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Abstract

Objective: This study investigated whether the Health Assessment Questionnaire (HAQ) can be used as an instrument to
assess the need for social support measures that address activity limitations and participation issues in patients with
rheumatoid arthritis (RA).

Methods: This multicenter observational study included patients with RA and disease duration of at least one year,
consulting their rheumatologist for routine evaluation of disease activity. In the single study visit data on demographics,
disease history and current treatment were collected. DAS28 values were collected to evaluate current RA disease activity.
Patients were asked to fill out the HAQ and SF-36 questionnaires. Receiver Operator Characteristics (ROC) curves were
constructed to evaluate the performance of the HAQ, SF-36 and DAS28 in predicting the need for nine supporting measures
available for chronically ill patients in the Belgian social security system. The expert opinion of the treating rheumatologist
was used as a reference.

Results: The study included 316 patients with a mean age of 59.8612.6 years, disease duration of 11.469.3 years, mean
DAS28 values of 2.8361.17. Mean HAQ score was 0.9560.73, mean SF-36 score 56.5621.3. HAQ scores .1 were observed in
39.4% of patients. The area under the HAQ ROC curve was consistently .0.7 and higher for the HAQ than for SF-36 or
DAS28 for all support measures. Rheumatologists on average recommended 3.67 support measures.

Conclusion: The HAQ score was found to be a good predictor of the need for social support measures in patients with RA.
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Introduction

As a chronic inflammatory disease, rheumatoid arthritis (RA)

can lead to impairment of physical functioning and mobility, loss

of productivity, and difficulties in performing normal daily

activities. Patients with RA are confronted with extra costs to

compensate for these difficulties, as well as with extra health care

costs, often in combination with loss of income [1,2].

To limit the impact of RA on functioning and quality of life,

support measures addressing activity limitations and participation

issues are an important complement to the medical treatment. In

order to promote equitable allocation of supporting measures and

determine the level and type of supporting measures needed,

objective and reliable evaluation of the level and area of activity

limitations in patients is essential.

The Health Assessment Questionnaire (HAQ) was developed

three decades ago at Stanford University by Fries and colleagues

as a patient-reported outcome instrument designed to measure

health status and health-related quality of life. It is a 20-item

questionnaire covering activities of daily living in 8 domains.

Respondents indicate for every item whether they can do the

activity ‘without any difficulty’, with ‘some’ or ‘much difficulty’ or

are ‘unable to do’ the activity. The HAQ yields a disability index

(HAQ-DI) score between 0 and 3, where 0 means no disability and

3 represents total dependence on others [3–5]. HAQ scores .1

are considered to indicate the presence of disability.
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The HAQ is one of the most important patient-reported

outcome measures in RA clinical trials, but is also commonly used

by rheumatologists in daily practice [6,7], to assess the functional

status of their patients. The HAQ has been translated in many

languages [8] and has proven validity and reliability in patients

with RA [9,10].

In the Belgian social security system, nine different social

support measures are currently available for persons with chronic

daily activity limitations and loss of autonomy, to promote their

reintegration and participation. These support measures comprise

financial benefits, disease cost reduction measures, tax benefits and

social benefits (see Table 1). There is no validated score for

allocation of these benefits.

In this study, we investigated whether the HAQ can predict the

need for such social support measures in patients with RA, with

the expert opinion of the treating rheumatologist as a reference

and compared the performance of HAQ, DAS28 and SF-36.

Patients and Methods

Ethics Statement
All patients gave written informed consent and the study was

approved by the Ethics Committee of the University Hospital

Ghent (ref. 2010-094) and the ethical committees of the

participating clinical centers.

Study Design
Patients eligible for inclusion in this multicenter observational

study were at least 18 years of age, met the American College of

Rheumatology (ACR) classification criteria for RA [11], had a

disease duration of at least one year and consulted their

rheumatologist for routine half-yearly outpatient evaluation

(according to nomenclature number 478030 of the Belgian social

security system). No specific exclusion criteria were defined.

To obtain a representative population of patients with RA,

participating rheumatologists asked the first eligible patient in

every consultation time block to participate in the study. Patients

who gave their written informed consent were included in the

study and proceeded with the study data collection in the same

visit.

Data collected comprised patient demographics, disease history,

current treatment, DAS28, HAQ and SF-36 questionnaires. The

treating rheumatologists scored the need for each of 9 different

supporting measures (Table 1) available for chronically ill patients

in the Belgian social security system on a four item categorical

scale as: certainly needed, probably needed, probably not needed

or certainly not needed. HAQ and SF-36 questionnaires were

filled out independently by the patient; the rheumatologists were

unaware of the SF-36 or HAQ scores, which were only calculated

during data analysis.

Data analysis and statistics
Data are presented as mean 6 standard deviation for normally

distributed variables, as median (range) for variables not following

a normal distribution or as percentages. Statistical analysis was

performed with SPSS version 20 software (IBM Corporation,

Armonk, New York, USA). A p-value ,0.05 was considered

statistically significant.

The Kolmogorov-Smirnov test was used to assess the normal

distribution of variables. To compare age groups ,65 y versus $

65 y, unpaired t-test or Mann-Whitney U-test was used for

continuous variables, and chi-square test for categorical variables.

To evaluate the performance of the HAQ, SF-36 and DAS28 as

tests to predict the need for social support measures by patients

with RA, Receiver Operator Characteristics (ROC) curves were

constructed and the area under the ROC curve (AUC) was

calculated [12], with the recommendation of the treating

rheumatologist for all nine support measures (Table 1) as the

reference. To this end, the scores ‘certainly needed’ and ‘probably

needed’ were considered as a positive recommendation for a

particular support measure, unless otherwise stated. For the

purpose of constructing the ROC-curve with sensitivity and

specificity for the outcome that at least one support measure is

considered necessary by the treating rheumatologist, only the score

‘certainly needed’ was considered as a positive score. The

relevance of such exercise is that a cut-off for this criterium could

define a subpopulation of RA patients who would certainly need at

least one support measure and a complimentary subpopulation in

which no essential support measures apply.

The AUCs of the ROC curves for HAQ, SF-36 and DAS28

were compared using ANOVA.

Table 1. Social support measures for chronically ill patients in Belgium.

Support measure Type Description

Integration allowance Financial benefit (,65 years) To compensate extra costs due to diminished autonomy and to enhance social participation
of person with special needs.

Allowance for help to the aged Financial benefit (.65 years) For seniors with chronic health disorders confronted with supplementary costs due to loss
of autonomy, in order to enhance their social participation.

Tax reduction Tax benefit Income tax exemption for families with one or more disabled persons.

Parking card Promotion of mobility For persons with mobility restrictions. Allows parking in parking places reserved for disabled
persons and parking without time limit in areas of time restricted parking.

Vehicle tax waiver Tax benefit Exemption of car tax for disabled persons

Free public transportation for
attendant

Promotion of mobility Free public transportation access for companions of people with mobility restrictions who
can’t travel alone

Social telephone rate Cost reduction Reduced telephone connection rate, subscription fee and call charges for people with
functional limitations.

Social rate utility services Cost reduction Exemption of regular allowance and free delivery of a fixed amount of gas and electricity for
disabled persons.

Allowance for chronic illness Financial benefit (,65 years) Premium for persons with a chronic disease confronted with high medical costs.

doi:10.1371/journal.pone.0106749.t001
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The Youden index (sensitivity + specificity – 1) was used to

provide a single statistic to capture the performance of the

predictive tests [13].

Results

Population characteristics
Table 2 summarizes the study population characteristics. The

study included 316 patients with RA. Patients were on average

59.8612.6 years old, with 36.7% (n = 116) of patients aged 65 or

older, 69.9% were female. Mean disease duration was 11.469.3

years, rheumatoid factor was present in 72.9% of patients and

anti-CCP in 58.7%. DAS28 values were 2.8361.17, HAQ scores

were 0.9560.73 and 39.4% of patients had a HAQ score .1. SF-

36 scores were 56.5621.3, with lower scores on the physical than

on the mental subscale, suggesting a larger impact of RA on

physical than on mental functioning. HAQ scores and DAS28

values did not differ significantly between patients below 65 years

of age and older patients, but patients aged 65 or older had

significantly higher SF-36 scores (Figure 1A).

Current RA treatment included DMARDs in 86.4% of patients,

45.9% of patients were on biologicals. Corticosteroids were used

by 44.6% and NSAIDs by 42.2% of patients.

Assessment of the need for social support measures by
the rheumatologist

The need for the social support measures listed in Table 1 was

scored for every patient by the rheumatologist as certainly or

probably needed or certainly or probably not needed. Rheuma-

tologists on average recommended 3.67 support measures per

patient.

The most frequently recommended support measures were the

allowance for chronic illness (62.2%), tax reduction (51.5%) and

social telephone rate (49.5%). Integration allowance was recom-

mended for 43.6% of patients ,65 years of age, allowance for help

to the aged was recommended for 48.6% of patients older than 65.

Rheumatologists recommended the social rate for utility services in

42.2% of patients. Vehicle tax waiver, parking card and free public

transportation for an attendant were recommended for respec-

tively 45.6%, 37.8% and 26.9% of patients. (Figure 2).

Predicting the need for social support measures
The number of benefits recommended by the rheumatologist

clearly increased with increasing HAQ scores, but not with

increasing DAS28 values. Likewise, the number of benefits

recommended did not increase with decreasing SF-36 scores

(Figure 1B).

In order to assess whether measures of disease activity or

functioning can predict the need for social support measures,

ROC curve analysis was performed with HAQ, SF-36 and DAS28

for each of the social support measures, with the recommendation

of the rheumatologist as reference or gold standard.

The AUC of these ROC curves are presented in Table 3. For

all support measures, AUCs were significantly higher for the HAQ

than for either SF-36 or DAS28, with AUC values for HAQ of at

least 0.7 for all measures (ANOVA, p = 0.001), indicating that the

HAQ score is a valuable predictor of the need for social support

measures in patients with RA and is superior in that function to

Table 2. Population characteristics.

Population characteristics Overall ,65 y $65 y

Nr of patients 316 200 116

% of patients 100 63.3 36.7

Age (y) 59.8612.6 52.669.9 72.3165.4

Gender ratio (% female) 69.9 73.5 63.8

RA characteristics

Disease duration (y) 11.469.3 10.868.98 12.269.8

RF (% positive) 72.9 71.5 75.2

Anti-CCP (% positive) 58.7 60.5 55.6

Erosions (% positive) 65.5 65.3 66.0

DAS 28 2.8361.17 2.8961.16 2.7161.18

HAQ 0.9560.73 0.9160.68 1.0160.81

% HAQ .1 39.4 37.0 42.2

SF-36 Total 56.5621.3 54.0620.8 60.9621.6

MCS 60.6621.6 58.2621.4 64.7621.2

PCS 49.4621.4 47.02620.9 53.6621.6

Treatment (% of patients)

DMARDs 86.4 86.0 87.1

DMARDs – no biologicals 51.6 45.5 62.1

Biologicals 45.9 52.5 34.5

Corticosteroids 44.6 56.5 46.6

NSAIDs 42.2 44.5 38.4

Data are expressed as mean 6 standard error or as percentages. Abbreviations: CRP: C-reactive protein, DAS28: disease activity score using 28 joint counts, DMARDs:
Disease-modifying anti-rheumatic drugs, HAQ: Health Assessment Questionnaire, MCS: mental component summary, NSAIDs: non-steroidal anti-inflammatory drugs, PCS:
physical component summary, SF-36: Short Form-36.
doi:10.1371/journal.pone.0106749.t002
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Figure 1. HAQ, SF-36 and DAS 28. A. In function of patient age category. Means for HAQ and DAS28 did not differ between patients below 65 y of
age and patients of 65 or older, but patients in the latter age category had significantly higher SF-36 scores *: p,0.05 (t-test, error bars represent
standard error of the mean). B. In function of number of benefits recommended by the rheumatologist. (Error bars represent standard error of the mean).
doi:10.1371/journal.pone.0106749.g001

HAQ Predicts the Need for Social Support in RA

PLOS ONE | www.plosone.org 4 September 2014 | Volume 9 | Issue 9 | e106749



DAS28 and SF-36. Figure 3 shows the ROC curves of the HAQ

as predictor for the need for support measures. See File S1 for the

raw data for these ROC curves.

An additional purpose was to create a ROC-curve with

sensitivity and specificity for the outcome that at least one support

measure is considered certainly necessary by the treating

rheumatologist. In this way, one can propose a cut-off to define

a subpopulation of RA patients who would certainly need at least

one support measure and a complimentary subpopulation in

which no essential support measures apply. Thus, in the latter

subpopulation with a score beneath such cut-off, one would not

miss any essential support measure. The AUC for such ROC-

curve with HAQ, SF-36 and DAS28 was respectively 0.750, 0.698

and 0.656. For the HAQ, the Youden Index for this analysis

reached a maximum of 0.391 for a HAQ cut-off of 0.69 (sensitivity

80.8% and specificity 58.3%). In our study population, 133

patients (42.1%) had a HAQ score below 0.69.

No support measures were recommended by the rheumatologist

in 24.4% of patients overall and in 43.3% of patients with a HAQ

score below 0.69.

Discussion

Optimal care for patients with RA needs to include support

measures to compensate for difficulties in performing daily

activities and participation issues. Together, they may alleviate

the substantial impact this disease may have.

In this study we evaluated whether disease activity parameters

such as DAS28, indicators of functioning such as HAQ, or a

measure of health status like SF-36 can predict the need for social

support measures, since equitable allocation of benefits requires a

reliable measure to evaluate activity limitation.

In this representative, unselected population of patients with

longstanding RA, the HAQ score was found to be the best

predictor for the need of social support measures, with AUC of the

ROC curve of at least 0.7 for all support measures investigated.

Figure 2. Assessment of need for social support measures by the rheumatologist. Data are expressed as percentage of patients. For
support measures with age limits, the patient percentage refers only to the patients in the age category eligible to receive the benefit.
doi:10.1371/journal.pone.0106749.g002

Table 3. AUC of ROC- curves for HAQ, SF-36 and DAS28.

HAQ SF-36 SF-36 PCS DAS28

Integration allowance (,65 y) 0.806 0.725 0.779 0.695

Allowance for help to the aged (.65 y) 0.798 0.798 0.776 0.785

Tax reduction 0.766 0.727 0.748 0.713

Parking card 0.831 0.728 0.750 0.703

Vehicle tax waiver 0.778 0.710 0.715 0.632

Free public transportation for attendant 0.700 0.642 0.650 0.660

Social telephone rate 0.775 0.708 0.721 0.665

Social rate utility services 0.755 0.735 0.748 0.647

Allowance for chronic illness 0.707 0.639 0.657 0.641

Areas under the curve (AUC) of the ROC curve analysis performed with HAQ, SF-36, SF-36 physical component score (PCS) and DAS28 for the social support measures
available in Belgium in order to assess whether these instruments can be used to predict the need for social support measures in patients with RA. The recommendation
of the rheumatologist was used as reference.
doi:10.1371/journal.pone.0106749.t003
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Figure 3. ROC curves for HAQ predicting the need for different social support measures. Receiver operator characteristic analysis (ROC)
demonstrates that the Health Assessment Questionnaire (HAQ) performs well as a tool to predict the need for social support measures in patients
with RA. The recommendation by the treating rheumatologist was used as reference.
doi:10.1371/journal.pone.0106749.g003

HAQ Predicts the Need for Social Support in RA

PLOS ONE | www.plosone.org 6 September 2014 | Volume 9 | Issue 9 | e106749



Previous studies in the United Kingdom (UK) showed that the

HAQ can be used to predict successful application for access to

benefits and financial support [14–16]. In the UK, 69% of the

patients with RA or osteoarthritis of hip or knee and a HAQ score

.1.5 who applied were awarded the benefit [15].

In our study, no data were collected on actual applications to

receive the social support measures studied, nor on actual

allocation of these benefits, so that the results of our study solely

represent the expert opinion of the treating rheumatologists on

their patients’ needs. We did not attempt to calculate HAQ cut-off

values for the different support measures investigated, but instead

chose to include the raw data of the ROC curves as supplementary

data (File S1). Consequently, the data from this study can be used

to calculate HAQ cut-offs to suit the sensitivity or specificity limits

one wishes to use or to fit the budget available for these benefits.

Based upon our analysis, we propose a HAQ cut-off value of

0.69 to define two RA subpopulations according to whether or not

these patients absolutely require at least one of the described

support measures. The relevance of this cut-off could be that in

case the HAQ score is lower than this cut-off, one could justify not

pursuing further efforts for allocation of support measures.

Functioning may be further impaired by factors such as age and

comorbidity. It is an important strength of the HAQ to provide a

comprehensive assessment of a patient’s functioning, not only

determined by RA, but also by old age or limitations as a

consequence of superimposed comorbidity. The need of support

measures will increase with this global loss of functioning and not

just with the functional limitations of RA.

We did not collect socioeconomic parameters or educational

status in this study. The impact of these parameters on functioning

are still controversial: a Swedish cross sectional study reported no

influence of socioeconomic factors and education on disability in

RA patients [17] but a number of studies have found RA disease

activity and severity to be more pronounced in patients with lower

socio-economic status [18,19].

Our findings indicate that it would be feasible to expand the

scope of application of the HAQ to include its use as an instrument

for allocating access to financial or social support measures or to

tax benefits for patients with RA. Such an approach would have

the added benefit of reducing the administrative burden involved

with benefit allocation by using the results of a test that is widely

used and accepted for clinical monitoring of patients with RA.

Additional research is needed to investigate whether the use of

HAQ score to determine the need of support can be generalized to

other regions, with other types of support measures available, and

to determine what the impact would be of using the HAQ for the

actual allocation of social support measures. A follow-up study

investigating which domains of the HAQ determine best the need

for which kind of support measures is currently ongoing.

In summary, the HAQ score was found to be a good predictor

(better than DAS28 and SF-36) for the need for social support

measures in patients with RA, as assessed by the rheumatologist.

Supporting Information

File S1 ROC curve data tables for the HAQ. Tables with

coordinates of the ROC curve analysis investigating the

performance of the Health Assessment Questionnaire (HAQ) as

an instrument to evaluate the need for social support measures in

patients with RA. The expert opinion of the treating rheumatol-

ogist on the need for social support measures was used as a

reference.
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Saint-Joseph, Gilly), Verschueren P (UZ Gasthuisberg, Leuven), Westho-

vens R (UZ Gasthuisberg, Leuven).

The authors acknowledge the contribution of Veerle Persy, MD, PhD as

an independent medical writer on behalf of Hugin Mugin Research.

Author Contributions

Conceived and designed the experiments: XJ FDK. Performed the

experiments: XJ SD FDK. Analyzed the data: XJ SD FDK. Contributed

reagents/materials/analysis tools: FDK. Wrote the paper: XJ.

References

1. Yelin E, Wanke L (1999) An assessment of the annual and long-term direct costs

of rheumatoid arthritis: the impact of poor function and functional decline.

Arthritis Rheum 42: 1209–1218. doi:10.1002/1529-0131(199906)42:6,

1209::AID-ANR18.3.0.CO;2-M.

2. Huscher D, Merkesdal S, Thiele K, Zeidler H, Schneider M, et al. (2006) Cost of

illness in rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis and

systemic lupus erythematosus in Germany. Ann Rheum Dis 65: 1175–1183.

doi:10.1136/ard.2005.046367.

3. Bruce B, Fries JF (2003) The Stanford Health Assessment Questionnaire: a

review of its history, issues, progress, and documentation. J Rheumatol 30: 167–

178.

4. Bruce B, Fries JF (2003) The Stanford Health Assessment Questionnaire:

dimensions and practical applications. Health Qual Life Outcomes 1: 20.

doi:10.1186/1477-7525-1-20.

5. Bruce B, Fries JF (2005) The Health Assessment Questionnaire (HAQ). Clin Exp

Rheumatol 23: S14–8.

6. Wolfe F, Kleinheksel SM, Cathey MA, Hawley DJ, Spitz PW, et al. (1988) The

clinical value of the Stanford Health Assessment Questionnaire Functional

Disability Index in patients with rheumatoid arthritis. J Rheumatol 15: 1480–

1488.

7. Pincus T (2006) The DAS is the most specific measure, but a patient

questionnaire is the most informative measure to assess rheumatoid arthritis.

J Rheumatol 33: 834–837.

8. Zandbelt MM, Welsing PM, van Gestel a M, van Riel PL (2001) Health

Assessment Questionnaire modifications: is standardisation needed? Ann

Rheum Dis 60: 841–845.

9. Linde L, Sørensen J, Ostergaard M, Hørslev-Petersen K, Hetland ML (2008)

Health-related quality of life: validity, reliability, and responsiveness of SF-36,

15D, EQ-5D [corrected] RAQoL, and HAQ in patients with rheumatoid

arthritis. J Rheumatol 35: 1528–1537.

10. Sokka T, Kautiainen H, Hannonen P, Pincus T (2006) Changes in Health

Assessment Questionnaire disability scores over five years in patients with

rheumatoid arthritis compared with the general population. Arthritis Rheum 54:

3113–3118. doi:10.1002/art.22130.

11. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, et al. (1988) The

American Rheumatism Association 1987 revised criteria for the classification of

rheumatoid arthritis. Arthritis Rheum 31: 315–324.

12. Bewick V, Cheek L, Ball J (2004) Statistics review 13: receiver operating

characteristic curves. Crit Care 8: 508–512. doi:10.1186/cc3000.

13. Youden WJ (1950) Index for rating diagnostic tests. Cancer 3: 32–35.

14. Memel DS, Kirwan JR, Langley C, Hewlett S, Hehir M (2002) Prediction of

successful application for disability benefits for people with arthritis using the

Health Assessment Questionnaire. Rheumatology (Oxford) 41: 100–102.

15. Langley C, Memel DS, Kirwan JR, Pollock J, Hewlett S, et al. (2004) Using the

Health Assessment Questionnaire and welfare benefits advice to help people

disabled through arthritis to access financial support. Rheumatology (Oxford)

43: 863–868. doi:10.1093/rheumatology/keh184.

HAQ Predicts the Need for Social Support in RA

PLOS ONE | www.plosone.org 7 September 2014 | Volume 9 | Issue 9 | e106749



16. Fruin C, Pitt PI (2008) Welfare benefit promotion within a district general

hospital rheumatology centre: a joint project with the local Citizens Advice
Bureau. Musculoskeletal Care 6: 211–219. doi:10.1002/msc.133.

17. Bendtsen P, Bjurulf P, Trell E, Lindström F, Larsson JE (n.d.) Cross-sectional

assessment and subgroup comparison of functional disability in patients with
rheumatoid arthritis in a Swedish health-care district. Disabil Rehabil 17: 94–99.

18. Harrison MJ, Farragher TM, Clarke AM, Manning SC, Bunn DK, et al. (2009)
Association of functional outcome with both personal- and area-level

socioeconomic inequalities in patients with inflammatory polyarthritis. Arthritis

Rheum 61: 1297–1304. doi:10.1002/art.24830.

19. Massardo L, Pons-Estel BA, Wojdyla D, Cardiel MH, Galarza-Maldonado CM,

et al. (2012) Early rheumatoid arthritis in Latin America: low socioeconomic

status related to high disease activity at baseline. Arthritis Care Res (Hoboken)

64: 1135–1143. doi:10.1002/acr.21680.

HAQ Predicts the Need for Social Support in RA

PLOS ONE | www.plosone.org 8 September 2014 | Volume 9 | Issue 9 | e106749


