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Objective. Understanding of the personal risks for
rheumatoid arthritis (RA) and other rheumatic diseases
remains poor, despite advances in knowledge with re-
gard to their pathogenesis, therapeutics, and clinical
impact, in part because the personal lifetime risk of
developing these diseases is unknown. This study was
undertaken to estimate the lifetime risk of RA, as well as
other inflammatory autoimmune rheumatic diseases,
including systemic lupus erythematosus, psoriatic
arthritis, polymyalgia rheumatica (PMR), giant cell
arteritis, ankylosing spondylitis, and Sjogren’s syn-
drome, and to provide an overall estimate of the risk of
developing inflammatory autoimmune rheumatic dis-
ease over a lifetime.

Methods. Using the incidence rates obtained from
our population-based studies of rheumatic diseases
among residents of Olmsted County, Minnesota, and
mortality rates from life tables for the general popula-
tion, we estimated the sex-specific lifetime risk of rheu-
matic disease.

Results. The lifetime risk of RA developing in US
adults was 3.6% for women and 1.7% for men, and the
lifetime risk of rheumatoid factor—positive RA was 2.4%

Supported in part by the NIH (National Institute of Arthritis
and Musculoskeletal and Skin Diseases grant R01-AR-46849) and
made possible by the Rochester Epidemiology Project (grant RO1-AG-
034676 from the National Institute on Aging).

'Cynthia S. Crowson, MS, Elena Myasoedova, MD, PhD,
Terry M. Therneau, PhD: Mayo Clinic, Rochester, Minnesota; *Eric L.
Matteson, MD, MPH, Clement J. Michet, MD, MPH, Floranne C.
Ernste, MD, Kenneth J. Warrington, MD, John M. Davis, 111, MD,
Gene G. Hunder, MD, Sherine E. Gabriel, MD, MSc: Mayo Clinic and
Mayo Clinic College of Medicine, Rochester, Minnesota.

Dr. Ernste owns stock or stock options in Amylin Pharma-
ceuticals.

Address correspondence to Sherine E. Gabriel, MD, MSc,
Mayo Clinic, 200 First Street SW, Rochester, MN 55905. E-mail:
gabriel@mayo.edu.

Submitted for publication July 13, 2010; accepted in revised
form November 9, 2010.

633

for women and 1.1% for men. The second most common
inflammatory autoimmune rheumatic disease was
PMR, with a lifetime risk of 2.4% for women and 1.7%
for men. The overall lifetime risk of inflammatory
autoimmune rheumatic disease was 8.4% for women and
5.1% for men.

Conclusion. One in 12 women and 1 in 20 men will
develop an inflammatory autoimmune rheumatic dis-
ease during their lifetime. These results can serve as
useful guides in counseling patients regarding their
lifetime risk of these conditions and have important
implications regarding disease awareness campaigns.

Despite the increased visibility of rheumatoid
arthritis (RA) and other rheumatic diseases resulting
from the advent of new pharmacotherapies, understand-
ing of the personal risk and public health impact of
rheumatic disease remains poor. Rheumatic diseases are
numerous, with risks that vary in magnitude and differ
by age and sex. Among the most common inflammatory
autoimmune rheumatic diseases, in addition to RA, are
systemic lupus erythematosus (SLE), psoriatic arthritis
(PsA), polymyalgia rheumatica (PMR), giant cell arteri-
tis (GCA), ankylosing spondylitis (AS), and Sjogren’s
syndrome (SS). Estimates of incidence or prevalence are
available for these diseases, providing valuable public
health information regarding the burden of disease at
the population level (1,2). However, prevalence rates
underestimate the individual risk for diseases that have
increased mortality, and incidence rates report only
yearly risk.

From an individual’s perspective, the absolute
risk of developing disease over a lifetime, such as the
well-known lifetime risk of breast cancer among women
of 1 in 8, is a more useful and understandable measure
of risk than these summary rates (3,4). In addition, such
estimates provide a useful framework for quantification
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of the absolute risk of disease attributable to risk factors
such as genetic variants. However, no estimates of
lifetime risk of rheumatic diseases, separately or collec-
tively, are available. The purpose of the present study
was to estimate the lifetime risk of RA and other
rheumatic diseases, including SLE, PsA, PMR, GCA,
AS, and SS, as well as the lifetime risk of developing any
one of these rheumatic diseases.

PATIENTS AND METHODS

Study subjects and design. This retrospective
population-based study of residents of Olmsted County, Min-
nesota, which includes the city of Rochester, was conducted
using the resources of the Rochester Epidemiology Project, a
medical records linkage system that allows ready access to
complete medical records from all community medical provid-
ers (5). Cohorts of incident cases of RA, SLE, PsA, PMR,
GCA, AS, and SS in this population were previously assembled
(Table 1). Approval for this study was obtained from the Mayo
Clinic and Olmsted Medical Center Institutional Review
Boards, and the requirement for informed consent was waived.

The RA cohort included all 1,179 residents age =18
years who first fulfilled the 1987 American College of Rheu-
matology (ACR) classification criteria for RA between Janu-
ary 1, 1955 and December 31, 2007 (6-8). In 1995-2007, the
age-adjusted incidence per 100,000 was 53.1 (95% confidence
interval [95% CI] 47.3-58.9) in women and 27.7 (95% CI
23.1-32.2) in men. Results of rheumatoid factor (RF) tests
were obtained for all patients. RF testing was performed by
nephelometry (Beckman Auto ICS System; Beckman
Coulter), which primarily measures IgM-RF, or latex aggluti-
nation assay (Dade RapiTex kit) for I[gG-RF. Positive results
were defined as =15 IU/ml or a semiquantitative titer of 1:80
or greater.

The SLE cohort included all 65 Rochester, Minnesota
residents age =18 years who fulfilled the 1982 ACR criteria for
the classification of SLE between January 1, 1950 and Decem-
ber 31, 1992 (9,10). The incidence of SLE tripled in 1980-1992
compared to 1950-1979. The age- and sex-adjusted incidence
of SLE was 5.6 (95% CI 3.9-7.2) per 100,000, with rates among
women being 5-6—fold higher than those among men.

Table 1. Characteristics of the cohorts for various adult-onset in-
flammatory autoimmune rheumatic diseases™

Disease No. of cases (% female) Time period
RA 1,179 (70) 1955-2007
SLE 65 (86) 1950-1992
PsA 147 (39) 1970-1999
PMR 378 (67) 1970-1999
GCA 207 (79) 1950-2004
AS 158 (24) 1935-1989
Primary SS 53 (93) 1976-1992

*RA = rheumatoid arthritis; SLE = systemic lupus erythematosus;
PsA = psoriatic arthritis; PMR = polymyalgia rheumatica; GCA =
giant cell arteritis; AS = ankylosing spondylitis; SS = Sjogren’s
syndrome.
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The PsA cohort included 147 Olmsted County, Minne-
sota residents age =18 years who first fulfilled the Classification
of Psoriatic Arthritis (CASPAR) criteria between January 1,
1970 and December 31, 1999 (11,12). The CASPAR criteria
are defined as the presence of inflammatory articular disease
(spinal, joint, or entheseal) and a score of 3 or more from the
following 5 areas (each of which was assigned a score of 1,
except for current psoriasis, which was assigned a score of 2):
current psoriasis, personal history of psoriasis or family history
of psoriasis, nail dystrophy, RF negativity, current dactylitis,
and radiographic evidence of psoriatic bone changes. The
age-adjusted incidence per 100,000 was higher in men (9.1
[95% CI 7.1-11.0]) than in women (5.4 [95% CI 4.0-6.9]). The
age- and sex-adjusted incidence of PsA per 100,000 increased
from 3.6 (95% CI 2.0-5.2) in 1970-1979 to 9.8 (95% CI
7.7-11.9) in 1990-1999.

The PMR cohort included 378 Olmsted County, Min-
nesota residents with incident PMR between January 1, 1970
and December 31, 1999 (13). Cases fulfilled the following
3 criteria: age =50 years; bilateral aching and morning stiffness
(lasting =30 minutes) persisting for =1 month and involving
=2 areas (neck or torso, shoulders or proximal regions of the
arms, and hips or proximal aspects of the thighs); and eryth-
rocyte sedimentation rate (ESR) >40 mm/hour (determined
by the Westergren method). However, patients who fulfilled
only the first 2 criteria and had documentation of a prompt
response to corticosteroid therapy were also included. The
incidence of PMR remained relatively stable over time, with an
age-adjusted incidence per 100,000 of 69.8 (95% CI 61.2-78.4)
in women and 44.8 (95% CI 37.0-52.6) in men.

The GCA cohort included 207 Olmsted County, Min-
nesota residents with incident GCA between January 1, 1950
and December 31, 2004 (14,15). Cases fulfilled the 1990 ACR
criteria for GCA, which require 3 of the following 5 criteria:
age =50 years, new headache, temporal artery abnormality,
elevated ESR =50 mm/hour (determined by the Westergren
method), and abnormal artery biopsy findings (16). The age-
adjusted incidence of GCA per 100,000 was 24.4 (95% CI
20.3-28.6) in women and 10.3 (95% CI 6.9-13.6) in men for
1950-1999. The incidence was similar for 2000-2004 (25.1 per
100,000 in women and 8.6 per 100,000 in men).

The AS cohort included 158 Rochester, Minnesota
residents with incident AS between January 1, 1935 and
December 31, 1989 (17). Cases fulfilled the modified New
York criteria for definite AS (radiographic evidence of sacro-
iliitis, together with at least one of the following: inflammatory
low back pain of 3 months’ duration, limitation of lumbar spine
movement in sagittal and frontal planes, or reduced chest
expansion) (18). The age-adjusted incidence per 100,000 in
men (11.7 [95% CI 9.6-13.8]) was 4 times that in women (2.9
[95% CI 2.0-3.9]), and the incidence declined significantly
over time.

The SS cohort included 53 Olmsted County, Minne-
sota residents with a physician diagnosis of primary SS (i.e.,
those without a previous diagnosis of RA or SLE) between
January 1, 1976 and December 31, 1992 (19). The overall age-
and sex-adjusted incidence of primary SS was 3.9 per 100,000
(95% CI 2.8-4.9).

Statistical analysis. Using the most recent 10-year
period available for each cohort, age- and sex-specific inci-
dence rates were calculated by dividing the number of incident
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cases by the population estimates based on decennial census
counts, with linear interpolation between census years (20).
Poisson regression models for each sex with smoothing splines
for age were used to model the incidence rates, allowing
interpolation for individual years of age and decreasing the
effects of variability in the rates. For PMR and GCA, which
only occur at age =50 years, this reduced age range was used
for Poisson modeling, and rates for age <50 years were set to
0. Primary inflammatory autoimmune rheumatic disease inci-
dence rates were obtained by excluding from each cohort
patients who had previously experienced another inflamma-
tory autoimmune rheumatic disease and adding together the
incidence rates for each of these primary disease cohorts.

Lifetime risk was estimated using established methods
(21). Using a hypothetical cohort of 100,000 persons of age 18
years and a particular sex, the age- and sex-specific incidence
rates for disease and the age- and sex-specific mortality rates
from the year 2000 for the US were used to determine the
numbers of persons expected to develop disease and expected
to die for each year of age up to age 100 years. Cumulative
lifetime risk refers to the percentage of persons who develop
disease from age 18 years to a particular age. The lifetime risk
is the percentage of persons who develop disease at any age.
Residual lifetime risk, which is the risk for persons who reach
a given age without yet developing the disease, was similarly
estimated beginning with a hypothetical cohort of a particular
age (e.g., 30 years). To examine the impact of changes in
incidence and mortality rates, the lifetime risk of RA was
estimated using only incidence rates from 1965-1974 with
mortality rates from 1970 and also using only incidence rates
from 1975-1984 with mortality rates from 1980. Finally, 95%
ClIs for lifetime risk estimates were obtained based on 1,000
bootstrap samples from each incidence cohort, using bias-
corrected methods (22).

RESULTS

The cumulative lifetime risk of developing adult-
onset RA in the year 2000 was higher for women (3.6%
[95% CI 3.4-3.9%]) than for men (1.7% [95% CI
1.4%-1.9%]) (Figure 1). The cumulative risk was <1%
before age 50 years, reflecting the small incidence of RA
at those ages. The cumulative risk of RA increased steeply
in both sexes at ~60 years of age, where the incidence of
RA was highest, and flattened after age 80 years.

The residual lifetime risk of RA is the risk of
developing RA for persons at various ages who have not
yet developed RA. Figure 2 displays the residual lifetime
risk of RA for women (top panel) and men (bottom
panel) who were alive and had not yet developed RA at
ages 30, 40, 50, 60, 70, or 80 years. The residual lifetime
risks for individuals ages 30, 40, and 50 years were
similar because the risk of RA is small in younger ages.
Thus, the risk of developing RA for persons who live to
age 50 years without developing RA was only minimally
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Figure 1. Cumulative lifetime risk of rheumatoid arthritis (RA) for
women and men.

reduced (2.7% for women and 1.4% for men) compared
to the overall lifetime risk shown in Figure 1.

Sensitivity analyses of the lifetime risk of RA in
1970, when both the incidence and mortality rates were
substantially higher than current rates, revealed similar
lifetime risks among women (3.8%) and men (1.6%)
compared to those in the year 2000. Estimates for 1980,
when RA incidence rates and the general population
mortality rates were declining, were also very similar to
those for the year 2000 (3.6% among women and 1.5%
among men).

Table 2 displays the lifetime risk of adult-onset RA
(as shown in Figure 1) and other rheumatic diseases for
women and men. The lifetime risk of developing RF-
positive RA was 2.4% for women and 1.1% for men. The
lifetime risk of SLE was much higher for women (0.9%)
compared to men (0.2%). The lifetime risk of PsA was
slightly higher for men (0.6%) than for women (0.5%).

The lifetime risk of PMR was slightly higher for
women (2.4%) than for men (1.7%), as was the lifetime
risk of GCA (1.0% for women and 0.5% for men). The
lifetime risk of AS was almost entirely among men (0.63%
for men compared to 0.08% for women), whereas the
lifetime risk of SS was almost exclusively among women
(0.75% for women compared to 0.04% for men).

The lifetime risk of primary inflammatory auto-
immune rheumatic disease, defined as the first inflam-
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Figure 2. Residual lifetime risk of rheumatoid arthritis (RA) for
women (top) and men (bottom) without RA at ages 30, 40, 50, 60, 70,
and 80 years.

matory autoimmune rheumatic disease per person, was
estimated as 8.42% (95% CI 7.98-8.83%) for women
and 5.13% (95% CI 4.64-5.64%) for men (Table 2). This
estimate was obtained by removing the overlap between
cohorts caused by the occurrence of more than one
rheumatic disease during a person’s lifetime. The most

Table 2. Lifetime risk of developing various adult-onset inflamma-
tory autoimmune rheumatic diseases according to sex*

Disease

Lifetime risk in
women

Lifetime risk in
men

RA

RF-positive RA
SLE

PsA

PMR

GCA

AS

Primary SS

Primary inflammatory

autoimmune

rheumatic diseaset

3.64 (3.37-3.90)
2.39 (2.18-2.60)
0.91 (0.75-1.06)
0.46 (0.33-0.59)
243 (2.15-2.72)
1.04 (0.90-1.16)
0.08 (0.00-0.19)
0.75 (0.67-0.83)
8.42 (7.98-8.83)

1.68 (1.41-1.94)
1.13 (0.91-1.33)
0.21 (0.06-0.42)
0.62 (0.51-0.72)
1.66 (1.32-2.00)
0.51 (0.27-0.64)
0.63 (0.53-0.74)
0.04 (0.00-0.10)
5.13 (4.64-5.64)

* Values are the lifetime risk percentage (95% confidence interval).
RF = rheumatoid factor (see Table 1 for other definitions).
T Defined as the first of any of these rheumatic diseases.
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Figure 3. Incidence rates according to age, among women (top) and
men (bottom), for primary autoimmune inflammatory rheumatic disease
(solid black lines), rheumatoid arthritis (red lines), systemic lupus ery-
thematosus (blue lines), psoriatic arthritis (green lines), polymyalgia
rheumatica (cyan lines), giant cell arteritis (magenta lines), ankylosing
spondylitis (broken lines), and Sjogren’s syndrome (gray lines).

common co-occurrence of inflammatory autoimmune
rheumatic diseases occurred between patients with PMR
and GCA, with 3.8% of PMR patients having GCA
previously and 8.2% of GCA patients having PMR
previously. Among RA patients, 2.4% had SS, and 1.2%
had PMR or GCA prior to developing RA. The inci-
dence rates for each rheumatic disease and for primary
inflammatory autoimmune rheumatic disease for
women and men are shown in Figure 3. The incidence of
primary inflammatory autoimmune rheumatic disease
was greater for women than for men and peaked near
age 80 years in both sexes. Sensitivity analyses revealed
that estimates of lifetime risk ignoring the overlap
(8.96% among women and 5.21% among men) were not
much larger than those for primary inflammatory auto-
immune rheumatic disease.

The residual lifetime risks of RA and other
rheumatic diseases are shown in Table 3 (and in Figure
2 for RA). For PMR and GCA, the largest residual risks
occur for those alive at age 60 years without disease.
Since there is no risk of PMR or GCA prior to age 50
years, the chance of dying before reaching age 50 years
affects the lifetime risk and results in lower lifetime risk
estimates at age 18 years compared to the residual risk at
age 50 years.
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Table 3. Residual lifetime risk of developing various adult-onset inflammatory autoimmune rheumatic diseases according to sex and age*

Primary inflammatory

Primary autoimmune

Age, years RA RF+RA SLE PsA PMR GCA AS SS rheumatic diseasef
Women

30 3.49 2.33 0.81 0.38 2.44 1.05 0.08 0.73 8.11

40 3.20 2.13 0.71 0.33 2.47 1.06 0.07 0.69 7.68

50 2.68 1.75 0.60 0.25 2.52 1.08 0.04 0.61 7.00

60 2.04 1.30 0.48 0.14 2.51 1.11 0.01 0.48 6.07

70 1.32 0.79 0.35 0.05 2.12 1.06 <0.01 0.32 4.67

80 0.64 0.32 0.23 0.01 1.05 0.72 <0.01 0.18 2.60
Men

30 1.67 1.11 0.21 0.52 1.68 0.51 0.33 0.04 4.78

40 1.59 1.05 0.21 0.34 1.71 0.52 0.19 0.04 4.44

50 1.42 0.91 0.20 0.17 1.78 0.54 0.10 0.04 411

60 1.11 0.68 0.16 0.07 1.81 0.57 0.05 0.05 3.69

70 0.73 0.43 0.08 0.02 1.71 0.60 0.03 0.05 311

80 0.40 0.23 <0.01 <0.01 1.12 0.56 0.01 0.05 2.08

* RF = rheumatoid factor (see Table 1 for other definitions).
T Defined as the first of any of these rheumatic diseases.

DISCUSSION

The overall lifetime risk of developing an inflam-
matory autoimmune rheumatic disease in US adults is
8.4% tor women and 5.1% for men, which is equivalent
to 1 in 12 for women and 1 in 20 for men. The lifetime
risk of developing RA is 3.6% (or 1 in 28) for women
and 1.7% (or 1 in 59) for men, and the lifetime risk of
developing RF-positive RA is 2.4% for women and 1.1%
for men. The second most common rheumatic disease
was PMR, with a lifetime risk of 2.4% for women and
1.7% for men.

The lifetime risks of RA and other rheumatic
diseases have not been estimated previously. The life-
time risk of RA is commonly misunderstood and mis-
communicated as a risk of ~1 in 100 based on the
prevalence of RA, which is 0.5-1%. The overall preva-
lence is a poor estimate of individual risk, particularly
for diseases like RA that occur more frequently at older
ages and are associated with increased mortality. The
overall prevalence is an average across all ages, whereas
the age-specific prevalence of RA increases with age (to
>2% among women age >65 years). In addition, prev-
alence includes only persons living with the disease, so
prevalence underestimates disease occurrence in dis-
eases with increased mortality. For example, the age-
adjusted prevalence of breast cancer in US women in
2006 was 1.1%, which is comparable to the prevalence of
RA among women, whereas the lifetime risk of breast
cancer is much larger (12%, or 1 in 8) (4).

While the lifetime risks of RA and primary
inflammatory autoimmune rheumatic disease are
greater than generally understood, they are still smaller

than lifetime risks for diseases that are considered to be
common. The residual lifetime risk of hip fracture at age
50 years in the US, which is reported to be 15.8% for
women and 6% for men (23), is greater than the residual
lifetime risk of rheumatic disease at age 50 years of 7.0%
for women and 4.1% for men. Many rheumatic diseases
are known to be more common at older ages; thus, the
residual risk of rheumatic disease remains high at age 70
years (4.7% for women and 3.1% for men). In compar-
ison, dementia, another disease that occurs predomi-
nantly in older ages, has a residual lifetime risk of ~10%
at age 70 years (24).

Lifetime risk estimates are averages that are
generally applicable to persons of a particular age and
sex. An individual’s risk could be higher or lower than
these estimates depending on his or her personal set of
risk factors (e.g., smoking, family history, genetics). For
example, persons with a family history of RA in a
first-degree relative have a 3-5 times higher risk of
developing RA (25). For these persons, the lifetime risk
of RA could be as high as 18% (or 1 in 6) for women and
8.5% (or 1 in 12) for men. Similarly, these lifetime risk
estimates can be used to translate relative risks for rare
genetic polymorphisms associated with development of
RA into absolute risks, which are more easily under-
stood (3).

Strengths of our study include the use of multiple
well-characterized cohorts from the same underlying
population. Each cohort was defined using established
classification criteria, where available, applied during a
comprehensive review of all inpatient and outpatient
medical records for all persons in the community with
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relevant diagnoses. The population-based nature of our
study is an advantage over lifetime risk estimates ob-
tained from cohorts composed of longitudinally tracked
volunteers, which are influenced by participation bias
and temporal trends in disease risk.

Our estimates of the lifetime risk of primary
inflammatory autoimmune rheumatic disease are likely
conservative because our reliance on classification crite-
ria excluded patients with undifferentiated spondylar-
thritides or polyarthritis. In addition, several rare rheu-
matic diseases (e.g., dermatomyositis, polymyositis,
scleroderma, non-GCA vasculitides, and other undiffer-
entiated connective tissue diseases) were not included in
our study. Further, the SS cohort was based on physician
diagnosis and may underestimate the true incidence, as
well as the lifetime risk, of SS. A few more common
rheumatic diseases, namely osteoarthritis, fibromyalgia,
and gout, were intentionally excluded since they are not
autoimmune rheumatic diseases.

Potential limitations of our study include the
assumption that the most recent incidence rates for each
disease will remain stable into the future. This assump-
tion is questionable for cohorts that have not demon-
strated stable incidence rates in the past, such as RA,
SLE, AS, and PsA. However, sensitivity analyses for RA
revealed that estimated lifetime risks for 1970 and 1980
were reassuringly similar to those for 2000. In addition,
the cohorts for SLE, AS, and SS did not include the most
recent decade. While the population of Olmsted
County, Minnesota has historically been predominantly
white, the proportion of minorities has steadily in-
creased and is now >10%; however, our results may not
be generalizable to other more diverse populations. The
incidence rates for rheumatic diseases are similar in
North America and Northern Europe, but are generally
smaller in Southern Europe and the rest of the world,
with the exception of higher rates of SLE among persons
of African ancestry (26-30). Therefore, our lifetime risk
estimates are likely generalizable to Northern European
populations, but may overestimate the lifetime risks for
rheumatic diseases in the rest of the world. In addition,
evidence of geographic variation in RA within the US
suggests that the issue of generalizability is complex as
both genetic and environmental exposures likely impact
the development of rheumatic diseases (31). Finally,
changes in life expectancy in the future cannot be an-
ticipated. If advances in other diseases, such as cardio-
vascular disease or cancer, significantly impact the life
expectancy of this population, the lifetime risks for
rheumatic diseases could increase.

In conclusion, the lifetime risk of inflammatory
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autoimmune rheumatic disease development is substan-
tial at 1 in 12 for women and 1 in 20 for men. The
lifetime risk of RA is larger than previously thought, at
1 in 28 for women and 1 in 59 for men. These results can
serve as useful guides in counseling patients regarding
their lifetime risk of these conditions and have impor-
tant implications regarding disease awareness campaigns
such as those of the Arthritis Foundation (US) and the
National Rheumatoid Arthritis Society (UK). These
findings underscore the need for further investigations
to determine whether identification of persons with high
genetic risk for RA might justify early detection and
intervention to prevent progression to overt clinical
disease.
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