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Abstract 

Objectives

Our primary objective was to study the long-term association between disease activity and disability in 

axial spondyloarthritis (axSpA). Our secondary objective was to define patient profiles according to their 

level of disability.

Methods

We analysed data collected during the first five years of follow-up of a large early axSpA cohort – the 

Devenir des Spondylarthropathies Indifferénciées Récentes (DESIR) cohort. Multivariable models were built 

to study the association between Ankylosing Spondylitis Health Assessment Questionnaire (HAQ-AS) and 

Ankylosing Spondylitis Disease Activity Score C-reactive protein (ASDAS-CRP), adjusting for potential 

confounders. Hierarchical multivariable analysis was conducted using the Chi-square Automatic 

Interaction Detector (CHAID) method, to help determine how variables best cluster to explain HAQ-AS.

Results

Data from 644 patients and 5152 visits were analysed. HAQ-AS was longitudinally, independently and 

positively associated with ASDAS-CRP [adjusted (adj) B=0.205, (95% confidence interval (CI)= 0.187 to 

0.222], enthesitis score (adjB=0.011, CI=0.008 to 0.015), Bath Ankylosing Spondylitis Metrology Index 

(BASMI) (adjB=0.087, CI=0.069 to 0.105) and female gender (adjB=0.172, CI=0.120 to 0.225). The CHAID 

decision tree revealed ASDAS-CRP as the first variable with discriminative power on HAQ-AS. The cut-offs 

that separated different patient disability profiles were obtained.

Conclusion

Disease activity contributes longitudinally to disability and is hierarchically superior to any other variable 

in explaining this health domain. Enthesitis and spinal mobility are also key drivers of disability in early 

axSpA. ASDAS-CRP cut-offs that separated different patient disability profiles largely mimicked the cut-

offs previously defined for ASDAS-CRP disease activity states.
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SIGNIFICANCE AND INNOVATIONS

 This study provides further validation of ASDAS-CRP in early axial spondyloarthritis (axSpA) as this 

index showed a robust longitudinal association with disability.

 ASDAS-CRP cut-offs were able to discriminate between different disability profiles in early axSpA, 

suggesting that ASDAS-CRP can be used as a surrogate measure of disability.

 Enthesitis and spinal mobility should be systematically assessed, as they are also key drivers of 

disability in early axSpA. 

 Comprehensive and multimodal treatment strategies that also address enthesitis and spinal 

mobility may contribute to decreasing the overall level of disability in early axSpA.
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Introduction

The broad spectrum of manifestations in axial spondyloarthritis (axSpA) has the potential to impair 

several health outcomes. The major contributors to this impairment are patient pain, local tenderness, 

joint swelling, stiffness, fatigue, muscle spasm, mobility loss but also other associated comorbidities which 

may interfere with the impact of the disease. In order to fully understand the impact of such condition, 

patients, physicians and investigators must recognize the complex and heterogeneous relationships 

between the several involved health domains.(1-3) 

In a proposed stratified model for health outcomes in axSpA, disability was showed to be hierarchically 

inferior to health related quality of life, and hierarchically superior to disease activity and spinal 

mobility.(4) The association between disability and impairment of spinal mobility(5-7) as well as with 

disease activity(8-10) has been reported mainly is ankylosing spondylitis (AS) patients with established 

disease. Furthermore, longitudinal studies are scarce.

The Ankylosing Spondylitis Disease Activity Score-C-reactive protein (ASDAS-CRP) has been progressively 

replacing the Bath Ankylosing Spondylitis Disease Activity Score (BASDAI) as the main disease activity 

measure to assess patients with axSpA, both in the research context as well as in clinical practice.(11, 12) 

However, further evidence is needed to demonstrate its meaningfulness regarding the longitudinal 

relationship with disability, particularly in the early axSpA subgroup. The ASAS group proposed ASDAS-CRP 

cut-offs to define different disease activity states in axSpA.(13) These definitions were also endorsed by 

the Outcome Measures in Rheumatology (OMERACT)(14) group and the nomenclature of ASDAS-CRP 

disease activity states was recently revised.(15) These cut-offs were shown to perform well in the 

differentiation of patients with different levels of disease activity according to several external constructs, 

but their capacity to longitudinally differentiate between distinct patients’ disability profiles has not been 

assessed yet. Several other clinical and demographic variables such as gender,(16) body mass index 

(BMI),(16, 17) and employment status(18) have also been described as being associated with disability in 

axSpA patients.

The objective of the present study was to assess the long-term association between disease activity and 

disability in early axSpA, and to determine which other co-factors influence disability. We also aimed to 

describe the hierarchical relationship of variables which contribute to disability and to define ASDAS-CRP 

cut-offs capable of defining different profiles of patients regarding their disability status.

Patients and MethodsA
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Study population

We analysed 5-year follow-up data from the Devenir des Spondylarthropathies Indifferénciées Récentes 

(DESIR) cohort, which is a prospective observational study of patients with recent onset (<3 years) 

inflammatory back pain (evaluated by either the Calin or the Berlin criteria),(19, 20) suggestive of axSpA (a 

physician confidence score ≥5 on a scale from 0 to 10), as previously described.(21) Consecutive patients 

aged 18-50 years from 25 centres in France were recruited. Visits were scheduled every 6 months during 

the first 2 years and yearly thereafter. We selected patients with a definite diagnosis of axSpA at the end 

of follow-up (month 60), according to the treating rheumatologist. The DESIR study was registered in 

ClinicalTrials.gov under the ID NCT01648907, was conducted according to good clinical practice 

guidelines, and was approved by the appropriate local research ethics committees.

Outcome measures 

Disability was assessed using the Ankylosing Spondylitis Health Assessment Questionnaire (HAQ-AS), 

which is a validated patient reported outcome (PRO) used to assess patient disability. It encompasses 

eight main categories: dressing and grooming, rising, eating, walking, hygiene, reach, grip, and activities. 

The HAQ-AS was adapted from the original HAQ, incorporating issues of disability and impairment specific 

to patients with axSpA. The HAQ was one of the first self-report disability measures and has become the 

dominant instrument in many disease areas, including rheumatic and musculoskeletal diseases. The final 

score is calculated as the mean of the HAQ domains; it may range from 0 to 3, with higher scores 

reflecting lower physical ability (more disability).(22) 

Disease activity was measured using the ASDAS-CRP(13-15, 23) and BASDAI. BASDAI was used as an 

alternative to ASDAS-CRP to explore differences between the models. The ASDAS-CRP consists of patient 

assessments of four different domains (back pain, duration of morning stiffness, global assessment of 

disease activity, peripheral pain/swelling), assessed on a 0-10 numeric rating scale by patients, plus an 

inflammatory marker (CRP).(23) The recently reviewed disease activity states defined for ASDAS-CRP 

(inactive, low, high, and very high disease activity) were taken into account for this study.(15) BASDAI is a 

patient reported outcome consisting of 6 questions, scored on a 0-10 numeric rating scale, and 

encompassing the following domains: fatigue, spinal pain, peripheral arthritis, enthesitis, and intensity 

and duration of morning stiffness.(24) The concise Mander Enthesitis Score (cMES) with gradation was 

used to evaluate enthesitis involvement. This score considers 13 entheseal sites, each one of them graded 
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from 0 to 3 (0=no pain; 1=mild tenderness; 2=moderate tenderness; 3=wince or withdraw), the total 

range being from 0 to 39.(25) 

Statistical analysis

In a first exploratory step, univariable associations were investigated using generalised estimating 

equations (GEE). GEE allow the combination of multiple measurements per patient and use all available 

data during follow-up, while taking into account missing values, and correcting for within-patient 

correlation.(26) 

HAQ-AS was used as the dependent variable; disease activity (defined by either ASDAS-CRP or BASDAI) 

and clinical and demographic variables were used as independent variables in univariable models: age 

(years), gender (male/female), level of education [university or equivalent (yes/no)], BMI (Kg/m2), HLA-

B27 status (positive/negative), symptom duration (years), employment status [currently employed 

(yes/no)], smoking status [current smoking (yes/no)], past or current peripheral arthritis (yes/no), history 

of inflammatory bowel disease (yes/no), psoriasis (yes/no), uveitis (yes/no), dactylitis (yes/no), CRP level 

(mg/l), linear version of the Bath Ankylosing Spondylitis Metrology Index (BASMI), enthesitis score (cMES), 

and current treatment with nonsteroidal anti-inflammatory drugs (NSAID) (yes/no), conventional disease-

modifying anti-rheumatic drugs (cDMARD) (yes/no) or tumor necrosis factor inhibitors (TNFi) (yes/no). 

Imaging data was also taken into account namely the presence of sacroiliitis according to modified New 

York (mNY) criteria, presence of active sacroiliitis on magnetic resonance imaging (MRI), level of spinal 

MRI inflammation as assessed by the Berlin scoring system and level of structural damage as assessed by 

the modified Stoke ankylosing spondylitis spinal score (mSASSS). 

Multivariable GEE models were then built, using a manual forward selection procedure until the best-fit 

model was obtained, taking confounding or contributing variables into account. This was an intelligible 

method that took into account clinical relevance and statistical parameters of each variable [such as, p-

value, Quasi-likelihood under Independence Model Criterion (QICC) and the influence of each of the 

secondary variables in the 95% confidence interval (CI) in the main association] when the final model was 

built. Variables with a p-value <0.10 in the univariable analysis were tested in these multivariable models.

Subsequently, a decision tree was constructed using unbiased hierarchical multivariable analysis applying 

the Chi-square Automatic Interaction Detector (CHAID) method, with HAQ-AS as dependent variable.(27) 

The following independent variables were tested: ASDAS-CRP, enthesitis score, presence of arthritis, 

employment status, gender, symptom duration, BMI, HLA-B27 status, BASMI, presence of sacroiliitis A
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according to mNY criteria, and treatment with NSAID, cDMARD or TNFi. These variables were selected 

based on their significance in the above GEE univariable models.

The CHAID method is a technique used to study the relationship between variables, automatically building 

a tree model which depicts how variables best merge to explain a defined dependent outcome. A decision 

tree like CHAID works by recursively partitioning the data based on input field values. The data partitions 

are called branches. The initial/parent branch (sometimes called the root) encompasses all data records. 

The parent branch is split into subsets, or child branches, based on the value of a particular input field. 

Each child branch can be further split into sub-branches, which can in turn be split again, and so on. At the 

lowest level of the tree are branches that have no more splits. Such branches are known as terminal 

branches (or leaves). We stipulated a minimum requirement of 70 cases to allow the creation of a parent 

branch and a minimum number of 20 cases to allow the creation of child branches. After setting up these 

criteria the results were purely analysis driven in the model. The stopping criteria prevented the 

overfitting of data, as all of the child branches had more than 0.25% of cases from the training population, 

as methodologically recommended.(28, 29) IBM SPSS Statistics (version 20) was used to conduct the 

statistical analysis.

Results

Study population

Data from 644 patients and 5152 visits were analysed. Baseline characteristics of the study population are 

shown in table 1. Of the 708 patients included in the DESIR cohort, a total of 64 patients were excluded 

for this analysis because they did not have a definite clinical diagnosis of axSpA at month 60. Taking the 

first visit in account, the study cohort was a young (mean age 33.6 years) and gender balanced population 

(53% females) with short disease duration (mean symptom duration 1.5 years) and very low level of spinal 

radiographic damage (mean mSASSS 0.6 units).   

Univariable analysis

There was a significant univariable association (table 2) between an higher level of disability (i.e. higher 

HAQ-AS scores) and female gender, higher BMI, presence of peripheral arthritis, higher disease activity 

(measured by ASDAS-CRP, BASDAI, or CRP alone), less spinal mobility (measured by BASMI), higher 

enthesitis score (measured by cMES), and NSAID or cDMARD treatment in the last 6 months. Conversely, A
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HLA-B27 positivity, symptom duration, being employed, and treatment with TNFi in the last 6 months 

were associated with lower levels of disability. The presence of sacroiliitis according to mNY criteria was 

not statistically significant, but it was considered in the multivariable and hierarchical models, as the p-

value was <0.10.

Multivariable analysis

The multivariable model using ASDAS-CRP as measure of disease activity showed a significant, 

independent and positive association between HAQ-AS and ASDAS-CRP (adjB=0.205, CI=0.187 to 0.222), 

enthesitis score (adjB=0.011, CI=0.008 to 0.015), BASMI (adjB=0.087, CI=0.069 to 0.105) and female 

gender (adjB=0.172, CI=0.120 to 0.225) (table 3).

When BASDAI was used as disease activity measure, a significant, independent and positive association 

with disability was also found for BASDAI (adjB=0.104, CI=0.096 to 0.113), enthesitis score (adjB=0.009, 

CI=0.006 to 0.012), BASMI (adjB=0.079, CI=0.062 to 0.095) and female gender (adjB=0.154, CI=0.105 to 

0.202). Higher CRP levels (not included in the ASDAS-CRP model owed to collinearity/redundancy) were 

also associated with disability (adjB=0.003, CI=0.001 to 0.004) (table 4).

Decision tree model

The decision tree revealed ASDAS-CRP as the first variable with the most discriminative power on HAQ-AS 

(figure 1). According to this hierarchical model, after ASDAS-CRP, gender, enthesitis score and BASMI 

were the next variables explaining HAQ-AS variation, followed by TNFi treatment, symptom duration, and 

NSAID treatment. The decision tree model automatically created cut-offs for continuous variables which 

better differentiate patients’ profiles. Regarding ASDAS-CRP the cut-offs which generated a second level 

variable in the tree were 1.3, 2.2 and 3.5, as presented in table 5 and in figure 1. The cut-offs generated 

for the enthesitis score as secondary variable were 2.0, 3.0, 6.0 and 10.0; for BASMI as secondary variable 

the generated cut-offs were 1.8, 2.1, 2.5, 3.1 and 3.6; the only cut-off for symptom duration was 2.7 

years.
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Discussion

This analysis demonstrates a robust and consistent long-term association between disease activity and 

disability in an early axSpA cohort, and provides further evidence on the validity of the ASDAS-CRP and its 

cut-offs.

Moreover, ASDAS-CRP disease activity categories were also able to capture distinct disability profiles in 

early axSpA. Our study also suggests that there are several other factors playing an important role in 

disability. In addition to clinical disease activity, three other variables were independently associated with 

disability: enthesitis, spinal mobility (measured by BASMI) and gender.

Both ASDAS-CRP and BASDAI were significantly associated with HAQ-AS in the multivariable models. A 

higher adjB value was found for ASDAS-CRP (adjB=0.205, CI=0.187 to 0.222) compared to BASDAI 

(adjB=0.104, CI=0.096 to 0.113). These values mean that a certain increment in ASDAS-CRP leads to a 

higher variation in disability than the same numerical increment in BASDAI. However, the ranges of the 

measures are different (BASDAI ranges from 0 to 10, while ASDAS-CRP ranges from 0.6 to ≈7). Therefore 

results are not comparable and our study was not designed to directly compare these indexes.

The CHAID algorithm is a robust tool that allowed us to discriminate between subgroups of patients with 

different mean HAQ-AS scores, based on a certain set of variables. This analysis allowed us to conclude 

that ASDAS-CRP was the most important predictor of disability defined by HAQ-AS. This method allowed 

us to determine other important variables in the differentiation of patients’ profiles regarding their level 

of disability, as well as their hierarchical relationship. Gender, enthesitis score and BASMI were the next 

variables explaining disability, followed by duration of symptoms, TNFi and NSAID treatment. These 

results are consistent with the results found in the multivariable model for ASDAS-CRP (table 3) and 

emphasize the multidimensional aspect of disability. Previous studies are consistent with our findings 

regarding the influence of disease activity,(8-10, 16) gender,(16) and spinal mobility,(6, 7) on disability. 

Peripheral arthritis has previously been reported to have an association with disability in AS(30). However, 

in our early axSpA cohort, the main peripheral manifestation associated with disability was enthesitis (the 

association with peripheral arthritis was only significant in the univariable models). The association 

between disability and enthesitis had previously been described in patients with AS but not in early 

axSpA.(31, 32) Both TNFi and NSAID treatment emerged as third level predictors of disability in the 

decision tree model, but not treatment with cDMARD. These findings are in line with the expected lack of 

efficacy and therefore potential limited role of cDMARD(33-35) in axSpA, while both and TNFi and NSAID 

have been shown to be effective treatments in axSpA.(35) Associations between BMI(16, 17) and A
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employment status(18) were previously found in literature, but in our study these associations were not 

significant.

Using an arithmetic approach, this algorithm automatically and in an unbiased manner identified ASDAS-

CRP cut-offs able to differentiate between groups of patients according to their level of disability. Notably, 

the ASDAS-CRP cut-offs that separated different patient disability profiles largely mimicked the cut-offs 

previously defined for ASDAS-CRP disease activity states – inactive (<1.3), low (≥1.3 and <2.1), high (≥2.1 

and ≤3.5) and very high disease activity (>3.5).(15) There was only a minor difference in the 2.1 cut-off 

value separating low from high disease activity, versus 2.2 as the relevant cut-off in the decision tree 

analysis. These findings indicate that the disease activity states defined for ASDAS-CRP also perform well 

in stratifying patients with different levels of disability, which adds to the validity of the ASDAS-CRP cut-

offs.

We did not observe an association between disability and structural damage. This is a relevant albeit not 

unexpected finding as this is a cohort of patients with early disease and very low levels of structural 

damage. The association between structural damage and disability is well described in the literature for 

patients with longer disease duration and higher levels of structural damage.(36-38) These findings 

suggest that structural damage contributes less to the disease burden in the early stages of the disease.

Our study has some limitations. First, the near absence of structural damage in this early axSpA cohort 

(95.4% and 93.2% of patients had an mSASSS score ≤2 units at baseline and 60 months, respectively) 

limits the ability to study the influence of structural damage on disability. Regarding treatment, patients 

were not randomly assigned to the described treatments, meaning that possible confounding by 

indication may be present. A study designed to evaluate the impact of those treatments would be more 

adequate to evaluate their true impact on disability. Third, it could be argued that in order to determine 

the most “accurate” level of association between disease activity and “true” disability, a more robust 

external construct (gold-standard) should be used. An attempt to do this was done with data from the 

“Program to Understand the Long-term outcomes in SpondyloARthritis” (PULSAR) registry, a nested study 

from the US Veterans Affairs. In PULSAR, disability was defined as patients being classified as disabled or 

not by one of two federal agencies (the Disability Determination Services or the US Department of 

Veterans Affairs). This study enrolled 62 patients who completed BASDAI, ASDAS-CRP, and BASFI 

questionnaires after a routine visit. Interestingly, in this study, BASDAI was not significantly associated 

with disability as defined above, while BASFI and ASDAS-CRP were predictors of federally-determined 

disability (OR=1.67, 95%CI=1.12 to 2.47; OR=1.34, 95%CI= 1.02 to 1.76, respectively).(9) Our study would 

be strengthened if we had additional external criteria for disability against which we could validate our A
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results; however, criteria as those used by PULSAR are also subjective, have limitations and might not 

necessarily represent the “gold-standard”. Fourth, there is the possibility that some comorbidities, such as 

fibromyalgia, may have some influence in the association between HAQ-AS and some variables, such as 

gender. However, information on the presence of concomitant fibromyalgia was not available in the 

DESIR database.

In conclusion, we have shown that disease activity contributes longitudinally to disability, and that it is 

hierarchically superior to any other variables or disease domains, in the context of an early axSpA cohort 

with minimal structural damage. Enthesitis, gender and spinal mobility are also key drivers of disability in 

early axSpA. ASDAS-CRP, a composite index used to measure disease activity in axSpA, also reflects the 

level of disability, and its cut-offs are able to discriminate between different profiles of disability in early 

axSpA, reinforcing the validity of the ASDAS-CRP disease activity cut-offs.
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TABLES

Table 1 Summary of baseline clinical and demographic characteristics of the 644 patients with an axial 

spondyloarthritis diagnosis at the end of follow up (60 months)

Characteristics n valid

Age, years; mean (SD) 33.6 (8.6) 644

Female gender; n (%) 341 (53.0) 644

Education at baseline, university or equivalent; n (%) 383 (59.8) 640

BMI, Kg/m2; mean (SD) 23.9 (4.1) 638

HLA-B27 positive; n (%) 385 (59.9) 643

Symptoms duration at baseline, years; mean (SD) 1.5 (0.9) 643

Currently employed; n (%) 553 (86.7) 638

Current smoking; n (%) 237 (37.1) 639

Current arthritis; n (%) 49 (7.6) 643

History of arthritis; n (%) 181 (28.3) 640

History of IBD; n (%) 33 (5.1) 644

History of psoriasis; n (%) 113 (17.5) 644

History of uveitis; n (%) 61 (9.5) 644

History of dactylitis; n (%) 93 (14.5) 642

Enthesitis score; mean (SD)* 4.3 (6.0) 642

CRP, mg/l; mean (SD) 8.3 (5.1) 624

ASDAS-CRP; mean (SD) 2.7 (1.0) 615

BASDAI, mean (SD) 4.5 (2.0) 638

HAQ-AS, mean (SD) 0.7 (0.5) 642

BASFI, mean (SD) 3.1 (2.3) 635

BASMI, mean (SD) 2.4 (1.0) 555

Sacroiliitis according to mNY criteria; n (%) 110 (17.5) 630

Active sacroiliitis on MRI (ASAS criteria); n (%) 231 (36.8) 628

mSASSS, from 0 to 72; mean (SD) 0.4 (1.6) 570

MRI spinal inflammation (Berlin score); mean (SD) 0.3 (1.3) 470

NSAID intake last 6 months; n (%) 601 (93.3) 644

cDMARD intake last 6 months; n (%) 89 (13.8) 643

TNFi treatment last 6 months; n (%) 0 (0.0) 644
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*Concise Mander Enthesitis Score with gradation was used. ASDAS-CRP, Ankylosing Spondylitis 

Disease Activity Score C-reactive protein; ASAS, Assessment of Spondyloarthritis international Society; 

BASDAI, Bath Ankylosing Spondylitis Disease Activity Score; BASFI, Bath Ankylosing Spondylitis 

Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; BMI, body mass index; 

cDMARD, conventional disease-modifying anti-rheumatic drugs; CRP, C-reactive protein; HAQ-AS, 

Ankylosing Spondylitis Health Assessment Questionnaire; HLA, Human Leucocyte Antigen; IBD, 

inflammatory bowel disease; mNY, modified New York; MRI, magnetic resonance imaging; mSASSS, 

modified stoke ankylosing spondylitis spinal score; n, number; NSAID, nonsteroidal anti-inflammatory 

drugs; SD, standard deviation.

Table 2 Univariable analyses to investigate the association between HAQ-AS (dependent variable) and 

other clinical and demographic variables (independent variables)

Characteristics B (95% CI) p-value

Age, years 0.002 (-0.002, 0.005) 0.373

Female gender 0.311 (0.243, 0.379) <0.001

BMI, Kg/m2 0.007 (0.001, 0.013) 0.034

HLA-B27 positive -0.185 (-0.259, -0.111) <0.001

Symptoms duration, years; -0.016 (-0.023, -0.009) <0.001

Currently employed -0.046 (-0.087, -0.005) 0.029

Current smoking 0.011 (-0.025, 0.048) 0.540

Current arthritis 0.191 (0.121, 0.261) <0.001

History of arthritis 0.042 (-0.015, 0.099) 0.151

History of IBD 0.051 (-0.028, 0.130) 0.208

History of psoriasis -0.021 (-0.079, 0.036) 0.463

History of uveitis 0.010 (-0.076, 0.095) 0.825

History of dactylitis 0.020 (-0.050, 0.091) 0.568

ASDAS-CRP 0.233 (0.216, 0.249) <0.001

BASDAI 0.119 (0.111, 0.127) <0.001

BASMI 0.147 (0.125, 0.168) <0.001

Enthesitis score* 0.022 (0.019, 0.025) <0.001

CRP, mg/l 0.006 (0.004, 0.008) <0.001

Presence of sacroiliitis according to mNY criteria** -0.055 (-0.115, 0.005) 0.073

Presence of MRI active sacroiliitis** 0.006 (-0.051, 0.063) 0.841

MRI spinal inflammation (Berlin score)** -0.007 (-0.025, 0.011) 0.462

mSASSS** -0.007 (-0.022, 0.007) 0.309

NSAID intake last 6 months 0.121 (0.090, 0.152) <0.001A
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cDMARD intake last 6 months 0.084 (0.034, 0.134) 0.001

TNFi treatment last 6 months -0.091 (-0.138, -0.043) <0.001

p-values <0.10 highlighted in bold. *Concise Mander Enthesitis Score with gradation was used. 

**Assessment of mSASSS and spinal Berlin score performed only at baseline, 24 and 60 months; 

assessment of modified NY criteria and active sacroiliitis (ASAS criteria) on MRI performed at  

baseline, 12, 24 and 60 months. ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score C-reactive 

protein; BASDAI, Bath Ankylosing Spondylitis Disease Activity Score; BASFI, Bath Ankylosing 

Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; BMI, body mass 

index; cDMARD, conventional disease-modifying anti-rheumatic drugs; CRP, C-reactive protein; HAQ-

AS, Ankylosing Spondylitis Health Assessment Questionnaire; HLA, Human Leucocyte Antigen; IBD, 

inflammatory bowel disease; mNY, modified New York; MRI, magnetic resonance imaging; mSASSS, 

modified stoke ankylosing spondylitis spinal score; n, number; NSAID, nonsteroidal anti-inflammatory 

drugs; SD, standard deviation; TNFi, tumor necrosis factor inhibitors.

Table 3  Multivariable analyses to investigate the association between HAQ-AS (dependent variable) 

and ASDAS-CRP and other clinical and demographic variables (independent variables)

Characteristics Adjusted B (95% CI) p-value

Female gender 0.172 (0.120, 0.225) <0.001

BMI, Kg/m2 *

HLA-B27 positive *

Symptoms duration, years *

Currently employed *

Current arthritis *

ASDAS-CRP 0.205 (0.187, 0.222) <0.001

Enthesitis score 0.011 (0.008, 0.015) <0.001

BASMI 0.087 (0.069, 0.105) <0.001

Presence of Sacroiliitis according to mNY criteria *

NSAID intake last 6 months *

cDMARD intake last 6 months *

TNFi treatment 6 months *

*Excluded from the best-fit model. ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score C-

reactive protein; BASMI, Bath Ankylosing Spondylitis Metrology Index; BMI, body mass index; 

cDMARD, conventional disease-modifying anti-rheumatic drugs; HAQ-AS, Ankylosing Spondylitis 

Health Assessment Questionnaire; mNY, modified New York; NSAID, nonsteroidal anti-inflammatory 

drugs; TNFi, tumor necrosis factor inhibitors.
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Table 4  Multivariable analyses to investigate the association between HAQ-AS (dependent variable) 

and BASDAI and other clinical and demographic variables (independent variables)

Characteristics Adjusted B (95% CI) p-value

Female gender 0.154 (0.105, 0.202) <0.001

BMI, Kg/m2 *

HLA-B27 positive *

Symptoms duration, years *

Currently employed *

Current arthritis *

BASDAI 0.104 (0.096, 0.113) <0.001

Enthesitis score 0.009 (0.006, 0.012) <0.001

CRP, mg/l 0.003 (0.001, 0.004) 0.001

BASMI 0.079 (0.062, 0.095) <0.001

Presence of sacroiliitis according to mNY criteria *

NSAID intake last 6 months *

cDMARD intake last 6 months *

TNFi treatment 6 months *

*Excluded from the best-fit model. BASDAI, Bath Ankylosing Spondylitis Disease Activity Score;  

BASMI, Bath Ankylosing Spondylitis Metrology Index; BMI, body mass index; cDMARD, conventional 

disease-modifying anti-rheumatic drugs; CRP, C-reactive protein; HAQ-AS, Ankylosing Spondylitis 

Health Assessment Questionnaire; mNY, modified New York; NSAID, nonsteroidal anti-inflammatory 

drugs; TNFi, tumor necrosis factor inhibitors.
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Table 5 Overlap between the published cut-offs for ASDAS-CRP disease activity states and the patient 

clusters defined by the CHAID algorithm when disability was studied in early axial spondyloarthritis

Inactive Low High Very highPublished 

ASDAS cut-

offs

ASDAS-CRP disease activity 

states and respective cut-offs <1.3 1.3 – 2.1 2.1 – 3.5 >3.5

ASDAS-CRP cut-offs with 

importance in the 

differentiation of disability 

clusters (first level variable: 

ASDAS-CRP)

≤1.0

1.0 – 1.3

1.3 – 1.6

1.6 – 1.9

1.9 – 2.2

2.2 – 2.5

2.5 – 2.7

2.7 – 3.1

3.1 – 3.5

>3.5

Second level variables with 

discriminative power 

regarding disability

Gender Enthesitis

BASMI

Enthesitis

BASMI

Enthesitis

Current work 

(CHAID 

algorithm for 

disability)

Third level variables with 

discriminative power 

regarding disability

BASMI Gender

Enthesitis

BASMI

TNFi

Gender

BASMI

Symptom 

duration

NSAID

BASMI

TNFi

ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score C-reactive protein; BASMI, Bath Ankylosing 

Spondylitis Metrology Index; CHAID, Chi-square Automatic Interaction Detector; NSAID, nonsteroidal 

anti-inflammatory drugs; TNFi, tumor necrosis factor inhibitors.
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Figure Legends

Figure 1. Decision tree revealing ASDAS-CRP as the first variable with discriminative power on HAQ-AS. 

ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score; BASMI, Bath Ankylosing Spondylitis Metrology 

Index; HAQ-AS, Ankylosing Spondylitis Health Assessment Questionnaire; NSAID, nonsteroidal anti-

inflammatory drugs; TNFi, tumor necrosis factor inhibitor. *p-value<0.001. 
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