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Chapterr 4 

Abstract t 

ObjectiveObjective To assess the test-retest reliability of a recently developed disease-specific quality 

off  lif e questionnaire for evaluative studies in patients with Graves' ophthalmopathy (the 

GO-QOL),, measuring visual functioning and psychosocial consequences of a changed 

appearance. . 

MethodsMethods Ninety-three patients were included and completed the GO-QOL. Additional 

informationn on general quality of life and disease characteristics was obtained. Construct 

validityy and internal consistency of the two subscales was determined, based on principal 

componentt analyses, Cronbach's alphas and correlations with MOS-24, three subscales 

off  the SIP, and clinical measures. Eighty-nine patients completed a second GO-QOL after 

twoo weeks including four additional questions about perceived changes in health status. 

Test-retestt reliability was assessed by calculating intraclass correlation coefficients (ICCs) 

andd limits of agreement, using several definitions of stable patients. Slight modifications 

fromm the original questionnaire were evaluated for their effect on the validity and 

reliability. . 

ResultsResults The construct validity of the two subscales was confirmed and Cronbach's alphas 

weree 0.89 for visual functioning and 0.87 for appearance. The substantial ICCs found for 

bothh scales of the GO-QOL (ICCs above 0.80) reflect that the errors of measurement 

weree relatively small, which supports the value of this questionnaire for clinical studies 

withh relatively small sample sizes. The modification of the appearance scale improved the 

validityy of the scale and resulted in less missing values. 

ConclusionConclusion Following the recommendations of the joint committee of myroid associations, 

wee recommend the inclusion of HRQL-measures in clinical studies that evaluate 

treatmentss for patients with GO. The GO-QOL is a promising tool for this purpose. 
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Introductio n n 

Graves'' ophthalmopathy (GO) is a potentially disfiguring and sight-threatening disease, 

occurringg in 10-25% of patients (mosdy women) with Graves' thyroid disease (GTD).1-2 

Symptomss of pain, swelling, and redness of the eyelids, double vision (diplopia) and 

disfiguringg bulging of the eyes (proptosis), are caused by swelling of the extra-ocular 

muscless and fat behind the eyes. Treatment is aimed at inactivation of the inflammation 

byy means of immunosuppressive treatment (with steroids or radiotherapy), if necessary 

followedd by functional and/or cosmetic corrective surgery (often more than once) later, 

inn the stable phase of the disease. The course of disease is variable and treatment can take 

manyy years.1'2 

Becausee the goal of treatment for GO is to improve functioning and make patients look 

andd feel better, measurements of functional capacity and health-related quality of life 

(HRQL)) should be included in evaluative studies.3 Despite a current lack of agreement 

onn die definition and dimensions of HRQL, die need to incorporate patients' experiences 

iss well recognised.3"6 

Inn 1992, a joint committee of diyroid associations stated that self-assessment of the eye 

conditionn by the patient should be included in evaluations of treatments for patients with 

GO.77 However, it was not until 1997 that the first article was published on health-related 

qualityy of life in patients with GO, using a general HRQL questionnaire.8 In this cross-

sectionall  study, the HRQL of GO patients was impaired on all dimensions of the MOS 24 

(Medicall  Outcomes Study Short-form General Health Survey) compared to patients 

withoutt any chronic conditions. 

Forr the incorporation of patients' experiences in clinical studies, an evaluative instrument 

iss required that can detect small, but clinically important changes in HRQL over time. For 

thiss purpose, disease-specific quality of life questionnaires are often more appropriate than 

generall  HQRLL measures like the MOS-24, because disease-specific instruments focus on 

thosee relevant aspects of HRQL that are affected by the specific disease under study. 

Thesee instruments are therefore likely to be more sensitive to relevant changes in disease 

statuss over time.911 We developed a simple, self-administered, disease-specific quality of 

lif ee questionnaire to be used as an outcome measure in evaluative studies in patients with 

GO:: the GO-QOL.12'13 The questionnaire contains two subscales: 8 items refer to the 

consequencess of double vision and decreased visual acuity on visual functioning (e.g., 
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problemss with driving, reading), and 8 items refer to the psychosocial consequences of a 

changedd appearance (e.g., influence on self-confidence, unpleasant reactions), all due to 

thee GO. On each item, the degree of perceived impairment is scored on a three-point 

Likertt scale (not impaired, a littl e impaired, severely impaired). The two subscales showed 

promisingg validity and internal consistency in newly referred patients.12'13 

However,, we argued that the validity could possibly be improved by slight modifications 

inn the wording and sequence of the questions. Also, in order to facilitate the interpretation 

off  longitudinal changes in GO-QOL scores over time, and to determine sample sizes 

requiredd for clinical trials, one should have an idea about the within-subject variability or 

test-retestt reliability of the questionnaire in stable subjects. If the variability in stable 

subjectss is small in relation to the change in score that constitutes a clinically important 

difference,, one will be able to conduct clinical trials with relatively small sample sizes.14 

Thee aim of this study was therefore to assess the test-retest reliability of the GO-QOL in 

stablee patients. In addition, the results of this study could (and should) support the validity 

andd internal consistency of the questionnaire. 

Methods s 

Modificatio nn of the GO-QOL 

Threee questions of the appearance subscale were slighdy modified: In our previous study 

thee item "social isolation" was related to both scales. The item was assigned to the 

appearancee scale on the basis of its content. It was hypothesised that the place of this item 

inn the middle of the questionnaire at the transition between the two scales contributed to 

thee correlation with both scales. Therefore we moved the item to the end of the 

questionnairee and slighdy changed the wording of the question in accordance with the 

otherr questions of the appearance scale. The wordings of two other questions ("being less 

oftenn on photos" and "using camouflage") were also slighdy changed, as well as the 

answeringg options, which were changed from yes/no/1 don't know or not applicable to 

not-/aa litde-/severely impaired in accordance with the other questions in the scale. A full 

representationn of the modified GO-QOL is given in chapter 7. 

Too examine die effects of these changes on die validity and reliability of the subscales, we 

includedd both the original and the modified questions in die questionnaire. Hence, two 

versionss of the appearance subscale could be created; one containing the original 8 items, 

andd one containing 5 original plus 3 modified items. The two versions were compared in 

alll  analyses, and will be referred to as the original and modified appearance scale. 
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Patientss and procedures 
Wee included all consecutive Graves' ophthalmopathy (GO) patients (age > 18 years) who 

visitedd the outpatient clinic of the Orbital Centre of the Academic Medical Centre in 

Amsterdamm during a three months period. Each patient could only be included once. 

Al ll  patients were asked for informed consent and received a questionnaire, containing 

generall  questions on demographics, duration and previous treatments of GO and Graves 

Thyroidd Disease (GTD), the GO-QOL, the MOS-24 (Medical Outcomes Study Short-

formm General Health Survey)15, and three subscales of the SIP (Sickness Impact Profile; 

Sociall  Interaction, Household management and Leisure pastimes and recreation)16, the 

latterr two both general HRQL questionnaires. Questionnaires were completed at the 

outpatientt clinic or at home and returned by mail within a week. 

Informationn on current GO severity was scored according to the NOSPECS classification 

system,, based on symptoms and signs of eyelid retraction (class 1), soft tissue changes 

(classs 2), proptosis (class 3), eye motility disturbances (class 4), corneal involvement (class 

5),, and sight loss (class 6). Within each class, symptoms or signs are scored as absent (0), 

minimall  (a), moderate (b) or severe (c).17 Current GO activity was scored according to the 

Clinicall  Activity Score, based on 7 signs of inflammation of the orbit (pain, redness, and 

swelling),, each scored as absent (0) or present (I).18 Scores were recorded on a special case 

recordd form (CRF) by the treating ophthalmologist. 

Al ll  patients who completed the questionnaire received a second questionnaire by mail two 

weekss after completion of the first. A reminder was send after one week if the 

questionnairee was not returned. A two-week period was chosen to be long enough to 

avoidd recall bias and yet short enough to assume patients to remain clinically stable on 

theirr GO.19'20 The second questionnaire contained only the GO-QOL and four 

transitionall  variables about perceived changes in general health, in the Graves' 

ophthalmopathy,, in visual functioning and in appearance. Patients were asked if these 

aspectss of their health were worse, about the same, or better than two weeks ago. 

Statisticall  analyses 

FirstFirst measurement: Validity 

Principall  Component Analysis was used to confirm the subdivision of the questionnaire 

intoo a visual functioning subscale and an appearance subscale (the two versions were 

compared).. Internal consistency was assessed by calculating Cronbach's alphas. For all 
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subscaless of the GO-QOL, MOS-24 and SIP, scores on the individual items were 

summedd and transformed to 0-100 scales, 0 indicating worst health state, and 100 

indicatingg best health state. Correlations of the two disease-specific scales with clinical 

characteristicss and with subscales of the MOS-24 and SIP were calculated to assess 

constructt validity, that is, the extent to which the questionnaire relates to other measures 

inn a manner which is consistent with pre-defined hypotheses concerning the concepts (or 

constructs)) that are being measured.2"'21 For example, it was expected that older patients 

andd patients with more severe eye motility disturbances or double vision would experience 

moree problems with visual functioning, while females and patients with more proptosis 

wouldd experience more problems with appearance. Also, visual functioning was expected 

too correlate substantially with general "functional" scales like physical, role, and social 

functioning,, household management and leisure pastimes, while appearance was expected 

too correlate with mental health and social interactions. 

SecondSecond measurement: Test-retest reliability 

Meann differences between the two measurements were calculated with limits of agreement 

(definedd as mean difference  2 * SD of the difference) according to Bland and Altman.22 

Thesee limits reflect the interval within 95% of the differences in scores lie. A plot was 

madee of the difference between the two measurements against their mean to check 

whetherr the error of measurement was independent of the magnitude of the score.22 

Test-retestt reliability of the GO-QOL was assessed by calculating intraclass correlation 

coefficientss (ICCs), which is generally accepted as the preferable method of assessing 

reliability.144 The ICC is more appropriate for assessing reliability than the Pearson 

correlationn coefficient because it reflects not only random but also systematic differences 

inn test scores. If one measurement is systematically higher or lower than the other, the 

ICCC is correspondingly reduced, while the Pearson correlation coefficient is not.14,19 

Theree are different ways of calculating an ICC that can give quite different results when 

appliedd to the same data.23 We calculated ICCs according to Deyo et al.19, which 

correspondss to the two-way random effects model described by Shrout and Fleiss.24 This 

modell  assumes that the two occasions of measurement that were chosen represent a 

randomm sample of all possible measurement occasions and that each patient was assessed 

att each occasion. 

Differentt ways were used to define stable patients: ICCs were calculated for the entire 

patientt group, as it was argued that no clinically important changes would be expected in 

thee GO within two weeks. Additionally, ICCs were calculated for all subgroups of patients 
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whoo reported to be improved, remained stable, or got worse on the four transitional 

variables.. Weighted Kappa's were calculated for the 19 individual items of the GO-QOL 

too examine the test-retest reliability of the individual items. Numbers were assigned to the 

answeringg options from 1 to 3, and disagreement weights were based on the square of the 

amountt of discrepancy. With this weighting scheme, the weighted kappa is exacdy 

identicall  to the ICC (two-way random effects model).20 

Results s 

Response e 
Inn three months, 109 consecutive patients were eligible for the study. Four patients were 

missedd for inclusion and four patients refused informed consent. Eight patients did not 

returnn the first questionnaire (92% response), leaving 93 patients (23 men; 70 women) that 

weree included. The treating ophthalmologists did not complete the CRF for 2 patients; 

thuss 91 patients remained for correlation analyses with clinical variables. Four of the 93 

patientss who completed the first questionnaire did not return the second one (96% 

response);; thus 89 patients could be used for test-retest analyses. 

Patientt characteristics are shown in Table 1. Eighty-nine percent (83/93) of the patients 

weree clinically and biochemically euthyroid. Scores on the GO-QOL (first measurement) 

aree given in Table 2. 
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Tablee 1. Patient characteristics 

Variable e 

Agee (years) 

Sex x 

Durationn GO (months) 

Durationn GTD (months) 

PreviousPrevious treatments GO 

prednisone e 

radiotherapy y 

decompressionn operation 

eyee muscle surgery 

eyee lid surgery 

otherr treatments 

PreviousPrevious treatments GTD 

radioiodine e 

thyroidd surgery 

medication n 

CurrentCurrent GO severity 

softt tissue involvement 

proptosis s 

extraocularr muscle involvement 

corneall  involvement 

opticc nerve involvement 

Totall  Eye Score1 

CurrentCurrent GO activity 

Clinicall  Activity Score2 

meann  SD 

range e 

F / M M 

mediann (range) 

mediann (range) 

classs 2 (0/a/b/c) 

classs 3 (0/a/b/c) 

classs 4 (0/a/b/c) 

classs 5 (0/a/b/c) 

classs 6 (0/a/b/c) 

median(range) ) 

median(range) ) 

Value e 

49.11  13.7 

23-76 6 

7 0 / 23 3 

44.88 (4.2-364) 

50.77 (0.6-591) 

30.1% % 

50.0% % 

57.0% % 

39.1% % 

45.2% % 

20.4% % 

26.1% % 

15.2% % 

95.7% % 

14/53/23/1 1 

71/16/4/0 0 

48/23/20/0 0 

77/11/0/0 0 

80 /4 /3 /2 2 

66 (0-33) 

11 (0-7) 

N N 

93 3 

93 3 

91 1 

88 8 

93 3 

92 2 

93 3 

92 2 

93 3 

93 3 

92 2 

92 2 

92 2 

91 1 

91 1 

91 1 

88 8 

89 9 

89 9 

85 5 

11 Total Eye Score (TES) is calculated by multiplying each class of the NOSPECS classification 
(exceptt class 5) with its grade of severity (0=0; a=l; b=2; c=3 points), yielding a maximum total 
scoree of 45 points (since all patients had symptoms, class 1 is not taken into account).17 

22 Clinical Activity Score is calculated on the basis of presence (1 point) of absence (0 points) of 
pain,, redness, swelling, yielding a total maximum score of 7.18 

74 4 



Test-retestt reliability of the G O - Q OL 

Tablee 2. Frequencies of responses (measurement 1) on the questions of the GO-QOL (n - 93) 

Itemm Not A littl e Seriously Missing 
impairedd impaired impaired values 

VisualVisual functioning 

limitedd in cycling 

limitedd in driving 

limitedd in walking indoors 

limitedd in walking outside 

limitedd in reading 

limitedd in watching TV 

limitedd in hobby 

interferencee with daily lif e 

Appearance Appearance 

changee in appearance 

feelingg of being watched 

unpleasantt reactions 

influencee on self-confidence 

influencee on friendships 

feelingg of social isolation 

feelingg less often on photos 

tryingg to camouflage appearance 

II Thirteen patients had no driver's licence. 

Firs tt  measurement: Validit y 

Ninety-threee G O - Q OL questionnaires were eligible for the principal component analysis. 

Thirteenn patients had no driver's license, resulting in a missing value for the item driving; 

I II  patients scored " I don't know" on the item being less often on photos, which were 

codedd as a missing value; 6 patients had a missing value for the item hobbies; and 6 other 

itemss had one missing value, remaining 65 (original appearance scale) or 71 (modified 

scale)) complete first questionnaires. Initially , missing items were deleted pairwise in the 

analysis.. The answer "not applicable" on the item camouflage was coded as "no". 

75 5 

15 5 

23 3 

1 1 

5 5 

24 4 

15 5 

18 8 

18 8 

8 8 

41 1 

45 5 

28 8 

59 9 

63 3 

42 2 

55 5 

33 3 

23 3 

13 3 

32 2 

38 8 

46 6 

31 1 

39 9 

37 7 

30 0 

38 8 

33 3 

23 3 

17 7 

20 0 

23 3 

43 3 

34 4 

79 9 

56 6 

31 1 

32 2 

38 8 

35 5 

47 7 

22 2 

10 0 

31 1 

11 1 

12 2 

30 0 

15 5 

2 2 

133 i 

6 6 

1 1 

1 1 

1 1 

1 1 
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Principall  component analyses confirmed the subdivision of the questionnaire into two 

subscales.. Factor loadings were comparable to our previous study. As expected, in the 

analysiss using the original appearance items, the item social isolation loaded moderately 

onn both factors (0.46 on visual functioning, 0.42 on appearance). In the analysis using the 

modifiedd items, the modified item loaded much higher on the appearance scale (0.71) than 

onn the visual functioning scale (-0.07). Also, the modified items about photos and 

camouflagee had higher factor loadings on the appearance scale than the original items 

(0.800 compared to 0.66 for photos, and 0.62 compared to 0.46 for camouflage). Several 

otherr strategies for replacing missing values resulted in comparable factor solutions. 

Cronbach'ss alphas were 0.89 for visual functioning, 0.80 for the original appearance scale, 

andd 0.87 for the modified appearance scale. 

Becausee the results of the following analyses were comparable for the original and 

modifiedd appearance scale, we only present the results for the modified scale in the tables. 

Correlationss of the two disease-specific scales with MOS-24, SIP and clinical 

characteristicss are given in Table 3. Older patients and patients with more severe eye 

motilityy disturbances reported more problems with visual functioning, and females 

reportedd more problems with appearance than men did. Contrary to expectations, 

propp to sis correlated low with appearance. Visual functioning correlated substantially with 

alll  subscales of the MOS-24 and SIP. Appearance correlated most with mental health. 

Thee mean scores  SD (range) for the GO-QOL were 65.6  26.1 (0-100) for visual 

functioningg and 61.0  27.4 (0-100) for appearance (modified scale). Mean scores  SD 

forr MOS-24 and SIP scales ranged from 47.2  23.7 to 86.2  15.4. 

Secondd measurement: Test-retest reliabilit y 

Seventy-fourr percent (66/89) of patients reported no change in general health (15/89 

improvedd and 8/89 deteriorated); 73% of patients (65/89) reported no change in overall 

GOO (16/89 improved and 7/89 deteriorated); 70% of patients (62/89) reported no 

changee in visual functioning (12/89 improved and 15/89 deteriorated); and 79% of 

patientss (70/89) reported no change in appearance (11/89 improved and 7/89 

deterioratedd (1 missing value)). Fifty-three percent (47/89) of the patients reported no 

changee in all four transitional variables. 
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Tablee 3. Spearman rank correlations of the two subscales of the GO-QOL with subscales of the 

MOS-244 and SIP and with clinical characteristics (n = 93) 

Visuall  functioning Appearance e 
(modifiedd scale) 

MOS-24 MOS-24 

physicall  functioning 

rolee functioning 

sociall  functioning 

mentall  health 

healthh perceptions 

bodilyy pain 

energy y 

SIP SIP 

sociall  interaction 

householdd management 

leisuree pastimes 

ClinicalClinical characteristics 

Age e 

Femalee sex 

Durationn of GO 

Currentt GO severity 

softt tissue involvement class 2 

proptosiss class 3 

extraocularr muscle involvement class 4 

Totall  Eye Score 

Currentt GO activity (Clinical Activity Score) 

.48** * 

.411 ** 

.50** * 

.50** * 

.42** * 

.411 ** 
499 ** 

.53** * 

.56** * 

.533 ** 

25* * 

004 4 

13 3 

233 ** 

16* * 

42** * 

38** * 

333 ** 

.33** * 

.42** * 
y~[y~[ * # 

.48** * 

.24* * 

.24* * 

.34** * 

.35** * 

.28** * 

.25* * 

.15 5 

-.311 ** 

-.22* * 

-.10 0 

-.14 4 

.02 2 

-.05 5 

-.10 0 

Higherr scores indicate better functioning, except for Total Eye Score, NOSPECS class 2,3, and 
4,, and Clinical Activity Score, for which higher scores indicate worse eye condition. 
**  P < 0.05. 
***  P < 0 . 0 1. 
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Inn Table 4 mean  SD scores of the GO-QOL are given for the first and second 

measurementt as well as the mean differences between the measurements with limits of 

agreement.. ICC's are given with 95% confidence intervals (CIs). Results are presented for 

thee whole patient group (n = 89) as well as for subgroups of patients who did or did not 

reportedd a change in their visual functioning or appearance. 

Meann scores of both scales were systematically higher for the second measurement in the 

presentedd patient groups as well as in all other subgroups of patients who reported to be 

stablee or improved. Mean differences (  SD) ranged from 1.0 (+ 11.4) to 2.8 (+ 12.2) 

pointss in stable patients; and from 2.4 (  10.3) to 12.9 (  19.2) points in patients that 

improved.. Mean differences (  SD) in patients that deteriorated ranged from -2.0 (

10.6)) to 10.8 (+ 10.2) points. Overall, the differences in scores were somewhat higher for 

thee modified appearance scale compared to the original scale. 

Inn Figure 1 the differences between the two measurements are plotted against their mean, 

accordingg to the method described by Bland & Altman.22 The error of measurement was 

foundd to be independent of the magnitude of the score. 

ICCss for the presented patient groups as well as for all other stable subgroups were above 

0.800 (Table 4), indicating that more than 80% of the variance in scores can be attributed 

too "true" differences between patients. ICCs for subgroups that reported to be improved 

orr deteriorated ranged from 0.42 to 0.99, but had wide confidence intervals because of the 

smalll  patient groups. For both subscales, ICCs were higher in patients who reported to 

bee stable on these specific aspects than for patients who reported to be improved or 

deterioratedd (Table 4). ICCs of the modified appearance scale were slighdy lower than the 

ICCss of the original scale for all subgroups. 

Weightedd Kappa's of the 19 individual items ranged from 0.41 (95% CI 0.22-0.61) for 

walkingg indoors to 0.85 (95% CI 0.76-0.95) for being less often on photos (modified 

item). . 
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z!, z!, 

'c c 
c c 

100 0 

meann visual funcuonin 

B B 

100 0 

meann appearance 

Figuree 1. Difference between the first and second measurement against their mean 

forr visual functioning (A) and appearance (B) 
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Discussion n 

Thee GO-QOL was developed as an outcome measure for evaluative studies to measure 

thee consequences of double vision and decreased visual acuity on visual functioning and 

thee psychosocial consequences of a changed appearance, two important aspects of health-

relatedd quality of life for patients with Graves' ophthalmopathy. In this study, the test-

retestt reliability of the GO-QOL was assessed and the results were considered acceptable 

forr group comparisons, with ICCs above 0.80. The construct validity of the GO-QOL 

wass confirmed by the principal component analyses and internal consistency results, and 

modificationn of the appearance scale improved the validity of the scale and resulted in less 

missingg values. 

Firstt  measurement: Validit y 
Ass expected, older patients and patients with more severe eye motility disturbances 

reportedd more problems with visual functioning, and females reported more problems 

withh appearance, which supported the construct validity of the GO-QOL. Contrary to 

expectations,, proptosis correlated low with appearance. This might be due to the low 

variancee in proptosis, with most patients classified in class 30 (Table 1). These findings 

correspondd to our previous study.13 Also similar to our previous study, GO severity (Total 

Eyee Score) and activity (Clinical Activity Score) correlated only moderately with visual 

functioning.. As we discussed then, this could be explained by the fact that the Total Eye 

Scoree and Clinical Activity Score are compound measures of different aspects of disease 

thatt might have a different effect on functioning and HRQL.13 Another explanation could 

bee that other factors influence patients' experiences with this disease. For example, 

patients'' experiences with their appearance are not only determined by the degree of 

proptosiss in one eye (class 3), but also by the change in proptosis from the values before 

thee onset of GO, and the (absence of) symmetry between the eyes. Likewise, visual 

functioningg is not only determined by the degree of eye muscle restriction in one eye 

(classs 4), but also by the (absence of) symmetry between the eyes, which might lead to 

doublee vision or squint. Also, squint influences the appearance. And finally, the degree of 

burdenn from these aspects, which is different for each person, influences the GO-QOL 

scores. . 

Wee can not rule out that the low correlations between the GO-QOL and the routine 

clinicall  measures could be explained by low construct validity of the questionnaire. 

However,, validity of the disease-specificity of the questionnaire was also supported by the 
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inclusionn of all (and only) items that were important to patients13 and by including the 

sentencee ".. due to your Graves' ophthalmopathy" at each question. But the most 

importantt way to support the usefulness of the GO-QOL as an evaluative instrument for 

clinicall  studies is to further confirm the validity by longitudinal studies examining the 

correlationn between changes in disease status according to the patient of physician and 

changess in scores on the questionnaire. 

Substantiall  correlations were observed between conceptually related scales of the GO-

QOLL and MOS-24 and SIP, for example between visual functioning and household 

managementt or leisure pastimes and between appearance and mental health, which 

supportedd the construct validity of the GO-QOL. However, visual functioning correlated 

similarlyy high with the other (less conceptually related) scales of the MOS-24. In fact, all 

correlationss of the GO-QOL with the MOS-24 and most of the correlations with the SIP 

weree higher than in our previous study.13 The correlations of visual functioning with 

physicall  functioning, mental health, energy, and social interaction and the correlation of 

appearancee with mental health were significandy higher than in our previous study (more 

thann 0.29 higher, P < 0.05 (Fisher's z-transformation)). These differences could only 

partlyy be explained by a larger variance in scores in this more heterogeneous patient 

population.. The significandy longer median duration of GO in this study (44.8 months 

versuss 12.0 months in our previous study; p < 0.001) could not explain the difference in 

correlations.. Also, the number of previous treatments had no influence on these 

correlations;; they were also high in 16 patients who were untreated. We do not have a 

satisfactoryy explanation for these differences with our previous study. Perhaps other 

differencess in patient population could explain the difference. Future studies need to 

reproducee this correlation matrix to investigate if construct validity might be different in 

differentt patient groups. 

Secondd measurement: Test-retest reliabilit y 

Highh ICCs were found in this pre-defined clinically stable patient group. Four transitional 

variabless were used to define stable subgroups. As expected for both visual functioning 

andd appearance, ICCs were higher in patients who reported to be stable on these specific 

aspectss than for patients who reported to be improved or deteriorated, which supports 

thee reliability of the GO-QOL. Differences, however, were small, which is in accordance 

withh the expectation that large clinically important changes were not to be expected in two 

weeks. . 
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Theree is no consensus about whether to define stable patients in advance, i.e., by defining 

aa time period between the measurements in which no clinically important changes can be 

expected,, or in retrospect, i.e., based on some global measure of change. Norman et al25 

addresss several problems with the use of transitional variables for determining change, 

includingg the questionable validity of these variables. In this study we were not able to 

checkk if the clinical condition was unchanged by physical examination, because these 

patientss were not seen on a regular basis within two weeks at the outpatient clinic and 

questionnairess for the retest were sent by mail. Recall bias can therefore not entirely be 

excluded,, but a retest interval of 2 weeks is very common in the literature.19'20 We further 

believee that clinically important changes were highly unlikely in two weeks, and differences 

inn results were small when using the entire patient group or stable subgroups as perceived 

byy the patient. 

Inn all subgroups of patients who reported to be improved, mean scores of visual 

functioningg and appearance were higher for the second measurement. However, these 

secondd scores were also higher in all stable subgroups as well as in the entire patient 

sample,, although these changes were smaller. These systematic improvements in 

apparendyy stable patients are common in health status measurements and might be due 

too the natural course of disease, a non-specific learning effect or to regression to the 

mean.14'199 The ICC based on a two-way random effects model takes these systematic 

differencess into account. Although the ICCs in this study were not always lower (but 

sometimess even higher) in subgroups with larger score changes between the two 

measurements,, the differences were small and might be nonsignificant because of wide 

confidencee intervals in these small subgroups. 

Thee substantial ICCs found for both scales of the GO-QOL reflect that the errors of 

measurementt were relatively small, which supports the value of this questionnaire for 

clinicall  trials with relatively small sample sizes. For example, with an observed SD of the 

differencee in scores in stable patients of 14 points, a trial with 30 patients in each group 

(whichh is a common sample size for trials in Graves' ophthalmopathy)26"28 can detect 

statisticallyy significant differences in scores of about 11 points with a power of 0.90.u A 

change,, for example, in two items from severely impaired to a littl e impaired (or in 1 item 

fromm severely impaired to not impaired) constitutes a change in score on the scale of 12.5 

points.. Whether these changes constitute a clinically important difference depend 

however,, upon the aim of the trial and should be confirmed in a study assessing GO-

QOLL changes in patients before and after treatment. 
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Onee should keep in mind that reliability is not a characteristic of the questionnaire, but, 

ass shown above, it is linked to the variance and sample size of the population in which it 

i ss determined 20,23,29 - j ^ reliability found in this study might be lower in a more 

homogeneouss population defined for inclusion in a clinical trial, which increases the 

samplee si2e needed to detect a certain treatment difference. For example, if the SD of the 

differencee in scores increases to 18 points, the required sample size will accordingly 

increasee to 48 patients per group to detect a previously mentioned difference in score of 

111 points with the same power. 

Forr the use of an instrument for individual patient management, the reliability should be 

higherr than for the use of an instrument for group comparisons in clinical trials.20 This 

cann be understood from the "Bland & Altman" plot (Figure 1) and the limits of 

agreement,, indicating the variability within individual patients. In this study, the limits of 

agreementt were relatively large, despite substantial ICCs. If an individual (stable) patient 

completess the GO-QOL twice, then there is a probability of 95% that the second score 

wil ll  be not more than 25-30 points higher or lower than the first score. Only if these 

changess are smaller than the clinically important difference, which might be questionable 

butt has yet to be defined, the questionnaire could be useful for individual patient 

management. . 

Conclusion n 

Inn conclusion, the results of this study support the validity and reliability of the GO-QOL 

ass an outcome measure in evaluative studies in patients with Graves' ophthalmopathy. 

Followingg the recommendations of the joint committee of thyroid associations, we 

recommendd the inclusion of HRQL-measures in clinical studies that evaluate treatments 

forr patients with GO. The GO-QOL is a promising tool for this purpose. 
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