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ABSTRACT

Introduction: Diagnosis difficulties are com-
mon for ankylosing spondylitis (AS) patients,
leading to inadequate and inconsistent treat-
ment. We evaluated the national and geo-
graphic variability in disease diagnosis and
treatment in the United States.
Methods: This retrospective, cross-sectional
analysis utilized the IBM� MarketScan�
Administrative Claims Database from 2014 to
2019. AS patients C 18 years of age with con-
tinuous medical and pharmacy enrollment
during the calendar year and complete geo-
graphic information during the study period
were included. Patient cohorts assessed were D1
(C 1 AS diagnoses within each calendar year of
assessment between 2014 and 2019), D2 (C 2
non-rheumatologist AS diagnoses), and D3 (C 2
rheumatologist AS diagnoses). For D2 and D3,
diagnoses were C 6 months apart, but within
18 months. Annual AS diagnostic prevalence

and treatment rates were determined from 2014
to 2019 nationally and per state in 2019.
Treatments assessed were disease-modifying
antirheumatic drugs (DMARDs), opioids, nons-
teroidal anti-inflammatory drugs (NSAIDs),
corticosteroids, and methotrexate.
Results: Nationally, AS diagnostic prevalence
increased from 2014 to 2019, with 2019 rates of
9.6 (D1), 5.1 (D2), and 3.5 (D3) per 10,000
persons. Diagnostic prevalence varied between
states, which was not explained by age, sex,
racial distribution, or rheumatologists per
capita. Nationally, a greater percentage of D3
patients vs. D1 and D2 patients received bio-
logic/targeted synthetic DMARDs (bDMARD/
tsDMARDs) and conventional synthetic
DMARD. Opioid use ranged from 37 to 40% in
2019 and decreased from 2014 for all cohorts.
Corticosteroid and methotrexate use decreased
slightly, while NSAID and bDMARD/tsDMARD
use generally increased from 2014 to 2019.
Conclusions: AS diagnostic prevalence is
increasing nationally, though it remains low
among some states. bDMARD/tsDMARDs use
was more common among patients treated by
rheumatologists. Opioid and corticosteroid use
is decreasing, though national rates remain
high with significant state variability. Further
education is needed, particularly in states with
low prevalence and inadequate treatment, to
improve diagnosis and treatment.
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Key Summary Points

Why carry out this study?

Variations in diagnostic disease prevalence
and treatment patterns for ankylosing
spondylitis throughout the United States
is not known.

National data over time can identify
trends and highlight where improvements
have been made and where gaps may
continue to exist.

State-level data may provide opportunity
to tailor educational efforts, based on
regional needs, to address persisting gaps
and improve diagnosis and treatment for
ankylosing spondylitis patients.

What was learned from this study?

The diagnostic prevalence of ankylosing
spondylitis is low in the United States,
though increasing annually from 2014 to
2019 with significant variability across
states.

Inappropriate treatment both nationally
and on a state level exists, particularly in
the high use of opioids and
corticosteroids, indicating the need for
greater education.

INTRODUCTION

Ankylosing spondylitis (AS) is a chronic
inflammatory immune-mediated condition
primarily affecting the sacroiliac joints and
spine, with a prevalence of 0.2–0.5% in the
United States [1, 2]. Patients with AS suffer

mostly with inflammatory back pain, peripheral
inflammatory arthritis, enthesitis, and dactylitis
[2]. As a consequence of these symptoms,
patients with AS have reduced capability to
perform day-to-day tasks, ability to work, and
overall health-related quality of life and
increased need of care [3–5].

Diagnosis of AS can be delayed by more than
10 years because radiographic features of the
disease can take years to develop [6]. Further-
more, based on a retrospective analysis of
administrative claims data from 2000 to 2012,
only 37% of patients with AS were diagnosed by
a rheumatologist in the United States [5].
Rheumatologist visit frequency, which can
influence diagnosis rates, can be affected by
various factors, including the number of
rheumatologists in the region and length of
time to obtain care [5, 7]. Additionally, sex and
human leukocyte antigen (HLA)-B27 status can
affect AS diagnosis rates. Women with AS pre-
sent with less structural damage in the sacroiliac
joints and the spine than men, which could
influence diagnosis [8, 9]. AS is strongly associ-
ated with HLA-B27 status, with 85–95% of
White patients with AS being HLA–B27-positive
[10]. The prevalence of HLA-B27 positivity is
higher in Whites (7.5%) than Blacks (1.1%) [11],
which may at least partly explain the lower
prevalence of AS in Blacks (0.9%) than Whites
(1.5%) [12].

With diagnosis difficulties, proper treatment
of patients with this disease can be substantially
deferred. The 2019 treatment guideline recom-
mendations by the American College of
Rheumatology (ACR), Spondylitis Association
of America (SAA), and Spondyloarthritis
Research & Treatment Network (SPARTAN) for
AS include nonsteroidal anti-inflammatory
drugs (NSAIDs) and biologic disease-modifying
antirheumatic drugs (bDMARDs), including
tumor necrosis factor (TNF) inhibitors and the
interleukin-17A antagonists secukinumab or
ixekizumab [13]. The Janus kinase (JAK) inhi-
bitor tofacitinib can also be considered in
patients with coexisting ulcerative colitis if TNF
inhibitors are not an option [13]. Conventional
synthetic DMARDs (csDMARDs), such as sul-
fasalazine or methotrexate, should be consid-
ered only in patients with prominent peripheral
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arthritis or when TNF inhibitors are not avail-
able [13]. Rheumatologists strongly recommend
against the use of systemic corticosteroids [13].
Although opioids are not a recommended
treatment in current guidelines, chronic opioid
use is common among patients with AS despite
issues associated with opioid misuse [14].

Given the variability in diagnosis and
approaches to treatment for AS, it is important
to understand how they differ across the United
States. This type of investigation is particularly
relevant for identifying regional gaps in the
diagnosis and treatment of these patients to
better target efforts to improve the manage-
ment of patients with AS. Currently, there is a
lack of knowledge on the variation in diagnosis
and treatment approaches for AS throughout
the United States. To the best of our knowledge,
previous studies have not evaluated geographic
variation of AS diagnostic prevalence and
treatment in the United States. Consequently,
we conducted a retrospective cross-sectional
analysis of an insurance-claims database to
describe geographic variations in diagnostic
prevalence and treatment of AS in the United
States.

METHODS

Study Design

This was a retrospective cross-sectional analysis
using the IBM� MarketScan� Commercial
Claims Database for the period of January 2014
to December 2019. This database contains
claims data from approximately 66 million
employees and their dependents in the United
States and consists of standardized inpatient,
outpatient, pharmaceutical, and health plan
enrollment data [15]. A variety of employee-
sponsored private health insurance types are
covered by this database, including health
maintenance organization, point-of-service,
and preferred provider organization plans [15].

All database records were de-identified and
compliant with United States patient confiden-
tiality requirements, including the Health
Insurance Portability and Accountability Act of

1996 [15]. Because of this, institutional review
board approval was not required.

Study Population

Patients C 18 years of age with C 1 AS Interna-
tional Classification of Diseases (ICD)-9 (720.0)
or ICD-10 (M45.x) codes in the calendar year
were included in the study. Eligible patients
were required to have continuous medical and
pharmacy enrollment during the calendar year
and complete geographic information during
the study period. If a patient had C 2 states
recorded for a given year, the last state recorded
was used.

Three AS cohort definitions were used for
this study. Definition 1 (D1) included patients
with C 1 AS diagnosis in the year by any pro-
vider. Definition 2 (D2) included patients
with C 2 AS diagnoses at least 6 months apart,
but within 18 months by a non-rheumatologist.
Definition 3 (D3) included patients with C 2 AS
diagnoses at least 6 months apart, but within
18 months by rheumatologists. For D3, a
rheumatologist visit was defined as an AS diag-
nosis and rheumatologist visit occurring in the
same claim.

Outcomes

Outcomes evaluated were the rates of AS diag-
noses (per 10,000 persons), calculated across
cohort definitions, and the proportion of
patients with AS who received NSAIDs,
bDMARD/targeted synthetic DMARDs
(tsDMARDs), csDMARDs (including methotrex-
ate, reported separately), corticosteroids, and
opioids (Supplemental Table S1). bDMARD/
tsDMARDs included adalimumab, cer-
tolizumab, etanercept, golimumab, infliximab,
secukinumab, ustekinumab, and tofacitinib.
csDMARDs included hydroxychloroquine,
leflunomide, methotrexate, and sulfasalazine.
Methotrexate was reported separately as it is
more prevalently used than other csDMARDs
[16]. Treatments were identified through
National Drug Code and Health Common Pro-
cedure Coding System (HCPCS) codes.
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Variations in AS diagnosis by age, sex, race
(surrogate for HLA-B27), and rheumatologists
per capita were determined for 2019 on a state
level. Age, sex, and race were based on United
States census data and presented as percentiles
on a state level. The category rheumatologists
per capita was based on American Board of
Internal Medicine Specialty data and was pre-
sented as percentiles on a state level.

Outcomes were evaluated on a national level
for each calendar year from 2014 to 2019.
Outcomes were evaluated on a state level for
2019 and were reported for all states with the
highest and lowest states indicated for states in
which[20 patients had an AS diagnosis for
prevalence or received an AS respective treat-
ment for treatment rates.

Statistical Analyses

Categorical variables were reported as frequency
and percentages and continuous variables as
mean with standard deviation. All data analyses
were performed using SAS version 9.4 (SAS
Institute, Cary, NC, USA).

RESULTS

Study Population

The number of patients diagnosed with AS from
2014 to 2019 ranged from 10,811–13,077 for
D1, 5569–6532 for D2, and 3775–4901 for D3
(Table 1 and Supplemental Table S2). Overall
age did not vary between cohorts and for each
evaluation year while an increase of 3–5% from
2014 to 2019 was noted in the percent of
females (Table 1).

National AS Diagnosis Rates

From 2014 to 2019, diagnosis rates per 10,000
persons increased from 6.7 to 9.6 (D1), 3.3–5.1
(D2), and 2.5–3.5 (D3) (Table 2). Interestingly,
the total population of the database decreased
over time, reflecting decreasing enrollment in
the plans captured by the MarketScan database.
However, trends indicating increasing diagnosis

rates over time remained consistent over the
study period and diagnosis definitions. This
increase did not appear to be related to changes
in the percentage of patients who visited a
rheumatologist, which fluctuated each year
from 2014 to 2019 and ranged from 44 to 49%
for D1 and 48 to 54% for D2 (Supplemental
Table S3).

State-Level AS Diagnosis Rates

In 2019, diagnosis rates per 10,000 persons were
highest in Idaho (26, 20, and 13 for D1, D2, and
D3, respectively) and lowest in Iowa and
Nebraska for D1 (6), Iowa and Nevada for D2
(3), and Michigan for D3 (2) (Fig. 1).

The states with the highest diagnosis rates
(4–13 per 10,000 persons) stratified by per-
centiles for mean age, percent of females and
Whites, and rheumatologists per capita with
diagnosis rates was determined for D3 (Supple-
mental Figures S1–S4). With age, the states with
the highest diagnosis rates were located pri-
marily in the Northwest for the top 25% age
percentile and West and Southwest regions for
the lowest 25% age percentile (Supplemental
Figure S1). Based on the proportion of females
in each state, the states with the highest diag-
nosis rates were primarily located in the South
for the top 25% percentile and Midwest regions
for the lowest 25% percentile (Supplemental
Figure S2). With White race distribution, the
states with the highest diagnosis rates were
located in the West for the highest 20% per-
centile and South regions for the lowest 20%
percentile (Supplemental Figure S3). Based on
the number of rheumatologists per capita, the
states with the highest diagnosis rates were
primarily located in the Northeast for the top
25% percentile and West and South-Central
regions for the lowest 25% percentile (Supple-
mental Figure S4).

National AS Treatment Rates

bDMARD/tsDMARDs were received by a greater
percentage of patients in the D3 cohort than in
the other cohorts (Fig. 2). For D3, 71% received
either bDMARDs or tsDMARDs in 2014, which
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Table 1 Baseline characteristics

2014 2015 2016 2017 2018 2019

Patients with C 1 AS diagnosis (D1)

n 13,077 11,863 12,801 10,811 12,259 11,646

Age (years), mean (SD) 46.8 (11.6) 47.1 (11.6) 47.0 (11.6) 46.7 (11.7) 46.9 (11.7) 46.9 (11.6)

Female, n (%) 5937 (45.4) 5556 (46.8) 6168 (48.2) 5111 (47.3) 5972 (48.7) 5845 (50.2)

Region, n (%)

Northeast 2794 (21.4) 1963 (16.5) 2018 (15.8) 1556 (14.4) 2162 (17.6) 2104 (18.1)

North Central 2453 (18.8) 2176 (18.3) 2277 (17.8) 2289 (21.2) 2535 (20.7) 2327 (20.0)

South 4811 (36.8) 5084 (42.9) 5784 (45.2) 4819 (44.6) 5327 (43.5) 5230 (44.9)

West 3019 (23.1) 2640 (22.3) 2722 (21.3) 2147 (19.9) 2235 (18.2) 1985 (17.0)

Patients with C 2 AS diagnoses by non-rheumatologists (D2)

n 6521 5987 6532 5569 6301 6147

Age (years), mean (SD) 46.8 (11.4) 47.1 (11.4) 47.1 (11.3) 47.0 (11.3) 47.1 (11.4) 47.1 (11.3)

Female, n (%) 2746 (42.1) 2523 (42.1) 2920 (44.7) 2404 (43.2) 2759 (43.8) 2772 (45.1)

Region, n (%)

Northeast 1286 (19.7) 958 (16.0) 945 (14.5) 808 (14.5) 1104 (17.5) 1109 (18.0)

North Central 1309 (20.1) 1112 (18.6) 1241 (19.0) 1224 (22.0) 1395 (22.1) 1369 (22.3)

South 2222 (34.1) 2352 (39.3) 2751 (42.1) 2288 (41.1) 2527 (40.1) 2535 (41.2)

West 1704 (26.1) 1565 (26.1) 1595 (24.4) 1249 (22.4) 1275 (20.2) 1134 (18.4)

Patients with C 2 AS diagnoses by rheumatologists (D3)

n 4901 4278 4473 3775 4302 4294

Age (years), mean (SD) 46.4 (11.3) 46.8 (11.2) 46.5 (11.1) 46.6 (11.2) 46.7 (11.4) 46.7 (11.3)

Female, n (%) 1981 (40.4) 1798 (42.0) 1957 (43.8) 1585 (42.0) 1910 (44.4) 1931 (45.0)

Region, n (%)

Northeast 1007 (20.5) 697 (16.3) 682 (15.2) 508 (13.5) 726 (16.9) 795 (18.5)

North Central 819 (16.7) 640 (15.0) 685 (15.3) 737 (19.5) 848 (19.7) 878 (20.4)

South 1988 (40.6) 1976 (46.2) 2150 (48.1) 1799 (47.7) 1958 (45.5) 1958 (45.6)

West 1087 (22.2) 965 (22.6) 956 (21.4) 731 (19.4) 770 (17.9) 663 (15.4)

AS ankylosing spondylitis, D definition, SD standard deviation
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increased each year to 77% in 2019, while the
percentage of patients receiving bDMARD/
tsDMARDs in 2014 and 2019 for D1 was 45%
and 46% and for D2 was 57% and 61%.

The percentage of patients receiving
csDMARDs was also highest for D3 compared
with the other cohorts (Fig. 2). For D3, 25%
received csDMARDs in 2014, which decreased
to 20% in 2019. By comparison, the percentage
of D1 patients receiving csDMARDs was 19% in
2014 and 16% in 2019, while for D2 it was 21%
in 2014 and 18% in 2019.

With opioids, use decreased for all cohorts
from 2014. However, 37–40% of patients were
still prescribed such treatment in 2019 (Fig. 2).
For corticosteroids, NSAIDs, and methotrexate,
similar usage trends from 2014 to 2019 were
reported between the treatment cohorts. Fur-
thermore, the percentage of patients in 2019
using the respective three treatments was com-
parable between the treatment cohorts. From
2014 to 2019, NSAID use increased while corti-
costeroid and methotrexate use slightly
decreased.

State-Level AS Treatment Rates

For bDMARD/tsDMARDs, the highest rates in
2019 for D3 were in Minnesota and South Car-
olina (91%) and lowest in Idaho (69%) and

Indiana (70%) (Table 3; Fig. 3). For the other
cohorts, the states with the highest and lowest
rates were New Mexico (67%) and Delaware
(37%) for D1 and New Mexico (75%) and Ala-
bama (50%) for D2 (Table 3; Fig. 3).

The rate of csDMARD use for D3 was highest
in Oklahoma (33%) and lowest (16%) in North
Carolina and New York (Table 3; Fig. 4). The
states with the highest and lowest rates of

Table 2 AS diagnostic prevalence in the United States by calendar year, 2014–2019

Year Number of
annual
enrollees

Patients with ‡ 1 AS
diagnosis (D1)

Patients with ‡ 2 AS
diagnoses by non-
rheumatologists (D2)

Patients with ‡ 2 AS
diagnoses by rheumatologists
(D3)

Number of
patients with
AS

Prevalence
rate/10,000

Number of
patients with
AS

Prevalence
rate/10,000

Number of
patients with
AS

Prevalence
rate/10,000

2014 19,470,780 13,077 6.7 6521 3.3 4901 2.5

2015 15,159,118 11,863 7.8 5987 3.9 4278 2.8

2016 14,836,594 12,801 8.6 6532 4.4 4473 3.0

2017 12,618,301 10,811 8.6 5569 4.4 3775 3.0

2018 13,460,224 12,259 9.1 6301 4.7 4302 3.2

2019 12,105,049 11,646 9.6 6147 5.1 4294 3.5

AS ankylosing spondylitis, D definition

c

Fig. 1 AS diagnostic prevalence (per 10,000 persons) by
state in 2019. A Patients with C 1 AS diagnosis (D1),
B patients with C 2 AS diagnoses by non-rheumatologists
(D2), C patients with C 2 AS diagnoses by rheumatolo-
gists (D3). AK Alaska, AL Alabama, AR Arkansas, AS
ankylosing spondylitis, AZ Arizona, CA California, CO
Colorado, CT Connecticut, D Definition, DE Delaware,
FL Florida, GA Georgia, HI Hawaii, ID Idaho, IL Illinois,
IN Indiana, IO Iowa, KS Kansas, KY Kentucky, LA
Louisiana, MA Massachusetts, MD Maryland, ME Maine,
MI Michigan, MN Minnesota, MO Missouri, MS Missis-
sippi, MT Montana, NC North Carolina, ND North
Dakota, NE Nebraska, NH New Hampshire, NJ New
Jersey, NM New Mexico, NV Nevada, NY New York, OH
Ohio, OK Oklahoma, OR Oregon, PA Pennsylvania, RI
Rhode Island, SC South Carolina, SD South Dakota, TN
Tennessee, TX Texas, UT Utah, VA Virginia, VT
Vermont, WA Washington, WI Wisconsin, WV West
Virginia, WY Wyoming
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csDMARD use for D1 were Maryland and Ten-
nessee (both 25%) and Oregon and Wisconsin
(both 11%), respectively, while for D2 it was
Tennessee (32%) and North Carolina (14%)
(Table 3; Fig. 4).

For opioids, the state with the highest rate
was Idaho for D1 (65%), D2 (69%) and D3
(69%), while the state with the lowest rate for
D1 and D2 was Massachusetts (20% and 24%,
respectively), and for D3 it was Wisconsin (28%)
(Table 3; Fig. 5). For corticosteroids, NSAIDs,
and methotrexate, the highest and lowest state
rates were similar between the cohorts (Table 3).

Table 3 Highest and lowest state treatment rates for AS in 2019*

Treatment Patients with ‡ 1

AS diagnosis (D1)

Patients with ‡ 2

AS diagnoses by non-

rheumatologists (D2)

Patients with ‡ 2

AS diagnoses

by rheumatologists (D3)

Highest states

(rate/100)

Lowest states

(rate/100)

Highest states

(rate/100)

Lowest states

(rate/100)

Highest states

(rate/100)

Lowest states

(rate/100)

bDMARDs/tsDMARDs NM (67),

MN (61)

DE (37),

FL (39)

NM (75),

VA (70)

AL (50),

TN (53)

MN (91),

SC (91)

ID (69),

IN (70)

csDMARDs MD (25),

TN (25)

OR (11),

WI (11)

TN (32),

MO (28)

NC (14),

CO (15),

MI (15)

OK (33),

IN (27),

TX (27)

NC (16),

NY (16)

Opioids ID (65),

AL (52)

MA (20),

MN (27)

ID (69),

AL (56)

MA (24),

MN (24)

ID (69),

AL (54)

WI (28),

CA (29),

PA (29)

NSAIDs AR (63),

LA (63)

OR (22),

MA (24),

WA (24)

LA (62),

AL (61)

OR (21),

MA (23)

AL (66),

LA (65)

WI (22),

CA (29)

Corticosteroids KS (64),

MS (60),

NE (60)

MN (28),

CT (43),

OR (43)

KS (70),

KY (64)

MN (34),

WA (39)

KY (67),

UT (65)

OR (35),

VA (42)

Methotrexate TN (14),

MD (12)

CA (7), MI (7),

PA (7)

MO (13),

TX (10)

MI (7),

OH (8)

CA (13),

FL (12)

NY (9),

TX (10)

*For states with[ 20 patients who received respective therapy

AL Alabama, AR Arkansas, AS ankylosing spondylitis, CA California, CO Colorado, bDMARD biologic DMARD, csDMARD conventional

synthetic DMARD, CT Connecticut, D definition, DE Delaware, DMARD disease-modifying antirheumatic drug, FL Florida, ID Idaho, IN
Indiana, KS Kansas, KY Kentucky, LA Louisiana, MA Massachusetts, MD Maryland, MI Michigan, MN Minnesota, MO Missouri, MS
Mississippi, NC North Carolina, NE Nebraska, NM New Mexico, NSAID nonsteroidal anti-inflammatory drug, NY New York, OH Ohio, OK
Oklahoma, OR Oregon, PA Pennsylvania, SC South Carolina, TN Tennessee, tsDMARD targeted synthetic DMARD, TX Texas, UT Utah, VA
Virginia, WA Washington, WI Wisconsin

bFig. 2 Annual AS treatment rates in the United States.
A Patients with C 1 AS diagnosis (D1), B patients
with C 2 AS diagnoses by non-rheumatologists (D2),
C patients with C 2 AS diagnoses by rheumatologists
(D3). AS ankylosing spondylitis, bDMARD biologic
DMARD, csDMARD conventional synthetic DMARD,
D Definition, DMARD disease-modifying antirheumatic
drug, MTX methotrexate, NSAID nonsteroidal anti-
inflammatory drug, tsDMARD targeted synthetic
DMARD
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DISCUSSION

In this study, we evaluated the national and
state trends in diagnostic prevalence and treat-
ment for AS in the United States using data from
an administrative claims database.

Nationally, diagnostic prevalence of AS was
low, although it increased each year from 2014
to 2019, regardless of whether the diagnosis was
from a rheumatologist or non-rheumatologist.
Similar observations were made for patients
with diagnoses made by any provider or non-
rheumatologist. Additionally, the proportion of
patients with AS who were female gradually
increased each year, potentially indicating a
greater awareness of the disease by women and
their physicians. These diagnostic prevalence
results are consistent with a previous study that
found that rates of AS prevalence more than
doubled from 0.04 to 0.09% between 2006 and
2016 in the United States [16]. However, the
diagnostic prevalence of AS was low when
compared to the population prevalence descri-
bed in the 2009–2010 NHANES study [12]. The
low diagnostic prevalence of AS may reflect that

not all patients in the population who have the
disease get diagnosed. In a systemic literature
review of worldwide AS prevalence, diagnostic
prevalence was 50% lower than population
prevalence (11 vs. 22 per 10,000 persons) [17].

Significant state geographic variability was
observed in AS diagnostic prevalence for the
three diagnosis cohorts, with rates ranging from
26 per 10,000 persons in Idaho to six per 10,000
persons in Iowa and Nebraska for those diag-
nosed by any provider. For patients diagnosed
by a rheumatologist, the diagnosis rates range
was 13 per 10,000 persons in Idaho to two per
10,000 persons in Michigan. States with the
highest diagnostic prevalence tended to be
located primarily in the Western section of the
country. Factors such as age, sex, race, and
rheumatologists per capita did not explain the
state variability in prevalence of diagnoses
made by rheumatologists. Of note, patients
included in the data source were covered by
similar health plans, and therefore had similar
access to care and treatment and insurance
coverage; yet still, diagnosis rates were low and
varied from state to state.

One reason for low national diagnostic
prevalence rates and state variability reported in
this current study may be the lack of awareness
of this disease. In a real-world study of 235
patients with AS, about a third received a diag-
nosis for this disease after C 10 years, while
another third received a diagnosis 2–9 years
following their initial physician visit [18].
Additional potential reasons for difficulties in
diagnosis includes the commonality of
mechanical back pain in general population;
lack of diagnostic criteria or specific biomarkers;
lack of awareness by primary physicians and
allied providers such as chiropractors and
physical therapists; low referrals to rheumatol-
ogists; and insufficient insurance coverage
[7, 18–20]. These factors could be particularly
relevant in those states with low diagnostic
prevalence rates of AS. These findings highlight
the need for a national education effort to
increase disease awareness that would inform
physicians on disease features which could
indicate AS while providing criteria for referring
the patient to a rheumatologist, particularly in

bFig. 3 bDMARD/tsDMARD treatment rate (per 100
persons) for AS by state in 2019. A Patients with C 1 AS
diagnosis (D1), B patients with C 2 AS diagnoses by non-
rheumatologists (D2), C patients with C 2 AS diagnoses
by rheumatologists (D3). States in gray have B 20 patients
who received therapy and are not reported. AK Alaska, AL
Alabama, AR Arkansas, AS ankylosing spondylitis, AZ
Arizona, bDMARD biologic DMARD, CA California, CO
Colorado, CT Connecticut, D Definition, DE Delaware,
DMARD disease-modifying antirheumatic drug, FL Flor-
ida, GA Georgia, HI Hawaii, ID Idaho, IL Illinois, IN
Indiana, IO Iowa, KS Kansas, KY Kentucky, LA Louisiana,
MA Massachusetts, MD Maryland, ME Maine, MI
Michigan, MN Minnesota, MO Missouri, MS Mississippi,
MT Montana, NC North Carolina, ND North Dakota,
NE Nebraska, NH New Hampshire, NJ New Jersey, NM
New Mexico, NV Nevada, NY New York, OH Ohio, OK
Oklahoma, OR Oregon, PA Pennsylvania, RI Rhode
Island, SC South Carolina, SD South Dakota, TN
Tennessee, tsDMARD targeted synthetic DMARD, TX
Texas, UT Utah, VA Virginia, VT Vermont, WA
Washington, WI Wisconsin, WV West Virginia, WY
Wyoming
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states and regions with low diagnostic preva-
lence identified in this analysis [6, 21].

Annual treatment rates during 2014–2019
generally followed similar patterns across the
three cohorts with bDMARD/tsDMARD and
NSAID use increasing, while use of csDMARDs,
opioids, corticosteroids, and methotrexate
declining. Treatment rates for bDMARD/
tsDMARDs were[70% across the study period
for patients with C 2 AS diagnoses by a
rheumatologist, and were much higher than
rates of bDMARD/tsDMARD treatment for the
other AS cohorts in this study. This indicates
that rheumatologists may be more likely to treat
confirmed AS patients with advanced therapies.
The overall increase in bDMARD/tsDMARDs
treatment rates from 2014 to 2019, which is
generally consistent with a prior retrospective
study from 2006 to 2016 [16], may be due to
various factors, including greater patient
awareness of these treatment options, the
increased availability of bDMARD/tsDMARDs
and biosimilars, the willingness of payors to
reimburse patients for these treatments, and the
higher referrals of patients to rheumatologists.

Notable geographic variations by state in
treatment use were observed, including that for
bDMARD/tsDMARDs, csDMARDs, and opioids.
bDMARD/tsDMARD treatment rates ranged
from 67% in New Mexico to 37% in Delaware
for patients diagnosed by any provider and 91%
in Minnesota to 69% in Idaho for patients
diagnosed by a rheumatologist. Access to
rheumatologists does not appear to explain
such observed variations, as the differences
persisted despite our state-level adjustment
based on rheumatologists per capita. Other
factors may be causing these variations, such as
referrals to rheumatologists and awareness of
treatment guidelines; further research is needed
to confirm the underlying cause(s).

Although fewer patients were receiving
treatments which have greater risks than bene-
fits, such as opioids and corticosteroids, rates
still remain higher than might be expected.
Opioid use nationally occurred among 37–40%
of patients with AS in 2019. The opioid use was
particularly high in various states, including
Idaho and Alabama, where 69% and 54% of
patients, respectively, reported receiving this
treatment. Similar reports of high chronic opi-
oid use for AS been described in a retrospective
study of patients from 2012 to 2017 [14]. The
reasons for frequent opioid use remain uncer-
tain, as there is no agreement in the literature to
explain high opioid use rates in the US.
Nonetheless, as opioid use is associated with
addiction and high morbidity and mortality
[22, 23], efforts to reduce the use of this treat-
ment, particularly for those states with greater
opioid treatment rates for AS, are urgently
needed.

Improvements are also necessary to reduce
the use of corticosteroids for the treatment of
AS, where approximately 50% of patients
nationally were prescribed this treatment in
2019, with rates over 60% in certain states.
Increased education needs to be provided to
physicians and rheumatologists on the various
effective alternative options to opioids and
corticosteroids that can be used to reduce
treatment-associated morbidity and mortality.

A limitation of this study was that the
observed rates of AS-related diagnosis, treat-
ment, and rheumatologist visits may be affected

bFig. 4 csDMARD treatment rate (per 100 persons) for
AS by state in 2019. A Patients with C 1 AS diagnosis
(D1), B patients with C 2 AS diagnoses by non-rheuma-
tologists (D2), C patients with C 2 AS diagnoses by
rheumatologists (D3). States in gray have B 20 patients
who received therapy and are not reported. AK Alaska, AL
Alabama, AR Arkansas, AS ankylosing spondylitis, AZ
Arizona, CA California, CO Colorado, csDMARD con-
ventional synthetic disease-modifying antirheumatic drug,
CT Connecticut, D Definition, DE Delaware, FL Florida,
GA Georgia, HI Hawaii, ID Idaho, IL Illinois, IN Indiana,
IO Iowa, KS Kansas, KY Kentucky, LA Louisiana, MA
Massachusetts, MD Maryland, ME Maine, MI Michigan,
MN Minnesota, MO Missouri, MS Mississippi, MT
Montana, NC North Carolina, ND North Dakota, NE
Nebraska, NH New Hampshire, NJ New Jersey, NM New
Mexico, NV Nevada, NY New York, OH Ohio, OK
Oklahoma, OR Oregon, PA Pennsylvania, RI Rhode
Island, SC South Carolina, SD South Dakota, TN
Tennessee, TX Texas, UT Utah, VA Virginia, VT
Vermont, WA Washington, WI Wisconsin, WV West
Virginia, WY Wyoming
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by geography-related factors, such as clinicians’
practice behavior, population density, distance
from patients’ residences to medical centers,
socioeconomic status of the area, and age dis-
tribution of the area. Therefore, the observed
rates across the different geographic regions
may be confounded by these factors. Addition-
ally, uninsured patients and/or patients who
did not maintain insurance coverage for an
entire calendar year of interest were not repor-
ted in this study, which could lead to an
underestimation of diagnostic prevalence.
Lastly, race was used as a surrogate for HLA-B27
prevalence, as patient-level race data were not
provided in the database. Consequently, asso-
ciation of race with HLA-B27 prevalence in this
report should be considered with caution.

Among the strengths of this study is that it
used a large, nationally representative, de-
identified administrative claims database that
contained commercial beneficiaries, a key pop-
ulation of interest for this study. Although the
total population of the database decreased over
time, reflecting decreasing enrollment in the
plans captured by the MarketScan database, the
MarketScan database remains one of the largest
health care claims repositories in the US and
captures diverse patient populations covered by

contributing employers, hospitals, and health
plans. Another strength of this study was the
use of choropleth heat maps to visualize rates of
diagnosis, treatment utilization, and rheuma-
tologist visits among patients with AS in dif-
ferent geographic regions in the United States.
With described rates of AS-related diagnosis and
treatment based on geographical regions,
potential gaps and target education could be
more precisely identified.

CONCLUSIONS

In this retrospective study of patients diagnosed
with AS in the United States, although the
national diagnostic prevalence of AS steadily
increased from 2014 to 2019, the low diagnostic
prevalence of AS compared to the population
prevalence from the NHANES study [12] sug-
gests the disease continues to be underdiag-
nosed. bDMARD/tsDMARD use is gradually
increasing, particularly among patients visiting
a rheumatologist where 77% received this
treatment in 2019. However, treatment can be
improved; opioids and corticosteroids are still
being used at relatively high proportions.
Results from this novel study can be used to
identify specific areas of improvement needed
throughout the county and regionally.
Observed variability in diagnostic prevalence
and treatment offers the opportunity to target
educational efforts to address region-specific
needs and to further improve diagnosis and
treatment of AS.
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