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Objective. Ankylosing spondylitis (AS) diagnosis is often delayed. The availability of effective biologic agents for treating
AS has increased the importance of early diagnosis. We tested questions derived from a comprehensive literature review
and an advisory board in a case–control study designed to identify patients with AS from among patients with chronic
back pain (CBP).
Methods. Question items were cognitively tested among patients with AS, and then in case–control studies for validation
and creation of a scoring algorithm and question item reduction. AS cases were recruited from a known database, and
CBP subjects (controls) were recruited from clinics, employers, and from the SpineUniverse Web site. We used individual
question items in a multivariate framework to discriminate between people with and without AS.
Results. Forty-three questions yielded 24 items for analyses; 12 of these were entered into a multivariate regression
model. Individual items yielded odds ratios ranging from 0.07 to 30.31. Question items with a significant positive
relationship to AS included male sex, neck or hip pain/stiffness, longer pain duration, decreased pain/stiffness with daily
physical activity, pain relief within 48 hours of nonsteroidal antiinflammatory drugs, and diagnosis of iritis. The tool
demonstrated a sensitivity of 67.4 and a specificity of 94.6. The tool was developed from clinically and radiologically
diagnosed AS cases and therefore is designed to distinguish AS cases among CBP subjects. In addition, �54% of the AS
cases in the study were treated with biologic agents, which may impact questionnaire responses.
Conclusion. This tool can identify undiagnosed patients with AS and, potentially, those at an earlier stage in their disease
course.

INTRODUCTION

Lower back and neck pain are common (1) and may pro-
duce disability, with great societal cost (2). Ankylosing
spondylitis (AS), an inflammatory spondylarthritis (SpA),
is among the multiple causes of lower back and neck pain
and was recently demonstrated to be nearly as prevalent in
the general population as rheumatoid arthritis (3,4). Un-
fortunately, the period between symptom onset and AS

diagnosis is typically lengthy; detection of sacroiliitis by
standard radiography may lag 8–11 years after onset of
inflammatory back pain (IBP) (5–7). Until recently, avail-
able therapies provided only a modest clinical impact.
New, more effective biologic therapies can substantially
reduce AS-associated pain, disability (8–11), and quality
of life impairment (12,13). Such therapies emphasize the
need for earlier diagnosis.
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patients is neither feasible nor cost effective. To improve
case identification, we have developed a patient question-
naire to identify individuals with an increased likelihood
of having AS as the etiology of their back pain. If success-
ful, this instrument could identify patients with AS undi-
agnosed by current methods, providing a cost-effective
group for further assessment (14).

MATERIALS AND METHODS

Design overview. The case ascertainment tool develop-
ment had 3 phases (Figure 1). In phase I, potential question
items were identified using a literature review, reviewed
and revised by an expert panel, and cognitively tested
among a small group of patients known to have AS. The
panel included rheumatologists and nurses with clinical,
academic, and community backgrounds from various US
locations (Appendix A). In phase II, the modified question
items were tested in a study and revised if necessary.
Phase III was a subsequent case–control study for valida-
tion and creation of a scoring algorithm and question item
reduction. The study received ethical approval from the
Institutional Review Board (IRB) of Cedars-Sinai Medical
Center (CSMC), the Western IRB, and The Committee for
the Protection of Human Subjects, Office of Research Sup-
port Committees, at the University of Texas Health Science
Center at Houston.

Literature review for identifying potential question
items (phase I). We conducted a comprehensive PubMed
literature search for English-language articles reporting
symptoms, risk factors, and patient characteristics associ-
ated with AS, as well as prior case identification instru-
ments, published from January 1995 to July 2005. Detailed
AS search terms included ankylosing spondylitis and
spondylarthropathy, as well as diagnosis terms such as
diagnosis, diagnostic techniques, procedures, mass screen-
ing, and risk factors. Reference lists of relevant publica-
tions and review articles were reviewed to identify studies
not captured by the PubMed search. References suggested
by the expert panel were also reviewed. The abstracts were
reviewed for relevance based upon the search strategy. If
an abstract indicated that the article might contain rele-
vant primary data or secondary information (e.g., a review
article citing results from a population-based study), its
full text was reviewed to extract pertinent information.
The pool of candidate questions was constructed by do-
mains (e.g., demographics, AS-associated symptoms, fam-
ily history) and risk factors associated with AS.

Previously developed classifications and diagnostic cri-
teria for AS were identified and evaluated for relevance to
this study. The Rome criteria for AS from 1963 (15), the
New York criteria for AS from 1968 (16), modified in 1984
(17), and the Mau et al criteria for determining early AS
from 1990 (18) all require radiographic sacroiliitis in ad-
dition to patient-reported data to confirm a diagnosis of
AS. Each instrument contains 3–6 clinical criteria, includ-
ing duration of low back pain/stiffness, history of iritis,
thoracic pain/stiffness, limited motion in the lumbar spine
and/or chest expansion, and peripheral arthritis or heel

pain, although the wording of each clinical criterion var-
ied across these instruments. Questions were also identi-
fied from literature (e.g., morning stiffness, age at symptom
onset, prescription of nonsteroidal antiinflammatory drugs
[NSAIDs]) and the Calin et al criteria for AS (19), a 5-item,
symptom-based questionnaire for differentiating IBP (i.e.,
AS) from mechanical or nonspecific types of pain.

Rudwaleit et al published 2 studies, one in 2004 and one
in 2006, that proposed criteria for diagnosing axial SpA
earlier in patients with IBP without radiographic sacro-
iliitis (14,20). The first study (14) suggested that the pres-
ence of IBP features (4 of the following: age at onset �40
years, duration of back pain �3 months, insidious onset,
morning stiffness, and improvement with exercise) in-
creased the probability of axial SpA from the 5% preva-
lence in patients with chronic back pain (CBP) to 14%, and
therefore was chosen as the study entry criterion for iden-
tifying patients with axial SpA. Adding 2–3 clinical fea-
tures (e.g., heel pain, uveitis, positive family history, or
positive response to NSAIDs) increased the probability of
axial SpA to 90%.

The second study evaluated IBP features and compared
various combinations of features as classification and di-

Figure 1. Case ascertainment tool development overview. FSS �
Fatigue Severity Scale; AS � ankylosing spondylitis; CBP �
chronic back pain.
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agnostic criteria for AS (20). Several sets of combined
clinical features, as opposed to individual features, con-
ferred a better ability to differentiate AS from mechanical
low back pain. A set of 4 parameters was identified: morn-
ing stiffness of �30 minutes’ duration, improvement in
back pain with exercise but not with rest, awakening be-
cause of back pain during the second half of the night only,
and alternating buttock pain. Fulfillment of 2 of these
would yield a sensitivity of 70.3% and a specificity of
81.2% with a positive likelihood ratio of 3.7; fulfillment of
3 or 4 would increase the positive likelihood ratio to 12.4.

Question items based on symptoms and risk factors with
varying wording were identified from the literature search
and reviewed by the expert panel. Each member rated the
118 potential question items for its ability to distinguish
between a patient with AS and a patient with other CBP,
using a 9-point scale (higher scores indicated greater abil-
ity). For decision making, the experts received information
on the prevalence/sensitivity of the question item in ref-
erence studies, the data sources for each question item,
and the number of times a specific question item was
identified in the literature. Forty-two question items re-
ceiving an average score of �6 were selected for inclusion
in the initial case ascertainment tool for patient cognitive
testing.

Setting and participants. Cognitive testing (phase I). A
cognitive test was conducted to ensure that patients
could easily and accurately understand the directions for
completing the question items and the meaning of the
questions within the tool. Comments regarding the flow
of questions and font size and type were obtained.
Typographical errors, wording/vocabulary, and meaning/
comprehension were discussed for each item to ensure
that they accurately captured/described patients’ disease
experience. Three focus groups of patients with AS ages
�18 years were identified from the Prospective Study of
Outcomes in AS database. This database consists of �600
patients with AS with an average disease duration of 11.5
years, all of whom had to fulfill the modified New York
criteria for AS (21). The focus groups (convened in Los
Angeles) consisted of patients with disease durations of
�10 years, of �10 years, and mixed. A representative
proportion of women (25%) was ensured to match the
proportion in the database. The expert panel qualitatively
reviewed the cognitive testing results for tool revision:
modifying wording, reordering question items, and in
some cases splitting 1 question item into 2 or combining 2
into 1. Extreme fatigue was mentioned frequently among
the focus groups but not included in the original question
items cognitively evaluated; therefore, the 9-item Fatigue
Severity Scale (22) was added to the instrument. The ex-
pert panelists held a teleconference discussion to attain
consensus on question item modifications. Revision
yielded 52 question items in the tool for testing in the
phase II study.

Feasibility study (phase II). This phase pilot tested the
question items developed in phase I among 100 patients
(50 cases of AS and 50 CBP controls). Patients with AS

were randomly selected from the Prospective Study of
Outcomes in AS database (cases), and CBP patients (con-
trols) were identified through e-mail invitations via the
CSMC intranet. CBP controls were required to have expe-
rienced back pain for �3 months. The inclusion criteria
were as follows: English speakers, �18 years of age, and
not participants in the focus groups in phase I. We at-
tempted to screen patients who already had a physician
diagnosis of AS among the CBP controls, but we encoun-
tered no cases. A study package including a cover letter, a
consent form, a response card, and a paper copy of the case
ascertainment tool were mailed to potential participants.
Completed tools were mailed to the clinical study coordi-
nator at CSMC, who organized a deidentified database for
analysis. We screened and recruited 121 patients, but 18
were nonresponders and 3 were excluded due to poor data
quality; 100 were included for phase II analysis. The
mean � SD age of the 50 included AS cases was 33.4 � 11
years, the average disease duration was 5.6 years, and
�46% were men. The CBP controls (n � 50) were older
(mean � SD 43.5 � 11.5 years) with longer disease dura-
tion (8.7 years), and fewer were men (42%).

Case–control study (phase III). Although the literature
provides no well-established single method for estimating
the sample size required for construct validation of a new
disease case ascertainment tool, the literature is helpful in
identifying reasonable ranges for sample size require-
ments. We ran simulations using data from 1 validation
study on smoking among patients with chronic obstructive
pulmonary disease, which estimated that the minimum
number of cases that we needed to reproduce the analysis
was 100 patients (23). Assuming a 15–25% AS prevalence
(24) among our target population of IBP patients, a total of
420 AS and CBP patients was required to provide suffi-
cient sample sizes among case and control groups.

AS cases were identified from the Prospective Study of
Outcomes in AS database and from among patient mem-
bers of the Spondylitis Association of America (via postal
mail). The latter were screened using the same criteria (21)
as were applied to the Prospective Study of Outcomes in
AS cohort. CBP controls were identified from the follow-
ing sources: intranet notice of the research study avail-
able to employees within Cerner Corporation and CSMC,
signs and flyers posted at local primary care and chiro-
practor clinics, and postings on the SpineUniverse Web
site (www.spineuniverse.com). SpineUniverse is an on-
line source for patients who have back or neck problems,
and our recruitment advertisement was posted on their
e-newsletter. Recruitment methodology and patient inclu-
sion/exclusion criteria for phase III were similar to those of
phase II, with the addition that participants of this study
phase could not have been participants in any previous
study phase. As with phase I and II, a written consent was
required for a patient to be included in the study. The data
were then analyzed to develop and validate the case as-
certainment tool’s scoring algorithm.

Statistical analyses. Information collected from the fo-
cus groups (phase I) was qualitatively analyzed, and mod-
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ifications were made, such as adjusting the flow and
wording of question items for ease of understanding.

Feasibility study (phase II). A bivariate analysis was
conducted to evaluate whether question item responses
were significantly different between cases and controls.
Categorical and continuous variables were analyzed using
Fisher’s exact test and the 2-sample t-test, respectively. To
analyze how sets of question items differentiated between
cases and controls, a multivariate logistic regression model
was constructed. Best subset regression analysis was em-
ployed to reduce the size of the model without significant
loss of discriminating power, obtaining a parsimonious set
of question items. To ensure that question item responses
were consistent and reliable, the tool’s internal consis-
tency reliability was calculated using Cronbach’s alpha.
The consistency of each question item was analyzed using
3 measures: the change in Cronbach’s alpha when that
question item was removed, the average of the question
item’s correlations with every other question item, and the
correlation between the question item and the sum of all of
the other question items.

The expert panel reviewed the bivariate, multivariate,
and psychometric results, and their insights guided the
ongoing revision of the question items. Although the sam-
ple size for phase II was small, there was enough variabil-
ity in the data to perform a multiple logistic regression and
obtain parameter estimates. The decrease in power sug-
gests that small and moderate effects may be undetectable.
However, the aim of phase II was not to formally test
hypotheses, but to examine possible question items that
exhibited larger effects and to qualitatively investigate
other question items that may have exhibited a significant
effect in the larger phase III study. Because most of the
question items were performed in the direction as ex-
pected (data are available by request), the expert panel
agreed to keep all of the question items to be tested in the
phase III case–control study. Additionally, to clarify
“pain/stiffness affected by physical activities,” the expert
panel suggested adding 2 question items: 1) how does
daily physical activity affect the pain or stiffness in your
lower back or buttocks? and 2) what happens to the
amount of pain or stiffness in your lower back or buttocks
as the day progresses?

Final case–control study (phase III). To develop and
validate the tool’s final scoring algorithm, the data were
divided into 2 samples. A random sample of 70% of the
AS cases and 70% of the CBP controls formed the model
development sample and was used to create the final tool
and its scoring algorithm, while the remaining 30%
formed the model validating sample, used to validate the
scoring algorithm. To ensure that the random selection of
our development sample and validation sample were bal-
anced, we conducted bivariate analyses comparing the
response to each question item between the 2 samples
(data are available by request). None of the comparisons
showed significant difference, which confirmed the com-
parability of the development and validation samples.
Similar to the feasibility study (phase II), the model devel-
opment sample was analyzed using bivariate, multivariate,
and psychometric analyses. These analyses informed de-
cisions regarding question items to include in the final tool

algorithm. Motivated by the best subset variable selection
results and supplemented with clinical expertise, the ex-
pert panel selected a final model, and performance param-
eters including sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) were
examined. The receiver operating characteristic (ROC)
curves were constructed using the development sub-
sample. Using the regression coefficients of the selected
logistic regression model, an algorithm to estimate a pa-
tient’s predicted probability of having AS was created.

To validate the findings of the developed model, the
case ascertainment tool score was calculated for the pa-
tients randomized to the model validation sample, and
their true AS status was compared with the tool’s pre-
dicted status. The sensitivity and specificity within this
subsample were calculated and compared with the tool’s
target sensitivity and specificity of 70% and 99%, respec-
tively. To explore the potential bias in our results of hav-
ing a “contaminated” control group, that is, a CBP control
group in which some of the patients may have actually had
AS, we performed a sensitivity analysis during the valida-
tion phase under the assumption that 5% of the control
sample had AS. Each CBP control was randomly reas-
signed as a patient with AS with a 5% probability, and
ROC statistics were calculated on this reassigned sample.
This process was repeated 1,000 times, and average ROC
statistics were calculated across these 1,000 samples.

All analyses were performed using SAS, version 9.1
(SAS Institute, Cary, NC).

RESULTS

The phase III analysis included 451 people: 145 AS cases
and 306 CBP controls (Figure 2). The mean � SD age of the

Figure 2. Phase III final case–control study overview. AS � an-
kylosing spondylitis; CBP � chronic back pain.
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Table 1. Bivariate relationships between candidate variables and study diagnosis (development sample, n � 316)*

Question items and response categories AS CBP P

Sex, male 61.8 37.4 � 0.001
Pain/stiffness location

Back 86.3 97.2 � 0.001
Neck 72.5 48.1 � 0.001
Hip 62.7 39.3 � 0.001
Other regions 47.1 31.3 0.009
No pain/stiffness 2.0 0 0.104

Age at onset, mean � SD years 24.5 � 9.1 33.2 � 12.2 � 0.001
Pain onset description 0.030

Suddenly 25.5 15.9
Come and go 43.1 57.0
Gradual 30.4 27.1
No pain 1.0 0

Pain duration, mean � SD months 272.6 � 161.8 137.4 � 123.1 � 0.001
Upper back/rib cage pain 84.3 61.7 � 0.001
Numbness/tingling spread into legs 51.0 70.6 0.001
Pain around the heel of foot 52.9 40.2 0.040
Pain/stiffness improve with physical activity 86.3 57.0 � 0.001
Morning pain �30 minutes 70.6 78.5 0.159
Pain worse at night/early morning 79.4 70.1 0.103
Pain/stiffness due to fall/sprain 22.5 44.4 � 0.001
Pain switches from side to side 80.4 82.2 0.756
Pain switches from buttock to buttock 55.9 45.3 0.092
Impact of exercise on pain/stiffness � 0.001

Decreases 64.7 43.9
No change 22.5 21
Increases 12.7 35.0

Impact of daily physical activity on pain/stiffness � 0.001
Decreases 58.8 26.2
No change 21.6 27.1
Increases 19.6 46.7

Pain/stiffness as day progresses 0.003
Decreases 37.3 22.4
No change 28.4 23.8
Increases 34.3 53.7

Pain/stiffness when inactive 0.029
Decreases 8.8 21.0
No change 31.4 28.5
Increases 58.8 50.0
Missing/unknown 1.0 0.5

Use of NSAIDs 75.5 65.6 0.290
Pain reduction within 48 hours after taking NSAIDs 93.5 77.9 0.003
Stomach pain prior to back pain 18.6 8.9 0.011
Diagnosed with iritis 42.2 2.3 � 0.001
Disease history

Patient self
Urethritis 8.8 3.3 0.052
Colitis/enteritis/IBD/Crohn’s disease 20.6 8.9 0.006
Dactylitis 1.0 0.5 0.542
Enthesitis/synovitis/tenosynovitis 12.7 1.9 � 0.001
Psoriasis 10.8 5.6 0.076
Balanitis/cervicitis 2.0 1.9 1.000

First-degree relatives
AS 24.5 3.3 � 0.001
Reactive arthritis 16.7 19.6 0.285
Colitis/enteritis/IBD/Crohn’s disease 11.8 11.2 0.186
Psoriasis 5.9 9.3 0.107
Iritis 13.7 0.5 � 0.001

Second-degree relatives
AS 11.8 4.7 0.077
Reactive arthritis 13.7 22.9 0.163
Colitis/enteritis/IBD/Crohn’s disease 4.9 10.3 0.279
Psoriasis 8.8 6.5 0.732
Iritis 2.0 0 0.175

Fatigue summary score, mean � SD 39.8 � 13.5 40 � 14.5 0.888

* Values are the percentage unless otherwise indicated. AS � ankylosing spondylitis; CBP � chronic back pain; NSAIDs � nonsteroidal antiinflam-
matory drugs; IBD � inflammatory bowel disease.
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AS cases was 48.6 � 13.5 years, their average disease
duration was 23.1 years, and 62% were men. The CBP
controls were younger (mean � SD 43.9 � 12.1 years), had
a shorter average disease duration (8.6 years), and fewer
were men (37%). Bivariate results from the development
sample are shown in Table 1, which presents the propor-
tion of people with AS and the proportion of people with
CBP who gave a positive response to each question item.
Of the 43 question items tested, 24 showed statistical
differences between these 2 groups (P � 0.05).

Based on the output from the best subset regression
analysis (data are available by request), the final regression
model (Table 2) included 12 question items for the case
ascertainment tool (Figure 3). Using the validation sample,
the tool demonstrated a sensitivity of 67.4% and a speci-
ficity of 94.6%, comparable with the threshold determined
from the development sample (sensitivity � 69.6%, spec-
ificity � 99.1%, ROC � 0.937). Results from the sensitivity
analysis showed an average sensitivity of 61.5% and an
average specificity of 94.6% generated across 1,000 sam-
ples of randomly reassigned CBP controls (see Statistical
analyses for details).

DISCUSSION

The need to identify patients with AS among those with
CBP is of clinical relevance because effective disease-

specific therapies have become available that can improve
pain and stiffness and reduce disability (25–27). We de-
veloped a case ascertainment tool that performed well in
differentiating the less commonly encountered patients
with possible AS from a large pool of individuals with low
back pain from a mechanical cause. Our tool, containing
12 patient-reported question items, achieved an ROC of
0.937, a sensitivity of 70%, and a specificity of 99%. The
strongest discriminators were male sex, pain/stiffness in
the neck and/or hip, pain/stiffness decreases with daily
physical activity, and a history of iritis.

Selecting the optimal case ascertainment tool threshold
requires tradeoffs: increasing instrument sensitivity in-
creases the probability of identifying patients with disease
(and the ability to institute disease-altering therapies).
However, this would increase the patient care burden on
the rheumatologist due to additional unnecessary refer-
rals, reduce quality of life and cost for those with false-
positive results, and raise the economic burden (additional
medical evaluations) from the payer perspective. Results
from our model revealed that sensitivities ranging from
69.6% to 90.2% were associated with specificities of
99.1% to 79.9%, respectively (Table 3). Lowering sensi-
tivities reduced the portion of false-positive results seen
by the provider. For instance, within this sensitivity/
specificity range for the CBP population, the proportion of
false-positive results seen by providers ranged from 20.3%
to 80.9%. Using a clinically relevant, minimally sufficient
sensitivity of 70% and specificity of 99% (a set of param-
eters agreed upon by the expert panel), the tool would
have a predicted probability threshold of 66.86%.

This case ascertainment tool could be used in a variety
of populations with differing AS prevalences (pretest
probabilities), and therefore display alternate performance
characteristics. Among patients with back pain, it is esti-
mated that AS has a 5% prevalence (14,28). In this popu-
lation, our tool would be expected to achieve a 79.7% PPV
(98.4% NPV). Assuming that the tool performs similarly in
the general population (AS prevalence at a conservative
estimate of 0.5%) (3), it would likely achieve 27.2% PPV
(99.8% NPV).

Our tool differs from previous ones. Compared with the
New York criteria for AS (a 5-item, symptom-based ques-
tionnaire) (16,17), our tool covers additional aspects (e.g.,
patient’s sex, location of pain/stiffness, responsiveness to
NSAIDs). Instead of using binary question items (yes/no),
several of our question items allow gradations of patients’
input. For example, for “how does exercise affect the pain
or stiffness,” patients can select an answer that best de-
scribes their disease experience from several options (i.e.,
it decreases, increases, or does not change the pain/
stiffness). Two question items (i.e., duration of low back
pain/stiffness and history of iritis) from this 5-item, symp-
tom-based questionnaire remained in our final tool. Al-
though all questions in our screener were patient reported,
most of the previous AS criteria required the presence of
radiographic sacroiliitis to confirm a diagnosis of AS, ex-
cept for the Calin et al criteria for AS (19).

Our case ascertainment tool for AS performed well (area
under the curve [AUC] � 0.937) compared with other
commonly used screening tests: mammography for breast

Table 2. Predictive ability of reduced question item set
(development sample, n � 316)*

Question item and response
categories OR (95% CI)

Sex, male 3.45 (1.51–7.91)
Pain/stiffness location

Neck 3.49 (1.54–7.94)
Hip 3.54 (1.52–8.23)
Other regions 2.57 (1.07–6.15)

Age at onset, years 0.93 (0.89–0.97)
Pain duration, months 1.00 (1.00–1.01)
Numbness/tingling spread into legs 0.36 (0.16–0.81)
Pain/stiffness due to fall/sprain 0.25 (0.10–0.62)
Impact of exercise on pain/stiffness

No change Reference
Decreases 0.21 (0.06–0.82)
Increases 0.07 (0.01–0.33)

Impact of daily physical activity on
pain/stiffness

No change Reference
Decreases 8.31 (1.92–36.00)
Increases 2.76 (0.69–11.10)

NSAID use and response to the
treatment

Did not use NSAIDs Reference
Relief within 48 hours 1.39 (0.58–3.33)
Not relief within 48 hours 0.12 (0.02–0.81)

Diagnosed with iritis 30.31 (7.26–126.49)

* Hosmer-Lemeshow goodness-of-fit test: P � 0.633 (�2 � 6.123, 8
df); Cox and Snell R2 � 0.499; Nagelkerke R2 � 0.6970; Omnibus
test: P � 0.001 (likelihood ratio test: �2 � 218.33, 15 df). OR � odds
ratio; 95% CI � 95% confidence interval; NSAID � nonsteroidal
antiinflammatory drug.
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cancer (AUC � 0.74) (29), Papanicolaou smear for cer-
vical cancer (AUC � 0.93) (30), and the combination of
exercise echocardiography and 201T1 single-photon–
emission computed tomography for coronary artery dis-
ease (AUC � 0.78) (31).

We used a self-identified population of CBP patients as
the control group. This could produce a bias; although it is
unlikely given the low population prevalence of AS, it is
possible that some of the control patients had underlying
AS. To evaluate the robustness of our results to this issue,
we performed a sensitivity analysis that assumed that 5%
of the control patients had AS. Even with this hypothetical
contamination in the control sample, our results remained
very similar.

The patients with AS in our study had an average dis-
ease duration of 21.8 years, and their disease experience
may not accurately reflect earlier-stage AS-related symp-
toms. We therefore evaluated the impact of disease dura-
tion on patients’ experience with AS by comparing re-
sponses between a group of patients with �10 years’
disease duration and a group with �10 years’ experience.
After adjusting for multiple comparisons, there were no
statistically significant differences between the groups.

In our AS sample, �54% were receiving biologic treat-
ments (tumor necrosis factor � inhibitors) for active AS;
these agents are expected to alter patients’ symptoms, pos-
sibly affecting the performance of the tool. To investigate

Figure 3. Final set of question items for the ankylosing spondylitis (AS) case ascer-
tainment tool and scoring algorithm. NSAID � nonsteroidal antiinflammatory drug.

Table 3. Receiver operating characteristic (ROC) analysis*

Sensitivity Specificity

CBP
population†

General
population‡

PPV NPV PPV NPV

69.6 99.1 79.7 98.4 27.2 99.8
70.6 97.2 57.0 98.4 11.2 99.8
75.5 94.9 43.6 98.7 6.9 99.9
80.4 89.7 29.2 98.9 3.8 99.9
85.3 84.6 22.5 99.1 2.7 99.9
90.2 79.9 19.1 99.4 2.2 99.9

* Values are the percentage. CBP � chronic back pain; PPV �
positive predictive value; NPV � negative predictive value.
† Ankylosing spondylitis prevalence 5%.
‡ Ankylosing spondylitis prevalence 0.5%.
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this potential challenge to validity, we compared re-
sponses from patients who were receiving biologic agents
with those who were not. None of the responses to the 12
question items differed significantly between the 2 groups.

One interesting finding from the feasibility study (phase
II) was the lack of significant differences between patients
with AS and CBP controls on pain/stiffness affected by
physical activities. The results for patients with AS were
as expected: most reported that pain/stiffness were de-
creased by physical activities. However, CBP group results
were unexpected (56% reported that pain/stiffness were
decreased by physical activities). It was suggested that
CBP respondents may have attributed physical activities to
physical therapy. Therefore, 2 additional question items
were added, impact of exercise on pain/stiffness and im-
pact of pain/stiffness as the day progresses, to capture
“daily activities” rather than “physical activities” and also
to assess pain/stiffness as the day progressed from waking
in the morning. The original item (impact of daily physical
activities) and 1 added item (impact of exercise) were
included in the final tool, but they showed opposite pre-
dictability of AS: impact of daily physical activities scored
positive, whereas impact of exercise scored negative. It is
generally believed that exercise typically alleviates pain/
stiffness in patients with AS (i.e., “exercise decreases
pain/stiffness” should be scored positive). We suspect that
respondents may have interpreted “exercise” as intensive
physical exercise, as opposed to “daily physical activities”
as light physical activities (e.g., walking). Also, the odds
ratio (OR) of 0.214 for the impact of exercise on decreasing
pain/stiffness, compared with the OR of 8.313 for the
impact of daily physical activities on decreasing pain/
stiffness, infers that the latter question item better de-
scribes the AS disease experience.

Today, most patients experience AS symptoms for 5–10
years before a correct diagnosis is made and many patients
are never diagnosed, in part because these patients resem-
ble the large pool of individuals with CBP. Our results
suggest that a set of patient-reported question items can
identify a group of patients with a high likelihood of
having AS. We believe that this tool could substantially
improve the possibility of making a diagnosis of this dis-
ease. Patients with a high likelihood of AS could be iden-
tified to undergo further evaluation (e.g., with HLA–B27
genetic testing or a magnetic resonance imaging scan).
Published studies have shown that patients with AS have
a 50–90% likelihood of having an HLA–B27 antigen, and
the association between AS and HLA–B27 varies in differ-
ent ethnic and racial groups (32). Combining the patient
questionnaires with HLA–B27 testing could provide a
sensitive and cost-effective approach to initial diagnostic
assessment.

In conclusion, it is our aim that this case ascertainment
tool might identify patients earlier in their disease, such
that they could begin therapy. However, we realize the
limitation of the study design, in that we only studied
patients with AS with an established diagnosis who were
likely to be at a later disease stage. Therefore, this tool
needs further validation in an early disease stage popula-
tion. This AS case ascertainment tool is intended for a
patient to use as a Web-based tool with a built-in scoring

algorithm. If the tool’s characteristics (e.g., sensitivity and
specificity) are replicated in future studies, it could be
made available to patients through the Internet or in the
offices of primary care providers.
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