0.001
Ex smoker 23(28.4) 15 (36.6)
Current smoker 58 (71.6) 15 (36.6)
Education (years)
<12 74 (91.4) 12 (29.3) <0.001
>13 7( 8.6) 29 (70.7)
Total 81 (100.0) 41 (100.0)

* values are calculated by «2 test.
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3, FUTH ool e FAANA e} A ETkR] 4o
Bt vlue t 14, A=t Ao g wE e
Ztol= Fisher's exact #4S AMESIATH AZold &
Fo w2 dubd Bz F98d 549 vae ¥ 4
%, Fisher' s exact 7% 2 Mann-Whitney U 33 &

Argsteit.

g 3AEAS A, 9714 patel 0.25 olst=

< WFE st the 2228 3984 (multiple
logistic regression analysis)S AAlste] |28 9}
95% A 1hE ATt BAA fFeleTe pakel
0.057| 9k wj frogt Aoz STt

My
=

HdAbEe] W AL FUT 33.6+6.04], tiE

36.341 £6. TAleIH | Sl —E

(37.0%), dzxTolA= 35-394 3

139 (31.7%) .2 7V Btk 2 o
A F 400 g9 ¢RLS AFEE 297t 339

Tl E F 100-399 gof &35 AFske 47t
%

2078 (48.8%) o= z¥zt 71 @kt i
92 8t e Aie 58‘33(71.6%), Tjrﬂ

7+ 157 (36. 6/) 1 D} ﬁm
ZHols7F 747 (91.4% )01
o] Aol 299 (70.7%)°]3 E}

Table 2. Grade and scores of color vision impairment according to scores with Lanthony D-15 desaturated color vision test in the

study subjects Unit: N(%)
Scores Eye Grade* Inhalation group (n=81) Control group (n=41) p-value
TCDS'  Right Normal 18 (22.2) 19 (46.4) 0.001¢

Normal limit 13(16.0) 11 (26.8)
Mild degree 26 (32.0) 10 (24.4)
Moderate degree 12 (14.8) 1( 24
Severe degree 12 (14.8) 0( 0.0
Mean+SD 75.58+21.07 61.25+6.79 <0.001'
Left Normal 23 (28.4) 17 (41.5) 0.005*
Normal limit 10 (12.4) 11 (26.8)
Mild degree 27 (33.3) 12 (29.3)
Moderate degree 8( 99 1( 24)
Severe degree 13 (16.0) 0( 0.0
Mean+SD 75.47+23.63 62.49+7.14 <0.001!
ccl' Right Normal 18 (22.2) 19 (46.3) 0.001*
Normal limit 25(30.9) 18 (43.9)
Mild degree 17 (21.0) 3(74
Moderate degree 12 (14.8) 1( 24
Severe degree 9(11.1) 0( 0.0
Mean+SD 1.34+0.37 1.09+0.12 <0.001'
Left Normal 23 (28.4) 17 (41.5) 0.016¢
Normal limit 23(28.4) 17 (41.5)
Mild degree 18 (22.2) 6 (14.6)
Moderate degree 4( 4.9) 1( 24
Severe degree 13 (16.0) 0( 0.0
Mean+SD 1.34+0.42 1.11+0.13 <0.001'

*normal: 56.4, normal limit: 56.5~65.0, mild degree: 65.1~80.0, moderate degree: 80.1~100.0, and severe degree: over 100.1 in
TCDS, and normal: 1.00, normal limit: 1.01~1.25, mild degree: 1.26~1.50, moderate degree: 1.51~1.80, and severe degree: over 1.81
in CCl, "TCDS: total color distance score, *CCI: color confusion index, *values are calculated by Fisher's exact test, 'values are cal-

culated by t test.
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of wel ERFetd FwelM 4 31%(38.1%), 2= 1.1140.1350} frefshAl #=34vH(p<0.001) (Table 2).
ol 26%(32.1%), FE5=01} 12%(14.8%), =04
127 (14.8%)°191, 22 44 30%(73.2%), A=ol 3. tHefAtSe| Mzold SE
107 (24.4%). TSI 19(2.4%) 2.2 FI8 A
o]7}b UATHp=0.001). <t FUTolA Hd 334 YT 9 5078 (61.8%), 2t 48 (59.2%) 9
(40.8%). AwolA 279 (33.3%). ZE%o|4 81 A Aztelde Uehim, Al1AY HE Aztol o] <t
(9.9%). o4 139 (16.0%)0|Qx. tzTe AA 1%(1.2%), A< 48 (4.9%), A288 A5 - A3 A7}
287 (68.3%). Awol4 12%(29.3%). FE%olA 19 o] <t 8% (9.9%), At 5 (6.2%), A3AE A%
(2.4%) 2.2 <3 o]zt AAATH(p=0.005). E3+ T A7bo)l g §9F 349(42.0%), <t 319 (38.3%), &
Toll A kel FAAAHFE 75.58+121.072 tlzze]  FIL -E TR(8.6%), A<t 8(9.9%) 1. tET
61.25+6.798CF frolahA Ekom (p<0.001), Fere] & A3NF G Aol <k 117(26.8%), At
FANAEFE 75.47+23.6322 2o 62.49+ 138 (3L.71%) 2 FUTF 2 3 2t ZAZolA el
71455} $2)8kA =3keh(pd0.001). & 2ol UERITHpC0.01) (Table 3).

Azlo) o] HEE AEA 5o wre} BRAT foke
Fo oA A 439 (53.1%). A=A 179 (21.0%). 4. N3MY Mg MZtg LEMH Felatnt CixTo
F5mold 129(14.8%), Lol 9% (11.1%)°]m], SHHNES S AgEs i
x2S 2 3749(90.2%), A=Y 38(7.4%). =
Swola 1% (2.4%)02 Ho3 o7t AUyt TR A7 o) FEHZ AR s Azt jleldl
(p=0.001). FHere FAold A4 469 (56.8%), A= A3 Azbolgatel FAMNAPEAFE PRt FUT
o)A 18W(22.2%). ZEwolA 4M(4.9%). w0 77.64i 4.30, 2T 70.31+6.83, AESR|FE 9o
139 (16.0%)0]Q3. WZTe A4 349 (83.0%). A% oA &FUT 1.38+0.25, tEF 1.25+0.12& 23

o]’d 6% (14.6%). Te=old 178 (2.4%) &2 #F23k =

-

2ol 7k Ut (p=0.028), bl A FAAHAH T &+

o7k AATHP=0.016). $<el AEAGLE FPwaln)  HE T4.4159.08, mEw T1.4815.16, AERASF
1.34+0.372 )220 1.09+0.128t} SoatA =gro FY7 1.32+0.16, W=7 1.27£0.092 BAZe=
m(p(0.001), Fehe FUFAA 1.34+0.422 thze] eI Aok G8ITH(p=0.184) (Table 4).
Table 3. Type of color vision impairment with lanthony D-15 desaturated color vision test Unit: N(%)
Typet Inhalation group (n=81) Control group (n=41) pvalue'
Right eye Left eye Right eye Left eye
Normal 31(38.2) 33(40.7) 30(73.2) 28 (68.3) Right eye 0.001
Typel 1( 12 4( 4.9 0( 0.0) 0( 0.0)
Typell 8( 9.9) 5( 6.2 0( 0.0) 0( 0.0) Left eye 0.009
Typelll 34 (42.0) 31(38.3) 11 (26.8) 13(31.7)
Complex 7( 8.6) 8( 9.9 0( 0.0) 0( 0.0)

*type |: red-green deficiency, type I1: red-green and blue-yellow deficiency, type I11: blue-yellow deficiency, complex type: typein
difficulty of classification, "values are calculated by Fisher's exact test.

Table 4. Comparison of TCDS and CCI on subjects with type I11 deficiency

Inhalation group Control group

Eye Divisions p-value'
N (%) Mean+S.D. N(%) Mean+S.D.
Right TCDS* 34 (42.0) 77.64+14.30 11 (26.8) 70.31+6.83 0.028
ccit 1.38+0.25 1.25+0.12 0.028
Left TCDS 31(38.3) 74.41+9.08 13 (31.7) 71.48+5.16 0.184
ccl 1.32+0.16 1.27+0.09 0.184

*total color distance score, 'color confusion index, *values are calculated by t test.
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2 4w 3.00:£3.949EY FoetA BH

& —6”*%‘ oJst7t (p=0.001). ZAY FAAIE A& AR F TollA &
Table 5. Comparison of general and inhalation related characteristics by acquired color vision status Unit: N(%)
o Color vision status
Characteristics p-value*
Normal (n=50) Impairment (n=72)

Age (years)
<29 17 (34.0) 12 (16.7) 0.129
30-34 14 (28.0) 22 (30.5)
35-39 11 (22.0) 18 (25.0)
>40 8(16.0) 20 (27.8)

Drinking (g/week)
<99 13 (26.0) 24 (33.3) 0.120
100-399 23 (46.0) 20 (27.8)
>400 14 (28.0) 28 (38.9)

Smoking
Never smoker 9(18.0) 2(28) 0.011
Ex smoker 16 (32.0) 22 (30.5)
Current smoker 25 (50.0) 48 (66.7)

Education (years)
<12 25 (50.0) 61 (84.7) <0.001
>13 25(50.0) 11 (15.3)

Type of inhalant’ (n=81)
Glue 12 (48.0) 31(55.4) 0.280
Butane 5(20.0) 10 (17.9)
Polish 4(16.0) 2( 3.6)
Complex 4(16.0) 13(23.2)

Inhalation quantity (bottle/month)*
0 25 (50.0) 16 (22.2) 0.010
1-29 11 (22.0) 18 (25.0)
30-79 8(16.0) 20 (27.8)
>80 6 (12.0) 18(25.0)

Inhalation period (years) 3.00+3.94 7.18+5.37 0.001"

Inhalation beginning age (years) (n=81)
<14 5(20.0) 20(35.7) 0.243
15-17 12 (48.0) 17 (30.4)
>18 8(32.0) 19(33.9)

*values are calculated by x? test and Fisher’s exact test, "glue is composed with toluene, methyl alcohol, acetone, and etc. Butane is
composed with n-butane, iso-butane, and etc. Polish is composed with ethylene, propylene, and etc. Complex is consisted with glue,
butane, thinner (thinner is composed with toluene, xylene, ethyl benzene, and etc), and polish, *inhalation quantity=bottle per one
inhalation x inhalation frequency (nfweek) x 4.2875, ‘mean- standard deviation, "values are calculated by Mann-Whitney U test.
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Table 6. Oddsratio for acquired color vision impairment according to general and inhalation related characteristics (N=122)

. Unadjusted Adjusted*
Characteristics
OR' 95%Cl* OR 95%CI

Age (years)

<29 1.00 1.00

30-34 2.23 0.82-6.04 1.17 0.35-3.89

35-39 2.32 0.81-6.64 242 0.67-8.77

>40 354 1.17-10.68 3.22 0.83-12.44
Drinking (g/week)

<99 1.00 1.00

100-399 0.47 0.19-1.16 0.48 0.15-1.51

>400 1.08 0.43-2.75 0.76 0.23-2.55
Smoking

Never smoker 1.00 1.00

Ex smoker 6.19 1.17-32.61 2.48 0.32-19.31

Current smoker 8.64 1.73-43.08 2.33 0.31-17.86
Education (years)

<12 1.00 1.00

>13 0.18 0.08-0.42 0.31 0.09-1.08
Inhalation periods (years) 1.17 1.08-1.28 1.20 1.03-1.40
Inhalation quantity (bottle/month)

0 1.00 1.00

1-29 243 0.91-6.49 0.30 0.05-1.74

30-79 2.70 0.99-7.37 0.49 0.08-3.00

>80 4.86 1.52-15.52 0.72 0.11-4.85

*multiple logistic regression analysis, adjusted with each variablesin the table, " odds ratio, *95% confidence interval.
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95%Cl
0.35-3.89
0.67-8.77
0.20-5.90
1.06-1.43
0.14-1.75
0.27-5.12

Adjusted*

OR
1.00
111
221
1.09
1.23
1.00
0.49
117

95%Cl*
0.59-6.20
0.77-16.43
0.53-9.54
1.07-1.41
0.20-1.81
0.47-6.07

Unadjusted

OR'
1.00
1.91
3.55
2.25
1.22
1.00
0.60
1.68

<29
30-34

35-39

>40

Inhalation periods (years)

Table 7. Odds ratio for acquired color vision impairment according to general and inhalation related characteristics in inhalant group
=81)
>18
15-17
<14

(N

*multiple logistic regression analysis, adjusted with each variablesin the table, "odds ratio, *95% confidence interval.

Inhalation beginning age (years)

Characteristics
Age (years)
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