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Abstract

This study has established the cohorts of five smoking related diseases: lung cancer,
liver cancer, stroke, acute myocardial infarction (AMI), chronic obstructive pulmonary
disease, (COPD). The survival analysis was conducted accordingly. The estimated lost. of life
for lung cancer is 15.6 years, and it is 18.9 years for liver cancer. Based on data from National
Insurance Databank and calculated smoking attributable risk, we have estimated the direct
medical cost due to cigarette smoking. The annual smoking attributable medical cost is about
NT$2.63 billion for these five diseases altogether, and the estimated lifetime medical cost is
about NT$12.8 billion (based on the monetary value of the year 2000).

A questionnaire survey was conducted on lung cancer patients to collect the information
regarding indirect cost of illness and quality of life. The annual total indirect cost for a lung
cancer patient is about NT$62,597 (male: NT$58,558, female: NT$65,785) . Estimated
lifetime indirect cost is about NT$148,284 (male: NT$127,506, female:

NT$190,247) .Comparing to the annual direct medical costs (male: NT$108,859; female:
NT$95,184) and estimated lifetime medical costs (male: NT$235,240;; female: NT$278,634),
there is a substantial sum of indirect cost for each lung cancer patient.

The overall quality of life for lung cancer patient is worse than that for general
population. And, the quality of life for patients with stage = 3B is worse than that for patients
with stage<3A.
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FES

& 1. Bk m R A B B 8 S B IR

COHORT COHORT

B R BaER B RER 36 e 4R Ak B B
A #& Lung cancer 1996° 2000 2000
AF#& Liver cancer 1996 2000 2000
¥ &, Stroke 1995 2000 2000
S CMBEE AMI 1989 1999 2000
RmEMM® COPD 1991 2000 2000
k2. BEAFBZAMGEHMASHRAAES
Diseases (N %) age of onset life estimated LE expected
expectancy  without disease life year lost
Lung Cancer (2169) 64.5+£12.2 1.8+0.1 17.4+0.1 15.6
Male (1394, 64.3%) 65.4+12.0 1.6+0.1 15.2+0.1 13.6
Female(775, 35.7%) 62.3£12.2 2.4+0.4 20.8+0.1 18.5
Liver Cancer (2598) 57.8+13.9 2.2+0.2 21.1+0.2 18.9
Male (1986, 76.4%) 56.6x13.7 2.4+0.2 21.6+£0.2 19.3
Female(612, 23.6%) 61.5+13.9 2.4+0.2 20.4+0.1 18.0
Stroke (6425) 64.2+14.7 8.2+0.4 17.7+0.2 9.5
Male (3779, 58.8%) 63.1+£14.5 8.0+0.4 17.7+0.1 9.7
Female(2646, 41.2%) 65.7+14.8 8.2+0.6 17.8+0.1 9.6
AMI (1586) 62.2+12.6 14.5+0.8 18.0+0.1 3.5
Male (1255, 79.1%) 60.7+12.5 16.0+0.9 18.3+0.1 23
Female (331, 20.9%) 68.1+11.0 9.8+1.3 15.4+0.1 55
COPD (3651) 69.7+11.0 11.0+0.7 13.4+0.1 24
Male (2812, 77.0%) 69.7+£10.7 10.7+0.5 12.9+0.1 23
Female (839, 23.0%) 69.6+11.8 10.8+1.2 14.920.1 4.0
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& 3. AR MWK R4 HEK(Relative risk, RR ) & A 0 77 & B &K (population

attributable risk )
Male Female
Diseases RR® population smoking . Dbopulation smoking
attributal risk® attributal risk®

Lung cancer 3.70 0.629 3.60 0.117

Liver cancer 2.20 0.430

COPD 1.90 0.361

Ischemic heart disease  1.80 0.334 1.90 0.044
Stroke® 1.71 0.308 1.71 0.035

a: Liaw and Chen, 1998.
b: Lee, et al., 1995.
c: Based on the smoking prevalence rate in 1990: 0.628 (male), 0.051(female)

4. 2000 EEAREBAZELHBRAARRRGEZOEBRRE

Male Female
$\'i$ L. 3k
| ke ;ﬁa s AR #;f wap PR
ad S ame @8 Z‘;f BRE amx 3%) 2;’)‘
A%) M%)
Lung cancer 13,893 108,859 1,512 951 7,567 95,184 720 84
(70%) (65%)
Liver cancer 19,477 71,939 1,401 603 9,727 52269 508
(78%) (78%)
Stroke 15063 77,451 1,167 350 11,643 85340 994 35
(98%) (98%)
AMI 5409 42,093 228 76 2,887 68,687 198 9
(83%) (95%)
COPD 191,121 7422 1,419 512 160201 3,728 597
(61%) (53%)
Sum 2,501 Sum 128
- Wit 2,629

% of inpatient cost
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£S5 B-MEEARIPHELERBRRARGESRA ZHE

Male Female
Low Median High Low Median High

estimation estimation estimation estimation estimation estimation
lung cancer 222,182 235,240 253,193 253,408 278,634 316,507
liver cancer 189,041 203,994 224,626 146,694 156,815 170,119
Stroke 576,844 718,316 972,233 637,862 791,235 1,062,218
AMI 511,984 712,389 1,136,073 598,193 792,664 1,189,283
COPD 73,505 98,277 150,312 32,953 41,911 58,588
Discount rate (%) 4.10 1.76 -0.20 4.10 1.76 -0.20
Annual increment
of medical cost (%) 0.93 1.97 3.75 . 0.93 1.97 3.75
& 6. 2000 F3FANRIAZ B P BETHA

Incidence cases Smoking Attributable cases

Year Male Female Male Female
Lung cancer® 4,368 1,947 2,748 228
Liver cancer® 5,659 2,070 2,432
Stroke® 11,691 9,373 3,605 328
AMI 4,527 1,514 1,514 66
CcopPD° 215,747 210,135 77,907

a: 1999 M BTRE; b REAERM (2000); c: H%kiEKH (2000)
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£8. PIAMEZLUMARSEATH

. FHEEY
BEH Ttk LHER P 240 % =250 260®& =70 &
) 144 598 65.90 64.60 97.1% 93.5% 71.2% 33.1%
HMH<3A 73 67.81 65.88 98.6% 94.5% 74.0% 37.0%
BH=3B 60 63.28 62.50 932% 89.8% 64.4% 27.1%
% 97 402  61.18 59.18 953% 76.7% 47.7% 18.6%
MHI<3A 38 62.72 60.09 94.7% 763% 55.3% 26.3%
#HH=3B 53 60.03 5828 957% 76.6% 40.4% 12.8%
4o 241 100  63.99 62.53 96.4% 87.1% 622% 27.6%
(9. MEHEZLUREEMAKE
Fi (EX A
R B EAHBHOHL Xk# BAL EHEHNEL
TR 46 21 21 8 21 21
LT~ 3tk 104 49 70 18 47 68
At ¥ 37 17 87 8 21 89
ZEME 20 9 97 2 5 95
He 7 3 100 2 5 100
4o 214 100 38 100
% 10. P12z R4
B FHEK
HEELER (2) 205 56.44
FI 85 R(%) 185  142.37
BRERZEE (5) 203 55.44
& 11 I8 AR
B P
3 126 0.94
* 104
My 216 0.99




& 12. 2000 FAEREH BRI B R EFHFIY - ERRABBARZAHEREE A

£33 KEMY FAERF4E ke XX AR I

3% R N E ;4 x B * ¥ R# % #

s 7.9 18.8 1.3 133 3.1 31.6

B 7.9 17.0 1.3 14.1 2.8 30.4

b gl 8.0 233 1.2 12.0 35 349

(13 BBEFTHLE

Sk £
it 0.116 0.161
A 0.123 0.182
% 0.106 0.111

k14 BROASZHEBHEM (8F)

REBR BROAVDRBEEAR SRIDACFABEAR FXRMY

P13 85 R BB £ 7.} £33 AWAK
4216 4.1 0.43 0.84 1.39 0.84 0.09
$126 39 0.10 1.14 1.19 1.01 0.05
% 90 4.1 0.40 0.89 1.67 0.59 0.14
& 15 BFEML2ZHBHERM (8F)
mE RERE BEIDREEHAY BEODEGEARSAR HE£M2

P35 8% R 7 g1 0 7B E-8 AHAKR
@i 321 3.40 6.64 10.98 6.64 0.71
E: 30.9 0.79 9.01 19.40 7.98 0.40
S 33.0 3.20 7.12 13.36 4.72 1.12
& 16. £ AEPISERMMEHE (8F)
HmE RELLE HKAPISBREEEAE KAPIDEGWFEARFAR &4 Fi%
PlgwE A8 (3 A aH  ARAR
@i 763 8.08 15.79 26.13 15.79 1.69
5 66.5 1.70 ©19.38 20.23 17.17 0.85
% 96.1 9.32 20.74 38.91 13.75 3.26
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& 17. BREARRERABARREFEFRE (8)
7 & FHEHEX BREBEEATE BEAAEFEABEARN

HREHAK
R A # W, -$ 3 # S 3
#31+(38) 2.89 1.41 4.69 7.05 4,53 0.11
3 (26) 2.77 1.46 6.86 6.81 5.38 0.12
4 (12) 3.15 1.31 0.5 7.58 2.68 0.08
%18, BHaERAEEREERR (&)
% & EERIBREEAR BERCEARGEAR
E5 KRR BHEERAR
7, P 7 &M ~
LSy 13.3 18.75 62.38 93.77 60.25 1.46
3 14.1 20.59 96.73 96.02 75.86 1.69
4 12.0 15.72 6.00 90.96 32.16 0.96

%19, &AfFEHRASErELEGEE (8)
% & &4 BB AR LA REMBEARSEAR

BAERRE I P . R FHRAR
st 31.6 44.57 148.25 222.85 143.19  3.48
% 304 44.31 208.20 206.68 163.28  3.64
% 34.9 45.72 17.45 264.54 9353  2.79

£20. SEMELEZHT (FLREHAANEARS)
¥ S A ¥ B#
it 20-44 & 32,716 1,091 136
=45 &, 36,527 1,218 152
B 20-44 % 35,920 1,197 150
=45 & 41,234 1,374 172
g3 20-44 & 28,564 952 119
=45 & 26,189 873 109
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£21. HBRALHERE |
7B AABNRM  ESEERAE A REAREREL BEAH FRPIVM
R P ) B A e -8 rE & A

Bt 72 65 0 189 0 180 434
3 83 11 0 162 0 100 273
* 48 69 0 227 0 280 576

#22. HEFIUHRLEL
BE kAps ELRBRARA ELAREARNER £448% S£M28

SEES 3 BEFS B 5B Fs ) kA BREA
&3t 565 516 0 1,493 0 1,422 3,432
A 654 86 0 1,279 0 790 2,155
* 381 550 0 1,817 0 2,240 4,607

23. KA EHEAL
FBE AAKE K4ARSBEEEFR LLEAFARSRR %4588 ATV

FIgZRA AW AR # R it %A RARA
@it 1,345 1,229 0 3,554 0 3,384 8,167
7 1,408 185 0 2,751 0 1,700 4,637

% - 1,111 1,603 0 5,292 0 6,524 13,419

21




%24, BERERBEAL
mE AAEE BORBEHER BEBAMFARGER S0EF% SEARA
z %A A £ R Y- %A R A

4t 196 214 0 959 0 220 1,393
L) 250 159 0 926 0 240 1,325

%* 97 225 0 1,031 0 160 1,416

& 25 BHEAERERARE
wmE FABS BIERERARA BFRHECREARGEA B558 BFERA

ZRA H ™, B, W, ki ®A  RERA
3t 2,608 2,850 0 12,752 0 2926 18,528
% 2,765 2,244 0 13,059 0 3384 18,687
* 2,353 2,704 0 12,371 0 1920 16,994

& 26, #&k X FREF R AR A
HRE RAAKE KARGREER BARLBRARERA HAERTHE KLARN

Z %A b ] A B i) KA RERA
st 6,199 6,775 0 30,308 0 6,954 44,037
A 5,952 4,830 0 28,109 0 7,284 40,223

% 6,844 7,864 0 35,978 0 5,584 49,425
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#27. FASMRRA B ISR
AREREZER (L)
B BEHIEE

A 144 88
3 95 107
it 239 95

%28 PHE-HBEHEFRFERNIZILER

P Pid A
, 3 518 A
HE PIBF M2en AERX R ARAE RERS N
EHRk AEA BEA EREL AER ARA
W8 565 3,432 2,251 2,608 18,528 370 34,841 62,597
Z 654 2,155 1,910 2,765 18,687 310 32,078 58,558
'S 381 4,607 2,099 2,353 16,994 319 39,031 65,785
229 PHBE—mELEREUSZIER
i R
BE PIBH PIDER 8RR ERF ARAeRE 2ENRT FEIARA
EHRk #A%A BFA FTHRL #ARA AFA RL@s &k
“mE 1,345 8,167 4,845 6,199 44,037 881 82,811 148,284
3 1,408 4,637 5,562 5,952 40,223 668 69,057 127,506
% 1,111 13,419 4,995 6,844 49,425 927 113,525 190,247
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#30. FUHMBERELTREATMA

A <3A 5 =3B T-test

£ 0% AH PHE REE O AH PHH BEE Ot A
LR EE 72 13.7 2.1 60 123 26. 327 0.001**
INE: A 72 135 2.0 60 129 1.9 1.96 0.052
HEEE 72 143 1.9 60 14.0 2.1 0.87 0.384
B iE 72 138 1.8 60 13.4 2.0 1.10 0.275
aREARLE 73 3.0 0.9 60 25 1.0 2.63 0.010**
EPAEERR 73 33 0.7 60 32 07 045 0.655
B R 73 3.1 1.0 60 26 0.8 2.70 0.008**
A28 M 4t 73 33 0.8 60 3.0 09 235 0.020*
BRI 66 72.0 350 56 669 318 085 0.399

*: p<0.05; **: p=0.01

&3l kMHBERELFZLAAEME

5 S3A % =38 T-test

£ % A THE BEE AN H¥H BEE Ot R
AR E% 38 138 3.0 53 121 3.2 2.6 0.010%*
T R 38 13.2 2.4 53 11.8 29 2.6 0.012*
HEEd 38 145 2.1 53 147 21 -03 0.745
R EH 38 13.8 2.0 53 132 2.3 1.3 0.198
AREARE 37 30 0.8 53 25 1.0 2.3 0.024*
ML ESLRT 38 3.3 0.8 53 29 0.9 1.7 0.089
e 38 29 0.9 53 24 0.9 2.8 0.006**
A gt 37 34 0.8 53 29 1.1 2.4 0.021*

BRIk 35 815 26.4 49 704 329 1.7 0.089

*:p<0.05; **: p=<0.01
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£32. BHALBEZERGOAE

e B & A <3A #77% =3B T-test )
Mean SD Mean SD t MAEFMH
A8 RBEARE 1.04 027 0.91 0.33 3.31 0.001
B¥ES 099  0.21 0.89 0.28 3.02 0.003
B R 6y k38 0.89  0.30 0.77 0.31 3.05 0.003
TR 1.01 0.22 0.88 0.29 3.67 0.000
Eh 095 0.6 0.81 0.29 13.99 0.000
B ER, 098  0.30 0.91 0.32 1.68 0.095
EEEN 095  0.28 0.83 0.29 3.00 0.003

SE EM/MEAMES 1.02 030 1.01 0.28 0.29 0.771
E@RE 1.08  0.40 0.90 0.40 3.30 0.001
BEXZHEN 099 028 0.93 0.28 1.43 0.155
R 8 097  0.20 0.89 0.27 2.54 0.012
SHES 1.00 025 0.89 0.31 2.94 0.004
R 5 .13 030 1.03 0.30 2.43 0.016
g BAMG 1.04  0.17 1.03 0.19 0.19 0.846
A XIF 1.07  0.17 1.08 0.18 -0.44 0.657
M4 E 1.04 022 0.98 0.29 1.45 0.150
#HEE 1.06 020 1.07 0.24 -0.19 0.849
Y HSEEDEHE 108 025 1.01 0.28 1.85 0.065
FRERER 1.01 0.20 1.06 0.20 -1.81 0.072
MR ER 1.16  0.39 1.14 0.38 0.44 0.663
ATRE 1.07 020 1.09 0.21 -0.43 0.666
%3 1.16  0.26 - 1.04 0.30 3.17 0.002
32 42 1k B 1.01 041 0.89 0.43 2.18 0.030
YRR .01 0.31 0.99 0.31 0.60 0.548
Rl .12 0.17 1.07 0.19 2.22 0.027
e 1.08  0.23 1.11 0.26 -0.86 0.388
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%33, H—BALBEZEEERNE

St E M S3A #7%] =3B T—test*

Mean SD Mean SD t FAEM
BALETERH 1.03 0.23 096 026 2.03 0.044
RO 0.93 0.30 0.78 0.28 3.85 0.000
AR EE 0.97 0.17 086 021 459 0.000
INE: Ko 1.03 0.17 094  0.19 3.67 0.000
AR 1.04 0.14 1.03 0.15 0.52 0.606
ATRE tw 1.04 0.13 1.04  0.15 033 0.743
X 1.08 0.15 1.04  0.16 194 0.053
B 5508 tw 1.08 0.13 1.05 016 1.69 0.093
QOL_#x43*% 092 0.20 0.83 024 290 0.004
A 18 AR 2.97 0.84 2.54 1.01  3.49 0.001
53 i E 3.32 0.79 2.91 0.99 3.39 0.001

EEREEIE 7531 32.44 68.50 3222 1.51 0.132
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£ FRERRIER (0= 136)

B+1 ©HEf2 HWF3 K4
#E WHOQOL &M/ R RN e BiE S8R
48 Fl &E 3 0.174 0.000  -0.073 0.735
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41 F12. T{ERESH 18 0.526 0218 . 0.109 -0.024
4 BYEHEAR 29 0163 0290  0.364 0.495 -
(R F4. FERE 5 0.332 0.263 0.064  -0.070
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2814 - RS HTIREN ¥ B F A (principal factor)
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| ERAALETERER ) R EH 1068 I KH o AT R BT - BUE 0 HERBREY
B & 6 R — SO 0,97 % AR 43 R £0.86(p<.01) ¢ P E B R F B 20K 95 % @ B4 L9 B
AKEP<Ol): LEABEFT @ > RKERKGBA S TEARRARTRESGA : ERAMBE 7@ >
EREFTHEERFCA2DEREZFTRR A~ REERER DT ERRLE A RRBEF B » &M
SR ERECEERE ~ SHE - BREHE S BR)AREGUESX - ERRE M EGRERBEH
HRRIFARSFAPEARL > BEXMEL T IR E6GH A&, o (¥ F#H34 2000 : 19(4) 315-
324)
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Introduction to the development of the 'WHOQOL-Taiwan version

The World Health Organization (WHO) initiated a cross-cultural project on the development
of the WHOQOL-100 questionnaire in 1991 and finished it in 1995. Later, the questionnaire was
simplified to the WHOQOL-BREF containing 26 items. The long form of the questionnaire con-
- tains 100(culturally comparable) generic core questions. However, it allows each nation/culture to
add culture-specific questions. We started to develop the questionnaire-Taiwan version in 1997.
This paper briefly introduces the development of the WH L-Taiwan Versions. The procedures
of translating the questionnaire, selecting the appropriate scale descriptors, and proposing suitable
culture-specific items were seriously designed. We collected the data on 1068 subjects from 17
hospitals in Taiwan to conduct reliability and validity analyses. The results showed: that the inter-
nal consistency (Cronbach's o) and the test-retest reliability coefficients of the questionnaire were
0.97 and 0.86 respectively; the indices of content validity and concurrence validity achieved statis-
tically significant (p < .01); most of the items could discriminate between healthy and unhealthy
subjects; Facet-G score (for measuring general QOL and health) was well predicted by the six
~domain scores and the explained variance was about 64.2%. Moreover, four-factor model (i.e.,

physical capacity, psychological, social relationship, and environment ) was the most plausible
model. Based on our data analysis, the psychometric properties of the questionnaire for Taiwan

version were convincing and were comparable to the global study.(Chin J Public Health. (Taipei):
2000;19(4):315-324)

Key words: WHOQOL-100, WHOQOL-BREF, Taiwan-Version.
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Increased morbidity from nasopharyngeal carcinoma
and chronic pharyngitis or sinusitis among workers at a
newspaper printing company
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"ORIGINAL ARTICLE

Obijectives: To determine the associatiombetween printing works and nasopharygeal carcinoma ¢
well as other diseases.
Methods: Demogrophlc data were obtained for those who had worked in a porhculcr newspape
company since its establishment in 1950. Through access to the data bank of the hospital records «
the Labor Insurance Bureau for 1985-94, all workers were identified who had been admitted 1o ho
pital during their employment in the newspaper company. Multiple logistic regressions were performe
to estimate the adjusted morbidity 6dds ratio (OR] for various diseases among the printing workers wit
cardiovascular  diseases as the reference diseases. Biopsy specimens from patients wit
nasopharyngeal carcinoma were all subjected to in situ hybridisation of Epstein-Barr virus (EBV), an
colocalisation of EBV and secretor componerit protein.
Results: Of the 1564 people who had worked in this company, 579 of them were admitted o hosg
tal at least once. Five out of 144 printing workers admitted to hospital were diagnosed wi:
nasopharyngeal carcinoma compared with none of the other 435 non-printing workers admitted !
hospital. The morbidity OR for nasopharyngeal carcinoma in printing workers was 57.0 (95% con
s i dence interval (95% Cl) 2.8 to 1155.3). The morbidity OR for benign skin tumours was 28.0 (95% ¢
ee end of article for 27 to 293 1 h | h |
authars’ affiliations (o] ). Chronic pharyngitis or sinusitis also showed significant relations with printing wor
with a morbidity OR 29.4 (95% Ci 1.7 to 514.7). Using all other diseases as the reference disease
for calculation of morbidity ORs still showed a similar trend. In situ hybridisation of EBV encoded smc
gfj_'gs\%’"denge fo: iment Nuclear RNA-T (EBER-1) showed tumour cells free of the EBV in each biopsy specimen. Colocalisatic
' | Ndioparmen of EBER-) and secretor component showed that some tumour cells contcined both secretor compone

of Internal Medicine,
National Taiwan University and EBV Slgncl in each case.

Hospital, Taipei, Taiwan; Conclusion: Printing works are associated with an increased risk of nasopharyngeal carcinomc
idwang@ha.mc.ntu.edu.w  henign skin tumours, chronic pharyngitis or sinusitis, chronic liver diseases, and mechanical injurie
Accepted 12 July 2001 Induction of the development of nasopharyngeci carcinoma is probably not related to EBV infection

....................... these patients.

used in the printing factory. A survey of materials and pharyngeal carcinoma as well as other discascs.

substances used in the printing industry in 1978 showed -
that 2000 products were used, in which 300 chemicals were ~ SUBJECTS AND METHODS
identificd. Among the chemicals, 26 are known or suspected ~ Data collection
carcinogens according to the classifications made by the Before 1995, the year the Taiwan governiment implemented
International Agency for Rescarch on Cancer.' The printing national health insurance system, the Labor Insurance Burca
occupations have been related to an increased mortality and  in Taiwan had provided medical irsurance for all laborou
morbidity from various discases, including an incrcased mor- who worked in a company with more than five worker
tality from lung cancer, bladder cancer, renal pelvis cancer, Nearly all the workers in public and private scctors joined tl
primary liver cancer, gall bladder cancer, and liver cirrhosis.'”  Labor Insurance Bureau. As the Labor Insurance Bureau cor
There has never been any report on the association between erage provxdt.?s a frcc.chmcc of doctor:t: and 11()5;)1la|§. full cor
printing occupation and nasopharyngeal carcinoma. crage of medical service fcgs, and parual compensation (abo

Nasopharyngeal carcinoma is uncommon in most popula- 70%-80% deP}"“d”}g on industrial sectors) f.nr wages, ot

tions, but it occurs with a high frequency in Chinese people, work.crs woul(.l use it whcncw@r they have a major discasc th.
especially in those from the southern provinces of China and ~ feduires admission (o hospital. There were around 500 0t
Taiwan.* It has been the fifth leading malignant neoplasm for reimbursement records of admissions to hqspual in the Labf
men and the sixth for women in Taiwan since 1983.” Environ- Insurance Burcau cach year from a population of about 7 mi

mental, genetic, and viral factors have been postulated as lion workers. Through access to the d.atabasc of the Lab:

. . . - s [Insurance Bureau we retrieved the reimbursement data «

important determinants ol nasopharyngeal carcinoma.

However, the pathogenesis of nasopharyngcal carcinoma still

awaits further clarification.
Al one particular newspaper prmt'mg fagtory.[hcrc w,erc Abbreviations: OR, odds ratio; EBV, Epstein-Barr virus; EBER.1, EBV

reported cases of nasopharyngeal carcinoma identificd during encoded small nuclear RNA-1; ICD-9, ninth revision of the international

1986 to 1993. We were requested by the labour union and the classif:zation of diseases; EBVCA, viral copsid antigen associated with

newspaper company to perform an epidemiological study to the EBV; HBV, hepolitis B virus

Thcre are various organic solvents, filler matcrials, and inks determine the associations between printing works and nas:

vq



Nasopharyngeal carcinoma in printing workers

admissions to hospital during 1985-94. The data items
included national identification number, age. sex, occupation,
hospital, total medical expense, medical record number, insur-
ance number, date and duration of the stay in hospital, as well
as the ninth revision of the international classification of dis-
eases ICD-9 code of medical diagnosis.

We also obtained a complete list of workers who have
worked in the company: since its establishment in 1950. It
contained information on demographic characteristics, his-
tory of working in a news printing factory, date and duration
of employment, etc.

The reimbursement data and list of workers provided by the
company were linked together to extract information of the
workers who had been admitted to hospital during their
employment in the company, regardless of the diagnosis. The
relational query by example provided by the Microsoft
databasc software Foxpro was applied for the extraction of
information." For any worker who had been repeatedly
admitted to hospital due to the same disease we kept only one
record.

Through the procedure we obtained the list of workers
affected with nasopharyngeal carcinoma and interviewed
. them or members of their family about their working and
health history. As all workers with nasopharyngeal carcinoma
were extracted from the reimbursement data, we are confident
that the reimbursement data are comprehensive. With their
consent, we reviewed their medical records from different
hospitals and summarised the initial symptoms and signs,
date of diagnosis, clinical course, treatment received, patho-
logical findings, clinical staging of the disease, and serological
titre of antibodies against Epstein-Barr virus.

In situ hybridisation of EBER-1 and double localisation
of EBER-1 and secretor component

Paraffin sections from four out of five patients with
nasopharyngeal carcinoma were obtained from four different
hospitals,. including National Taiwan University Hospital,

Kaoshuong Medical College Hospital, Macky Memorial.

Hospital and Veteran General Hospital (one of the paraffin
blocks was missed in Tri-Service General Hospital). The paraf-
fin sections after.deparaffinisation were subjected to in situ
hybridisation for localisation of EBV encoded small nuclear
RNA-1 (EBER-1) with antisense riboprobe as described
previously," Some sections were counter stained with methyl
green; others were not. In each case, stain with hacmatoxylin
and eosin was also performed. At the same time we also per-
formed double localisation of EBER-1 and secretor component

Table 1 Characteristics of workers in a newspaper
company who had ever been admitted to hospital, and
workers admitted to hospital for cardiovascular
diseases (the reference group)
Workers Printing Non-printing
All workers:
Men (n) 331 995
Women (n) 5 233
Age {y, mean (SD)) 38.5(6.4) 41.8(10.0}
Employment [y, mean {SD}) 11.7 (7.9) 13.7 (8.2)
Workers admitted to hospital:
Men (n) - 142 336
Women {n} 2 99
Age [y, mean (SD)) 33.5(56) 35.6(10.1)
Employment [y, mean {SOJ} 9.0(7.0) 10.3(8.2)
Workers admitted to hospital for cardiovascular diseases:
Men [n) 5 27
Women {n) 0 1
Age ly, mean (SD}} 37.3(7.0) 37.6(10.4)
Employment [y, mean {SD)) 13.6(10.3) 11.9(9.9)
L
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protein (an IgA receptor) by immunohistochemistry with an
antibody against secrctor component and in situ hybridisation
according to our previously published method."

Data analyses

Descriptive analysis of the demographic data and work history
of all workers and the workers who had been admitted to hos-
pital was performed. The morbidity odds ratios (ORs) of vari-
ous diseases due to the exposure in a news printing factory
was calculated as in a case-control study,” with the case being
various diseases that resulted in admission to hospital of the
worker. There were two control groups in this study. The first
control group was workers admitted to hospital for cardiovas-
cular diseases. We lumped all workers who were admitted to
hospital due to diseases other than the diseases of interest and
cardiovascular diseases as another control group. Multiple
logistic regression analysis was used to estimate morbidity OR.
adjusted for age, duration of employment, sex, and other pos-
sible risk factors. The statistical package SAS/STAT PC 6.08
was used for data analyses.” '

RESULTS

There were 1564 workers identified as having worked in the
factory since its establishment in 1950. Of these workers there
were 1326 men and 238 women; 336 of them had worked in
the printing factory; 1228 workers worked in non-printing

_sectors. The mean (SD) age of the workers was 41.1 (9.4) years

and the mean (SD) duration of employment in the company
was 13.3 (8.2). years. Workers of printing factories were
younger with shorter duration of employment than non-
printing workers. The difference was not significant (table 1).
A significantly higher proportion of men worked in printing
than non-printing departments.

Of the 1564 people who had worked in this company, the
total admissions to hospital was 796 during the observation
period. After discounting repeated admission to hospitals with
the same diagnosis, there were 579 workers who were admit-
ted to hospital at least once. We first chose cardiovascular dis-
eases as the reference. Morbidity ORs for nasopharyngeal car-
cinoma, benign skin tumours, chronic pharyngitis or sinusitis,
chronic liver disease or cirrhosis, and mechanical injuries were
significantly related to printing works. Five out of 144 printing
workers admitted to hospital were diagnosed with naso-
pharyngeal carcinoma compared with nonc of the other 435
non-printing workers admitted to hospital. Because one of the
2x2 cells was zero, we added 1/2 to calculate the crude
morbidity OR of nasopharyngeal carcinoma,* which was 57.0
(95% confidence interval (95% CI) 2.8 to 1155.3, Fisher’s exact
test, p<0.001).

When workers admitted to hospital duc to diseases other
than the disease of intercst and cardiovascular disease as con-
trol group, all discases of interest showed a significant trend
except chronic liver discase or cirrhosis of the liver, as shown
in table 2.

The mean (SD, range) duration of employment of the
paticats with nasopharyngeal carcinoma in this printing fac-
tory was 13.5 (7.2, 4.5-20.2) years. The mean age of these
patients at the time of pathologic proof of nasopharyngeal
carcinoma was 44.7 (14.5, 35.5-70.5) years, table 3.

The initial symptoms included bloody rhinorrhea, neck
mass, nasal obstruction, hearing impairment, blurred vision,
ptosis, and diplopia. Three out of five patients received the
serological test for antibodies against EBV. Only one patient
had a normal antibody titre of the viral capsid antigen associ-
ated with the EBV (EBVCA) in IgA class. The other two
patients showed EBVCA IgA 1:20 and 1:160 respectively. Two
patients died in 1993 and the other patients did not show any
evidence of recurrence after radiotherapy and chemotherapy
(table 3).
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Table 2 Adjusted MORs for those diseases that showed significant relations with printing works* j

Other diseases

. .Non-printing : )
Diseases - Printing workers - _:workers MORt. - -95% Cit MORY - . 95%.CI
Nasopharyngeal carcinoma§ 5 57.0 281011553 338 1.910613.8 [
Benign skin lumours 5 1 28.0 2.7 10 293.1 15.3 1.810132.3 H
Chronic pharyngitis or sinusitis 4 1 29.4 1.7 10 514.7 6.9 1.21039.2 ’
Mechdnical injuries -} 2 219 2610 187.2 7.6 1910300
Chronic liver disease or liver cirrhosis 5 é 6.0 1.11031.8 3.1 0.88t0 11.1
Lower respiratory iract infection 1 15 1.0
Skin and subcutaneous disease 5 8 6.4
Musculoskeletal disorder b 17 1.9 !
Cardiovasculor diseases 5 28 1.0 {

*Adjusted fon; age, sex, and working duration; TCardiovascular disease as the reference disease; $Diseases other than diseases of interest as the :
reference disease; §Crude morbidity odds ratio (MOR) with exact estimates for 5% Cl.

Table 3  Characteristics and clinical findings of workers affected with nasopharyngeal carcinoma

nasal obstruction

Initial symptoms ~ Hearing impairment, Neck mass, diplopia  Blurred vision, ptosis

Histological Undifferentiated
finding carcinoma carcinoma :
Clinical staging ~ TANOMO TANTMI TANOMO
Epstein-Barr viruscapsid antigen:
IgA N/A 1:160 N/A
19G 1:640
Current status No evidence of Died in 1993 (brain  Died in 1993 (stroke}
recurrence metastasis)

" ?arient No . .
) oz 2 @) ’ é
Age at diagnosis  35.5 38.0 70.5 39.2 40.3 H
Year of diagnosis 1986 1987 1987 1990 1993 :
Working years 14.5 14.3 20.2 13.0 15.3

Neck mass, bloody rhinorrhoea Bloody rhinorrhoea

Poorly differentiated  Undifferetiated carcinoma Undifferefited carcinoma with  Undifferetioted carcinoma :

feature of
lympho-epitheliomatous

: carcinoma

T2N2MO TIN2MO
1:20 <1:10 ’

1:160 1:160 ‘ ;
No evidence of recurrence No evidence of :
recurrence

N/A=not available.

Four cases of nasopharyngeal carcinoma biopsy specimens
showed a picture of undifferentiated nasopharyngeal carci-
noma, and one of them seemed to have a lymphoepithclioma-
tous carcinoma. In situ hybridisation of EBER-1 in the four
cases showed some tumour cells without EBV signal. The EBV
signal was found in a few tumour cells in two of them (cases
I and 4) and was seen in more tumour cells in the other two
(cases 3 and 5); in these some infiltrating lymphocytes also
showed an EBV signal.

When double localisation of EBV and secretor component
protein was performed, some tumour cells showed neither
EBYV signal nor secretor component protein; a few tumour cells
showed both EBV signal and secretor component immuno-
staining: other tumour cells either showed secretor compo-
nent only or EBV signal with a very weak secretor component,
a picture identical with our previously published data.”

DISCUSSION

The aetiology of nasopharyngeal carcinoma is probably
multifactorial."* " *' Although we have found an increased
morbidity OR of nasopharyngeal carcinoma in printing work-
ers, it does not necessarily follow that nasopharyngeal
carcinoma was caused by printing works. Evidence and argu-
ments strongly suggest such a possibility. Firstly, eating salty
fish'*"* and taking herbal drugs,” were reported to be risk fac-
tors for nasopharyngeal carcinoma. But none of our patients
had such habits. Secondly, smoking was reported to be associ-
ated with a twofold to threefold increased risk of nasopharyn-
geal carcinoma." Yu et a/ found that smoking for more than 30
pack-years gave a twofold incrcasc of nasopharyngeal
carcinoma among ethnic Chinesc.” Although all five patients

www nrranvmm‘. o
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in our series were smokers, they usually smoked less than 1
pack/day because the company policy prohibited smoking at
the workplace for fear of explosion and fire. As four out of five
patients were below 41 years of age at the time of diagnosis.
they were unlikely to have accumulated more than 30
pack-years. Thus, smoking alone¢ seemed inadequate to
explain the increased risk of nasopharyngeal carcinoma
among printing workers. Thirdly, as the income levels, which
were major determinants for smoking and dietary habits,* **
seemed similar (800 US$/month for printers v 650 for
non-printing workers). The likelihood of a major difference in
these lifestyle habits may be low. Because both printing work-
ers and non-printing workers had been working in an air con-
ditioned system, the factor of merely poor ventilation cannot
explain the difference of occurrence. Rather, workplace expo-
sure must have contributed a significant portion, given that
workers wvere under a closed air condition system to conserve
energy. We conclude that all the suspected risk factors for
nasopharyngeal carcinoma arc not likely to be confounding
factors in this study.

In the Chinese population, the incidence of nasopharyngeal
carcinoma is unusually high. The annual incidence of
nasopharyngeal carcinoma in Taiwan was 4.2/100 000.” In
these 1564 workers with a mcan duration of 13.3 working
years, the total working years were around 20 800. The
expected number of cases of nasopharyngeal carcinoma in the
whole newspaper company should be 0.8 during this period.
We identified five cases of nasopharyngeal carcinoma and all
were printing workers. If the observed five cases were divided
by the expected 0.15 cases of nasopharyngeal carcinoma in
printing workers, the morbidity ratio was 32. The result was
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very consistent despite selection of two different control
groups, either cardiovascular diseasc or all diseases other than
diseases of intcrest, as shown in table 2.

As infection with EBV has been proposed to be closely asso-
ciated with the development on nasopharyngeal
carcinoma," * * and one of our patients has a high titre of IgA
antibody against EBVCA (1:160), there is a possibility that
nasopharyngeal carcinoma in this patient may have been
induced by EBV infection. However, although a positive EBV
signal was found in some tumour cells in each case, we found
that all four specimens of nasopharyngeal carcinoma con-
tained tumour cells free from EBV. This finding indicates that
EBV infection is not the only causative factor for the develop-
ment of nasopharyngeal carcinoma in these four cases, as we
found previously." " Furthermore, the presence of EBV and
secretor component positive cells in the sections indicates that
EBV may infect the secretor component positive nasopharyn-
geal carcinoma tumour cells, instead of secretor component
negative tumour cells, through the endocytosis of EBV-IgA-
secretor component complex as we previously described, and
possibly that EBV was not a causative factor in the induction
of nasopharyngeal carcinoma in these patients.

Cancers of the lung, urinary bladder, and liver were once
reported to be associated with printing works.'” It is not sur-
prising that such carcinogens might have a similar effect on
the nasopharynx, especially in ethnic Chinese, of whom the
structure of the nasopharynx is generally narrower and more
easily deposited with aerosols compared with the nasophar-
ynx of white people. Printing workers have been exposed to a
panoply of potentially toxic substances, including pigments,
inks, solvents, resins, driers, plasticisers and weltting agents,’
which might have a direct irritative effect and produce chronic
pharyngitis or sinusitis. Printing ink mixed with mineral oil
might contain procarcinogens—such as benzoxy-a-pyrenes.
Some printing pigments contain toxic heavy metals—such as
chromium and lead. The environmental monitoring in the
factory identified the presence of toxic solvents—such as tet-
rachloroethane, benzene, toluene, styrene, and n-hexane. We
conducted an exposure assessment of chemicals in the print-
ing workplace and detected trace concentration of formalde-
hyde (1.4-31.1 ug/m’), sulfuric acid (0.03-0.13 mg/m'), and
aerosol of mineral oils (0.02-0.13 mg/m’) after there had been
some improvement in cleaning and veatilation of the
workplace.” Although they were below the permissible
concentrations, long term effects might still be hazardous,
especially under a combined exposure to other potential
carcinogens and in a closed system of indoor air conditioning.
These toxic substances may coexist as aerosol and precipitate
in the nasopharyngeal mucosa, causing repeated or chronic
inflammation or cven malignant change after a certain induc-
tion time.

More than 90% of nasopharyngeal carcinomas in Taiwan
are undifferentiated, non-keratinising carcinoma diagnosed at
a mcan age around 45.% ™ [t was unusual to sce that printing
workers with undifferentiated, non-keratinising carcinoma
had a mean agc of 39.1 (table 3). One possible explanation was
early carcinogenesis due to exposure of toxic substances.
Among the workers with nasopharyngeal carcinoma, four had
worked in the printing factory for more than {3 ycars before
the date of diagnosis. One worker only spent 4.5 working years
in the factory before the onset of nasopharyngeal carcinoma.
However, this worker admitted that he had worked in another
printing factory [or 10 years before taking the current job.
Thus the induction period of nasopharyngeal carcinoma
would be more than 10 years.

Cardiovascular diseases were usced as the reference discases
because cardiovascular diseases were not reported to be asso-
ciated with printing works. We even used diseases other than
the disease of intcrest as a second reference group. The result
did not differ much. Except for chronic liver discase or cirrho-
sis of the liver, all discases in table 2 remain significantly asso-
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ciated with printing works. The reason why OR decreased
might be due to the effect of including some diseases that may
also be related to printing. As we only had complete data frcm
one newspaper company, the case number was relatively small
and the estimated 95% CI of the morbidity OR was wide.

Both skin and the liver are vulnerable to toxic chemicals in
printing factories because they are either the defence organ
against toxic substance or the organ of detoxification. Primary
liver cancer, cirrhosis of the liver, and skin cancer were
reported to be increased in printing workers.*” Organic
solvents used in the printing factory might causc liver injury
and the long term exposure to these solvents might contribute
to the development of cirrhosis of the liver. In Taiwan, hepati-
tis B virus (HBV) caused most cases of cirrhosis of the liver
and primary liver cancer.” As the prevalence of HBV carriers in
printing and non-printing workers was similar (14.1% and
13.0%, respectively), the increased risk of cirrhosis of the liver
was probably related to work. We thought that a longer dura-
tion of follow up or increased numbers in the study
populations in the future might show a clearer tendency. Fur-
ther study should identify whether these diseases progress to
the development of nasopharyngeal carcinoma. Occupational
injury remained a problem of concern in printing factories
and most injuries were reported to occur during the process of
cleaning or repair of machines.

Results from this study of a cohort containing a group of
workers from a newspaper printing company support the
conclusion that printing works are associated with ‘an
increased risk of nasopharyngeal carcinoma, chronic pharyn-
gitis or sinusitis, cirrhosis of the liver, and mechanical injuries.
Health surveillance, hazard control, and a programme of
injury prevention should be implemented in all newspaper
printing factories.
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Abstract

We studied the reliability and validity of the World Health Organization quality of life (WHOQOL)
assessment instrument in patients with human immunodeficiency virus (HIV) infection. WHOQOL-BREF
was used to assess 136 HIV-infected outpatients. The results were analyzed and compared with data from
213 healthy persons. The Cronbach’s a for internal consistency ranged from 0.74 to 0.85 across domains in
- HIV-infected patients. The test—retest reliability ranged from 0.64 to 0.79 across domains at average 4-week
retest interval. Factor analysis identified four major factors: social, psychological, environment, and
physical, consistent with the four domains of the instrument. The scores of all four domains correlated
positively with self-evaluated health status and happiness (r range: 0.52-0.60 and 0.55-0.73 across domains,
respectively), and correlated negatively with the number and severity of symptoms (r range: —0.40 to —0.47
and —-0.41 to —0.52, respectively). The scores of physical, psychological and social domains, but not the
environment domain, discriminated between healthy persons and HIV-infected patients (all p < 0.01). We
conclude that the WHOQOL-BREF can be a useful quality-of-life instrument in patients with HIV in-

fection.

Key words: Human immunodeficiency virus infection, Quality of life, WHOQOL

Introduction

Improvements in life expectancy of patients with
human immunodeficiency virus (HIV) infection in
recent years [1], due to advances in highly active
antiretroviral therapy, have led to greater empha-
sis of quality of life among these patients [2-10].
Measurement of quality of life is now an essential
component in both clinical trials and cost-effec-
tiveness analysis for HIV disease [11-15]. A wide
variety of quality-of-life instruments have been
applied in the evaluation of HIV-infected patients,

* The preliminary abstract of this paper was presented at Pan-
Pacific Conference of the International Society for Quality of
Life Research, Tokyo, April 2001.

including the multiple versions of the Medical
Outcome Study (MOS) [16-19), the Quality of
Well-Being Scale [19, 20], the HIV-QL31 [21], the
HAT-QoL [22], the AIDS-HAQ [23], the HOPES
[24], the MQoL-HIV [25], and the FAHI [26].
However, because these instruments were devel-
oped in the context of western culture, they may
not be readily applicable to patients from societies
with different cultural background, although sev-
eral of these instruments have been used with
success in some Asian countries [27].

In 1991, the World Health Organization (WHO)
initiated a project to develop a generic quality-of-
life instrument in 15 countries simultaneously,
which led to the WHO quality of life (WHOQOL)
assessment [28-31]. The WHOQOL has two
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unique features. First, it is based on a well-clarified
definition of quality of life and encompasses
physical, psychological, social and environment
domains comprehensively [28], and is not just a
functional assessment. Second, it is a cross-culture
instrument developed for use across patient groups
in various countries [29]. Despite these advantages,
the reliability and validity of WHOQOL have not
yet been well studied in HIV-infected patients. It is
also unclear whether disease-specific modifications
are needed. This study sought to determine the
reliability and validity of the WHOQOL when
used for the evaluation of patients with HIV in-
fection.

Methods
Subjects

A total of 138 consecutive HIV-infected patients
treated and followed up regularly at the outpatient
clinics at the National Taiwan University Hospi-
tal (NTUH) (Taipei, Taiwan) and the Taipei
Municipal Venereal Disease Control Institute
(TMVDC) (Taipei, Taiwan) were enrolled. To
evaluate the test-retest reliability, 44 of the 138
patients were retested after an average interval
of 4.6 weeks (range: 1-8 weeks). NTUH and
TMVDC have the largest cohort of patients with
HIV infection in Taiwan. The two institutes co-
operate closely to provide these patients the best
integrative medical service in Taiwan, including

pharmacological therapy, medical and surgical .

services, counseling for both patients and family,
and social support network. Inpatients were not
enrolled because most of them were too ill to re-
spond adequately to the questionnaire. The diag-
nosis of HIV infection was confirmed by Western
blot in all of the enrolled patients. Informed con-
sent was obtained for all of the participants.

Version of WHOQOL

The WHOQOL-BREF (Taiwan version) [31, 32]
was used. The WHOQOL-BREF ([31] consists of
26 items, including one item (Gl) for general
quality of life, one item (G4) for health-related
quality of life, and 24 items belonged to four do-
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mains (physical, psychological, social and envi-
ronment). There are seven items in the physical
domain, six items in the psychological domain,
three items in the social domain, and eight items in
the environment domain. The Taiwan version of
the WHOQOL-BREF [32] contains the 26 original
items, plus two national items of Taiwan; one item
belonged to the social domain and another be-
longed to the environment domain. The method of
application, reference time point, and the scoring
of items were performed as described for the
original WHOQOL-BREF [31]. In brief, the
questionnaire was self-administrated. The partici-
pants were required to evaluate their quality of life
in recent 2 weeks. The item scores ranged from 1
to 5, with a higher score indicating a better quality
of life on the corresponding item. Because the
number of items are different for each domain,
the domain scores were calculated by multiplying
the average of the scores of all items in the domain
by the same factor of 4. Thus, the domain scores
would have- the same range from 4 to 20.

Qualitative research

The content validity of WHOQOL-BREF in pa-
tients with HIV infection was studied through
qualitative research. Eleven HIV-infected patients,
of different age, gender, social background and
disease stage, were enrolled to focus groups. Four
medical professionals, experienced in the care of
HIV-infected patients, were also invited to form an
expert committee. Focus groups and the expert
committee were interviewed separately to identify
the determinants and major concerns of quality of
life in HIV-infected patients. With the permission
of participants, the content of the interview was
tape-recorded and then transcribed for analysis.
Factors influencing quality of life were then iden-
tified and extracted. The results were compared
with the content and definition of WHOQOL-
BREF.

Health status measures

The convergent validity was studied through
measuring the strength of correlation between
WHOQOL-BREF domain scores and health sta-
tus measures. The health status measures used in
study included: (1) the self-evaluated health status




and self-evaluated happiness, both measured by a
five-point response scales (Table 1); (2) the num-
ber and severity of symptoms, measured by the
University of California at San Francisco (UCSF)
symptoms and signs checklist for persons living
with HIV disease (SSC-HIV) [33].

Table 1. Characteristics of 136 patients with HIV infection

Characteristics % (N = 136)
Age (years) °
<30 © 34
3140 42
>40 24
Male 96
Education of high school or more 82
HIV risk factor
Men have sex with men 84
Heterosexual 15
Intravenous drug abuser i
Presence of AIDS - . 35
Current antiretroviral therapy
None® 10
Pis-based regimens® 80
NNRTIs-based regimens® 10
Self-evaluated health status i
Very poor . 4
Poor 16
Fair 52
Good 25
Excellent . 3
Self-evaluated happiness
Very unhappy 2
Unhappy 19
Moderately happy 49
Happy 26
Very happy 4
Number of body symptoms
None 4
1-10 34
11-20 40
21-30 22
Current CD4 cell count (/mm?®)
<200 10
201-500 44
> 500 46
Current plasma HIV RNA (copies/ml)
<5000 78
5001-20000 7
20001-100000 8
> 100001 7

#Including treatment-naive fresh cases and patients under
structured treatment interruption.

® PIs — protease inhibitors.

°*NNRTIs - non-nucleotide reverse transcriptase inhibitors.
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We hypothesized that if WHOQOL-BREF ac-
curately assessed quality of life in patients with
HIV infection, then:

(1) WHOQOL-BREF domain scores should pos-
itively correlate with self-evaluated health
status and happiness in these patients.

(2) WHOQOL-BREF domain scores should in-
versely correlate with number and severity of
symptoms in these patients.

Severity of diseases

The discriminant validity was studied through
comparing the WHOQOL-BREF domain scores
between HIV-infected patients and healthy people,
and between HIV-infected patients with different
severity of diseases. The severity of HIV diseases
were determined by (1) the number and severity of
symptoms, measured by the UCSF symptoms and
signs checklist for persons living with HIV disease
(SSC-HIV) [33]; (2) the CD4 count, the plasma
HIV RNA level, and the presence of acquired
immunodeficiency syndrorme (AIDS) assessed by
the 1993 Centers for Disease Control and Pre-
vention (CDC) criteria [34]. The data from 213
healthy persons, who were hospital volunteers or
employees, or family members of non-HIV in-
fected patients, were obtained for comparison.
We hypothesized that if WHOQOL-BREF ac-
curately assessed quality of life in patients with

HIV infection, then: ) )

(1) Healthy persons should have better WHO-
QOL-BREF domain scores than HIV-infected
patients.

(2) HIV-infected patients with milder disease
should have better WHOQOL-BREF domain
scores than HIV-infected patients with more
severe disease.

Statistical analysis

The internal consistency reliability was evaluated
using Cronbach’s o. Test-retest reliability was
evaluated using intraclass correlation coefficient
(ICC). The construct validity was tested using ex-
ploratory factor analysis. The factor analysis was
conducted through extracting factors by principal
axis factoring, followed by Promax rotation with
Kaiser normalization. Kaiser’s ‘eigenvalues greater
than 1’ rule was used to determine the number of
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factors to rotate. Since this rule tends to include
too many factors, solutions containing less num-
bers of factors were also sought. The significance
of differences between domain scores was evalu-
ated by Student’s ¢ test. All data was analyzed
using SPSS for Windows Version 10.0. Two-tailed
p values of <0.05 were considered to be statisti-
cally significant.

Results
Characteristics of subjects

Among the 138 enrolled patients, only two pa-
tients declined to participate. The response rate
was 99% (136/138). The majority (114 of 136) of
these patients were homosexual men. AIDS had
been diagnosed in 47 patients (35%). Most (90%)
of the patients were receiving highly active anti-
retroviral therapy, with current CD4 cell count
>200/mm? and plasma HIV RNA <5000 copies/
ml. A high percentage (62%) of patients reported
more than 10 symptoms listed on SSC-HIV. The
characteristics of the 136 HIV-infected patients are
summarized in Table 1. The 213 healthy subjects
included 97 men and 116 women, with age and
education level distribution similar to that of 136
HIV-infected patients.

Descriptive statistics

Among the respondents (n = 136), the scores of
~ items ranged from 1 to 5 in all but two items. The
mean + standard deviation (range) of the domain
scores was 13.73 + 2.24 (8.00-18.86) for the
physical domain, 12.49 + 2.75 (6.67-18.67) for
the psychological domain, 12.85 + 2.70 (6.00~
20.00) for the social domain, and 13.14 + 2.36
(7.50~19.11) for the environment domain.

Internal consistency and test-retest reliability

The Cronbach « values (n = 136) ranged from 0.74
to 0.85 across domains (Table 2). The a value of the
entire questionnaire was as high as 0.93. All of the
44 patients tested twice were in apparently clinical
stable condition, but there were variations in
number of symptoms and SSC-HIV scores between
the first and the second test (» = 0.82 and 0.78, re-
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Table 2. Internal consistency of the WHOQOL-BREF in HIV-
infected patients (n = 136)

Cronbach’s a

Physical domain 0.74
Psychological domain 0.81
Social domain 0.76
Environment domain 0.85
26 items 0.92
28 items (with two national items included) 0.93

spectively). Only eight patients showed no change
in number of symptoms and signs on the checklist
of SSC-HIV and only two patients showed no
change in average SSC-HIV scores after an interval
averaging 4 weeks (range 1-8 weeks). The majority
of items had test—retest reliability ranging from 0.51
to 0.78 (p <0.01, n =44). In four of the items
(pain, dependence on medical service, being re-
spected by others, healthy environment), the re-
sponse was less reproducible, probably because
these items may not be stable during the 4 weeks.
The test-retest reliability of domain scores was 0.72
(physical domain), 0.79 (psychological domain),
0.64 (social domain) and 0.71 (environment do-
main) (all p < 0.01, n = 44), respectively.

Content validity

All of the focus groups and the expert committee

- gave the similar message. The early stage of HIV

infection is often asymptomatic, but in the later
stage, intractable fatigue and wasting syndrome
can be disturbing. Loss of interpersonal relation-
ships, particularly the relationship with family
members, can be a painful experience. Potential
discrimination in employment and medical service
often forces patients to hide their HIV-positive
status. A lot of varieties of symptoms, including
nausea, vomiting, abdominal fullness, diarrhea,
numbness, headache, insomnia, weakness, dry
mouth, thirsty, shooting pain, flank pain, hemat-
uria, skin rash, dizziness, insomnia, difficult to
concentrate, loss of hair, and various kinds of
lipodystrophy, etc. were experienced sooner or
later under antiretroviral therapy. The types of
symptoms were clearly associated with the types of
medication prescribed. The complexity of some
antiretroviral regimens was also troublesome.
While fatigue, pain, body image, sleep, ability to




concentrate and personal relationships have been
addressed in the WHOQOL-BREF, other symp-
toms due to adverse drug effects and the discrim-
ination in workplace and medical service were not
covered.

Construct validity

The scores of 26 items were all correlated with the
scores of the corresponding domains (r range:
0.42-0.82 across items, all p < 0.01, n = 136). The
scores of four domains were also all correlated
with the scores for general quality of life (item G1)
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(r range: 0.49-0.64 across domains, all p < 0.01,
n = 136) and the scores for health-related quality
of life (item G4) (r range: 0.52-0.62 across do-
mains, all p < 0.01, n = 136). Exploratory factor
analysis of data from the 136 patients showed six
factors with eigenvalues greater than 1, which ex-
plained 53% of total variance. However, the
meanings of these six factors were fragmented,
suggesting too many factors were used. Instead, a
four-factor solution, which explained 47% of total
variance, allowed meaningful interpretation for all
four factors that were essentially corresponding to
the four WHOQOL-BREF domains (Table 3).

Table 3. Exploratory factor analysis, principle axis factoring, Promax rotation with Kaiser normalization (n = 136)

Domains Facets Items Factor 1 Factor 2 Factor 3 Factor 4
(Social) (Psycho) (Environ)  (Physical)
Physical Fl. Pain 3 -0.200 0.177, 0.018 0.754
_Physical F11. Dependence 4 0.271 -0.202 -0.152 0.626
on medical service : ’
Physical . F2. Energy 10 0.128 0.239 0.399 0.153
Physical F3. Sleep 16 -0.184 0.405 0.450 ~0.082
Physical F9. Ability to get around 15 0.674 0.147 -0.123 0.006
Physical F12. Working ability 18 0.347 0.275 0.199 —0.047
Physical F10. Daily activity 17 0.265 0.382 0.268 0.064
Psycho FS. Ability to concentrate 7 0.002 0.585 0.175 0.078
Psycho F6. Satisfied with oneself 19 0.171 0.743 .—0.045 -0.103
Psycho F8. Negative feelings 26 -0.107 0.533 0.092 0.070
Psycho * F24. Meaning of life 6 0.045 0.837 -0.118 —0.058
Psycho F4. Enjoy life 5 0.353 0.113 0.022 0.055
Psycho F7. Body image 11 0.470 0.444 -0.232 0.103
Social F13. Personal relationship 20 0.547 0.010 -0.082 -0.076
Social F14. Social support 22 0.643 -0.051 -0.033 0.094
Social F25. Respected by others 27 0.594 —-0.052 0.228 0.065
Social F15. Sexual life 21 0.021 0.148 0.387 0.193
Environment F19. Accessibility to medical care 24 0.080 0.102 0.348 0.040
Environment F22. Healthy environment 9 0.075 -0.176 0.732 ~0.093
Environment F23. Transportation 25 —0.069 0.099 0.688 —-0.058
Environment F17. Living condition 23 0.103 -0.075 0.602 —0.062
Environment F16. Safety in daily life 8 0.389 0.378 0.030 0.045
Environment F18. Enough money 12 0.512 0.116 0.145 -0.121
Environment F20. Accessibility to 13 0.580 0.320 —-0.146 -0.157
daily information
Environment F21. Leisure time 14 0.456 0.005 0.311 —0.083
Environment F26. Get things like to eat 28 0.735 -0.274 0.185 0.091
Correlation between
Sfour factors
Factor | Factor 2 Factor 3 Factor 4
Factor 1 1
Factor 2 0.687 I
Factor 3 0.624 0.604 1
Factor 4 0.212 0.177 0.182 1
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Table 4. Correlation between WHOQOL domain scores and
health status measures (n = 136)

Self- Self-evalu- Number  Severity of
evaluated ated of symptoms
heath happiness symptoms
status
Domain
scores
Physical 0.53* 0.55* —0.46* —0.52*
Psychological 0.60* 0.73* —0.47* —-0.49*
Social 0.52* 0.59* —0.40* —0.41*
Environment 0.57* 0.55* —0.41* —0.43*
*p <001

Convergent validity

The scores for the physical, psychological, social,
and environment domains were all correlated
positively with patients’ self-evaluated health sta-
tus and self-evaluated happiness (Spearman’s r
range: 0.52-0.60 and 0.55-0.73 across domains,
respectively, all p < 0.01); and correlated nega-
tively with the number and severity of symptoms (r
range: —0.40 to —0.47 and —0.41 to ~0.52 across
domains, respectively, all p < 0.01) (Table 4).

Discriminant validity

The scores for the physical, psychological and so-
cial domains, but not the environment domain,
discriminated between healthy persons and HIV-
infected patients (all p < 0.01, Student’s  test)
(Table 5). This result remains valid if the 97
healthy men, rather than the total 213 healthy
persons, were used as the healthy group for the
comparison. The scores for all domains also dis-
criminated between HIV-infected patients with
more severe symptoms with an SSC-HIV score
higher than the average (mean) and those with
scores lower than the average (all p < 0.01, Stu-
dent’s ¢ test), and between HIV-infected patients
with a number of symptoms higher than the av-
erage (mean) and those with a number of symp-
toms lower than the average (all p < 0.01,
Student’s ¢ test) (Table 5).

Under highly active antiretroviral therapy, the
majority (72%) of the 47 patients initially with
AIDS had a favorable clinical response, with a
sustained rise in CD4 counts and durable sup-
pression of plasma HIV RNA level, and remained
free from opportunistic infections. With this im-

Table 5. Comparison of the WHOQOL domain scores (mean + SD)

Domains HIV-infected patients (N = 136) Healthy persons (N = 213) p-Value
(a) Between HIV-infected patients and healthy persons

- Physical 13.73 £ 2.24 15.39 + 1.88 <0.01
Psychological 1249 + 2.75 13.74 £ 2.11 <0.01
Social 12.85 + 2.70 14.00 + 2.11 <0.01
Environment 13.14 £ 2.36 13.11 £ 2.21 0.124
(b) Between HIV-infected patients with different number of symptoms

More® symptoms (N = 73) Less® symptoms (N = 62)

Physical 1294 + 1.99 14.69 + 2.18 <0.0t
Psychological 11.54 + 2.40 13.59 + 2.75 <0.01
Social 12.06 + 2.35 13.76 + 2.81 <0.01
Environment 12.46 £ 2.20 13.92 + 2.31 <0.01

(c) Between HIV-infected patients with different severity of symptoms

High® SSC-HIV scores (N = 57)

Low? SSC-HIV scores (N = 78)

Physical 12.56 + 1.87
Psychological 10.92 £ 2.15
Social 11.70 £ 2.32
Environment 12.08 = 1.97

14.60 + 2.13 <0.01
13.58 £ 2.59 <0.01
13.67 £ 2.68 <0.01
13.88 + 2.34 <0.01

?Number of symptoms more than the average (mean).
> Number of symptoms less than the average (mean).
°SSC-HIV scores higher than the average (mean).
4SSC-HIV scores lower than the average (mean).

R0




provement of clinical status and none of our pa-
tients were currently hospitalized, although the
scores for all domains were still consistently worse
in patients initially with AIDS than in those ini-
tially without AIDS, the differences were not sta-
tistically significant (data not shown).

Discussion

In the present study, we demonstrated that the
WHOQOL-BREF, in its Taiwan national version,
can be a useful generic quality-of-life instrument
in patients with HIV infection. The internal con-
sistency was good. The domain scores were well
correlated with self-evaluated health status and
self-evaluated happiness, and inversely correlated
with number and severity of symptoms. The scores
of physical, psychological, and social domains also
discriminated between HIV-infected patients and
healthy persons, and between HIV-infected pa-
tients with different number and severity of

symptoms. To provide further information about -

validity in this group of patients, a better design
would have been to compare the generic WHO-
QOL to an existing, previously tested, leading
disease-specific instrument, such as MOS-HIV
[18]. However, because up to the beginning of this
study there was still no Taiwan version for such
instruments, we were unable to use this strategy to
corroborate the validity of WHOQOL in the pre-
sent study.

Although a reliability level of 0.90 was advo-
cated by Nunnally {35] as a minimum standard for
measurement that is designed for individual as-
sessment, in practice it may be too stringent and
many highly regarded quality-of-life instruments
fail to meet this standard [36]. Even the test-retest
reliability (24 hour) for physiological measure-
ment of blood pressure, 0.87 for systolic pressure
and 0.67 for diastolic pressure [36, 37], did not
meet this standard, either. Furthermore, real
changes of status may occur during the retest in-
terval. To minimize the effect of real changes, the
ideal interval between the first and the second test
for quality of life would have been 2 weeks or less.
However, most participants in this study found it
difficult to make an extra visit to the clinic before
the scheduled monthly follow-up. Although all 44
patients tested twice were in apparently clinical
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stable condition, there were variations in number
of symptoms and SSC-HIV scores between the
first and the second test (» = 0.82 and 0.78, re-
spectively). Only eight patients showed no change
in number of symptoms and signs on the checklist
of SSC-HIV, and only two patients showed no
change in average SSC-HIV scores. It indicated
that minor but real changes of symptoms and
subjective feelings might have occurred during the
long interval (average 4.6 weeks) between the first
and the second tests in our study. Thus, we ob-
tained a test-retest reliability of 0.51-0.79 for
items and domains, which was slightly less ade-
quate compared with the reliability between 0.56
and 0.84 of the original WHOQOL-BREF [31].

The results of qualitative research suggested that
the content of WHOQOL-BREF might not cover
some important issues for HIV-infected patients
who were under regular highly active antiviral
treatment. For example, pain (or discomfort) and
fatigue are the only body symptoms listed in-the
WHOQOL-BREF physical domain. Other dis-
turbing symptoms, such as gastrointestinal upset,
hematuria, dry mouth, thirsty, dizziness, and skin
rash, are not specifically listed. Similarly, dis-
crimination to HIV-infected persons in workplace
and medical service are not particularly mentioned
in the content of WHOQOL-BREF. It is inter-
esting to note that, although the content of
WHOQOL-BREF may not be comprehensive for
HIV-infected patients, there was a consistently
good coirelation between domain scores and
symptoms (inverse correlation), and between do-
main scores and self-evaluated health status mea-
sures. The strength of correlation with validation
variables was comparable to that reported in pre-
vious WHOQOL literature [32]. During the initial
validation of WHOQOL Taiwan version in gen-
eral population, the magnitude of correlations
between WHOQOL domain scores and the vali-
dation variables ranged from 0.33 to 0.63 [32]. In
the present study, the correlation between WHO-
QOL domain scores and symptoms ranged from
—0.40 to —0.47 (number of symptoms) and from
—0.41 to —0.52 (SSC-HIV scores of symptoms
severity). And the correlation between WHOQOL
domain scores and self-evaluated health status
measures ranged from 0.52 to 0.60 (self-evaluated
health status) and from 0.55 to 0.73 (self-evaluated
happiness).
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The results of factor analysis in this study
showed that some items were not best correlated
with their related domains. This is most likely due
to the overlapping of constructs between the do-
mains, especially when perceived from the view-
points of HIV-infected patients. For example, to
persons without fixed sexual partners, sexual life
may be more suitably classified in the environment
domain rather than the social domain. The
grouping of money, accessibility to daily infor-
mation, leisure time, and getting thing one like to
eat into factor 1 (social) may reflect the perception
that economic security, information and leisure
activity are an integral part of social life.

Previous studies have consistently shown that the
presence, number, and severity of symptoms are the
major determinants of quality of life in HIV-in-
fected patients [3-6]. Clinical stage has only a weak
association with quality of life after adjusting for
the number of symptoms [3]. Using number and
severity of symptoms as the disease severity mark-
ers, we found that the WHOQOL-BREF has good
discriminant validity among patients with different
severity of HIV -disease. The magnitude of differ-
ence in domain scores was comparable to that re-
ported between sick and healthy persons in the
original validation of WHOQOL [29]. We did not
use current CD4 count as the marker in the testing
of discriminative validity because only a very small
proportion (< 10%) of our patients had a low CD4
count (<200/mm>) when the questionnaire was
applied (Table 1).

Although this study showed WHOQOL-BREF
scores generally correlated well with validation
variables in patients with HIV infection, it also
showed some unique aspects of quality of life in
HIV-infected patients were not covered. As a re-
sult, WHOQOL-BREF may be insensitive to the
change of status in these aspects. It is thus
worthwhile to formally develop a disease-specific
module to enhance its sensitivity and responsive-
ness to clinical status [38]. This modular approach,
initially proposed by Aaronson and coworker for
cancer patients {39, 40], is a promising way to
satisfy both the demand for cross-disease com-
parison for the purpose of resource allocation and
the need for assessing the status of a particular
disease in clinical trials. There are still no official
guidelines for the development of a disease-specific
module of the WHOQOL. To ensure cross-cul-
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tural validity, the official guidelines of The Euro-
pean Organization for Research and Treatment of
Cancer (EORTC) QLQ-C30 instrument mandates
that the development of disease-specific modules
should .involve a number of countries, each rep-
resenting a broadly defined geographic and culture
category [41]. We suggest that if an HIV-specific
module of the WHOQOL is to be formally devel-
oped, both the general guidelines for disease-spe-
cific instruments [38] and the guidelines to ensure
cross-cultural validity [39-41] should be followed.

We conclude that the WHOQOL-BREEF, in its
national version, can be a useful generic quality-
of-life instrument in patients with HIV infection.
To further enhance the sensitivity and respon-
siveness to clinical status, it is worthwhile to for-
mally develop an HIV-specific module for
WHOQOL.

Acknowledgements '

This work was supported by grants NSC 89-2314-B-
002-433-M56 and DOH91-DC-1056. We are in-
debted to Dr Kai-Ping Yao for constructive com-
ments. We would like to thank Dr Shou-Chien
Chen, Dr Shiow-Ing Wu, and the Taipei Municipal
Venereal Disease Control Institute for allowing us
to recruit their patients for participation in this
study. We-also thank Miss Yu-Yin Chang for her
help in statistical analysis. Dr Mao-Yen Chen and
Dr Jung-Der Wang contributed equally to this
work.

References

1. Palella FJ, Delaney KM, Moorman AC, et al. Declining
morbidity and mortality among patients with advanced
human immunodeficiency virus infection. N Engl J Med
1998; 338: 853-860.

2. Wu AW. Quality of life assessment comes of age in the era
of highly active antiretroviral therapy. AIDS 2000; 14:
1449-1451. .

3. Hays RD, Cunningham WE, Sherbourne CD, etal.
Health-related quality of life in patients with human im-
munodeficiency virus infection in the United States: Results
from the HIV Cost and Services Utilization Study. Am J
Med 2000; 108: 714-722.

4. Cunningham WE, Shapiro MF, Hays RD, et al. Consti-
tutional symptoms and health-related quality of life in pa-
tients with symptomatic HIV disease. Am J Med 1998; 104:
129-136.




15,

. Lorenz KA, Shapiro MF, Asch SM, Bozzette SA, Hays

RD. Associations of symptoms and health-related quality
of life: Findings from a national study of persons with HIV
infection. Ann Intern Med 2001; 134: 854-860.

. Bing EG, Hays RD, Jacobson LP, et al. Health-related

quality of life among people with HIV disease: Results from
the Multicenter AIDS Cohort Study. Qual Life Res 2000; 9:
55-63.

. Low-Beer S, Chan K, Wood E, et al. Health-related quality

of life among persons with HIV after the use of protease
inhibitors. Qual Life Res 2000; 9: 941-949.

. Osowiecki DM, Cohen RA, Morrow KM, et al. Neuro-

cognitive and psychological contributions to quality of life
in HIV-l-infected women. AIDS 2000; 14: 1327-1332.

. Weinfurt KP, Willke RJ, Glick HA, Freimuth WW,

Schulman KA. Relationship between CD4 count, viral
burden, and quality of life over time in HIV-1-infected
patients. Med Care 2000; 38: 404-410.

. Call SA, Klapow JC, Stewart KE, et al. Health-related

quality of life and virologic outcomes in an HIV clinic. Qual
Life Res 2000; 9: 977-985.

. Nieuwkerk PT, Gisolf EH, Colebunders R, Wu AW,

Danner SA, Sprangers MA. Quality of life in asymptomatic
and symptomatic HIV-infected patients in a trial of riton-
avir/saquinavir, therapy. The Prometheus Study Group.
AIDS 2000; 14: 181-187.

. Nieuwkerk PT, Gisolf EH, Reijers MH, Lange JM, Danner

SA, Sprangers MA. Long-term quality of life outcomes in
three antiretroviral treatment strategies for HIV-1 infec-
tion. AIDS 2001; 15: 1985-1991.

. Bucciardini R, Wu AW, Floridia M, et al. Quality of life

outcomes of combination zidovudine-didanosine-nevira-
pine and zidovudine-didanosine for antiretroviral-naive
advanced HIV-infected patients. AIDS 2000; 14: 2567-
2574, ’

. Freedberg KA, Losina E, Weinstein MC, et al. The cost

effectiveness of combination antiretroviral therapy for HIV
disease. N Engl J Med 2001; 344: 824-831.

Schackman BR, Goldie SJ, Weinstein MC, Losina E,
Zhang H, Freedberg KA. Cost-effectiveness of earlier ini-
tiation of antiretroviral therapy for uninsured HIV-infected
adults. Am J Public Health 2001; 91: 1456-1463.

. Smith MY, Feldman J, Kelly P, DeHovitz JA, Chirgwin K,

Minkoff H. Health-related quality of life of HIV-infected
women: Evidence for the reliability, validity and respon-
siveness of the Medical Outcomes Study Short-Form 20.
Qual Life Res 1996; 5: 47-55.

. Wachtel T, Piette J, Mor V, Stein M, Fleishman J, Car-

penter C. Quality of life in persons with human immuno-
deficiency virus infection: Measurement by the Medical
Outcomes Study instrument. Ann Intern Med 1992; 116:
129-137.

. Wu AW, Revicki DA, Jacobson D, Malitz FE. Evidence

for reliability, validity and usefulness of the Medical Out-
comes Study HIV Health Survey (MOS-HIV). Qual Life
Res 1997; 6: 481-493.

. Anderson JP, Kaplan RM, Coons SJ, Schneiderman LJ.

Comparison of the Quality of Well-being Scale and the SF-
36 results among two samples of ill adults: AIDS and other
illnesses. J Clin Epidemiol 1998; 51: 755-762.

20.

21.

22

23.

24.

28.

29.

30.

31

32.

33.

34.

35.

761

Kaplan RM, Anderson JP, Patterson TL, et al. Validity of
the Quality of Well-Being Scale for persons with human
immunodeficiency virus infection. Psychosom Med 1995;
57: 138-147.

Leplege A, Rude N, Ecosse E, Ceinos R, Dohin E, Pouchot
J. Measuring quality of life from the point of view of HIV-
positive subjects: The HIV-QL31. Qual Life Res 1997; 6:
585-594.

Holmes WC, Shea JA. A new HIV/AIDS-targeted quality
of life (HAT-QoL) instrument: Development, reliability,
and validity. Med Care 1998; 36: 138-154.

Lubeck DP, Fries JF. Assessment of quality of life in early
stage HIV-infected persons: Data from the AIDS Time-
oriented Health Outcome Study (ATHOS). Qual Life Res
1997; 6: 494-506.

De Boer JB, Sprangers MA, Aaronson NK, Lange JM, van
Dam FS. A study of the reliability, validity and respon-
siveness of the HIV overview of problems evaluation system
(HOPES) in assessing the quality of life of patients with
AIDS and symptomatic HIV infection. Qual Life Res 1996;
5: 339-347.

. Smith KW, Avis NE, Mayer KH, Swislow L. Use of the

MQoL-HIV with asymptomatic HIV-positive patients.
Qual Life Res 1997; 6: 555-560.

. Peterman AH, Cella D, Mo F, McCain N. P.sychometric

validation of the revised Functional Assessment of Human
Immunodeficiency Virus Infection (FAHI) quality of life
instrument. Qual Life Res 1997; 6: 572-584.

. Thumboo J, Fong KY, Ng TP, et al. Validation of the

MOS SF-36 for quality of life assessment of patients with
systemic lupus erythematosus in Singapore. J Rheumatol
1999; 26: 97-102.

WHOQOL Group. The development of the World Health
Organization Quality of Life Assessment Instrument (the
WHOQOL). In: Orley J, Kuyken W (eds), Quality of Life
Assessment:  International Perspectives. New York:
Springer-Verlag, 1994.

WHOQOL Group. The World Health Organization quality
of life assessment (WHOQOL): Development and general
psychometric properties. Soc Sci Med 1998; 46: 1569—
1585.

Bonomi AE, Patrick DL, Bushnell DM, Martin M. Vali-
dation of the Umited States’ version of the World Health
Organization Quality of Life (WHOQOL) instrument.
J Clin Epidemiol 2000; 53: 1-12.

WHOQOL Group. Development of the World Health Or-
ganization WHOQOL-BREF quality of life assessment.
Psychol Med 1998; 28: 551-558.

The WHOQOL-Taiwan Group. The User’s Manual of the
Development of the WHOQOL-BREF Taiwan Version. 1st
edn., Taiwan, Taipei, 2000.

Holzemer WL, Henry SB, Nokes KM, et al. Validation of
the sign and symptom check-list for persons living with
HIV disease (SSC-HIV). J Adv Nurs 1999; 30: 1041-1049.
Centers for Disease Control and Prevention. 1993 Revised
classification system for HIV infection and expanded sur-
veillance case definition for AIDS among adolescents and
adults. MMWR 1992; 41(RR-17): 1-19.

Nunnally JC. Psychometric Theory. New York: McGraw-
Hill, 1967: 226.

33




762

36.

37.

38.

39.

40.

Hays RD, Anderson RT, Revicki D. Assessing reliability
and validity of measurement in clinical trials. In: Staquet
MJ, Hays RD, Fayers PM (eds), Quality of Life Assessment
in Clinical Trials: Methods and Practice. New York:
Oxford University Press, 1998: 174-175.

Prisant LM, Carr AA, Bottini PB, Thompson WO, Rho-
ades RB. Repeatability of automatic ambulatory blood
pressure measurements. J Family Practice 1992; 34: 569-
574.

Guyatt GH, Feeny DH, Patrick DL. Measuring health-
related quality of life. Ann Intern Med 1993; 118: 622-629.
Aaronson NK, Bullinger M, Ahmedzai S. A modular ap-
proach to quality-of-life assessment in cancer clinical trials.
Recent Results Cancer Res 1988; 111: 231-249.

Aaronson NK, Ahmedzai S, Bergman B, et al. The Euro-
pean Organization for Research and Treatment of Cancer

W

QLQ-C30: A quality-of-life instrument for use in interna-
tional clinical trials in oncology. J Natl Cancer Inst 1993;
85: 365-376.

41. Sprangers MA, Cull A, Groenvold M, Bjordal K, Blazeby
J, Aaronson NK. The European Organization for Research
and Treatment of Cancer approach to developing ques-
tionnaire modules: An update and overview. EORTC
Quality of Life Study Group. Qual Life Res 1998; 7: 291-
300.

Address for correspondence: Jung-Der Wang, Institute of Oc-
cupation Medicine and Industrial Hygiene, College of Public
Health, National Taiwan University, Taipei 100, Taiwan, ROC
Phone: +886-2-23123456 ext. 2224; Fax: + 886-2-23224660
E-mail: jdwang@ha.mc.ntu.edu.tw

ot



AUTHOR’S PROOF!

;“ Quality of Life Research 00: 000-000, 2003. 1
'. © 2003 Kluwer Academic Publishers. Printed in the Netherlands.

Integrating health profile with survival for quality of life assessment

Jing-Shiang Hwang' & Jung-Der Wang*®
Unstitute of Statistical Science, Academia Sinica; *Institute of Occupational Medicine and Industrial Hygiene,
National Taiwan University College of Public Health, Taipei (E-mail: jdwang@ha.mc.ntu.edu.tw);

-3Department of Internal Medicine, National Taiwan University Hospital, Taiwan

Accepted in revised form 10 January 2003

Abstract

In cohort studies or clinical trials, measurements of quality of life (QoL) were averaged across available
individuals for each group at given points in time to produce single measures for comparisons. However,
estimates of these single measures may be severely biased if substantial mortality occurs over time. The
objective of this study is to develop a method that integrates QoL measurement and survival for long-term
evaluation of health services. We defined a mean QoL score function over time for an index population as
the average QoL score of all individuals both alive and dead at each time point in the population. While a
living subject’s QoL can be assessed by asking one’s subjective preference, the score of a decedent can be
assigned a fixed value depending on the specific facet on health profile. The mean QoL score function over
time is reduced to a single measure of expected cumulative QoL score, which is the area under the curve of
mean QoL score function over a given time interval and can be estimated by taking a random sample from
a cross-sectional survey. For the QoL score function to be extrapolated to life-long, it requires the as-
sumption that the disease causes premature death or a long-term moderate impairment of QoL. We
provided methods and computer programs for estimating mean QoL score functions and the reduced single
measures for use in comparisons. A cohort of 779 breast cancer patients from Chiangmai, Thailand were
followed for 12 years to demonstrate the proposed methods. The data included the 12-year complete
survival records and QoL scores on 233 patients collected from a cross-sectional survey using WHOQOL
questionnaire and standard gamble method. The expected cumulative QoL scores using utility and psy-
chometric scales were compared among patients in four groups of clinical stages in this cohort for time
from onset up to 12 years and life-long. We conclude that such an integration of QoL measurement with
survival can be useful for the evaluation of health service and clinical decision.

Key words: Health profile, Monte Carlo method, Quality-adjusted life year, Quality-adjusted survival

Introduction

Health-related quality of life (HRQoL) assessment
is increasingly used in clinical trials and other
health outcome evaluation [1]. HRQoL is gener-
ally defined as the individual’s perception of their
position in life in the context of the culture and
value systems in which they live and in relation to
their goals, expectations, standards and concerns
[2]. It is a multidimensional concept incorporating
both functional status and the individual’s per-

ception of health. Thus, many generic and condi-
tion-specific questionnaires have been proposed to
assess these effects [3-5). These QoL measures are
similar in that each expresses the effects of medical
care in terms that can be reported directly by a
patient. However, the rationales for the methods
differ considerably. Most of the available psycho-
metric measures include multiple dimensions such
as physical functioning, psychological status and
social relationships in order to create a profile of
patient outcomes. While utility-based methods
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assign a value to a specific health state to reflect
global impact of that state on the patient’s overall
QoL [6-9].

Since a patient’s QoL continuously fluctuates or
changes over time, many HRQoL studies have
considered summarizing measurement and analy-
sis from a time perspective. In clinical trials,
HRQoL assessments were often conducted by
administering profile questionnaires at multiple
time points before, during, and after an interven-
tion, with a focus on summarizing or showing the
changes in-QoL over time (or longitudinally) and
across different individuals for group comparison
[10]. In practice, the summary measures are often
constructed to obtain population mean QoL score
estimates at given time points using sampled data
from each population. However, it has been a
noteworthy problem that the estimates can be bi-
ased if there is a substantial proportion, say, 40%,
of mortality in a study over time [11]. There is also
argument regarding the assignment of scores to
those who die in the study. Thus, so far there have
been relatively few methods developed for sum-
marizing health profile measures taking account of
mortality or survival across time during longitu-
dinal follow-up.

In this study, we first clarify the definition of
mean QoL score function over time for an index
population, which is a function of average score
across all individuals both alive and dead at a
given time in the index population. While a living
subject’s QoL can be assessed by asking one's
subjective preference, the score of a decedent can
be assigned a fixed value depending on the specific
facet on health profile. We then show that the
mean QoL score function can be presented in
terms of survival function and average QoL score
function of the sub population of living individu-
als. When the survival data are complete, the
survival function can be estimated quite accurately
using available techniques. The average QoL score
function of the sub population of living individuals
can be estimated by kernel-smoothing the data of a
random sample from a cross-sectional survey of
QoL on the living individuals, which was demon-
strated in a previous simulation study by Hwang
et al. [12]. When the data are not complete such as
in follow-up studies with heavy censoring, the
mean QoL score functions can be accurately esti-
mated over time only up to the end of the follow-
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up. Then, the lifetime score for the whole popu-
lation can also be extrapolated by a Monte Carlo
method proposed by Hwang and Wang [13).
Therefore, we can obtain relatively accurate mean
QoL score function estimates, which can be fur-
ther plotted against the whole life span for specific
QoL domain or item scales in different treatment
groups. When the QoL score function is replaced
by utility function, the area under the whole life
span is the expected quality-adjusted life expec-
tancy (QALE).

Data from a cohort of 779 cases of breast cancer
from Chiangmai, Thailand followed for 12 years
were used as an example to illustrate the proposed
methods [14]. The cohort was stratified into four
groups with different clinical stages. To the end of
the follow-up, June 30, 1997, the survival and
mortality of the 779 patients were well recorded.
Measurements of QoL were obtained through a
cross-sectional survey on 223 patients during
1996-1997 using utility measurement of standard
gamble and the questionnaire of World Health
Organization quality of life (WHOQOL). We
computed and compared expected QALYs in
utility and psychometric scores for the four groups
of cancer patients for time up to 12 years and life-
long. :

Methods

In this section, we first clarify the definition and
interpretation of mean QoL function over time for
an index population and then introduce methods
for estimating the function. Let g{¢) be the unob-
served QoL score at time ¢ since the onset of a
specific disease or health condition on the ith in-
dividual patient in an index population. The QoL
score can be measured using the utility or health
profile instrument. In most QoL measurement, we
often can rescale the QoL score to a value between
0 and 1, in which O represents the worst health
status and 1 represents the perfect health. If a
patient dies during the study, a constant value
between 0 and 1, denoted by 8, could also be as-
signed after that time point for the patient. The
population mean QoL score at each time t is
constructed straightforwardly by the population
average, Q(f) = ﬁz;l gi(?), where N is the size of
the index population. Let G(t) denote the set of




subjects in this index population who are still alive
at time ¢. The size of G(¢) is denoted by M(1). Note
that in the beginning of time 0, M(f) = N. The
mean QoL score function over time ¢ for the index
population can be rewritten as the sum of scores of
those who are still alive plus those who die:

00 =5 T a0+ ¥ aw
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Note that M(¢)/N is the survival rate at time ¢ for
the index population, denoted by S(¢). We may
denote 3w e 9:(t) by Q1) representing the
average QoL score for the sub population of in-
dividuals still alive at time ¢. We then obtain the
following simple equation

00)=8) x Os(t) +[1 —S(¢)] x &

which establishes the relationship between popu-
lation mean QoL score function and survival
function. Note that when QoL score is assigned
with a constant value of | for all living individuals
and § = 0,. Q(¢) is the survival function for the
index population. Therefore, we can interpret the
mean QoL score function as quality-adjusted sur-
vival function when the QoL score is in the (-1
scale. More importantly, this equation provides an
alternative way of estimating Q(¢) by separately
estimating the survival function and the mean QoL
score function for the sub population of the living
individuals. The area under the curve of the mean
QoL score function Q(¢) plotted against time ¢ over
the period [a, b}, presented by

Qla,b] = /b S(H)Q(t)dt + S/b[l — 8(8)] de,

is a common single measure of QoL, with a unit of
psychometric score-time, which is conceptually the
same as quality-adjusted life year (QALY) for the
time period except substituting the utility mea-
surement with health profile scores. This useful
measure Qfa, b] is the expected cumulative QoL
score, which can be also interpreted as expected
quality-adjusted survival time adjusted for the
specific score/utility for an index population over

3

the time period [a, b] . If the QoL score is a utility
measurement, then the measure Q[0, =] is exactly
the QALE with the unit of QALY. When the QoL
is a score from psychometric measurement, then
the unit is a score-time, say, score-month or score-
year, etc. Namely, it is a psychometric score ad-
justed by survival function and should specify the
time unit for comparative purpose. The proposed
formula is a generalization from that derived by
Hwang et al. using integration techniques in which
d is restricted to be 0 [12].

To estimate the expected cumulative QoL score
QOla, -b], we can conduct on discrete time by di-
viding the entire time period [«, b] into K disjointed
short intervals [t;,_, tx), k =1, K, K. where ¢, = a
and ¢4 =b. Ihe estimate of survival at time f,
denoted by S(#). can be easily obtained using
common approaches such as Kaplan—Meier
method when complete survival'data are available.

. To obtain the estimate of mean QoL for the sub

population, Q,(tk), we only need measurements
from a cross-sectional survey on the living indi-
viduals, instead of the costly repeated measures,
and using kernel smoothing techniques or fitting a
non-linear curve to the interviewed scores. The
estimate of population mean QoL at time # is
Q(t/,) = S(tk) X Q,(tk) + [1 - S(fk)] x 8. The ex-
pected quality-adjusted survival time over the pe-
riod [a, b] can be estimated using a trapezoidal
approximation:

K
Qla,b] = %Z(fk = 6-0)[0(1) + Ot-)].
k=1

Extrapolation to lifetime with censored follow-up
data

When the data are complete, simulation studies
conducted by Hwang et al. showed the estimator is
quite accurate [12]. However, especially for follow-
up studies with heavy censoring, the mean QoL
score function Q(¢) for the index population can be
accurately estimated only over time up to the end
of follow-up. Hwang and Wang have proposed a
Monte Carlo extrapolation approach to provide
estimate of Q(#) for ¢ beyond the close of follow-up
{13]. The main idea of that approach is to borrow
information of long-term survival from a reference
population matched with the same age and gender

N
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for every individual of the index population. In
other words, we can generate a hypothetical ref-
erence population composed of exactly the same
age and gender distribution through Monte Carlo
simulation method from the vital statistics. Then,
fit a simple linear regression to the logit of the ratio
between Q(7) of the index population and the
simulated survival function of the reference pop-
ulation for a certain point in time to the end of the
follow-up. Finally, use the predicted line to ex-
trapolate Q(7) beyond the follow-up. On this ap-
proach, one must assume that the mean QoL score
.- function Q(r) for the index population at time t
should be no greater than that of the reference
population {13], which only holds for any disease
that results in premature death or affects QoL
moderately on a long-term basis. A feedback plot
to check the linearity assumption is also provided
to assure the validity. Simulation studies have
shown that this is a potential approach for esti-
mating mean QoL score function and survival
function beyond the follow-up with a certain de-
gree of accuracy. The Bootstrap approach was also
proposed to estimate standard errors of the esti-
mates [15]. The authors have provided a free
package of S-Plus functions for computing the
estimates and standard errors of the estimates for
Qla, 5] and other applications [16]. Users only
need to input files of survival data, cross-sectional
survey data of QoL score, and sample of age and
gender from the index population, in addition to a
file of life table if extrapolation is needed.

Example of a breast cancer cohort

The detailed information of a cohort of 779 cases of
breast cancer who were first diagnosed during
1985-1994 were followed regularly at Chiangmai
cancer registry for 12 years was described else-
where [14]. Briefly, the Chiangmai cancer registry is
a population-based registry, co-sponsored by the
Chiangmai University Faculty of Medicine and
WHO, which actively collected data on cancer
patients from one university hospital, 10 private
hospitals, and 26 public hospitals in Chiangmai
province, Thailand [17]. The cohort has been
stratified into four groups with different clinical
stages with group sizes 81, 330, 226 and 142, re-
spectively. The average onset age of these 779 pa-

Y

tients were 50.3 + 13.0 years old with a range of
22-95. By the time of censoring, June 30, 1997,
there were 75, 244, 106, and 28 patients still alive
for stages I-1V, and the 12-year survival rates were
93, 74, 47, and 13%, accordingly. To establish the
QoL function curve through time for each stage, we
needed to obtain a random sample of 50 in size [12].
In addition, we added 15-25 patients whose dura-
tion-to-dates were less than 2 years, because the
original cohort no longer collected patients by the
end of 1994 and the QoL function was relatively
unstable during the first 2 years after
diagnosis. A cross-sectional survey was then
implemented and the response rate was about 80%.
In total, we collected 64, 72, 69 and 28 patients in
stages I-IV for HRQoL interview during 1996—
1997. Patients were asked to fill out the WHOQOL.-
100 questionnaire followed by standard gamble
method conducted by an interviewer to elicit the
utility value of her current health state [8].

The WHOQOL-100 was originally designed by
the WHOQOL group, which intended to assess

~detailed health profile on four domains with 25
facets inquiring about physical/independent, psy-

chological/spiritual, social relationship and envi-
ronment {2, 18]. Each facet consists of 4 items in
which a five point Likert scale (1-5 score) is used.
The facet score, given by the sum of its four item
scores, ranges from 4 to 20. The domain score is
obtained by averaging the facet scores in that do-
main. In this study we rescaled the domain score
by subtracting 4 and then dividing by 16 to a value
between 0 and 1 corresponding to the worst and
best health status of that domain, respectively. The
rescaled score is still a preference measure. But it
can be treated as a psychometric QoL score for
comparison with the utility measurement obtained
from standard gamble method, which also ranges
between 0 and 1.

Results
Figure 1 shows the estimated survival, average

scores of physical domain of WHOQOL obtained
from living patients and the physical domain

'score-adjusted survival functions over the 12-year

follow-up period for the four stages of breast
cancer patients. The plots were produced from the
free package in which the survival functions were
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Figure 1. The estimated quality of life adjusted survival func-
tions (solid curves) for stages I-IV breast cancer patients after
144 months of follow-up. Scores from the physical domain of
WHOQOL were used for demonstration. The dotted curve is
the estimated survival functions. The dashed curve is the esti-
mated average quality of life score of living patients. The
shaded area is the expected cumulative physical score-months
over the 144 months of follow-up.

estimated using Kaplan-Meier method on the
survival data of the breast cancer cohort. The es-
timated score function for physical domain of each
subgroup of living individuals was obtained using
kernel smoothing method on the sampled patients
with different duration-to-dates. The shaded area
under the estimated physical domain score-ad-
justed survival function in each plot was the ex-
pected cumulative physical domain score-time or

5

physical domain adjusted survival titme over the
12 years of follow-up. The average QoL scores of
physical domain in living patients were usually
lower in the first months of follow-up and then
slowly increased to stable levels. Because only five
stage IV patients survived for more than 5 years,
the curve was over-smoothed after 5 years. How-
ever, the survival rates were very low for stage IV
patients, and the estimated QoL adjusted survival
function would not be greatly affected. Table 1
summarizes the results of estimated expected sur-

‘vival in months, expected quality-adjusted survival

time adjusted for standard gamble utility, and for
physical, psychological, social, and environmental
domain scores, respectively, over the 12 years of
follow-up and life-long. The estimated 12-year
mean survival times are 134, 112, 77 and
33 months for the four stages, accordingly. The
expected- quality-adjusted survival time adjusted
for utility, were higher than those adjusted with
the psychometric scores in all the four stages. The
12-year cumulative psychometric adjusted survival
for social domain seemed to be the worst domain
compared with other QoL domains in WHOQOL,
which indicates that social life is the most severely
affected.

To extrapolate the mean QoL score function
beyond the follow-up of 12 years, we have checked
the linearity assumption for logit of the ratio be-
tween Q(?) of the index population and the simu-
lated reference population. As examples shown in
Figure 2, the assumption seemed to be largely
fulfilled for four stages for the last 60 months of
144-month follow-up. Figure 3 shows the esti-
mated QoL adjusted survival functions up to
30 years for the stage I group. The curves against
time beyond 144 months were extrapolated using
the Monte Carlo approach on a reference group
with age and gender matched for stage I group,
which were generated from the general population
using 1990 vital statistics of Thailand. The patterns
of QoL adjusted survival functions over time were
similar for utility measure, and psychometric
scaling for physical and psychological domains,
which shared a constant decreasing rate during
this time period. The QoL adjusted survival func-
tions for social and environmental domains be-
haved to have less decreasing rates. The lower half
of Table | summarizes the results of estimated
expected survival time, quality-adjusted survival
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Table 1. The estimates of expected survival time (in months), quality-adjusted survival time (QAST) adjusted for standard gamble
utility and psychometric scores obtained from physical, psychological, social and environmenta! domains during 144 months of follow-
up and life-long for breast cancer patients in the four clinical stages.

QoL scale Stage [ Stage IT Stage I Stage IV
Estimate SE Estimate SE Estimate SE Estimate SE
Over 144 months of follow-up
Survival time 134.2 38 119 2.7 76.9 4.1 33.1 38
QAST adjusted for .
Standard gamble 117.7 36 924 29 62.1 35 26.7 33
Physical score 98.5 3.3 77.0 29 53.5 3.1 20.2 25
Psychological score 93.4 31 74.1 22 50.8 30 209 24
Social score 874 34 75.1 22 49.8 30 20.5 2.2
Environmental score 91.1 29 74.1 22 51.3 29 20.9 25
Extrapoluted to life-long
Survival time 2715 59.8 166.2 153 118.6 17.1 36.9 6.1
QAST adjusted for : :
Standard gamble 274.6 39.5 144.0 17.5 104.9 16.5 29.9 54
Physical score 215.5 332 1223 16.0 84.0 13.3 22.8 4.1
Psychological scote 2035 . 30.6 111.9 12.0 74.6 104 23.5 4.3
‘Social score 2135 424 1229 142 82.7 123 23.2 3.9
Environmental score 2218 317 118.7 12.9 77.6 12.1 235 4.3
Survival time for reference group 379.5 1.8 3613 1.7 3268 1.8 3136 1.9

The standard errors were estimated using the Bootstrap approach. The reference group was created by matching onset ages of patients

in each clinical stage group using female Thai vital statistics in 1990.

time adjusted for utility and for the four domain
scores of WHOQOL after extrapolation to
50 years or life-long. The estimated life expectan-
cies were 278, 166, 119 and 37 months for the four
clinical stages of breast cancer patients. While the
survival times for the four reference groups of
people with perfect health (or QoL = 1) were 380,
361, 327 and 314 months, accordingly. The results
revealed that psychological domain has the
smallest life-long score-time for stages I-III, which
implies that breast cancer patients need a long-
term psychological care.

The results shown in Table 1 were based on the
assumption of assigning the dead 0 score. To ex-
plore the sensitivity of assigning the death score,
we calculated the expected psychological score-
time adjusted survival time for the four stages with
death score 0.1 and 0.2, respectively. We have
chosen 0.2 because of the minimum psychological
score of 0.22 found in the 233 sampled patients.
The results are summarized in Table 2. The ex-
pected adjusted survival time increased as death
scores increased. There were limited increased
adjusted survival time for stage I patients because
of a high survival rate. But the expected life-long

qo

adjusted survival time for psychological domain
increased from 23.5 score-months with death score
0 to 130.3 score-months with death score 0.2 for
the stage IV patients. The result indicates that
expected quality-adjusted survival time was very
sensitive to the assignment of death score for a
disease with high mortality rate.

Discussions

In clinical trials, measured QoL scores using utility
or psychometric health profile methods were usu-
ally compared for available patients at specific
time points: before, during, and at the end of the
trials. Summary measures over time were usually
used for comparisons and reports. However, pa-
tient’s survivorship is either ignored or considered
separately from the observed QoL scores [19]. The
ignorance of mortality has caused a serious prob-
lem of bias in the summarized QoL measures. In
this study, we proposed a clear definition of mean

QoL score function over time for an index popu-

lation, which is the average score of all patients
both alive and dead at a given time. Moreover, we
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Figure 2. The logit of the ratio between the estimated mean
physical QoL score function and survival function for reference
population by clinical stages plotted against time over the
144 months of follow-up.

have also shown that the mean QoL score is the
sum of following two products: the average score
of surviving patients multiplied with population
survival rate, and the mortality rate multiplied
with the average score of decedents after assigning
a fixed value. The survival of the population is
then naturally integrated with QoL measure so
that we can interpret the mean QoL score function
as the QoL adjusted survival function. The QoL
adjusted survival function is further extended to
define the cumulative QoL score for an index
population over a time duration, which can sup-
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plement the drawback of only comparing one or
several specific time points. When the QoL score is
rescaled to 0-1, life-long cumulative QoL score is
equivalent to the commonly used expected quality-
adjusted survival time in cost-effectiveness analysis
[20]. We have provided a general form and pro-
cedures for calculating expected quality-adjusted
survival time using both utility and health profile
measures. Most HRQoL studies have assigned 0
score to the dead, although many people may
disagree and there seems to have no consensus.
Our proposed method allowed researchers to as-
sign different constant values to the decedents ac-
cording to different items or domains in heaith
profile assessment. We propose that such a value
had better be less than the lowest value of those
alive during sensitivity analysis. Since the lowest
possible score in our study for different domains
was .22, we decided to assign scores of 0, 0.1 and
0.2 for sensitivity analysis of scoring the dead
subjects, which therefore can be implemented to
provide additional information for a more delicate
clinical decision-making.

Although we have provided a clear interpreta-
tion of the combination of QoL with survival
through the definition of population mean QoL.
some practical problems are worth further clari-
fication. The major critique on the combination of
QoL and survival is the potential dependence of
QoL on survival [19]. In general, patients who are
about to die or to be lost to follow-up tend to
have worse current scores, whereas those who
survive longer tend to have somewhat better cur-
rent scores [11, 20]. It indicates that the average
scores obtained from a sample of the surviving
patients might produce a positive bias because
patients with worse scores may be less represented
in the sample. Hence, a (stratified) random sample
of currently surviving patients, which cover all
different duration-to-dates or times-after-diagno-
sis, should be essential to an accurate measure for
the combination of QoL measures and survival.
In other words, our current approach of con-
ducting a cross-sectional survey with kernel-
smoothing the data to estimate the mean QoL
function at different duration-to-dates may not be
very accurate. It can be further improved by re-
peated measurements for the same cohort fol-
lowed by constructing a mixed-effects mode! and
adding more predictors of Qol. as fixed factors.

al
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Figure 3. The estimated quality of life adjusted survival functions for stage I breast cancer patients using physical, psychological, social

and environmental measures of WHOQOL and standard gamble utility.'

By doing so, we can actually improve the esti-
mates of QALE as well as lifetime psychometric
scores.

Another concern is the choice of an appropriate
reference population. While it is very convenient to
use the life table of general population on vital

statistics, one can only match with the index
population on age and gender. A more accurate
estimation may be achieved through a more de-
liberate selection of a reference population that are
comparable with the index population on other
determinants of outcome [21], because then the

Table 2. Results of sensitivity analysis for assigning scores of 0, 0.1 and 0.2 to the state of death on the estimates of expected
cumulative psychometric score-months obtained from psychological score of four clinical stages of breast cancer for 144 months of

follow-up and life-long

Time duration Death Stage [ Stage IT Stage II1 Stage IV
Score
Estimate  SE Estimate  SE Estimate  SE Estimate  SE
144 months 5=0 93.4 3.1 74.1 22 50.8 30 20.9 24
5 =01 94.4 3.0 713 20 575 2.6 320 22
5 =02 95.4 2.5 80.6 1.8 64.2 22 43.1 1.7
Life-long 5=0 203.5 30.6 111.9 120 74.6 10.4 23.5 4.3
8 =101 2133 274 135.2 11.0 111.3 8.4 76.9 2.
5 =02 216.1 29.1 136.5 8.6 148.1 6.5 1303 1.6

q2




linear assumption of logit of W(f) may be more
easily fulfilled.

The QoL adjusted survival functions may pro-
vide more detailed information for different
choices of diagnoses and/or treatments, because
different patients may have different preferences in
different facets and domains. Both patients and
doctors or nurses can look at the figures and nu-
merical values of score-time for different facets or
domains of their future QoL adjusted lives at any
time point from the Q(¢) score functions, which can
be used to facilitate decision-making. The measure
of life-long cumulative QoL score can also be ap-
plied to the general population to calculate a na-
tion's psychometric health life expectancy.

The results of this breast cancer study show that
expected quality-adjusted survival time calculated
from the utility measurement was generally higher
than the rescaled psychometric score-adjusted
survival time. This may indicate HRQoL measure
in terms of utility is really higher' than the 0-1
scaled psychometric scores for the breast cancer
patients. However, it is also possibly caused by the
scale construction difference. The simple $ points
ordinal scale representing increasing or decreasing
severity may be enough for patients to mark their
perception. But the descriptors for the lowest and
highest scale points are often too extreme so that
patients tend not to mark these points even when
their health conditions are close to these ends.
Moreover, most psychometric scores coming from
the Likert scale may not be directly transformed
into a ratio scale of between 0 and 1. These
problems need to be resolved before the rescaled
scores can be used to compare with other utility
measures. Hence, the interpretation on direct
comparison between expected quality-adjusted
survival times using different measures must be
cautious. Further refinement of psychometric in-
struments such as conducting a more detailed de-
scriptor study before use will probably improve
the accuracy and feasibility of our method.
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HEALTH RISK ASSESSMENT ON RESIDENTS EXPOSED
TO CHLORINATED HYDROCARBONS CONTAMINATED
IN GROUNDWATER OF A HAZARDOUS WASTE SITE
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of Public Health, National Taiwan University, Taipei, Taiwan
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Jung-Der Wang
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We conducted this study to estimate residents’ chronic hazard and carcinogenic risk in a
groundwater-contaminated community after on-site remediation in Taiwan during 1999-
2000. We followed guidelines for assessing hazardous waste sites of the U.S. Environ-
mental Protection Agency (EPA) and used empirically measured contaminant levels and
exposure parameters to perform health risk assessment on seven chlorinated hydrocar-
bons. We measured groundwater concentrations of vinyl chloride, tetrachloroethylene,
trichloroethylene, 1, 1-dichloroethylene, 1,1, 1-trichloroethane, cis-1,2-dichloroethylene,
and 1, 1-dichloroethane in 49 off-site residential wells by gas chromatography/mass spec-
trometry. Exposure parameters were mainly derived from our field survey of 382 residents,
and partially from U.S. EPA default values. Total exposure dose estimation included routes
of inhalation during showering and dermal absorption of showers and other activities
involved with hand-water contacts. The ingestion route of water was not included
because most residents drank boiled water with negligible contaminants. We calculated a
hazard index (H1) for all seven chlorinated hydrocarbons and carcinogenic risks for known
human carcinogen of vinyl chloride and probable human carcinogens of tetrachloroethy!-
ene and trichloroethylene, which had the same target organ, the liver. The HI values for
reasonable maximal exposure (RME) and average exposure were 14.3 and 0.2, respec-
tively. The cancer risks based on RME and average exposure (in parentheses) for vinyl
chloride, tetrachloroethylene, and trichloroethylene were 8.4 x 107 (7.3 x 107°), 1.9 x
107 (1.3 x 107), and 1.4 x 107 (1.2 x 107), respectively. We applied Monte Carlo simu-
lations to the sensitivity analysis, which showed that the contaminant levels, exposure
duration, and time for showers were major determinants of health risks. We concluded
that the contaminated groundwater was still unsafe for use even after the contaminated
site underwent remediation by extraction and treatment in 1997.
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Uncontrolled hazardous waste sites have emerged as a major environ-
mental and public health concern in many countries. The Taiwan Environ-
mental Protection Administration (EPA) has identified more than 160 haz-
ardous waste sites (Taiwan EPA, 1999). In 1994, a hazardous waste site
contaminated by a former factory involved in the manufacturing of elec-
tronic appliances was found in Taoyuan City, Taiwan (designated as the R
factory). The factory was built and in operation between 1970 and 1992.
Previous site investigations revealed that on-site soils and groundwater in
the factory were contaminated by about 12 different chlorinated hydro-
carbons for more than 10 yr (Bechtel, 1995; Target, 1995). Eight of them
. were also found in the off-site groundwater of the downstream area, namely,
1,1-dichloroethane (1,1-DCA), 1,2-dichloroethane (1,2-DCA), 1,1-dichloro-
ethylene (1,1-DCE), cis-1,2-dichloroethylene (cis-1,2-DCE), 1,1,1-trichloro-
ethane (1,1,1-TCA), tetrachloroethylene (PCE), trichloroethylene (TCE), and "
vinyl chloride (VC) (ITRI, 1994; Geomatrix, 1995). The highest contaminant
- level in an off-site residential well was 4800 pg/L for PCE, which was adja-
cent to the factory’s source area with soil concentration up to 1100 mg/kg of
PCE (Geomatrix, 1995; Bechtel, 1995). The Taiwan EPA declared the R fac-
tory a hazardous waste site in 1994 and requested remediation action on the
contaminated soils and groundwater within the factory during 1996-1998
(Taiwan EPA, 1994-1997).

An extraction and treatment system for restoring contaminated ground-
water had been operated for 6 mo in 1997 and failed to meet the require-
ments of World Health Organization (WHO) drinking-water guidelines
(Geomatrix, 1998). There are about 10,000 residents currently living in the
village downstream of the R factory. Many residents living in the vicinity of
the factory relied mainly on locally extracted groundwater from residential
wells as their primary source of domestic water supply until 1994. Some of
them still continued to use these wells for showering, washing vegetables
and dishes, or other cleaning activities, even though tap water was supplied.
Concerned about these residents’ potential health risks from chronic expo-
sures to the contaminated groundwater, we initiated a comprehensive study
entitled “Epidemiological Study and Health Risk Assessment for Residents
Living Near a Contaminated Site Polluted by Volatile Chlorinated Com-
pounds” during 1999-2000. This study included measurements of well
waters, toxicological studies with animal models, epidemiological investiga-
tions, and health risk assessment for chlorinated hydrocarbons. We present
here only part of the risk assessment. We demonstrate that a well-planned
and carefully carried-out risk assessment can help evaluate potential health
problems for a contaminated site and identify important exposure parame-
ters for risk management.

METHODS

We conducted this site-specific risk assessment by following the detailed
guidance for developing risk information at hazardous waste sites published

Q6




HEALTH RISKS OF GROUNDWATER CONTAMINATION 221

by the U.S. Environmental Protection Agency (U.S. EPA, 1989, 1998a),
which included the following processes.

Hazard Identification of Contaminants in Groundwater

The hazard identification was mainly based on the considerations
of contaminants’ toxicity, environmental persistence, and concentrations.
Chlorinated hydrocarbons with the characteristics of more toxic, persistent,
mobile, or higher concentrations were our top choices of target chemicals of
concern. In addition, we also considered degradation products from the
chemicals used in the R factory as our target pollutants because many conta-
minants had been present for more than 10 yr (Bechtel, 1995). For example,
PCE can lead to the production of seven chlorinated hydrocarbons, includ-
ing TCE, cis/trans-1,2-DCE, 1,2-DCA, 1,1-DCE, 1,1-DCA, and VC. And
1,1,1-TCA can form 1,1-DCA, 1,1-DCE, and subsequently VC through
anaerobic reductive dehalogenation (Sims et al., 1991). Although all of these
chemicals can be determined by our analytical methods, described later, we
only conducted quantitative risk assessment on the chemicals that exceeded
the maximum contaminant levels (MCLs) of the U.S. EPA (1999). This prac-
tice was in line with the U.S. EPA’'s recommendations in the Risk Assessment
Guidance for Superfund (RAGS) (U.S. EPA, 1989). Moreover, these chemi-
cals’ texicological endpoints and target organs were obtained by reviewing
epidemiologic studies and animal bioassays on these chlorinated solvents
from the literature, such as the TOMES database (Micromedex, 1998), the
Agency for Toxic Substances and Disease Registry Toxicological Profiles
(ATSDR, 2000), Medline databases, etc. In order to perform quantitative risk
assessments on noncarcinogenic health effects, we reviewed systemic toxi-
cities, including hepatotoxicity, nephrotoxicity, and central nervous system
depression, which resulted from chronic exposure to these chlorinated sol-
vents. For conducting quantitative carcinogenic risk assessment, we selected
only chemicals classified by the International Agency for Research on
Cancer (IARC) as Group 1 or 2A (IARC, 1995). We summarized carcino-
genic risks across chemicals that affected the liver as their major target organ
based on animal studies (U.S. EPA, 2001a; Rhomberg, 2000).

Exposure Assessment

Groundwater Sampling and Analysis We conducted groundwater
sampling from off-site residential wells that were still in use for domestic
purposes. According to the local groundwater hydrogeology, the off-site
groundwater flow direction was generally toward the north and northeast
in the first aquifer (Geomatrix, 1998). Residential wells in the nearby com-
munities were identified by a door-to-door survey. The wells were located
from about 50 m up to 1 km away from the factory. For the downstream
wells to the north of the factory, we collected a total of 69 samples from
44 wells with 1 sample per well for 32 wells and 2 to 3 samples per well for
the other 12 wells. For the upstream community, we collected two ground-
water samples of water from two wells to the south of the factory and
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another three samples from three wells to the west of the factory. In total,
we had 74 groundwater samples to describe environmental concentra-
tions of chlorinated hydrocarbons surrounding the hazardous site.

We followed the standard procedures of sampling groundwater. In brief,
water in the wells was drawn directly from the wells with a bailer and then
stored in 30-ml brown bottles containing 30 mg preadded ascorbic acid.
The bailer was washed with the well water twice before each collection.
Each sampling bottle was filled completely and sealed immediately to
ensure water samples without bubbles. All water samples were stored at 4°C
before analysis, and the analytical work was completed within 2 wk after
sampling.

Nineteen chlorinated volatile organic compounds -(VOCs) were
measured in this study, including VC, PCE, TCE, 1,1-DCE, cis/trans-1,2-DCE,
1,1,1-TCA, 1,1-DCA, 1,2-DCA, chloroethane trlchloroﬂuoromethane meth-
ylene chloride, chloroform, benzene, bromodichloromethane, toluene,
1,1,2-trichloroethane, chlorobenzene, and 1,1,1,2-tetrachloroethane. The
VOC concentrations were determined by using a method modified from
U.S. EPA Method 524.2 (U.S. EPA, 1992a). Briefly, a purge and trap device
(Tekmar 3000) was used to collect the analytes, which were subsequently
analyzed by a gas chromatograph/mass spectrometer (HP6890 and HP5972,
Hewlett Packard, USA) equipped with an RTX-Volatiles capillary column (60
m x 0.32 mm x 1.5 pm). Calibration was performed by the internal standard
method using 50 pg/L fluorobenzene and 4-bromofluorobenzene in each
sample for quantification. The detection limit of each VOC was calculated
by 7 different analyses of the VOC standards at 0.4 pg/L. Based on threefold
the standard deviation of the mean standard concentration, the detection
limits for these 19 VOCs ranged from 0.01 to 0.1 pg/L. Nondetected (ND)
values were replaced by half of their detection limits when calculating the
geometric and arithmetic mean of concentrations. The reproducibility was
evaluated with nine sets of groundwater samples containing VOCs and was
calculated from two duplicate analyses. The relative mean deviation of these
duplicates was within 20% for most of the target VOCs.

Water Exposure Parameters We used empirical data from our field
survey to obtain exposure parameters for a more realistic risk prediction.
Residents in the nearby communities were invited to participate in a com-
plete physical examination including a detailed structured questionnaire.
We collected data on body weight, height, exposure-related activities such
as drinking water, showering, food and cloth washing, etc., as well as expo-
sure duration and time. However, for ventilation rate, chemical-specific
permeability coefficient, and average time, which were not collected in our
study, the default values recommended by the U.S. EPA were adopted (U.S.
EPA, 1992b, 1997a).

We considered all the potential exposure routes, including ingestion,
inhalation, and dermal absorption, in the exposure assessment. First, we
conducted an experiment to measure VOCs in boiling water to examine
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whether ingestion of boiled water was a potential exposure pathway be-
cause the survey showed that 99% of the residents drank boiled water.
Second, the inhalation exposure from volatilization in showers was esti-
mated by using the model developed by Little (1992) and the physical
characteristics of shower system in Taiwan reported by Kuo et al. (1998).
The parameters of such shower rooms were 1.2 m’ of air in the shower,
water flow rate of 5 L/min, air flow rate of 50 L/min, air exchange rate of
2.5 times/h, water temperature of 44°C, and shower-head height of 1.8 m.
Based on two-resistance theory, we can obtain overall mass-transfer coeffi-
cients with a liquid-phase basis (Ky,A) for PCE and TCE that were 7.2 L/
min, and 9.2 L/min, respectively (Little, 1992). The values of K, A for the
other 5 chlorinated hydrocarbons were assumed to be 9.2 L/min because
experimental data were not available. The values of absorption efficiency
of chlorinated hydrocarbons in the alveoli were assumed around 50%, be-
cause TCE and 1,1,1-TCA were estimated to have inhalation absorption
efficiency in the range of 30-78% (Pleil et al., 1998; Byard, 1989). Third,
the dose from dermal absorption was estimated for showering and hand
exposure-related activities, such as washing vegetables, washing dishes,
and doing laundry by hand: The fractions of skin in contact with water
‘were assumed to be 80% for showering, and 8% for washing activities
involved with hand exposure, respectively. The chemical-specific perme-
ability coefficients were derived from a report of dermal exposure assess-
ment of the U.S. EPA (1992b). ‘ _

The site-specific exposure parameters used in our study were obtained
as follows: The exposure duration was defined as the period in years be-
tween the year of initial exposures after 1970 and the year at the end of
exposures. The exposure time during showering was defined as the minutes
per day that an individual spent for a shower using groundwater. A default
value of 20 min/d was assumed for the exposure time of hand exposure-
related activities. The skin surface area was estimated by using a formula
(surface area = 0.0239H%*"W ") proposed by the U.S. EPA (1997a) and
the heights (H) and weights (W) of 382 individuals measured by the regis-
tered nurses.

Our risk assessments were based on two exposure scenarios: the reason-
able maximum exposure (RME) as a precautionary estimate, and the average
exposure proposed by the U.S. EPA (1989, 1998a, 2001b). For RME, we
used the upper-bound estimate of each input variable, which were the 95%
upper confidence limit of the arithmetic mean for chemical concentrations
and the 95th percentiles of exposure parameters for their corresponding dis-
tributions. For average exposure, we used the geometric means of contami-
nant concentrations and the arithmetic means of exposure parameters to
estimate health risks.

Chronic daily intakes were calculated both for inhalation while shower-
ing and for dermal absorption from showers and hand exposure-related ac-
tivities. Lifetime intake was defined as the exposure dose per unit body
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weight and per unit time, averaged over an assumed lifetime of 70 yr. The
equations for calculating chronic daily intakes are displayed as follows:

Dermal contact:

CxSAx FxPCxET x EFxED xCF
BW x AT

Chronic daily intake (mg/kg-d) =

(U.S. EPA, 1989, 1997a), where C is chemical concentration in ground-
water (mg/L), SA skin surface area (m?), F fraction of skin in contact with
water (unitless), PC Permeability coefficient (cm/h), ET exposure time
(h/d), EF exposure frequency (d/yr), ED exposure duration (yr), and AT
average time (d) using lifetime intake for carcinogen = 70 x 365 and
chronic intake for noncarcino%en = ED x 365, BW body weight (kg), and
CF conversion factor (107! L/m?).

Inhalation:

C,. x VR x AE x ET x EF x ED x CF
 BW x AT

Chronic daily intake (mg/kg-d) =

(Kuo et al., 1998; U.S. EPA, 1989, 1997a), where C,, is concentration in
air (mg/L), VR ventilation rate (m’/h), AE absorption efficiency in alveoli
(unitless) = 50%, ET exposure time (h/d), EF exposure frequency (d/yr), ED
~ exposure duration (yr), AT average time (d) using lifetime intake for car-
cinogen = 70 x 365 and-chronic intake for noncarcinogen = ED x 365,
BW body weight (kg), and CF conversion factor (10° L/m>).

Dose Response/Risk Characterization

Chronic hazards and carcinogenic risks were characterized by incorpo-
rating exposure assessment and toxicity values. Hazard index (HI) was used
as an indicator of noncarcinogenic risk, which summarized the ratios of the
chronic exposure doses to the chemical-specific reference dose (RfD) values.
Carcinogenic risk was incremental probability of getting cancer over a life-
time, which was calculated from lifetime intake multiplied by slope factor
for individual chemical carcinogen. The primary sources of the toxicity
values, including RfD and slope factors, were from the U.S. EPA data-
bases. We followed a hierarchy of preferred sources, namely, Integrated Risk
Information System (IRIS), Health Effects Assessment Summary Tables
(HEAST), and other provisional values that were available in the online data-
base of the Risk Assessment Information System (ORNL, 2001). As weighting
evidence of carcinogenic potential (U.S. EPA, 1996), we assessed carcino-
genic risk for human carcinogen of VC and probable human carcinogens of
PCE and TCE. The total organ HI was calculated by summarizing over all
chlorinated hydrocarbons assuming additive effects of multiple chemicals
(U.S. EPA, 1989).
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Uncertainty/Sensitivity Analysis -

Monte Carlo analysis was used with the risk calculations to incorpo-
rate individual input distributions of exposure variables to produce proba-
bility distributions of the health risk estimates and to assess uncertainties
in the risk assessment (U.S. EPA, 1997b). The simulations were performed
with Crystal Ball (Decisioneering, 2000) in conjunction with the spread-
sheet program Microsoft Excel 2000. Health risk was calculated through
5000 iterations using randomly selected values derived from individual
probability distributions of the corresponding exposure model parame-
ters. The simulation model was also used for sensitivity analysis in which
the relative importance of each input variable was assessed by calculating
its contribution to variance.

RESULTS

The hazard identification step identified seven chlorinated hydrocar-
bons, which met our selection criteria, as target pollutants for health risk
assessment. Table 1 summarizes the toxicological characteristics, health
concerns, and groundwater concentrations of VC, PCE, TCE, 1,1-DCE,
1,1,1-TCA, cis-1,2-DCE, and 1,1-DCA. Hepatic effects were their common
noncarcinogenic chronic hazards. The three chemicals with carcinogenic
effects, VC, PCE, and TCE, had the liver as their major target organ. There
were wide ranges of groundwater concentrations among these seven chlori-
nated hydrocarbons. Geometric mean (GM) concentrations ranged from
0.03 pg/L for VC to 15.26 pg/L for TCE. The 95% upper-bound concen-
trations ranged from 7.61 pg/L for VC to 889.65 pg/L for PCE. There was
also signifieant spatial variation in groundwater concentrations as shown by
an example result for TCE in Figure 1. High levels of TCE above the MCL (5
pg/L) were found in 29 out of 44 wells (66%) in the downstream commu-
nity. The highest concentrations of contaminants were found in the wells
closest to the R factory. An excessively high TCE concentration of 192 pg/L
was found even in the well located about 1 km northerly from the factory.
In contrast, all 19 VOCs were either at trace or nondetected (ND) levels in
the 2 upstream wells to the south of the factory.

A total of 529 adult residents aged above 15 yr participated in our field
survey, including 382 persons in the downstream community and 147 from
the upstream community. The exposure-related characteristics of the 382
downstream residents are summarized in Table 2. The prevalence of hepa-
titis B virus (HBV) carriers was 13.6%. The average body weight and skin
surface area used in this study were 61 kg and 1.66 m?, respectively, which
were less than the U.S. EPA anthropometrical default values for assessing
risks on adults. The average durations of key water exposure parameters
were 13.7 yr of taking showers and 13.0 yr of involving hand exposure-
related activities. The average time for each shower was about 13.9 min,
which was less than the U.S. EPA default value. The results of residuals in
water at temperatures of 4, 45, 65, 85, and 100°C and at 1 min after 100°C
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TABLE 1. Concentrations and Frequency Distribution of Chemicals of Potential Concern in the 44 Downstream
Residential Wells

L. J.-H. LEE ET AL.

Major target organ®

Geometric Arithmetic
IARC  Carcinogenic Noncarcinogenic  Percentage mean mean
Chemicals cancer effect effect above (range) (95% UCL)*
of potential concern group  (slope factor) (RfD) MCL/PRC? (pg/L) (Hg/L)
Vinyl chloride 1 Liver Hepatic 29.5%/31.8% 0.03 3.75
(ND?-72.3)  (7.61)
Tetrachloroethylene 2A Liver Hepatic 45.5%/45.5% 2.63 519.57
(ND-5228.3) (889.65)
Trichloroethylene 2A Liver/lung Hepatic/renal 65.9%/77.3% 15.26 253.41
) (ND-1790.7) (404.68)
1,1-Dichloroethylene 3 — Hepatic 27.3%/72.7% 1.01 111.41
. (ND-1240.4) (200.79)
1,1,1-Trichloroethane 3 —_ Hepatic 11.4%/0% 0.57 82.68
. _ (ND-1504.4) (163.23)
cis-1,2-Dichloroethylene  —¢ — Hepatic/blood 15.9%/15.9% 1.16 9225
’ v (ND-1376.0) (181.06)
1,1-Dichloroethane — — Renal —/0 0.61 16.60
(ND-227.9) (31.42)

“Toxicity values are derived from animal bioassays based on which target organ is primarily affected.

"Maximum contaminant level (MCL) is the water quality standard set by U.S. EPA (1999). Region.9 Preliminary
Remediation Goal (PRG) is the risk-based contaminant level in residential tap water from inhalation exposure (U.S.

EPA, 2000).

‘95% Upper confidence limit (UCL) is the upper-boﬁnd estimate of the contaminant distribution, which is the

input for conservative estimation of health risk under reasonable maximal exposure (RME) assumptions.
‘ND (nondetected) value was replaced by (V2 x detection limit) as calculating the geometric/arithmetic mean.

‘—, Not available.

for PCE, TCE, 1,1-DCE, and 1,1-DCA are shown in Figure 2. The concentra-
tions decreased significantly as water temperatures increased. There were
negligible concentrations in the water after boiling for 1 min. Based on this
finding, we excluded water ingestion exposure to VOCs from our risk esti-
mation.

Table 3 presents the results of chronic exposure doses and health risk
estimates for the routes of dermal absorption and inhalation based on the
RME scenarios. The overall HI values calculated from inhalation exposure
were about 10-fold higher than those from dermal absorption. Inhalation
exposure from showering accounted for 61% of total cancer risks. There
were 4 contaminants with HI greater than 1.0, which were PCE, TCE, 1,1-
DCE, and cis-1,2-DCE. The summation of HIl over 7 contaminants was
14.3, which was around an order of magnitude greater than the accept-
able level. The carcinogenic risks for VC, PCE, and TCE were 8.4 x 107,
1.9 x 10*, and 1.4 x 107, respectively. The latter two IARC Group 2A car-
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FIGURE 1. Geographic distribution of 49 residential wells near the R factory and levels of tri-
choloroethylene (TCE, pg/L), one of the major contaminants in the groundwater.

- " TABLE 2. Summary of Exposure-Related Characteristics of 382 Residents Aged Over 15 yr in the

Downstream Community

Exposure-related characteristics? Number Downstream community
Gender

Male 181 47 .4%

Female 201 52.6%
Age group (yr) 382

15-29 85 22.3%

30-49 163 42.7%

250 134 35.1%
Hepatitis B surface antigen positive 52 13.6%
Body weight (kg) 382 61.0 (+ 10.7)
Body height (cm) 382 160.1 (+ 8.6)
Skin surface area (m?) 382 1.66 (+ 0.17)

) Exposure duration® (yr)

For showers 336 13.7 (£ 9.2)

For hand exposure-related activities 330 13.0 (+ 8.8)
Exposure time during showering (min) 349 13.9 (+ 6.9)

deviation) for continuous variables.

1970 and the year at the end of exposures. -

\03

*Characteristics are presented in percentage for nominal variables and arithmetic mean (z standard

®Exposure duration was defined as the period in years between the year of initial exposures after
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FIGURE 2. Concentrations of chlorinated hydrocarbons during the process of boiling, in an experi-
ment on a water sample from a downstream contaminated welt.

cinogens might pose cancer risks exceeding the upper limit of the accept-
able range between 107° and 107 (U.S. EPA, 1990). The point estimates of
health risks based on average exposure showed that HI was 0.2, and can-
cer risks of VC, PCE, and TCE were 7.3 x 10, 1.3 x 107, and 1.2 x 10,
respectively. : '

The input distributions of exposure-related variables, as well as
assumed default values during Monte Carlo simulations, are summarized in
Table 4. Figure 3 displays the cumulative probability distributions of simu-
lated results and their associated sensitivity analyses for cancer risk (A) and
HI (B). We found the simulated results were lognormal distributions. For
cancer risk, the 95% upper-bound estimate was 7.3 x 107, while the GM
estimate was 2.2 x 10™°. The sensitivity analysis showed that TCE and PCE
contributed most to the variance of cancer risk estimates, while the expo-
sure duration and time for showers accounted for another 9.9% and 8.1%
of variance, respectively. For noncarcinogenic risk, the 95% upper-bound
estimate was 8.9 and the GM estimate was 0.5. The variance of noncar-
cinogenic risk estimates was explained by TCE alone for 57.5% and expo-
sure time of shower for 15.8%.

DISCUSSION

This is the first site-specific quantitative health risk assessment among
more than 160 suspected hazardous waste sites throughout Taiwan. Based
on the RME scenarios, we found that the community residents exposed to
chlorinated hydrocarbons in the contaminated groundwater had an un-
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HEALTH RISKS OF GROUNDWATER CONTAMINATION 231

acceptable cancer risk. The total organ HI also indicated a potential health
hazard. These RME risk levels were considered the high-end values on
which remedial decision would be based, and provided the basis for de-
veloping protective exposure levels for future use as recommended by
the U.S. EPA (2001b). Moreover, average risk estimates indicated a margin-
ally significant cancer risk. Therefore, we must examine carefully the uncer-
tainties involved in the processes of risk assessment before making any rec-
ommendation.

From our risk assessment, individual contaminants, including PCE, TCE,
1,1-DCE, and cis-1,2-DCE, posed an unacceptable chronic hazard to the
liver, and PCE and TCE were probable human carcinogens involving the
liver as the most sensitive tumor site. The potential health risks associated
with the complex mixtures of chlorinated hydrocarbons might be greater
than those of a single chemical because synergistic interactions may occur
when mixtures are encountered (Seed et al., 1995). Moreover, a high HBV
carrier rate of 15-20% was reported in the general population of Taiwan

Panel A Cancer risk
1.00 ]
5 Sensitivity Analysis - B Lognormal Distribution
. . 0,
;gg_' ;g‘%‘: Geo Mean = 2.16E-6
50 ] ‘ ED (shower): - 9.9% I 95% = 7.27E-5
~ ET (shower): 8.1% i
J VC: : 2.9%
25 BW: 1.2%
] ED (hand exposure): 0.0%
.00 ' i ' i
0.00E+0 3.75ES 7.50E-5 1.12E4 1.50E4
Panel B Hazard index
1.00 | I
4 Sensitivity Analysis L B Lognormal Distribution
75 TCE: 57.5%
ET (shower): 15.8% I GeoMean = 0.54
| 1,1-DCE: 11.9% i .
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FIGURE 3. Cumulative probability distributions of health risks and associated sensitivity analysis
using Monte Carlo simulations and assuming additive effects.
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(Chen & Sung, 1978; Sung et al., 1984). The physical examination also dis-
closed a similar prevalence (13.6%) of HBV carriers among the down-
stream residents, who might be more susceptible to hepatic carcinogens
such as aflatoxin (Wang et al., 1996). Therefore, the lack of a proper syn-
ergistic assessment model between these chlorinated solvents and chronic
hepatitis B infection (Du & Wang, 1998) might further aggravate the mag-
nitude of underestimation of risk.

Inhalation exposure from showering contributed most to health risk esti-
mates in our study. Traditionally, ingestion of drinking water was considered
a primary route of exposure to contaminated water (McKone, 1989). How-
ever, our empirical data indicated that the route of water ingestion was neg-
ligible. Moreover, research -has shown that VOCs inhaled from tap water
may exceed exposure via direct ingestion (McKone & Knezovich, 1991).
Since we did not exhaustively include all the pathways of other indoor air
exposure, such as boiling water, cooking, dishwashing, toilets, etc., the cal-
culated health risk might be likely to be an underestimate.

As the sensitivity analysis revealed, the environmental concentrations
and exposure duration for showers were the two key contributors to the
total variances in the exposure modeling. It also indicated that TCE was the
most important pollutant in determining health risk at this site, which could
be used as an indicator for remediation. However, uncertainties associated
with assumptions and scientific knowledge in our risk characterization
must also be addressed. One limitation in our estimation of inhalation
doses was that the K, A values for TCE and PCE were obtained from experi-
mental data (Little, 1992), but those for the other five chemicals were
assumed. We performed ‘sensitivity analysis to assess the degree of impact
from the assumption of K, A values. The results showed that the estimates
of cancer risk and HI increased by less than 0.4%, and 5%, respectively, as
the Ky, A values for the other five chemicals were all increased up to 10-
fold. Therefore, the magnitude of impact from K, As of these chemicals on
health risk estimates was relatively small and it would not influence our
conclusion. For dermal exposure, the exposure duration of doing laundry
by hand was difficult to define because most residents could not recall
exactly how much time they spent on doing laundry by hand. By perform-
ing sensitivity analysis, we found that dermal absorption from hand expo-
sure-related activities accounted for less than 5% of cancer risk estimates
even if an assumed 40-min exposure time was used. Moreover, this expo-
sure duration contributed less than 0.1% of the total variance of cancer
risk, as shown in Figure 3A. Thus, the assumed 20 min did not significantly
bias the risk estimates. Due to the scope of this study, the target organ doses
were not estimated in our study using physiologically based pharmacoki-
netic (PBPK) models (Roy et al., 1996; Bogen & Gold, 1997). The results of
this study must be interpreted with some caution. Further studies are war-
ranted to provide toxicity values based on PBPK models for any refined risk
assessment.
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Our results indicated that chlorinated hydrocarbons in groundwater
may tend to be persistent poliution for decades due to their physical char-
acteristics of dense nonaqueous-phase liquids (DNAPLs) (Huling & Weaver,
1991), and vinyl chloride, a more toxic and persistent chemical under
anaerobic conditions, may be produced from degradation of PCE and TCE.
The current levels of contaminants, especially PCE and TCE, were shown to
be much higher than the water quality standards set by the U.S. EPA (1999).
However, most people in the downstream community were still unaware of
potential health effects of the groundwater contamination. Some of them
had consistently used the contaminated groundwater for domestic water
supply until 2000 because of economic incentives. Therefore, risk manage-
ment is urgently needed to educate the residents, based on our risk assess-
ment. :

CONCLUSION

According to our risk assessment, increased chronic and carcinogenic
risks on the liver may still be a potential public health concern for people
living downstream, especially for sensitive subpopulations, such as HBV
carriers. We recommend that all the community people should discontinue
using the contaminated groundwater for any purpose. The environmental
health advisories have to continue the medical surveillance and follow-up
on the community residents. Further research will be needed to address the
actual health impact on the residential population.
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PR S Sy I TR N
Verification and correction of error for death registration data of
the Department of Health R.O.C. between 1980 and 1997

Objective: Both the Department of Health (DOH) and Ministry of Interior (MOI) of Taiwan
have established a computerized death registry based on the death certificates of the dead in
Taiwan during the past two decades. The purpose of this study is to verify the accuracy of the
dataset of death registration for the DOH with the dataset from the MOI. Because the data of the
DOH during 1980-84 lacked the identification number (ID no.), our second objective is to estab-
lish guidelines for replacing the missing ID no.. Method: Firstly, decedents in the two datasets
linked by same ID no. and demography including dates of birth, death, and places of livin%
between 1985 and 1997 were identified and codes of education and village taken from the MO
were filed in those of the DOH. Decedents that could only be linked by ID no. or demography
between 1985 and 1997, were refiled the demography or ID no. after making sure of the correc-
tion in the MOI. Secondly, due to the lack of information of ID no. in the DOH for decedents
between 1980 and 1984, we linked the two decedents with social demography including dates of
birth and death, area codes of detailed address, and then imputed ID no. into dataset of the DOH
based on dataset of the MOI. Result: There were 1,259,600 decedents identified from 1985-97
with completely the same ID no. and demographic data. After verification of the data, we refiled
the missing demo ra;i_lllic data for 3,168 subjects and the missing ID no. for 33,036 subjects into
the dataset of the DOH. According to the study results, there were 0.0512% of total subjects with
complete overlapping demographic data. Thus, after linking the two datasets with the same com-
plete demographic data, we were able to refile 88.83% of the missing IDs for all the death certificate
data of the DOH durinf 1980-84. There were 46,305 cases in the dataset of the DOH and 63,157
cases in that of the MOI during 1980-97, that were unlinkable. This was probably because they were
lost track of or there was a delay in registration. Conclusion: This study corrected many errors,
filled in ID no. for 1980-84, and imputed information of education and village into the death regis-
tration dataset of the DOH. This can be useful for future studies. Beside, the unlinkable cases in the
datasets of the DOH and MOI were identified and a separate dataset files for future usage was built
up. (Taiwan J Public Health. 2002;21(5):329-338)

Key words: death registration, dataset, Department of Health, Ministry of Interior.
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Abstract ,

We assessed health-related quality of life in patients with hepatocellular carcinoma
(HCC) using Taiwan versions of WHOQOL-BREF, EORTC QLQ-C30 and utility measures.
A total of 172 subjects were consecutively enrolled from patients with HCC who followed
up regularly at a university hospital from February to April 2002. The internal consistency
(Cronbach’s alpha) coefficients ranged from 0.67 to 0.82 for the four domains of
WHOQOL-BREF. Each domain score of WHOQOL-BREEF correlated significantly with
utility measured by visual-analogue scale and standard gamble (Pearson’s correlation range,
0.40 to 0.59, and 0.17 to 0.38, respectively), and also positively associated with
self-evaluated health status and happiness. Moderate to high correlations were found
between WHOQOL-BREF and EORTC QLQ-C30 in the aspects of physical, psychological,
and general health. These QOL scores were compared with data from 213 healthy persons
using general linear model. The patients with HCC were found to have significantly lower
scores on physical, psychological domains and general health. The WHOQOL-BREF can
have wide coverage of items for differentiating surgery and non-surgical treatment, which
may be useful to estimate QOL difference between different treatments among the HCC
patients.

Key words: Hepatocellular carcinoma, Quality of life, Utility, WHOQOL

Introduction

Liver cancer, primarily hepatocellular carcinoma (HCC), is one of the most common
malignant neoplasms worldwide [1], especially in Southeastern Asia including Taiwan [2].
Even though HCC is not a common cancer in most developed countries, a trend of
increasing incidence of HCC has been disclosed in the Western world, which may be
associated with chronic hepatitis infections [3]. As the prognosis for HCC patients is poor,
with a median survival generally less than 5 years [4], the quality of life (QOL) is becoming
more important on the outcome assessment for clinical services.

QOL is an important dimension of health, and it has been defined by the World Health
Organization as  “individuals’ perceptions of their position in life in the context of the
culture and value systems in which they live and in relation to their goals, expectations,
standards and concerns.”  [5] There has been a rapid growth in the assessment of
health-related quality of life (HRQOL) as a technique for clinical research since 1970s [6].
Up to 2000, there were at least one thousand HRQOL estimates reviewed by Tammy et al.
(2000) [7], and a comprehensive table was compiled to provide quality weights for many
diseases. A large proportion of these QOL weights, however, were based on the
viewpoints of authors and experts. Patients’ preference was the main concemn in about
39% of all respondents. Empirical studies using patient-centered QOL are warranted for
quantifying effectiveness in clinical research [8]. While a generic instrument may be
suitable for comparison between diseases, clinical decision-making may require
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disease-specific questionnaire to differentiate minute differences in QOL between
treatments. The objective of this study was to compare and validate generic and
condition-specific measurements of HRQOL in patients with HCC, using both health
profiles and utility measures.

Subjects and Methods
Subjects

One hundred and seventy-two patients with HCC were recruited consecutively at the
Natwnal Taiwan University Hospital (NTUH) from February to April 2002. These subjects
selected for QOL measurement included (1) the HCC cohort diagnosed during 1996-2000
who have been followed up regularly at the outpatient clinics, and (2) newly diagnosed HCC
patients who were hospitalized during the study period. The diagnosis of HCC was
confirmed by histological evidence or clinical diagnosis mainly based on AFP levels higher
than 400 ng/ml with positive findings of image studies. The institutional review board
approved this study and informed consent was obtained from every participant prior to the
survey.
Instruments

The participants were requested to evaluate their quality of life over the past two weeks
with a self-administrated questionnaire. The instruments for measuring QOL in our study
~ were briefed as follows:

(1)  The short-form version of WHOQOL questionnaire, i.e., WHOQOL-BREF,
has been developed in Taiwan, and good reliability and validity of the Taiwan version were
also reported [9, 10]. The Taiwan version of the WHOQOL-BREF contains the 26
original items, plus two additional items of national importance. The first two questions
concern the global QOL and general health, and the remaining 24 items can be grouped into
four domains, as follows: physical, psychological, social, and environment. Two national
items, “Being respected” and “Eating” were included in the Taiwan version, each from a
culture-specific facet that constitutes Social (TW), and Environment (TW) domains,
respectively [9]. The score of each domain range from 4 to 20. The Taiwan version of
WHOQOL-BREF with a 5-point Likert scale was used to assess QOL of HCC patients
regarding personal subjective experiences.

(2) The European Organization for Research and Treatment of Cancer Quality of
Life Questionnaire Core-30 (EORTC QLQ-C30, version 3.0) is a cancer-specific QOL
instrument originally designed for use in cancer clinical trials. The questionnaire includes
five functional scales (physical, role, social, emotional and cognitive), global QOL/general
health, and symptoms frequently reported by cancer patients (fatigue, nausea/vomiting, pain,
dyspnea, insomnia, appetite loss, constipation, diarrhea) as well as an item on the financial
impact [11]. It consists of 30 items, uses a 4-point scale for 28 items and a 7-point scale
for two overall measures. The Taiwanese version of QLQ-C30 has been developed
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through formal processes and field test and verified by EORTC [12]. This cancer-specific
instrument was used to examine the convergent validity with the Taiwan version of
WHOQOL-BREF in the patients with HCC.

(3) Utility were measured with the visual-analogue scale (VAS) and standard gamble
(SG) method. To assess utility by means of VAS, the participants were asked to rate their
overall health-related QOL in the recent two weeks from 0 (“worst” condition) to 100
(“best” condition). With a flow diagram of making choices of taking a hypothetical
curative therapy in the SG, the quality weight of HCC was assessed by comparing his/her
health state to a gamble with a probability (p) of achieving full health and a complementary
probability (1-p) of death. The probability of full health was titrated from 99% down to
5% until the HCC patient was indifferent between the alternatives, and the quality weight of
this HCC patient would be equal to the probability p [13].

Instrument validation with statistical analyses
Reliability and Validity

The internal consistency reliability of an instrument was evaluated using Cronbach’s
alpha coefficient. We expected the alpha coefficient to exceed 0.7 in four domains and the
general health/QOL item. Content validity, which indicates consistency between items and
corresponding domains, was assessed with Pearson’s correlation coefficients. Generally two
instruments measuring similar constructs should be highly correlated. We performed the
convergent validity analysis by assessing the correlation between WHOQOL-BREF domain
scores and related health status measures. The health status measures used in this study
included: (1) global QOL/general health measured with WHOQOL-BREF and EORTC
QLQ-C30; (2) the self-evaluated health status and self-evaluated happiness, both measured by
a 5-point response scales; (2) utility measures using VAS and SG. With testing a hypothesis
that WHOQOL-BREF accurately assessed QOL in patients with HCC, we expected the
domain scores to demonstrate moderate correlations with global QOL/general health,
self-evaluated health status/happiness, and utility nieasures.

.The discriminant validity was assessed through comparing QOL measures between HCC
patients and healthy people, between the patients who underwent surgery and non-surgical
treatment, as well as inpatients and outpatients. The QOL data of 213 healthy persons, who
were hospital volunteers or employees, were obtained as the healthy controls from the prior
field survey [10]. Each item and domain score of the WHOQOL-BREF were compared
between HCC patients and healthy subjects using Student’s t test. Taking gender and age into
account, the difference of each aspect of QOL between surgery and non-surgical treatment,
inpatients and outpatients using the general linear model approach [14].

Exploratory factor analysis was conducted to assess construct validity using squared
multiple correlation for communality estimates, extracting factors by principal factor method,
and followed by Promax rotation. Data analyses were performed using SAS (Statistical
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Analysis System) software Version 8.1. Two-tailed p values of less than 0.05 were
considered to be statistically significant.

Results

Characteristics of participants

Table 1 summarizes the demographic characteristics of the 172 patients with HCC. 76% of
the patients were males, with a mean age of 61.7 years, ranged from 21 to 90 years. Surgery
was the major (73%) treatment modality among the patients. 79% of the participants were
from outpatient clinics.

Internal consistency

The Cronbach’s alpha coefficients for the four domains of WHOQOL-BREF ranged from
0.67 to 0.82. It suggested that items within domains of WHOQOL-BREF were moderately
internally consistent. The alphas obtained for the entirr WHOQOL-BREF, EORTC
QLQ-C30 instruments were 0.91, and 0.89, respectively.

Convergent validity

Correlations between the corresponding subscales of WHOQOL-BREF and EORTC
QLQ-C30 ranged from r =0.16 for the social domain (very poor agreement) to r =0.65 for the
physical domain (good agreement), as shown in Table 2. Some symptom subscales of
EORTC QLQ-C30, including pain, fatigue, insomnia, and financial problems, were
significantly correlated with the corresponding items of WHOQOL-BREF, ranging from r
=0.45 for pain to r = 0.76 for insomnia. In addition, the four domain scores of
WHOQOL-BREF were all correlated significantly with patients’ self-rated health
status/happiness (Spearman’s r range, 0.26 to 0.61 and 0.34 to 0.66 across domains,
respectively, all P < 0.01), and also moderately correlated with utility measures using VAS
(Table 3).

Significantly moderate correlations were found between SG utility and physical,
psychological and environment domains of WHOQOL-BREF. The items in the
WHOQOL-BRETF that were significantly correlated with SG utility included physical safe (r =
0.32), self-esteem (r = 0.30), sleep (r = 0.29), sexual life (r = 0.28), positive feeling (r = 0.27),
energy (r = 0.27), pain, spirit, thinking, body image, information, morbidity, activities of daily
living (ADL), work, personal relationship, social care, negative feeling, and eating. But
medical dependence, financial, social support, home énvironment, transpertation, and being
respected were not associated with SG utility.

Content/Construct validity
The four domain scores were significantly correlated with the global QOL (ranging
from 0.36 for physical domain to 0.48 for psychological domain, all P < 0.01) and the general
health (ranging from 0.25 for environment domain to 0.45 for physical domain, all P < 0.01).
5
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Item-domain correlations ranged from 0.56 for pain to 0.83 for activities of daily living
(physical domain), from 0.49 for negative feeling to 0.75 for self-esteem (psychological
domain), from 0.74 for sexual life to 0.79 for personal relationship (social domain), from 0.49
for social care to 0.66 for leisure (environment domain). The items with similar construct
such as pain, fatigue, insomnia, and financial problems were moderately to highly correlated
between WHOQOL-BREF and EORTC QLQ-C30 (r range, 0.45 to 0.76, all P < 0.0001).
Exploratory factor analysis revealed similar four factors (physical, social environment,
psychological, and other environment) that corresponded to the structure of WHOQOL-BREF
domains.

Discriminant validity

Table 4 shows the comparison of mean QOL scores between patients with HCC and
healthy controls, patients who received surgery and non-surgical treatment. The items of QOL
significantly affected in the HCC patients compared with the healthy controls included energy,
sleep, morbidity, medical dependence, work (physical domain), body image (psychological
domain), s exual life, but showed b etter s cores in s ocial s upport, home e nvironment, s ocial
care, information, physical environment, transportation and eating (environment domain).

The SG utility was higher in the patients who underwent surgery with significantly better
condition in fatigue, appetite loss and constipation. Global health measured by the
WHOQOL-BREEF, altogether with items of medical dependence, positive feeling, body image,
spirit and physical safe were significantly better in the surgery group. The items of
WHOQOL-BREF are apparently more widely covered, and more sensitive in differentiating
surgery and other treatment. But the EORTC QLQ-C30 was more specific in detecting
difference in physical symptoms between surgery and non-surgical treatment, such as fatigue,
appetite loss and constipation.

The outpatients had significantly higher scores than inpatients in the aspects of physical,
environment, global QOL in WHOQOL-BREF (especially in terms of pain, positive feeling,
leisure) after c ontrolling for gender and age. With the EORTC QLQ-C30 instrument, the
inpatients had poorer global health/QOL, physical function, role function, emotional function,
social function, and more affected in fatigue, nausea/vomit, pain, insomnia, appetite loss, and
financial problems after adjustment for gender and age.

Patients were classified into three groups according to disease duration: (1) those who
had HCC less than one year, (2) between 1 and 3 years, and (3) more than three years.
Significantly decreased HRQOL in aspects of SG utility, physical and environmental domains,
and global QOL was observed in patients diagnosed within one year compared with the other
duration groups and the results were consistent after adjustment with age and gender.

Discussion
This is the first study to validate QOL measurement of patients with HCC in Taiwan
using multidimensional psychometric profiles and utility measures. Two HRQOL
6
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instruments were used for measuring health profile of patients with HCC in our study: one is
WHOQOL-BREF, a generic instrument; the other is EORTC QLQ-C30, a cancer-specific
instrument. The latter was more sensitive to detect cancer-related symptoms, especially for
inpatients, and therefore it may be more responsive to clinically important changes and more
useful in assessing HRQOL in the clinical trial setting, but it may not allow comparison
among different diseases other than cancer. Through cross-validation with EORTC
QLQ-C30, we found that WHOQOL-BREF can be a valid QOL instrument with some items
to differentiate between surgery and non-surgery, at the same time allowing a wider range of
diseases and conditions to be compared. Cross-cultural comparison of various diseases
worldwide may be a potential research topic using WHOQOL-BREF instruments [15].

The SG method involves making decision under uncertainty. Utility measured using
the SG method can be linked to a theoretical foundation in the von Neumann-Morgenstern
expected utility theory, and therefore is the preferred estimate for cost-effectiveness analysis
under condition of uncertainties [16]. However, it was difficult for some elderly patients in
our study, especially less educated, to have valid responses to hypothetical scenarios of
medical conditions. = Thus, we found that the correlations of SG utility with
WHOQOL-BREF domain scores were lower compared with those of VAS.

The subjective utilities measured by VAS and SG methods for patient with HCC were
around 0.6 and 0.8, respectively, while the objective QOL weights from the viewpoints of
experts ranged from 0.2-0.49 [7]. Our data suggested that patients would feel much better
than experts’ judgment. However, the discrepancy may also come partially from different
degree of disease severity and patient selection.

Caution should be taken in interpreting our results in that the available respondents may
tend to over-estimate QOL of HCC. These 172 participants comprised a consecutive sample
of all patients with HCC at the NTUH because a random sampling was not practical due to
budget constraints and patient availability. Since these patients were recruited consecutively
during the 2-month study period, they were a quasi-systematic probability sample from the
HCC cohort assurhing that most patients were eligible for QOL measurement. In fact, 79%
of the respondents were collected at the outpatient clinics and they were very responsive to
our survey. However, HCC patiénts currently with decompensated hepatic failure, hepatic
encephalopathy, under hospice care in the terminal stage, or those suffering from other severe
medical complications were hardly feasible for QOL measurement. Thus, our QOL data
may represent HCC patients who were more stable and better QOL measures.
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Table 1. Demographic characteristics of 172 patients with HCC

Characteristics n (% of patients)
Male Gender 130 (75.6)
Age (years)
> 65 76 (41.2)
Range 21-90yr
Mean + SD 61.7+123 yr
Education of high school or more 83 (48.3)
Married 146 (84.9)
Have current job 69 (40.1)
Personal income per month
None 65 (38.5)
Less than NT$ 40000 54 (32.0)
More than NT$ 40000 50 (29.6)
Disease duration ‘

, Slyr 35 (20.4)
1-3yr 78 (45.4)
23yr 59 (34.3)

Outpatient 136 (79.1)
Treatment '
Surgical 126 (73.3)
Medical 42 (24.4)
Supportive 4(2.3)
Diagnosis during 2001-2 35(20.3)
Interview Method
Self-Administ. 73 (42.4)
Interviewer-Assist. 93 (54.1)
Proxy-Administ. 6 (3.5)
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Table 3. Spearman's correlations between WHOQOL-BREF domains and self-rated

health/happiness
Self-rated heath  Self-rated happiness  Utility (VAS)  Utility (SG)
WHOQOL-BREF
Global QOL 0.351+* 0.436** 0.366** 0.392%+
General health status 0.492%* 0.522%* 0.438** 0.383**
Domain scores

Physical 0.613** 0.656%* 0.536** 0.213*
Psychological 0.536** 0.594%* 0.536** 0.271**
Social 0.2§4** 0.344** 0.432%* 0.225*
Social (TW) 0.279** 0.364** 0.480** 0.152t
Environment 0.423** 0.460** 0.464+* 0.258%*
Environment (TW) 0.416** 0.458** 0.450** 0.272**

Utility measurement ‘
Utility (VAS) 0.547** 0.533** 1 0.306**
Utility (SG) 0.291** 0.320** 0.306** 1
$p<0.05 *p<0.01 **p<0.001
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Table 4. Comparison of mean Quality-of-life scorest between surgery and

non-surgery, HCC patients and healthy controls

Surgéry Non-surgery  Healthy Controls HCC patients

No. of patients
WHOQOL-BREF i
Global QOL 68.41 66.52 68.80 67.91

General health status 61.90* 50.43 70.61 58.84*
Physical 60.07 54.76 70.83 58.65*
Psychological 59.67 55.30 60.71 . 58.50
Social 62.65 63.72 63.66 62.94
Social (TW) 62.10 63.32 62.41 62.43
Environment 64.24 61.14 56.72 63.41*
Environment (TW) 64.14 61.55 56.43 63.44*

- EORTC QLQ-C30

Global health status / QoL 65.48 60.14 64.05
Physical functioning 78.73 73.77 77.40
Role functioning 87.30 79.71 . 85.27
Emotional functioning 76.72 73.01 75.73
Cognitive functioning 76.98 74.64 76.36
Social functioning 75.79 73.19 75.10
Fatigue 67.11* 58.21 ' 64.73
Nausea / Vomiting 95.24 95.29 95.25
Pain 79.10 76.81 78.49
Dyspnoea 87.04 84.06 86.24
Insomnia 64.02 58.70 62.60
Appetite loss 88.62* 78.26 85.85
Constipation 90.48* 81.88 88.18
Diarrhea 83.86 84.78 84.11
Financial Problems 85.48 81.16 84.31
Utility measurement
Utility (VAS) 66.15 62.83 - 65.26
Utility (SG) 83.56* 74.49 - 81.26

* p<0.05 (based on Student’s t test )
t all scores were transformed to a 0-100 metric, using linear transformation
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Table 4. Comparison of mean Quality-of-life scorest between healthy controls and
HCC patients, surgery and non-surgery (Continue)

HCC HCC
Healthy HCC Surgery Non-surgery
Domain Facet Controls  patients

Physical F1.Pain 75.61 76.16 77.46 72.61
Physical F2.Energy 69.48 61.16* 62.22 58.26
Physical. F3.Sleep 70.05 59.53*  59.37 60.00
Physical F9.Mobility 8095 69.07* 70.16 66.09
Physical F10.ADL 71.98 68.84 70.32 64.78
Physical F11.Medication Dependent 95.33 66.40* 69.21* 58.70
Physical F12.Work 74.11 67.72* 68.73 64.89
Psychological F4.Positive Feeling 53.99 55.70 57.46* 50.87
Psychological F5.Thinking 64.23 65.23 64.60 66.96
Psychological F6.Self-Esteem 72.96 70.81 71.43 69.13
Psychological F7.Body Image 80.66 72.67* 74.29* 68.26
Psychological F8.Negative Feeling 67.55 64.65 64.76 64.35
Psychological F24.Spirit 71.60 70.81 72.54* 66.09
Social F13.Personal Relationship  70.71 71.63 71.90 70.87
Social F14.Social Support 70.90. 74.07* 73.49 75.65
Social F15.Sex 7137 64.56* 64.60 64.44
Social* F25.Being Respected* 67.30 69.42 68.73 71.30
Environment F16.Physical Safe 66.16 66.98 68.73* 62.17
Environment F17.Home Environment 70.70 75.93* 76.03 75.65
Environment F18.Financial 61.42 62.79 61.90 65.22
Environment F19.Social Care 70.42 76.28*  77.30 73.48
Environment F20.Information 66.79 7017 70.95 67.83
Environment F21.Leisure 60.85 64.07 65.87 59.13
Environment F22.Physical Environment 55.85 64.53* 64.76 63.91
Environment F23.Transportation 61.80 75.47* 75.08 76.52
Environment* F26.Eating* 74.15 79.53* 80.16 77.83

* p<0.05 (based on Student’s t test )
1 all scores were transformed to a 0-100 metric, using linear transformation
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Abstract

In cohort studies or clinical trials, measurements of quality of life (QoL) were averaged across available
individuals for each group at given poings in time to produce single measures for comparisons. However,
estimates of these single measures may. be severely biased if substantial mortality occurs over time. The
objective of this study is to develop a method that integrates QoL measurement and survival for long-term_
evaluation of health services. We defined a mean QoL score function over time for an index population as
the average QoL score of all individuals both alive and dead at each time point in the population. While a
living subject’s QoL can be assessed by asking one’s subjective preference, the score of a decedent can be
assigned a fixed value depending on the specific facet on health profile. The mean QoL score function over
time is reduced to a single measure of expected cumulative QoL score, which is the area under the curve of
mean QoL score function over a given time interval and can be estimated by taking a random sample from
a cross-sectional survey. For the QoL score function to be extrapolated to life-long, it requires the as-,
sumption that the disease causes premature death or a long-term moderate impairment of QoL. We
provided methods and computer programs for estimating mean QoL score functions and the reduced single
rmeasures for use in comparisons. A cohort of 779 breast cancer patients from Chiangmai, Thailand were
followed for 12 years to demonstrate the proposed methods. The data included the 12-year complete
survival records and QoL scores on 233 patients collected from a cross-sectional survey using WHOQOL
questionnaire and standard gamble method. The expected cumulative QoL scores using utility and psy-
chometric scales were compared among patients in four groups of clinical stages in this cohort for time
from onset up to 12 years and life-long. We conclude that such an integration of QoL measurement with
survival can be useful for the evaluation of health service and clinical decision.

Key words: Health profile, Monte Carlo method, Quality-adjusted life year, Quality-adjusted survival

Introduction ception of health. Thus, many generic and condi-

tion-specific questionnaires have been proposed to

Health-related quality of life (HRQoL) assessment
is increasingly used in clinical trials and other
health outcome evaluation [1]. HRQoL is gener-
ally defined as the individual’s perception of their
position in life in the context of the culture and
value systems in which they live and in relation to
their goals, expectations, standards and concerns
[2). It is a multidimensional concept incorporating
both functional status and the individual's per-

assess these effects [3—5). These QoL measures are
similar in that each expresses the effects of medical
care in terms that can be reported directly by a
patient. However, the rationales for the methods
differ considerably. Most of the available psycho-
metric measures include multiple dimensions such
as physical functioning, psychological status and
social relationships in order to create a profile of
patient outcomes. While utility-based methods
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assign a value to a specific health state to reflect
global impact of that state on the patient’s overall
QoL [6-9].

Since a patient’s QoL continuously fluctuates or
changes over time, many HRQoL studies have
considered summarizing measurement and analy-
sis from a time perspective. In clinical trials,
HRQoL assessments were often conducted by
administering profile questionnaires at multiple
- time points before, during, and after an interven-
tion, with a focus on summarizing or showing the
changes in QoL over time (or longitudinally) and
across different individuals for group comparison
(10]. In practice, the summary measures are often
constructed to obtain population mean QoL score
estimates at given time points using sampled data
from each population. However, it has been a
noteworthy problem that the estimates can be bi-
ased if there is a substantial proportion, say, 40%,
of mortality in a study over time [11]. There is also
argument regarding the assignment of scores to
those who die in the study. Thus, so far there have
been relatively few methods developed for sum-
marizing health profile measures taking account of
mortality or survival across time during longitu-
dinal follow-up.

In this study, we first clarify the definition of
mean QoL score function over time for an index
population, which is a function of average score
across all individuals both alive and dead at a
given time in the index population. While a living
subject's QoL can be assessed by asking one’s
subjective preference, the score of a decedent can
be assigned a fixed value depending on the specific
facet on health profile. We then show that the
mean QoL score function can be presented in
terms of survival function and average QoL score
function of the sub population of living individu-
als. When the survival data are complete, the
survival function can be estimated quite accurately
using available techniques. The average QoL score
function of the sub population of living individuals
can be estimated by kernel-smoothing the data of a
random sample from a cross-sectional survey of
QoL on the living individuals, which was demon-
strated in a previous simulation study by Hwang
et al. [12]. When the data are not complete such as
in follow-up studies with heavy censoring, the
mean QoL score functions can be accurately esti-
mated over time only up to the end of the follow-

up. Then, the lifetime score for the whole popu-
lation can also be extrapolated by a Monte Carlo
method proposed by Hwang and Wang [13]).
Therefore, we can obtain relatively accurate mean
QoL score function estimates, which can be fur-
ther plotted against the whole life span for specific
QoL domain or item scales in different treatment
groups. When the QoL score function is replaced
by utility function, the area under the whole life
span is the expected quality-adjusted life expec-
tancy (QALE). .

Data from a cohort of 779 cases of breast cancer
from Chiangmai, Thailand followed for 12 years
were used as an example to illustrate the proposed
methods [14]. The cohort was stratified into four
groups with different clinical stages. To the end of
the follow-up, June 30, 1997, the survival and
mortality of the 779 patients were well recorded.
Measurements of QoL were obtained through a
cross-sectional survey on 223 patients during
1996-1997 using utility measurement of standard
gamble and the questionnaire of World Health
Organization quality of life (WHOQOL). We
computed and compared expected QALYs in
utility and psychometric scores for the four groups
of cancer patients for time up to 12 years and life-
long.

Methods

In this section, we first clarify the definition and
interpretation of mean QoL function over time for
an index population and then introduce methods
for estimating the function. Let g{r) be the unob-
served QoL score at time ¢ since the onset of a
specific disease or health condition on the ith in-
dividual patient in an index population. The QoL
score can be measured using the utility or health
profile instrument. In most QoL measurement, we
often can rescale the QoL score to a value between
0 and 1, in which 0 represents the worst health
status and 1 represents the perfect health. If a
patient dies during the study, a constant value
between 0 and 1, denoted by 8, could also be as-
signed after that time point for the patient. The
population mean QoL score at each time t is
constructed straightforwardly by the population
average, O(f) = ﬁZﬁ—.l qi(r), where N is the size of
the index population. Let G(f) denote the set of




subjects in this index population who are still alive
at time ¢. The size of G(r) is denoted by M(). Note
that in the beginning of time 0, M(¢) = N. The
mean QoL score function over time ¢ for the index
population can be rewritten as the sum of scores of
those who are still alive plus those who die:

00 = ( >+ 3 q.-(t))

i€Gl1) i¢G(r)

=mx 1 Z ‘()+N M(f)
:eG(:)

Note that M(t)/N is the survival rate at time ¢ for
the index pcpulation, denoted by S(f). We may

denote W'HZieG(t) qi(t) by Q1) representing the
average QoL score for the sub population of in-
dividuals still alive at time ¢. We then obtain the
followmg simple equation

O(1) = 8(2) x Qu(t) +[1 — S(5)] x

which establishes the relationship between popu-
lation mean QoL score function and survival
function. Note that when QoL score is assigned
with a constant value of | for all living individuals
and 6 =0, Q(f) is the survival function for the
index population. Therefore, we can interpret the
mean QoL score function as quality-adjusted sur-
vival function when the QoL score is in the 0-1
scale. More importantly, this equation provides an
alternative way of estimating Q(7) by separately
estimating the survival function and the mean QoL
score function for the sub population of the living
individuals. The area under the curve of the mean
QoL score function Q(¢) plotted against time ¢ over
the period [a, b], presented by

b b
Ola, b] = / SO () dt + 8 / [1 = S()] de,

is a common single measure of QoL, with a unit of
psychometric score-time, which is conceptually the
same as quality-adjusted life year (QALY) for the
time period except substituting the utility mea-
surement with health profile scores. This useful
measure Qa, b] is the expected cumulative QoL
score, which can be also interpreted as expected
quality-adjusted survival time adjusted for the
specific score/utility for an index population over

3

the time period [q, b] . If the QoL score is a utility
measurement, then the measure Q[0, o] is exactly
the QALE with the unit of QALY. When the QoL
is a score from psychometric measurement, then
the unit is a score-time, say, score-month or score-
year, etc. Namely, it is a psychometric score ad-
justed by survival function and should specify the
time unit for comparative purpose. The proposed
formula is a generalization from that derived by
Hwang et al. using intégration techniques in which
d is restricted to be 0 [12].
.- To estimate the expected cumulative QoL score
Ola, b], we can conduct on discrete time by di-
viding the entire time period [a, 4] into K disjointed
short intervals [#y, &), k = 1, K, K, where ¢y = «
and tx=b. The estimate of survival at time ¢,
denoted by S(t), can be easily obtained using
common approaches such as Kaplan-Meier
method when complete survival data are available.
To obtain the estimate of mean QoL for the sub
population, Q,(tk) we only need measurements
from a cross-sectional survey on the living indi-
viduals, instead of the costly repeated measures,
and using kernel smoothing techniques or fitting a
non-linear curve to the interviewed scores. The
estimate_of population mean QoL at time f is
Q(tk) S(tk) X Q, t[;) + [1 - S(lk)] x 8. The ex-
pected quality-adjusted survival time over the pe-
riod [a, b} can be estimated using a trapezoidal
approximation:

QOla,b] = Z(‘* = 6-1)[0(te) + Ote1))-

k"[

Extrapolation to lifetime with censored follow-up
data

When the data are complete, simulation studies
conducted by Hwang et al. showed the estimator is
quite accurate [12). However, especially for follow-
up studies with heavy censoring, the mean QoL
score function Q(¢) for the index population can be
accurately estimated only over time up to the end
of follow-up. Hwang and Wang have proposed a
Monte Carlo extrapolation approach to provide
estimate of Q(¢) for ¢ beyond the close of follow-up
[13]. The main idea of that approach is to borrow
information of long-term survival from a reference
population matched with the same age and gender
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for every individual of the index population. In
other words, we can generate a hypothetical ref-
erence population composed of exactly the same
age and gender distribution through Monte Carlo
simulation method from the vital statistics. Then,
fit a simple linear regression to the logit of the ratio
between Q(f) of the index population and the
simulated survival function of the reference pop-
ulation for a certain point in time to the end of the
follow-up. Finally, use the predicted line to ex-
trapolate Q(f) beyond the follow-up. On this ap-
proach, one must assume that the mean QoL score
function Q(s) for the index population at time t
should be no greater than that of the reference
population [13], which only holds for any disease
that results in premature death or affects QoL
moderately on a long-term basis. A feedback plot
to check the linearity assumption is also provided

- to assure the validity. Simulation studies have

shown that this is a potential approach for esti-
mating mean QoL score function and survival
function beyond the follow-up with a certain de-
gree of accuracy. The Bootstrap approach was also
proposed to estimate standard errors of the esti-
mates [15]. The authors have provided a free

" package of S-Plus functions for computing the

estimates and standard errors of the estimates for
QOfa, b] and other applications [16]. Users only
need to input files of survival data, cross-sectional
survey data of QoL score, and sample of age and
gender from the index population, in addition to a
file of life table if extrapolation is needed.

Example of a breast cancer cohort

The detailed information of a cohort of 779 cases of
breast cancer who were first diagnosed during
1985-1994 were followed regularly at Chiangmai
cancer registry for 12 years was described else-
where [14]. Briefly, the Chiangmai cancer registry is
a population-based registry, co-sponsored by the
Chiangmai University Faculty of Medicine and
WHO, which actively collected data on cancer
patients from one university hospital, 10 private
hospitals, and 26 public hospitals in Chiangmai
province, Thailand [17). The cohort has been
stratified into four groups with different clinical
stages with group sizes 81, 330, 226 and 142, re-
spectively. The average onset age of these 779 pa-

tients were 50.3 + 13.0 years old with a range of
22-95. By the time of censoring, June 30, 1997,
there were 75, 244, 106, and 28 patients still alive
for stages I-1V, and the 12-year survival rates were
93, 74, 47, and 13%, accordingly. To establish the
QoL function curve through time for each stage, we
needed to obtain a random sample of 50 in size [12].
In addition, we added 15-25 patients whose dura-
tion-to-dates were less than 2 years, because the
original cohort no longer collected patients by the
end of 1994 and the QoL function was relatively
unstable during the first 2 years after
diagnosis. A cross-sectional survey was then
implemented and the response rate was about §0%.
In total, we collected 64, 72, 69 and 28 patients in
stages I-IV for HRQoL interview during 1996
1997. Patients were asked to fill out the WHOQOL- .
100 questionnaire’ followed by standard gamble
method conducted by an interviewer to elicit the
utility value of her current health state [8].

The WHOQOL-100 was originally designed by
the WHOQOL group, which intended to assess
detailed health profile on four domains with 25
facets inquiring about physical/independent, psy-
chological/spiritual, social relationship and envi-
ronment [2, 18]. Each facet consists of 4 items in
which a five point Likert scale (1-5 score) is used.
The facet score, given by the sum of its four item
scores, ranges from 4 to 20. The domain score is
obtained by averaging the facet scores in that do-
main. In this study we rescaled the domain score
by subtracting 4 and then dividing by 16 to a value
between 0 and 1 corresponding to the worst and
best health status of that domain, respectively. The
rescaled score is still a preference measure. But it
can be treated as a psychometric QoL score for
comparison with the utility measurement obtained
from standard gamble method, which also ranges
between 0 and 1.

Results

Figure 1 shows the estimated survival, average
scores of physical domain of WHOQOL obtained
from living patients and the physical domain
score-adjusted survival functions over the 12-year
follow-up period for the four stages of breast
cancer patients. The plots were produced from the
free package in which the survival functions were
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Figure 1. The estimated quality of life adjusted survival func-
tions (solid curves) for stages I-1V breast cancer patients after
144 months of follow-up. Scores from the physical domain of
WHOQOL were used for demonstration. The dotted curve is
the estimated survival functions. The dashed curve is the esti-
mated average quality of life score of living patients. The
shaded area is the expected cumulative physical score-months
over the 144 months of follow-up.

estimated using Kaplan-Meier method on the
survival data of the breast cancer cohort. The es-
timated score function for physical domain of each
subgroup of living individuals was obtained using
kernel smoothing method on the sampled patients
with different duration-to-dates. The shaded area
under the estimated physical domain score-ad-
justed survival function in each plot was the ex-
pected cumulative physical domain score-time or
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physical domain adjusted survival time over the
12 years of follow-up. The average QoL scores of
physical domain in living patients were usually
lower in the first months of follow-up and then
slowly increased to stable levels. Because only five
stage IV patients survived for more than 5 years,
the curve was oyer-smoothed after 5 years. How-
ever, the survival rates were very low for stage IV
patients, and the estimated QoL adjusted survival
function would not be greatly affected. Table 1
summarizes the results of estimated expected sur-
vival in months, expected quality-adjusted survival
time adjusted for standard gamble utility, and for
physical, psychological, social, and environmental
domain scores, respectively, over the 12 years of
follow-up and life-long. The estimated 12-year
mean survival times are 134, 112, 77 and
33 months for the four stages, accordingly. The
expected quality-adjusted survival time adjusted
for utility, were higher than those adjusted with
the psychometric scores in all the four stages. The
12-year cumulative psychometric adjusted survival
for social domain seemed to be the worst domain
compared with other QoL domains in WHOQOL,
which indicates that socia] life is the most severely
affected. .

To extrapolate the mean QoL score function
beyond the follow-up of 12 years, we have checked
the linearity assumption for logit of the ratio be-
tween Q(f) of the index population and the simu-
lated reference population. As examples shown in
Figure 2, the assumption seemed to be largely
fulfilled for four stages for the last 60 months of
144-month follow-up. Figure 3 shows the esti-
mated QoL adjusted survival functions up to
30 years for the stage I group. The curves against
time beyond 144 months were extrapolated using
the Monte Carlo approach on a reference group
with age and gender matched for stage I group,
which were generated from the general population
using 1990 vital statistics of Thailand. The patterns
of QoL adjusted survival functions over time were
similar for utility measure, and psychometric
scaling for physical and psychological domains,
which shared a constant decreasing rate during
this time period. The QoL adjusted survival func-
tions for social and environmental domains be-
haved to have less decreasing rates. The lower half
of Table |1 summarizes the results of estimated
expected survival time, quality-adjusted survival
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Table 1. The estimates of expected survival time (in months), quality-adjusted survival time (QAST) adjusted for standard gamble
utility and psychometric scores obtained from physical. psychological, social and environmental domains during 144 months of follow-
up and life-long for breast cancer patients in the four clinical stages.

QoL scale Stage I Stage 11 Stage I1I Stage IV
Estimate SE Estimate SE Estimate SE Estimate SE
Over 144 months of follow-up .
Survival time . 134.2 3.8 19 2.7 76.9 4.1 33.1 38
QAST adjusted for .
Standard gamble 117.7 3.6 92.4 29 62.1 - 35 26.7 33
Physical score 98.5 33 770 29 53.5 31 20.2 25
Psychological score 934 31 74.1 22 50.8 3.0 2.9 .24
Social score 874 34 75.1 22 49.8 30 20.5 2.2
Environmental score 9Lt 29 74.1 2.2 51.3 29 20.9 25
Extrapolated to life-long
Survival time 271.5 59.8 166.2 15.3 118.6 17.1 36.9 6.1
QAST adjusted for
Standard gamble 274.6 39.5 144.0 17.5 104.9 - 165 29.9 54
Physical score 215.5 . 332 1223 16.0 84.0 13.3 2.8 4.1
Psychological score 203.5 30.6 111.9 12.0 74.6 104 2.5 43
Social score 213.5 424 1229 . 14.2 82.7 123 23.2 3.9
Environmental score 221.8 31.7 118.7 12.9 71.6 12.1 235 * 43
Survival time for reference group  379.5 18 3613 1.7 326.8 1.8 3136 1.9

The standard errors were estimated using the Bootstrap approach. The reference group was created by matching onset ages of patients
in each clinical stage group using female Thai vital statistics in 1990.

time adjusted for utility and for the four domain
scores of WHOQOL after extrapolation to
50 years or life-long. The estimated life expectan-
cies were 278, 166, 119 and 37 months for the four
clinical stages of breast cancer patients. While the
survival times for the four reference groups of
people with perfect health (or QoL = 1) were 380,
361, 327 and 314 months, accordingly. The results
revealed that psychological domain has the
smallest life-long score-time for stages I-III, which
implies that breast cancer patients need a long-
term psychological care.

The results shown in Table 1 were based on the
assumption of assigning the dead 0 score. To ex-
plore the sensitivity of assigning the death score,
we calculated the expected psychological score-
time adjusted survival time for the four stages with
death score 0.1 and 0.2, respectively. We have
chosen 0.2 because of the minimum psychological
score of 0.22 found in the 233 sampled patients.
The results are summarized in Table 2. The ex-
pected adjusted survival time increased as death
scores increased. There were limited increased
adjusted survival time for stage I patients because
of a high survival rate. But the expected life-long

" adjusted survival time for psychological domain

increased from 23.5 score-months with death score
0 to 130.3 score-months with death score 0.2 for
the stage IV patients. The result indicates that
expected quality-adjusted survival time was very
sensitive to the assignment of death score for a
disease with high mortality rate,

Discussions

In clinical trials, measured QoL scores using utility
or psychometric health profile methods were usu-
ally compared for available patients at specific
time points: before, during, and at the end of the
trials. Summary measures over time were usually
used for comparisons and reports. However, pa-
tient’s survivorship is either ignored or considered
separately from the observed QoL scores [19]. The
ignorance of mortality has caused a serious prob-
lem of bias in the summarized QoL measures. In
this study, we proposed a clear definition of mean
QoL score function over time for an index popu-
lation, which is the average score of all patients
both alive and dead at a given time. Moreover, we
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Figure 2. The logit of the ratio between the estimated mean
physical QoL score function and survival function for reference
population by clinical stages plotted against time over the
144 months of follow-up.

have also shown that the mean QoL score is the
sum of following two products: the average score
of surviving patients multiplied with population
survival rate, and the mortality rate multiplied
with the average score of decedents after assigning
a fixed value. The survival of the population is
then naturally integrated with QoL measure so
that we can interpret the mean QoL score function
as the QoL adjusted survival function. The QoL
adjusted survival function is further extended to
define the cumulative QoL score for an index
population over a time duration, which can sup-

plement the drawback of only comparing one or
several specific time points. When the QoL score is
rescaled to 0-1, life-long cumulative QoL score is
equivalent to the commonly used expected quality-
adjusted survival time in cost-effectiveness analysis
[20]. We have provided a general form and pro-
cedures for calculating expected quality-adjusted
survival time using both utility and health profile
measures. Most HRQoL studies have assigned 0
score to the dead, although many people may
disagree and there seems to have no consensus.
Our proposed method allowed researchers to as-
sign different constant values to the decedents ac-
cording to different items or domains in health
profile assessment. We propose that such a value
had better be less than the lowest value of those
alive during sensitivity analysis. Since the lowest
possible score in our study for different domains
was 0.22, we decided to assign scores of 0, 0.1 and
0.2 for sensitivity analysis of scoring the dead
subjects, which therefore can be implemented to
provide additional information for a more delicate
clinical decision-making.

Although we have provided a clear interpreta-
tion of the combination of QoL with survival
through the definition of population mean QoL,
some practical problems are worth further clari-
fication. The major critique on the combination of
QoL and survival is the potential dependence of
QoL on survival {19]. In general, patients who are
about to die or to be lost to follow-up tend to
have worse current scores, whereas those who
survive longer tend to have somewhat better cur-
rent scores [11, 20]. It indicates that the average
scores obtained from a sample of the surviving
patients might produce a positive bias because
patients with worse scores may be less represented
in the sample. Hence, a (stratified) random sample
of currently surviving patients, which cover all
different duration-to-dates or times-after-diagno-
sis, should be essential to an accurate measure for
the combination of QoL measures and survival.
In other words, our current approach of con-
ducting a cross-sectional survey with kernel-
smoothing the data to estimate the mean QoL
function at different duration-to-dates may not be
very accurate. It can be further improved by re-
peated measurements for the same cohort fol-
lowed by constructing a mixed-effects model and
adding more predictors of QoL as fixed factors.
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Figure 3. The estimated quality of life adjusted survxval functions for stage I breast cancer patlents using physical, psychological, social
and environmental measures of WHOQOL and standard gamble utility.

By doing so, we can actually improve the esti-
mates of QALE as well as lifetime psychometric
scores.

Another concern is the choice of an appropriate
reference population. While it is very convenient to
use the life table of general population on vital

statistics, one can only match with the index
population on age and gender. A more accurate
estimation may be achieved through a more de-
liberate selection of a reference population that are
comparable with the index population on other
determinants of outcome [21], because then the

Table 2. Results of sensitivity analysis for assigning scores of 0, 0.1 and 0.2 to the state of death on the estimates of expected
cumulative psychometric score-months obtained from psychological score of four clinical stages of breast cancer for 144 months of

follow-up and life-long

Time duration Death Stage I Stage 11 Stage I1I Stage IV
Score
Estimate  SE Estimate SE Estimate  SE Estimate SE
144 months §=0 934 3.1 " 74.1 22 50.8 30 20.9 24
&= 0.1 94.4 3.0 713 20 515 2.6 320 22
6 =02 95.4 25 80.6 1.8 64.2 2.2 43.1 1.7
Life-long 8=0 203.5 30.6 1119 120 74.6 104 235 43
8 =01 213.3 274 1352 11.0 113 84 76.9 2.7
§d =02 216.1 29.1 156.5 8.6 148.1 6.5 130.3 1.6




linear assumption of logit of W(f) may be more
easily fulfilled.

The QoL adjusted survival functions may pro-
vide more detailed information for different
choices of diagnoses and/or treatments, because
different patients may have different preferences in
different facets and domains. Both patients and
doctors or nurses can look at the figures and nu-
merical values of score-time for different facets or
domuains of their future QoL adjusted:-lives at any
time point from the Q(¢) score functions, which can
be used to facilitate decision-making. The measure
of life-long cumulative QoL score can also be ap-
plied to the general population to calculate a na-
tion’s psychometric health life expectancy.

The results of this breast cancer study show that
expected quality-adjusted survival time calculated
from the utility measurement was generally higher
than the rescaled psychometric score-adjusted
survival time. This may indicate HRQoL measure
in terms of utility is really higher than the 0-1
scaled psychometric scores for the breast cancer
patients. However, it is also possibly caused by the
scale construction difference. The simple 5 points
ordinal scale representing increasing or decreasing
severity may be enough for patients to mark their
perception. But the descriptors for the lowest and
highest scale points are often too extreme so that
patients tend not to mark these points even when
their health conditions are close to these ends.
Moreover, most psychometric scores coming from
the Likert scale may not be directly transformed
into a ratio scale of between 0 and 1. These
problems need to be resolved before the rescaled
scores can be used to compare with other utility
measures. Hence, the interpretation on direct
comparison between expected quality-adjusted
survival times using different measures must be
cautious. Further refinement of psychometric in-
struments such as conducting a more detailed de-
scriptor study before use will probably improve
the accuracy and feasibility of our method.
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COMMENTARY

As we attempt to evaluate the impact of changes in
medical practice and public policy on the long-
term health and well-being of populations, we are
faced with the task of developing methods to in-
tegrate information on the quality and quantity of
life. This is not a simple task and numerous ap-
proaches have been studied in the last decade [1-
5]. The article by Hwang and Wang, based on two
articles previously published in Statistics in Med-
icine in 1996 [6] and 1999 [7], is an attempt to
apply their methods for the estimation of quality
adjusted life years (QALYs) to a cohort of breast
cancer survivors. The authors propose using a
cross-sectional survey to estimate changes over
time in the quality of life of breast cancer survivors
over a 12-year period. These estimates are then
combined with survival statistics to create an in-
tegrated measure. The authors then propose to use
survival data from the general population and a
parametric model extrapolating the relationship
between the breast cancer population and the
general population to estimate a lifetime quality-
adjusted measure. '

My first reservation about the methods proposed
by Hwang and Wang is the use of data from a cross-
sectional survey to estimate changes over time.
While potentially more cost effective than a longi-
tudinal study, this approach requires that there are
no cohort effects for the survey to produce an un-
biased estimate of the utility or health rating scores
of the survivors. For example, survivors diagnosed
10 years ago are assumed to have the same trajec-
tory of QOL scores as those diagnosed 2 years ago.
This may not be generally true in medicine where
new treatment and supportive care strategics are
constantly being developed. Thus, subjects with
longer follow-up are likely to have been treated
initially with different strategies than subjects with
shorter follow-up. In addition to this specific con-
cern, there is the common concern about all sur-
veys. It is critical that the survey be conducted in a
manner that minimizes non-response bias and en-
sures that the respondents are truly a random
sample of the intended population and not a con-
venient sub-sample of that population.

My greatest concern, shared by others [8], re-
lates to the extrapolation to lifetime estimates with
censored follow-up data. The assumption that a

simple logistic regression function can model the
relationship between Q(z) in the index population
and S(t) in the reference populations is quite
strong. I personally find it difficult to conceptualize
this function of the quality of life in the index
population and survival in both populations; thus,
it is difficult to envision the settings where 1 would
have some confidence in the assumptions. The
condition cited by the authors is that the hazard of
death in the index population is greater than that
of the reference population (i.e., the disease results
in premature death) or that the disease produces a
negative effect on quality of life. This condition is
necessary but not sufficient for the extrapolation to
produce reasonable (unbiased) lifetime estimates.
While examination of plots of the Jogit of the ratio
of these two functions (Figure 2) may provide
some assurance that this simple model is a rea-
sonable approximation over the period during
which scores and survival were observed, it is im-
possible to assure ourselves that the extrapolation
is accurate without gathering additional follow-up
data. In the breast cancer example presented by
Hwang and Wang, the last 60 months of a 12-year
study were used to estimate the relationship be-
tween the two populations. But if the study had
been shorter, say 5 years, it is clear from Figure 2
that extrapolation of the Stage I and 1I curves
from that shorter study would not have matched
what was observed afterwards. Given that these
are the patients with the longest survival, errors in
the extrapolation would have the greatest impact
on the resulting estimates of lifetime quality-ad-
justed survival.

My remaining concerns center on the use of
preference (utility) versus health-rating.scales and
the interpretation of the results. The use of health-
rating (psychometrically derived) scales to com-
pute QALY measures is problematic. The inter-
pretation and interided use of health-rating scales
is different than for preference scales. As the
preference scores are measured on a ratio scale, it
is appropriate to interpret the product of the utility
scores with time as quality adjusted life-years; a
score of 0.6 over a 10-year period being equivalent
to a score of 0.5 over a 12-year period. Further, the
score for subjects who have died is generally ac-
cepted as zero by definition. The same is not true
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for the health-rating scales. Individuals will often
tolerate mild or moderate symptoms and incon-
venience before they are willing to trade for in-
creased risk of earlier death. This often resultsin a
non-linear relationship between preference and
health-rating scales [9-13). The linear rescaling the
WHOQOL (or any rating scale) to a range of 01
is unlikely to make it a valid preference measure
that is interpretable on a ratio scale. Thus, it is
dangerous to interpret the composite measure
proposed by Hwang and Wang as an estimate of
QALYs. It can, however, be interpreted as the area
under the curve of Q(¢) vs. time given the assumed
fixed value of d for individuals who have died.

While it is desirable for researchers to continue
to develop new techniques, it is also important that
we examine both the practical implementation of
these methods and the underlying assumptions
before putting them into general use. It is critical
to use the right methods in the right setting; so-
phisticated techniques applied incorrectly generate
confusion at best, inappropriate conclusions at
worst.. Hopefully, this paper will engender
thoughtful discussion and stimulate continued ef-
forts to develop methods to integrate information
on the quality and quantity of life.
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REJOINDER

Using a cross-sectional survey to estimate popu-
lation mean quality of life (QoL) function, we es-
timated the mean QoL score at year ¢ based only
on the sampled patients who were diagnosed ¢
years ago. Without input from patients who sur-
vived more than ¢ years, the mean QoL score es-
timate at year ¢ tends to be positively biased if the
patient’s QoL is improving during the study period
due to newly developed medicine or health care.
However, the current data may still be the best
available information for policy decisions in health
service, because no one can accurately predict the
magnitude of improvement of QoL and survival as
the progress of modern medicine is so fast. To
improve the precision of estimates of the mean
QoL score, quality-adjusted survival and extrap-
olation, we agree that more data from additional
follow-up will be helpful. If cost and time are al-
lowed, we would suggest implementing a new
cross-sectional survey on randomly selected sub-
jects from the follow-up population each year. A
less biased estimate of the mean QoL function will
be obtained using all the new and old interviewed
QoL scores. With the additional QoL and survival
data each yéar, we can also evaluate the precision
of the estimated quality-adjusted survival and ex-
amine the performance of the extrapolation
method.

The performance of the proposed extrapolation
method is mainly determined by the behavior of
quality-adjusted survival functions for the index
population and reference population during the
last few years of the follow-up. Since the reference
population is often generated from the life table of
a matched normal population, the survival func-
tion of the reference population is usually very
stable. The instability in quality-adjusted survival
function estimates for the index population is of-
ten caused by disease related factors, such as in-
vasive diagnostic workup and/or vigorous
intervention including surgery, radiotherapy, che-
motherapy, etc., in the first 1-3 years after diag-
nosis. The estimate of the quality-adjusted survival
function should be more stable after that time
point. If the proposed plot of logistic transfor-
mation of the ratio of quality-adjusted survival of

'

the index and reference populations does not show
a satisfactory straight line, the accuracy of ex-
trapolation is not guaranteed. In this case, we have
to extend the follow-up to have more accurate
long-term extrapolation.

The measure of quality-adjusted survival time is
mainly used to adjust the survival time of each
patient by his/her QoL scores. The idea of the
method is related to averaging patients’ QoL ad-

- justed survival times [1, 2]. In this study, we ob-

tained almost the same formula by first calculating
population mean QoL scores in a given time in-
terval and then summing up the scores across the
time period. Because the inherent meaning and
characteristics of psychometry is different from
that of utility measurement, we must assign them
with a different unit to differentiate the two.
Therefore, the integration of the product of
survival function and QoL function has a unit of
score-time such as score-month -or score-year es-
pecially when psychometric scores are used for
QoL measurements. It is best interpreted as the
cumulative survival-weighted psychometric score
for the specific domain, dimension, or facet, which

. is the area under the curve of Q(f) versus time

given the assumed fixed value of & for decedents
for the specific psychometric measurement.
Namely, it is a psychometric score of a specific
facet or domain adjusted by survival function and
should specify the time unit for outcome assess-
ment and comparison of effectiveness between two
or more different health services. Although the
results of quality-adjusted survival time adjusted
for standard gamble utility and psychometric
scores were tabulated together, we have noted that
the units are different and the direct comparisons
should be made with caution.
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