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Abstract
Background—Few population-based studies have reported the prevalence of psoriatic disease.

Objective—We validated computerized diagnoses to estimate the prevalence of psoriasis and
psoriatic arthritis.

Method—We identified adults with =1 ICD-9 diagnosis codes of 696.0 (psoriatic arthritis) or
696.1 (psoriasis) in clinical encounter data during 1996-2009, and used chart review to confirm
the diagnoses in random samples of patients. We then used the best performing case-finding
algorithms to estimate the point prevalence of psoriasis and psoriatic arthritis.

Results—The number of persons with a diagnosis for psoriasis (ICD-9 code 696.1) was 87,827.
Chart review of a random sample of 101 cases with at least one dermatologist-rendered psoriasis
code revealed a positive predictive value (PPV) of 90% (95% CI, 83-95) with sensitivity 88%
(95% ClI, 80-93). Psoriatic arthritis (code 696.0) was recorded for 5,187 patients, with the best
performing algorithm requiring =2 diagnoses recorded by a rheumatologist or =1 diagnosis
recorded by a rheumatologist together with =1 psoriasis diagnoses recorded by a dermatologist;
the PPV was 80% (95% CI, 70-88) with sensitivity 73% (95% CI, 63-82). Among KPNC adults,
the point prevalence of psoriasis, with or without psoriatic arthritis, was 939 (95% CI, 765-1142)
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per 100,000, and the overall prevalence of psoriatic arthritis, with or without psoriasis, was 68
(95% Cl, 54-84) per 100,000.

Conclusion—Within an integrated health care delivery system, the use of computerized
diagnoses rendered by relevant disease specialists is a valid method for identifying individuals
with psoriatic disease.
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Psoriasis; Psoriatic Arthritis; Epidemiology; Incidence; Prevalence; Health Maintenance
Organizations; Computerized Medical Information

INTRODUCTION

Psoriatic disease encompasses psoriasis, a chronic, multisystem inflammatory disorder
involving the skin and nails, as well as psoriatic arthritis, which affects 5-20% of patients
with psoriasis (1). Validated, population-based prevalence studies are critical to
understanding psoriatic disease etiology, burden and temporal trends, yet only a small
number of population-based studies have been reported in the United States (1-9). These
studies have estimated the prevalence of psoriasis in adults at 1.2 — 4.8% and psoriatic
arthritis at 0.15 — 0.25%. This variability could be due to differences in populations (ages,
race/ethnicities), population sampling techniques, disease definitions (self-report vs.
physician diagnosis), methods to validate the diagnosis (dermatologist vs. chart abstractor),
and definitions of prevalence (point vs. lifetime).

We previously reported on case-finding and prevalence of psoriasis among pediatric
members of Kaiser Permanente Southern California (7). The present report describes case-
finding and prevalence of psoriasis and psoriatic arthritis among the racially and ethnically
diverse adult members of Kaiser Permanente Northern California (KPNC), a large,
integrated health-care delivery system whose population is similar to the general insured
population in Northern California (10).

METHODS
Study population

KPNC is a pre-paid, comprehensive, integrated care organization that maintains
computerized clinical data of all visits, procedures, pharmacy dispensed medications, and
other medical goods and services to its 3.2 million members. These databases, comprising a
variety of computerized information systems as well as an electronic medical record,
provide the opportunity to build disease registries for efficient study of chronic diseases that
otherwise cannot be easily identified in a stable and well-characterized population.

Referral to KPNC specialists in dermatology and rheumatology are often made by the
primary care provider, although in some service areas, patient self-referral is also permitted.
Physicians may refer patients to outside specialists when needed. Outside referrals are
typically sent to nearby academic centers with claims captured by the KPNC information
system. Outside referrals generally are made at the time of diagnosis for the purpose of
obtaining a second opinion, during periods of extreme disease exacerbations that may be
especially difficult to manage, or when access to a KPNC specialist is inadequate to meet
the patient’s needs.

The present study, which was approved by the Kaiser Foundation Research Institute
Institutional Review Board, included persons aged 18 years and older with =12 months of
enrollment in KPNC between January 1, 1996 and December 31, 2009. At least 12 months
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of enrollment was required so that patients would have the opportunity to have a clinical
visit with a dermatologist while they were a KPNC member. Preliminary cases included
those with at least one International Classification of Diseases, Ninth Edition (ICD-9)
diagnosis code of 696.0 (psoriatic arthritis) or 696.1 (psoriasis).

We obtained random samples of patients for case validation using three categories: psoriasis
alone, psoriatic arthritis alone, and psoriasis with psoriatic arthritis. Based upon resource
constraints of the study and the desire for similar confidence intervals around the positive
predictive values of our validity estimates, we obtained random samples of 0.1% of patients
with =1 ICD-9 code for psoriasis and no code for psoriatic arthritis, 1% of patients with =1
code for psoriatic arthritis alone, and 10% of patients with both codes. This was done by
assigning random numbers from 0-1.000 and selecting all cases with numbers below 0.001,
0.010, and 0.10, respectively, for validation by chart review.

Data collection

Data collection was accomplished during 2010. The period of observation began on the later
of the member’s first enrollment date or January 1, 1996, and ended on the earlier of the
disenrollment date or December 31, 2009. Relevant computerized medical information was
obtained for all preliminary cases and included clinical and membership data recorded
during 1996-2009, including information from the electronic medical record that was
established during 2004-2006. Before the electronic medical record was established, the
health plan maintained numerous computerized information systems including outpatient
encounters, hospital diagnoses, laboratory results, pharmacy information, and diagnostic
images, among others. These databases were used to provide clinical care and not to
administer insurance claims. Outside claims are generated when patients are referred out of
the plan, and these outside claims were accessed for the study.

Manual chart review by a trained abstractor was performed on random samples of
preliminary cases obtained as described in the previous section. The primary purpose of the
chart review was to confirm the diagnosis recorded in the computerized data and to obtain
information on clinical characteristics of the disease. A single trained medical record
abstractor with extensive experience ascertaining autoimmune disease cases reviewed the
medical record. Study dermatologists and rheumatologists addressed any questions raised by
the chart reviewer as needed to adjudicate cases. Data were accessed from the electronic
medical record, computerized information systems, and paper-based medical records. The
abstractor reviewed all outpatient clinic notes, hospital discharge summaries, laboratory
results, radiology reports, and all other information in the medical record. All study records
were readily accessible. Among the medical records selected for review, there were 6 cases
(four with the diagnosis of psoriatic arthritis and two with the diagnosis of psoriasis) for
which the outpatient clinic note corresponding to the date of the relevant computerized
ICD-9 code was missing. The remainder of the information in the medical chart of those 6
patients did not confirm the relevant diagnosis and these patients were coded as not having
any psoriatic disease.

Case definitions

Psoriasis is a clinical diagnosis based on the characteristic appearance of erythematous
indurated plaques with silvery scale in common locations such as the scalp, elbows, knees,
and intergluteal cleft. There are no special blood tests or diagnostic procedures although a
skin biopsy occasionally may be used to rule out other disorders. For the purpose of the
study, a diagnosis by a dermatologist written as text into the clinical progress note was
considered confirmed psoriasis unless the diagnosis was described as a rule-out and was not
subsequently confirmed. If the diagnosis was made by a provider other than a dermatologist,
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then we required supporting information, such as a phone conversation with a dermatologist
or a statement that the diagnosis had been confirmed by an outside dermatologist, and the
chart abstractor consulted with a study dermatologist before confirming the case. We also
attempted to ascertain the percent body surface area involvement, but it was recorded for
<5% of subjects and therefore was not tabulated.

Psoriatic arthritis often is diagnosed by ruling out other forms of inflammatory arthritis.
No specific clinical, laboratory, or radiographic criteria exist for the diagnosis of psoriatic
arthritis. Conditions to rule-out include rheumatoid arthritis (e.g., when rheumatoid factor
was present at a significant titer), gout, and osteoarthritis. Radiographically, psoriatic
arthritis is a unique blend of bone destruction and proliferation. Manifestations may include
erosive arthritis giving rise to the classic “pencil-in-cup” deformity. For the purpose of the
study, a positive rheumatoid factor was considered indicative of rheumatoid arthritis,
especially with the concomitant presence of a positive test for antibodies that bind citrulline
modified proteins (CCP). However, a negative rheumatoid factor did not rule out the
diagnosis of rheumatoid arthritis. For patients who presented with joint disease before
developing the cutaneous manifestations of psoriasis, and whose rheumatoid factor and CCP
tests were negative, the concomitant presence of radiographic sacroileitis or spondylitis or a
clinical history of enthesitis supported the diagnosis of psoriatic arthritis. If the diagnosis
was made by a provider other than a rheumatologist, the chart abstractor consulted with a
study rheumatologist who reviewed laboratory tests and radiology images and reports from
the spine, sacroiliac joint, or pelvis. In addition, the reviewer considered the CASPAR
criteria for psoriatic arthritis (11), which considered evidence of current psoriasis, a personal
history of psoriasis, or a family history of psoriasis; typical psoriatic nail dystrophy
including onycholysis, pitting, and hyperkeratosis observed on current physical examination;
a negative test result for the presence of rheumatoid factor by any method except latex,
either current dactylitis, defined as swelling of an entire digit, or a history of dactylitis
recorded by a rheumatologist; and radiographic evidence of juxta-articular new bone
formation appearing as ill-defined ossification near joint margins (but excluding osteophyte
formation) on plain radiographs of the hand or foot.

Data analysis

Disease manifestations—We sought to obtain the following disease manifestations for
psoriasis: type of psoriasis (scalp/plaque, guttate, pustular, inverse, and erythrodermic) and
affected anatomic locations. For psoriatic arthritis, we sought to obtain a description of the
arthritis (inflammatory joint disease, enthesopathy, or spine disease), the anatomic location
of joint involvement, radiographic evidence of juxta-articular new bone formation, number
of involved joints, involvement of the nails and presence of dactylitis.

Validity of computerized data for identifying prevalent psoriasis and psoriatic
arthritis—Case-finding algorithms were developed for use with all preliminary cases,
including those that had not been selected into the random sample. Because some research
studies are concerned with the co-occurrence of both psoriasis and psoriatic arthritis, we
developed separate algorithms for psoriasis alone, psoriatic arthritis alone, and psoriasis with
psoriatic arthritis. The variables that were examined for inclusion in the case-finding
algorithms included the department where the diagnosis was recorded (dermatology,
rheumatology, other) and the number of diagnoses recorded. We evaluated multiple possible
case-finding algorithms, with >1 inpatient or outpatient visit to any department as the basis
for comparison with all other algorithms. The sensitivity and positive predictive value (PPV)
were determined for each of the case-finding algorithms under consideration.
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The sensitivity was defined as the number of confirmed cases captured by the algorithm
divided by the total number of confirmed cases with =1 relevant diagnosis code. The PPV
was defined as the proportion of preliminary cases captured by the algorithm that were
confirmed with the disease during chart review. We did not compute the specificity and
negative predicted value; for uncommon diseases such as psoriasis, they exceed 99% and are
not helpful for evaluating case-finding algorithms. The 95% confidence intervals (CI) were
computed assuming Poisson distributions (12). All analyses were conducted using SAS
version 9.13 (Cary, NC).

Estimation of the point prevalence—We applied the best case-finding algorithms we
could define to estimate the prevalence of psoriasis and psoriatic arthritis in adult KPNC
members. The best algorithm was defined as the one that provided the fewest number of
falsely classified (false positive + false negative) cases. We corrected the estimates for the
PPV by multiplying; we corrected for the sensitivity by dividing.

The age- and sex-specific point prevalence of psoriasis and psoriatic arthritis and their 95%
Cls were calculated using as the denominator the number of males or females in each age
group of KPNC members in each year. These were standardized using the direct method
with the 2000 U.S. Census population providing weights (13,14). The age-and sex-
standardized point prevalence was estimated on December 31, 2009; for this calculation,
only persons who were health plan members on December 31, 2009 day were included. The
95% Cls for the sensitivity and PPV were computed assuming a Poisson distribution (12).

Validation of the Case-Finding Algorithms

The number of persons with at least one diagnosis code for psoriasis without psoriatic
arthritis was 83,701 (Table 1). The average length of enrollment during 1996-2009 was 9.7
years. Seventy one percent of psoriasis diagnoses were made by a dermatologist. In
comparing physician-rendered computerized psoriasis codes to the gold standard of chart
review, the positive predictive value (PPV) of code 696.1 was 89% (95% CI, 79-95%) when
recorded at least once by a dermatologist and 29% (95% ClI, 12-52%) when recorded by
non-dermatology providers. Requiring two diagnosis codes by a dermatologist increased the
PPV of the case-finding algorithm to 95% (95% CI, 83-99%), but reduced the sensitivity to
63%, resulting in a larger number of incorrectly classified cases than when a single
diagnosis code was used. We estimate the number of true cases of psoriasis without psoriatic
arthritis to be 53,342. For psoriasis, false positive cases (n=7) included rule out diagnoses,
inflammatory skin disorders that were subsequently diagnosed as other entities, inadequate
documentation to classify psoriasis, and coding errors.

Psoriatic arthritis without psoriasis was recorded for 1,061 patients. The average length of
enrollment during 1996-2009 was 8.9 years. The PPV of code 696.0 was 67% (95% CI, 55—
77%) when recorded at least once by a rheumatologist and 24% (95% ClI, 11-42%) when
recorded by a non-rheumatology provider, with 86% of correctly classified cases being
recorded by a rheumatologist. Requiring two diagnosis codes by a rheumatologist increased
the PPV to 81% (95% CI, 68-90%) while decreasing the sensitivity to 77% (95% ClI, 64—
87%), yielding a better performing algorithm for identifying psoriatic arthritis. We estimate
the number of true positives in the population to be 493. For psoriatic arthritis, false positive
cases were primarily ‘rule-outs’ with final diagnoses of gout, small joint arthritis,
rheumatoid arthritis, Sjogren’s disease, and polymyalgia rheumatica.

Persons with diagnoses for both psoriasis and psoriatic arthritis numbered 4,126, with an
average length of enrollment during 1996-2009 of 10.2 years. Of these, 3,427 (83%) had =1
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psoriasis diagnosis recorded by a dermatologist as well as =1 psoriatic arthritis diagnosis
recorded by a rheumatologist; the PPV of this algorithm for identifying patients meeting
both psoriasis and psoriatic arthritis case definitions was 71% (95% ClI, 53-85) with
sensitivity 78% (95% ClI, 60-90%). Among the 10 patients with a dermatologist-recorded
diagnosis of psoriasis and a rheumatologist-recorded diagnosis of psoriatic arthritis who
underwent chart review and were found not to meet both case definitions, 7 met the study
definition for psoriasis alone, 2 met the definition for psoriatic arthritis alone, and 1 had
neither psoriasis nor psoriatic arthritis. Based on our definition, we estimate the number of
true positives in the population with psoriasis and psoriatic arthritis to be 2,448.

Finally, we identified the best-performing algorithms to examine psoriasis without or
without psoriatric arthritis. Requiring =1 psoriasis diagnosis recorded by a dermatologist
revealed a PPV of 90% (95% CI, 83-95) with sensitivity 88% (95% CI, 80-93). Similarly,
for psoriatic arthritis with or without psoriasis, requiring =2 diagnoses for psoriatic arthritis
recorded by a rheumatologist, or =1 diagnosis recorded by a rheumatologist together with >1
diagnosis for psoriasis recorded by a dermatologist, revealed a PPV of 80% (95% ClI, 70—
88) with sensitivity 73% (95% CI, 63-82).

Point Prevalence

Among adults, the point prevalence of psoriasis alone, psoriatic arthritis alone, and psoriasis
with psoriatic arthritis, standardized to the age and sex distribution of the 2000 U.S. Census,
were 883 (95% Cl, 876-890), 12.6 (95% ClI, 11.6-13.7), and 55.8 (95% CI, 54.0-57.6) per
100,000 persons on December 31, 2009. The overall point prevalence of psoriasis, with or
without psoriatic arthritis, was 939 (95% CI, 765-1142) per 100,000, with 6% of these cases
being complicated by psoriatic arthritis. The overall prevalence of psoriatic arthritis, with or
without psoriasis, was 68.4 (95% ClI, 54-84) per 100,000, with 82% of these cases having
clinical documentation supporting concurrent psoriasis. The point prevalence of psoriasis
increased with age (Figure 1), while psoriatic arthritis prevalence increased to about 60-69
years, after which the prevalence leveled off. These point prevalences did not differ by
gender.

Summary of Demographic and Disease Manifestations of Chart-review Confirmed Cases

There were 154 persons confirmed on chart review with psoriatic disease, 65 with psoriasis
alone, 57 with psoriatic arthritis, and 32 with both diseases. About half of the patients were
female, and the majority were <60 years of age at first clinical record of psoriatic disease.
With regard to race/ethnicity, the majority of reviewed cases were Caucasian (63% with
psoriasis alone, 74% with psoriatic arthritis alone, and 69% with both), although Hispanics
(5-11%) and Asians (5-12%) were also represented. Among non-Caucasians, the majority
was multiracial/other/unknown (15-16%) and only one individual (psoriasis only) was
African-American. The type of psoriasis was not recorded for about two-thirds of the
subjects, among those for whom it was recorded, plaque psoriasis predominated (28%). The
most common location of psoriasis was the scalp. A rheumatoid factor test was performed in
about 60% of psoriatic arthritis patients, and was negative among all cases. Among psoriatic
arthritis patients, the most common location of joint involvement was the hands/wrists/
fingers. Fingernail involvement was noted in the chart of 11% of patients with psoriasis,
32% of patients with psoriatic arthritis alone, and 56% of patients with both manifestations.
Seventy-six percent of patients with psoriatic arthritis alone (n = 43) and 87% of patients
with both psoriasis and psoriatic arthritis (n = 28) underwent radiographic examination, with
only a single case (psoriatic arthritis alone) having evidence of juxta-articular new bone
formation.
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DISCUSSION

We developed and validated case-finding algorithms and estimated the prevalence of
psoriasis and psoriatic arthritis among adult members of KPNC for the period 1996 through
2009. The overall prevalence of psoriasis, with or without psoriatic arthritis, was 939 (95%
Cl, 765-1142) per 100,000, with 6% of these cases having concomitant clinical
documentation of psoriatic arthritis. The overall prevalence of psoriatic arthritis, with or
without psoriasis, was 68.4 (95% ClI, 54-84) per 100,000, with 82% of these cases having
concomitant clinical documentation of current psoriasis.

A recent systematic review by Parisi and colleages (2012) detailed past studies of the global
incidence and prevalence of psoriasis in children and adults. (15) In the United States, a
study comparable to ours that used electronic healthcare claims data from two medical
insurance databases reported a period prevalence of 0.91% (95% 0.90-0.92), strikingly
similar to our rate of 0.94, though no case validations were reported in that study (16).
Another study of psoriasis prevalence conducted in the United States was based in
individuals self-selecting for a skin cancer screening program; dermatologist-rendered
diagnosis provided prevalence estimates ranging from 1.2% to 3.4% (4). Other estimates
were based on self-reported information from population-based surveys (8-9), while another
was based in African Americans (6). These studies have reported psoriasis prevalence
estimates in adults ranging from 0.91 — 3.15% (4, 6, 8-9, 16).

In the United Kingdom, psoriasis patients registered with general practitioners in the
General Practice Research Database (1987-2002) and in The Health Improvement Network
(2003 — 2009) provided prevalence estimates of 1.5% and 1.9%, respectively (17,18). The
computer-based diagnosis of psoriasis was confirmed in 82% (N=3994) of patients in the
GPRD, using manual review of the electronic medical record as the gold standard.(19) The
present study is similar to the GPRD study in that we ascertained psoriatic disease using
validated algorithms with computerized physician-rendered diagnoses in a large, diverse
population. Icen and colleagues (2008) also evaluated the validity of computerized
diagnostic codes in the population-based setting of Olmsted County, Minnesota, where all
diagnoses and procedures are indexed in an electronic database (20). The medical record of
2556 adults with diagnostic codes consistent with psoriasis (1976-1979) were reviewed
manually to validate the diagnosis. Based on medical record review, 1458 (57%) subjects
were confirmed with psoriasis, with 81% were confirmed by a dermatologist. The PPV of
ICD9 code 696.1 was 69% (95% ClI: 67%, 71%). The study we report here required a
dermatologist-rendered diagnosis, and observed a higher PPV of 90% (with 85% CI, 83-95).

A population-based study in Taiwan using ICD-9 codes rendered in 2006 observed a lower
prevalence of 235 per 100,000 (21). However, the prevalence of psoriasis shows ethnic and
geographic variation, and is less prevalent in persons of Asian descent as compared to
persons of European descent (22), which may partially explain the differences in our
findings. Among German workers, a full-body skin examination by a dermatologist (2004—
2009) estimated the prevalence of psoriasis at 2% (23, 24). In a study of the diagnosis of
psoriatic disease (combined psoriasis and psoriatic arthritis) as rendered by general
practitioners using a representative sample of the general population in South Italy, the
estimated prevalence of psoriatic disease (939 per 100,000) was nearly identical to our
estimate (25).

The modest differences in psoriasis prevalence across these studies may represent genuine
differences in susceptibility across populations, including, for example, differences in race/
ethnicity, with the KPNC population having a higher population of Hispanic whites and
blacks who generally have a lower prevalence of psoriasis compared to non-Hispanic
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whites. (10) These differences in prevalence may also be related to several other factors: (1)
differences in demographics, including age, of the source population; (2) differences in
geography, with psoriasis prevalence being lower in sunny climates, (22); (3)
methodological differences in case definition, (i.e., relying on self-report vs. physician-
rendered diagnoses, rendering of diagnoses by specialists compared with general
practitioners, and rendering of diagnosis in electronic medical record vs. insurance claims
data); and (4) and definitions of prevalence (point vs. lifetime). (15)

With respect to the prevalence of psoriatic arthritis, which we estimated at 68 per 100,000,
others have reported levels ranging from 20 to 420 per 100,000 world-wide (25-34). In the
United States, a population-based cohort of subjects in Olmsted County, Minnesota aged
>18 years who fulfilled CASPAR criteria between 1970-1999 reported a point prevalence of
158 per 100,000 (95% CI 132, 185) (34). One possible explanation for the difference in our
prevalence estimates is the difference in study populations. The population of Olmstead
County, Minnesota is primarily white, non-Hispanic (35), a subgroup with known higher
rates of psoriatic arthritis (22), whereas the population of KPNC has much more racial and
ethnic diversity (10). U.S.-based studies validating computerized algorithms for psoriasis
patients have been lacking, and our findings help address this gap in the literature.

Key strengths of this study include the size and diversity of the population, the availability
of detailed paper and electronic medical records and electronic databases, and the use of
chart abstraction to validate the diagnoses. The KPNC adult membership is generally
representative of the broader community and is very similar to that large insured population
with regard to sociodemographic and health characteristics (including obesity rates), as well
as the general population in Northern California. However, the KPNC population has
significantly lower percentages of adults in the lower (but not upper) ranges of income and
educational attainment (10).

One of the limitations of this study is that the prevalence estimates do not include patients
who did not seek medical attention for their disease. Thus, the study may have under-
ascertained mild disease, particularly among those who were enrolled in the health plan for a
short time, although the study was restricted to members with at least 12 months of
enrollment. Another limitation was that the treating physician often did not record
characteristics of psoriatic disease such as percent body surface area and nail involvement.
Chart review has inherent limitations compared with other potential gold standards, such as
prospective population surveys, although the latter are far more costly. Finally, we did not
test more complicated algorithms, such as excluding cases if they had diagnoses that could
mimic psoriatic disease (such as a gout or rheumatoid arthritis when examining psoriatic
arthritis, and eczema when examining psoriasis).

The validated case-finding algorithms presented here should be useful to others who use
large computerized databases to conducted research into psoriasis and psoriatic arthritis.
Identification of an algorithm for use with computerized data enables Efficient identification
of cases with psoriasis and psoriatic arthritis, and will be useful for advancing understanding
of these diseases, including the frequency of occurrence, medical service utilization, long-
term outcomes, and the safety of drug therapies.
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Figure 1. Age- and sex-specific point prevalencel per 100,000 persons (shown on Y-axis) of
psoriasis with or without psoriatic arthritis (N=55,770) and psoriatic arthritis with or without
psoriasis (N=2,941). Men and women aged >18 years. Kaiser Permanente Northern California,

December 31, 2009

1The prevalence proportions are corrected for the sensitivity and positive predictive value of
the validated case-finding algorithms.

PsO = psoriasis with or without psoriatic arthritis.
PsA = psoriasis with or without psoriasis.
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