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Abstract
Background: We investigated sensitivity to change of three scoring methods of the Health 
Assessment Questionnaire  (HAQ) in relation to change in disease activity in patients with 
active rheumatoid arthritis (RA).
Patients and Methods: Adult RA‑patients with complete data in the Measurement of 
Efficacy of Treatment in the Era of Outcome in Rheumatology database with respect to 
the 20 HAQ questions and disease activity score with 28‑joint count using the erythrocyte 
sedimentation rate  (DAS28‑ESR) for 2 visits, at least 6–12  months apart, and high disease 
activity  (DAS28‑ESR  >5.1) at visit 1. Changes in HAQ scored by the  (1) conventional 
method  (HAQ‑8),  (2) HAQ‑Tomlin method  (HAQ‑T), and  (3) HAQ‑20‑item method  (HAQ‑20) 
were analyzed in relation to the European League Against Rheumatism  (EULAR) RA response 
criteria, dichotomized to good/moderate and no response.
Results: In 421  patients, mean standard deviation  (SD) DAS28‑ESR declined 
significantly  (6.1  [0.8]–4.8  [1.6], P  <  0.0001), over a mean period  (SD) of 8.7  (1.9) months. 
Median HAQ scores improved by all three scoring methods, HAQ‑8  (1.6–1.4); HAQ‑T  (1.2–
0.7); and HAQ‑20  (1.2–0.9) with similar effect sizes of 0.97, 0.96, and 0.95, respectively. The 
proportion who achieved a HAQ minimally clinically important improvement  (MCII) of  ≥0.22 
was significantly higher in 47% of patients with EULAR good/moderate score compared 
to the no response patients  (64% vs. 11%, P  <  0.0001). Good/moderate EULAR response, 
higher baseline DAS28, and higher baseline HAQ  (7.11, 1.55, and 1.06, respectively) were 
independent predictors of achieving a HAQ‑MCII.
Conclusion: Three HAQ scoring methods performed similarly in sensitivity to change with 
no advantage of alternative scoring methods compared to the conventional HAQ‑8 method. 
A  good/moderate EULAR response, despite long disease duration, was associated with a 
significant likelihood of achieving a HAQ‑MCII.
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Introduction
Rheumatoid arthritis  (RA) is a chronic progressive 
inflammatory joint disorder that can result in irreversible 
joint damage and physical disability.[1] The modified Stanford 
Health Assessment Questionnaire (HAQ) is a validated and 
widely used disease‑specific instrument for measuring 

functional disability in RA.[2] HAQ scores are influenced 
by a combination of joint inflammation  (reversible) and 
damage (irreversible)[3] and are generally more sensitive to 
change in early RA than in established, long‑standing RA.[4]

The standard method of scoring the HAQ  (HAQ‑8) is 
the sum of the worst scores in each of the 8 domains, 
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consisting of at least two items, divided by 8.[5] A major 
drawback of this scoring method is the floor and ceiling 
effects. The only improvement in the worse item score 
results in an improvement in the domain score, and 
conversely, improvement in the item initially scoring worst 
may be masked by worsening of other items in the same 
domain. Hence, the instrument is less sensitive to change 
at the extremes of the scale, i.e., a patient with a HAQ of 0 
seemingly cannot get better and, conversely, a patient with 
a HAQ of 3 cannot get worse.

Different methods of scoring the HAQ have been 
tried in an attempt to improve sensitivity to change. 
Tomlin et  al. used the mean score per category to 
calculate the HAQ‑Tomlin method  (HAQ‑T).[6] They 
showed a smaller variance in category scores, a better 
correlation between category scores and final score, 
and better reproducibility on repeated administrations 
of the questionnaire, compared to the HAQ‑8 method. 
A  rescored 20‑item HAQ investigated by Wolfe showed 
better performance than the conventional HAQ in 
patient and item separation.[7]

The primary objective of the present study was to compare 
alternative HAQ scoring methods with the HAQ‑8 method 
with respect to sensitivity to change in relation to disease 
activity in patients enrolled in a large multinational, 
the Measurement of Efficacy of Treatment in the Era of 
Outcome in Rheumatology  (METEOR) database.[8] The 
secondary objective was to determine the proportion 
of patients achieving minimal clinical improvement of 
the HAQ scores by the three methods in relation to the 
European League Against Rheumatism  (EULAR) RA clinical 
response criteria.

Patients and Methods
Adult patients fulfilling the 2010 ACR/EULAR RA 
classification criteria[9] in the METEOR database were 
studied. Only patients who had completed all 20 HAQ items 
and 4 variable disease activity score with 28‑joint count 
using the erythrocyte sedimentation rate  (DAS28‑ESR)[10] 
data for any 2 visits at least 6–12 months apart, with high 
disease activity  (DAS28‑ESR  >5.1) at the first of the two 
visits  (henceforth termed visit 1) were included in the 
analysis  [Supplementary Figure  1]. The rationale for 
including only patients with high disease activity was to 
enrich the sample to show changes in both disease activity 
and HAQ scores between two visits within a relatively 
short interval between visits. HAQ scores were analyzed in 
relation to EULAR RA response criteria, based on changes 
in DAS28‑ESR scores.[11] Briefly, the HAQ was scored (range 
of 0–3) as follows: HAQ‑8 as a quotient of the sum of 
worst scores per domain;[5] HAQ‑T as a quotient of the 
sum of mean scores per domain divided by 8;[6] and 
HAQ‑20‑item method  (HAQ‑20) as a quotient of the sum 
of 20 items scores divided by 20. For the purpose of the 

study, patients were dichotomized into either EULAR 
good/moderate response or no response. The study was 
approved by the University of the Witwatersrand Human 
Research Ethics Committee (clearance certificate number 
M140950) on 20/02/2015.

Statistical method
A Bland–Altman plot was created to assess the agreement 
between scoring methods.[12,13] Effect sizes were calculated 
using the Guyatt’s and Cohen’s d methods.[14,15] The 
minimally clinically important difference  ≥0.22[16] in HAQ 
score was used to define minimally clinically important 
improvement  (MCII). Cumulative probability curves of the 
change in HAQ scores by the three methods were plotted 
for the good/moderate and no response groups. Logistic 
regression analysis was applied to determine independent 
predictors of an MCII. Statistical analysis was done using 
Stata Inc software  (v15) Stata Statistical Sofware: Release 
15 (StataCorp. 2017. College Station, TX: StataCorp LCC.). 
A P ≤ 0.05 was considered statistically significant.

Results
Of 5539 RA patients who had completed all 20 HAQ 
questions as of September 2014, 421  patients fulfilled 
the remaining inclusion criteria  [Supplementary 
Figure  1]. Selected patients had the typical RA female 
predominance; long‑standing established disease with very 
active disease  [Table  1]. Over a mean standard deviation 
follow‑up period of 8.7  (1.9) months, both disease activity 
and HAQ scores improved significantly, 199  (47%) of 
patients achieved a EULAR good/moderate response, of 
whom 64%, 63%, and 62% achieved an MCII with HAQ‑8, 
HAQ‑T, and HAQ‑20 scoring, respectively.

The Bland–Altman plots  [Supplementary Figure  2] for visit 
1 and visit 2 showed good agreement between the three 
HAQ scoring methods. The agreement was better between 
HAQ‑T and HAQ‑20 than between HAQ‑8 and other 
scoring methods. The effect size on the HAQ was larger 
in patients with good/moderate EULAR response than in 
patients with no EULAR response for all three HAQ scoring 
methods [Table 1].

Cumulative probability curves of changes in HAQ scores 
in relation to the two EULAR response groups  [Figure  1], 
were similar for the three HAQ scoring methods. Of note, 
all three scoring methods showed that the proportion of 
patients who achieved an MCII was significantly higher 
in patients with good/moderate EULAR response than in 
patients with no EULAR response [Supplementary Table 1].

The strongest independent predictor of achieving a MCII 
in 269 (64%) patients (HAQ‑8 method) was a EULAR good/
moderate response  (odds ratio  [OR] = 7.11)  [Table  2]. 
Other significant independent predictors of a MCII were 
high baseline disease activity score  (OR  =  1.55; 95% 
confidence interval [CI] = 1.20, 1.99), high baseline swollen 
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joint counts  (OR  =  1.04; 95% CI  =  1.01,1.09) and tender 
joint counts  (OR  =  1.04; 95% CI  =  1.01,1.07), and high 
baseline HAQ‑8 score (OR = 1.06; 95% CI = 1.03,1.11).

Discussion
In this cohort of established, long‑standing RA patients 
with high disease activity and in whom 47% attained a 
good/moderate EULAR response after a mean period of 
8.7  months, the three methods showed little difference 
in sensitivity to change in disease activity. In the group 
of patients with a good/moderate response, 64% had a 
clinically meaningful improvement in functional disability, 
which was similar for the alternative HAQ scoring methods.

Our findings showed that there is good agreement 
between the three scoring methods and that effect size 
was large for all the methods demonstrating good but 
similar sensitivity to change in a patient group with high 
disease activity. That agreement was tighter between the 
two alternative scoring methods, HAQ‑T and HAQ‑20, 
compared to the traditional HAQ‑8 is not surprising. 
Unlike the former methods, the HAQ‑8 uses the worst 
scores per domain to score the HAQ. We were unable to 
confirm the assertions of Tomlin et  al., which were based 
on results of a smaller sample size of 104 patients without 
accounting for disease activity, suggesting that the HAQ‑T 
scoring method may achieve better sensitivity than HAQ‑8 
when used longitudinally.[6] Hence, the alternative scoring 
methods did not affect the overall sensitivity and therefore 
did not address the limitations of the floor and ceiling 
effects of the HAQ.[2]

Previous studies have shown that improvement in the 
functional disability is the greatest in early disease and 
declines with increasing disease duration.[17,18] While 
this is generally true, our findings underscore the 
importance of controlling disease activity. In the present 
study, significant improvements in functional disability 
were observed in patients who achieved a EULAR 
good/moderate response, despite having established 
long‑standing disease, with a mean disease duration 
of just over  10  years. The depiction of change in HAQ 
scores in relation to EULAR RA response as cumulative 
probability curves is potentially a novel method to 

Figure 1: Cumulative probability curves of rheumatoid arthritis patients 
achieving a EULAR good/moderate response  (n  =  199) versus no 
response (n = 222) in relation to HAQ scores by three methods. EULAR: 
European League Against Rheumatism, HAQ: Health Assessment 
Questionnaire

Table 1: Demographic, clinical characteristics, changes in disease activity, and Health Assessment Questionnaire scores in 
421 rheumatoid arthritis patients

Variable mean(SD) or n(%)
Age (years) 55.0 (13.0)
Females (%) 347/414 (84)
Symptom duration (years) 10.5 (9.5)
RF positive (%) 273/398 (68)
ACPA positive (%) 146/357 (41)
Duration between visits (months) 8.7 (1.9)
Statistical test Visit 1 Visit 2 P Effect size

Guyatt Cohen’s d
DAS28‑ESR* 6.1 (0.8) 4.8 (1.6) <0.00001
SJC* 8.1 (5.6) 4.9 (5.2) <0.00001
TJC* 12.9 (7.0) 8.0 (7.4) <0.00001
PGA (mm)* 67.6 (20.6) 52.3 (27.7) <0.00001
ESR (mm/h)* 44.2 (29.0) 35.6 (28.0) <0.00001
HAQ‑8** 1.6 (1.1-2.1) 1.4 (0.9-1.9) <0.00001 1.43 (1.2-1.6) 0.97 (0.8-1.2)‡

HAQ‑T** 1.2 (0.7-1.6) 0.7 (0.4-1.4) <0.00001 1.36 (1.1-1.6) 0.96 (0.8-1.2)‡

HAQ‑20** 1.2 (0.8-1.6) 0.9 (0.5-1.4) <0.00001 1.37 (1.1-1.6) 0.95 (0.7-1.0)‡

*Mean (SD), **Median (IQR), ‡Mean (95% CI). IQR: Interquartile range, CI: Confidence interval, RF: Rheumatoid factor, ACPA: Anti‑citrullinated 
peptide antibody, ESR: Erythrocyte sedimentation rate, DAS28‑ESR (4): Disease activity score with 28‑joint count using the ESR (4 variable), 
PGA: Patient global assessment, SJC: Swollen joint count, TJC: Tender joint count, HAQ: Health Assessment Questionnaire, HAQ-8: HAQ-
standard method, HAQ‑T: HAQ‑Tomlin method, HAQ‑20: HAQ‑20‑item method, SD: Standard deviation
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represent the changes in functional disability in clinical 
trials and longitudinal observational studies.[19,20]

Moreover, a EULAR good/moderate response, higher 
HAQ score, and high disease activity score, especially 
high swollen and tender joint counts, were independent 
predictors of achieving a HAQ MCII. In a multicenter 
prospective observational study of four European 
arthritis rehabilitation centers, Hagel et  al. observed that 
health‑related quality of life  (HRQoL) improved most 
significantly in patients with the most severe symptoms.[21] 
Worse physical function as measured by the HAQ and more 
severe disease symptoms such as pain and fatigue at 
admission predicted an improved HRQoL postintervention. 
By contrast, other studies have shown higher baseline HAQ 
scores[22] and disease activity scores[23] to predict a poorer 
long‑term functional outcome.

Limitations of the present study include the inability to account 
for comorbidities and surgical interventions as potential factors 
that impact on functional disability and the influence of specific 
classes of drugs such as biologics and corticosteroids. Also 
given that we preselected patients with high disease activity, 
improvements in disease activity and HAQ scores might 
represent a “regression to the mean” phenomenon.

Conclusion
Notwithstanding these limitations, our findings indicate no 
significant advantages of the different methods of scoring 
the HAQ in terms of sensitivity to change. Our results 
importantly show that even in patients with long‑standing 
established disease, good control of disease activity is 
associated with clinically significant improvement in 

physical disability. The study underscores the importance 
of achieving EULAR good/moderate response, irrespective 
of disease duration.
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Supplementary Figure 2: Bland–Altman plots illustrating agreement between three HAQ scoring methods in 421 rheumatoid arthritis patients. HAQ: Health 
Assessment Questionnaire

Supplementary Figure 1: Selection of rheumatoid arthritis patients with 
high disease activity from METEOR database. METEOR: Measurement of 
Efficacy of Treatment in the Era of Outcome in Rheumatology
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Supplementary Table 1: Minimally important clinical improvement by three Health Assessment Questionnaire scoring 
methods to European League Against Rheumatism responses in 421 rheumatoid arthritis patients

Scoring 
method

EULAR good/moderate response group (n=199), n (%) EULAR no response group (n=222), n (%) OR (95% CI)
Achieved Not achieved Achieved Not achieved

HAQ‑8 127 (64) 72 (36) 25 (11) 197 (89) 13.9 (8.4-23.1)
HAQ‑T 125 (63) 74 (37) 24 (11) 198 (89) 13.9 (8.4-23.3)
HAQ‑20 124 (62) 75 (38) 25 (11) 197 (89) 13.4 (8.1-22.2)
OR: Odds ratio, CI: Confidence interval, HAQ: Health Assessment Questionnaire, EULAR: European League Against Rheumatism, 
HAQ-8: HAQ-standard method, HAQ‑T: HAQ‑Tomlin method, HAQ‑20: HAQ‑20‑item method
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