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Specific alleles of the human leukocyte antigen (HLA)-DRB1 gene (HLA-DRB1) encode a “shared epitope” (SE)
associated with rheumatoid arthritis (RA), especially more severe cyclic-citrullinated peptide antibody-positive
(anti-CCP+) RA. We evaluated associations of number of SE alleles (0, 1, or 2) with total and cardiovascular dis-
ease (CVD) mortality and incident coronary heart disease (CHD), CVD, and cancer over a mean 8.9 (standard
deviation, 3.5) years of follow-up, stratifying by baseline anti-CCP status (positive (+) vs. negative (−)). A longitudi-
nal study, the Women’s Health Initiative RA Study (1993–2010), sampled postmenopausal women who reported
RA at baseline (1993–1998) or follow-up in the Women’s Health Initiative, classified as anti-CCP+ RA (n = 556) or
anti-CCP− non-RA (n = 1,070). Among anti-CCP+RA women, SE alleles were not related to age-adjusted risks of
CHD, CVD, or cancer or to total or CVD mortality. Among anti-CCP− non-RA women, age-adjusted hazard ratios
for 1 and 2 SE alleles versus 0 SE alleles were 0.41 (95% confidence interval (CI): 0.34, 0.50) and 0.44 (95% CI:
0.27, 0.72), respectively, for CVD; 0.43 (95% CI: 0.37, 0.53) and 0.30 (95% CI: 0.16, 0.64), respectively, for CHD;
and 0.62 (95% CI: 0.53, 0.73) and 0.52 (95% CI: 0.33, 0.83), respectively, for cancer. Associations persisted after
adjustment for CVD risk factors, joint pain, rheumatoid factor positivity, and inflammatory markers (white blood cell
count or cytokine level). In future studies, investigators should evaluate SE associations among anti-CCP− adults
without RA and potential mechanisms.

cancer; cardiovascular disease;HLA-DRB1 gene; human leukocyte antigen; mortality; rheumatoid arthritis;
shared epitope

Abbreviations: ANA, antinuclear antibody; anti-CCP, antibodies to cyclic citrullinated peptides; CHD, coronary heart disease; CI,
confidence interval; CVD, cardiovascular disease; DMARD, disease-modifying antirheumatic drug; G-CSF, granulocyte colony-
stimulating factor; HLA, human leukocyte antigen; IL, interleukin; RA, rheumatoid arthritis; RF, rheumatoid factor; SE, shared
epitope; TNF-α, tumor necrosis factor α; WHI, Women’s Health Initiative.

Rheumatoid arthritis (RA) is a systemic inflammatory dis-
ease associated with a 1.5- to 2-fold increased risk of total
and cardiovascular disease (CVD) mortality and incident
CVD (1–5), and possibly with solid-tumor cancer (6). CVD
risk in persons with RA is related to diabetes, cigarette smok-
ing, hypertension, hyperlipidemia, inflammation, joint pain,
disability, and disease severity (3, 7). Specific alleles of the
human leukocyte antigen (HLA)-DRB1 gene (HLA-DRB1)

encode an amino acid sequence called the shared epitope
(SE) that is strongly associated with development of RA (8, 9),
particularly RA characterized by the presence of antibodies
to cyclic citrullinated peptides (anti-CCP) (10). Smoking
may strengthen the association of SE with anti-CCP positivity
(11, 12). Anti-CCP-positive (anti-CCP+) RA also has stron-
ger associations than anti-CCP-negative (anti-CCP−) RA
with inflammation, RA severity, and greater risk of CVD
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and mortality (13–19). Several research groups have reported
associations between 1 or 2 SE alleles and higher risks of
CVD, cancer, and mortality (11, 20, 21) and severity of RA
(22). However, associations of SE with incident events and
mortality have not been evaluated separately for more severe
anti-CCP+RA or for anti-CCP− individuals without RA.

In the current study, we evaluated associations of SE alleles
with incident events and mortality separately for anti-CCP+
postmenopausal women (classified as anti-CCP+ RA) and anti-
CCP− women with a low probability of having RA (classified
as anti-CCP− non-RA). We hypothesized that for both groups,
levels of inflammation, rates of incident CVD, coronary heart
disease (CHD), and cancer, and rates of total and CVDmortality
would be higher with 1 or 2 SE alleles thanwith 0 SE alleles.

METHODS

Participants and data collection in theWomen’s Health
Initiative

The current report focuses on 1,626 postmenopausal women
from the Women’s Health Initiative (WHI) RA Study (WHI-
RA), classified as anti-CCP+ RA (n = 556) or anti-CCP− non-
RA (n= 1,070). As previously described,WHI-RA participants
were sampled from the >10% of WHI participants who re-
ported RA at baseline or during follow-up (23). The WHI (24)
has previously been described in detail (23). Briefly, between
1993 and 1998, a total of 161,808 women aged 50–79 years
(mean age = 62.8 years) were enrolled in clinical trials
(n = 68,132) or an observational study (n = 93,676) at 40
clinical centers across the United States (24). Participants
were asked whether they had arthritis and, if the answer was
yes, whether it was RA. A chart review study indicated that
only 14.7% of the 16,469 WHI participants who reported
RA at baseline or at follow-up visits had clinical RA (i.e.,
positive predictive value = 14.7%). Therefore, the WHI-RA
Study sampled 9,988 (65.8%) white, black, and Hispanic
women who reported RA at baseline or follow-up with avail-
able serum samples (n= 15,188) for measurement of anti-CCP
antibodies, rheumatoid factor (RF), and antinuclear antibodies
(ANA) (23). Based on a second chart review study, WHI-RA
participants were classified into one of 3 groups: 1) anti-CCP+
RA (positive predictive value = 80%; n = 774); 2) anti-CCP−
(DMARD+) RA, defined by the use of disease-modifying anti-
rheumatic drugs (DMARDs) (positive predictive value= 62%;
n = 649); and 3) anti-CCP− non-RA, defined as women who
reported RA but were anti-CCP− and did not report DMARD
use, since they were unlikely to have RA (94% did not have
clinical RA upon chart review) (25).

As previously described, HLA-DR typing and plasma
cytokine levels were measured in a subset of the WHI-RA
cohort (phase 2; n = 2,993) that included 1) 100% of anti-
CCP+ women (n = 774, excluding 28 with insufficient
plasma or DNA samples); 2) 100% of anti-CCP− women
with self-reported DMARD use (n = 649); and 3) a 10% ran-
dom sample of anti-CCP− women with no DMARD use who
reported RA at baseline or at follow-up only (n= 1,570), plus all
deaths among those women (23). SE alleles were successfully
typed in 2,881 samples (112 were not measurable due to insuffi-
cient sample quality). Women who reported RA at follow-up

only (n = 1,072) were excluded from our primary analyses to
minimize misclassification bias, since chart review classifica-
tions relied on baseline anti-CCP+ and reported DMARD use.
Effects of these exclusions on our results were evaluated in sen-
sitivity analyses. Therefore, among the 1,809 WHI-RA partici-
pants who had reported RA at baseline in WHI, our primary
analyses compared SE associations for anti-CCP+women with
RA (n = 556) and anti-CCP−women without RA (n = 1,070);
results for anti-CCP−/DMARD+RA are reported in the text as
exploratory only, due to the small sample size (n= 183).

At the baselineWHI study visit, women reported their general
health (excellent/very good, good, or fair/poor), age, educational
attainment, ethnicity, and history of cigarette smoking, hyper-
tension, diabetes, CVD, and cancer, and they were asked to
rate the severity of joint pain (none, mild, moderate, or severe)
and joint swelling during the prior 4 weeks (26). “High choles-
terol” was defined as a self-reported high cholesterol level or
use of lipid-lowering medication, since lipid concentrations were
not measured in all WHI participants. White blood cell count
was measured at baseline (27). Medication history, including
use of DMARDs, was obtained by trained nurses’ review of
medication bottles at baseline and at follow-up visits. DMARDs
included hydroxychloroquine, sulfasalazine, minocycline, meth-
otrexate, leflunomide, azathioprine, cyclosporine, gold, cyclo-
phosphamide, and antirheumatic biological agents (23, 25).

Laboratorymethods

Anti-CCP, ANA, and RF were assayed in baseline serum
samples in the Rheumatology Clinical Research Laboratory
at the University of Colorado, as described previously (23).
HLA-DR typing and cytokine levels were measured in the
phase 2 sample (n = 2,993). Multiplex cytokine profiling
was conducted at Stanford University using baseline plasma
samples stored at −70°, as previously described (23). As pre-
viously described, HLA-DR typing was completed via poly-
merase chain reaction at the University of Pittsburgh (Dr. M.
Trucco) using the current HLA sequence data (23). As in pre-
vious reports (23), the SE was defined by a 5-amino-acid
sequence in the third hypervariable region of the first domain
of the DR beta chain, consisting of 3 homologous amino acid
sequence variants—QKRAA, QRRAA, and RRRAA—coded
primarily by the HLA-DRB1 alleles *0401, *0404, *0405,
*0408, *0101, *0102, and *1001 (28).

Definitions of events

In this analysis, we evaluated adverse clinical events that
occurred from study baseline (1993–1998) through 2010.
Incident CHD was defined as adjudicated fatal and nonfatal
myocardial infarction, angina, or coronary revascularization
(angioplasty or coronary artery bypass surgery). Incident
CVD was defined as incident CHD, stroke, transient ische-
mic attack, congestive heart failure, or carotid artery surgery.
Events and deaths were identified through semiannual or
annual follow-up telephone calls made by trained staff to
family, friends, and medical care providers at each study site,
review of obituaries, and the National Death Index; only
1%–2% of participants were lost to follow-up. Cardiovascu-
lar morbidity and cancer-related morbidity were centrally
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adjudicated, as previously described (29). Underlying cause
of death was used for classification of cause-specific mortality.
Cardiovascular mortality included deaths from CHD, stroke,
congestive heart failure, and other CVDs.

Statistical analysis

All analyses were performed separately for anti-CCP+
RA, anti-CCP− non-RA, and anti-CCP−/DMARD+ RA
women, using SAS software, version 9.3 (SAS Institute,
Inc., Cary, North Carolina). All models were 2-sided, with
α = 0.05. Differences in risk factors by number of SE alleles
were tested with analysis of variance, χ2 tests, or Kruskal-
Wallis tests, as appropriate. Baseline CVD cases were
excluded from analyses of incident CHD and CVD, and
baseline cancer cases were excluded from analyses of inci-
dent cancer. Time to event was defined as the earlier of time
from baseline to the date of the event or time from baseline to
the end of follow-up. Due to the complex sampling design of
our study, sampling weights, defined as 1/sampling fraction,
were determined for each woman and used in the calculation
of age-adjusted weighted incidence and mortality hazard
ratios. Covariates and sensitivity analyses were identified
from the literature and prior and current analyses of the
WHI-RA cohort. Weighted age-adjusted incidence and mor-
tality rates and 95% confidence intervals were calculated by
number of SE alleles using direct methods, with the entire
WHI cohort used as the standard population. Cox proportional
hazards models were used to evaluate weighted age-adjusted
associations between number of SE alleles and outcomes. The
proportional hazards assumption was evaluated by including
an interaction term for the interaction of SE alleles with time,
and if the assumption was not met, an accelerated failure time
model was used instead of a proportional hazards model. For
outcomes significantly associated with a higher number of SE
alleles, multivariable models were fitted, with further adjust-
ment for diabetes, hypertension, high cholesterol, ever smoking,
waist circumference, severe joint pain, RF positivity, ANA
positivity, and log white blood cell count. Five sensitivity analy-
seswere carried out: 1)We adjusted for DMARDuse, as appro-
priate, or cytokine levels significantly associated with the SE;
2) we evaluated CHD without angina and CVD without angina
or transient ischemic attack; 3) we restricted models to white
women only, to evaluate potential confounding by race/ethnicity,
given the small numbers of black and Hispanic women in the
study; 4) we stratified by smoking status (never smokers vs.
ever smokers), to evaluate confounding by smoking; and
5) we repeated analyses including anti-CCP−/DMARD+ RA
in the anti-CCP− group andwomenwho reported RA at follow-
up only, to evaluate potential bias caused by those exclusions.

RESULTS

Participant characteristics and risk factors by number
of SE alleles

The entire sample of 1,809 women included 556 anti-CCP+
RA subjects, 1,070 anti-CCP− non-RA subjects, and 183 anti-
CCP− (DMARD+) RA subjects. For all groups, the distribu-
tions of SE alleles were similar by age group (≤60, 61–69, or

>69 years; not shown). The prevalences of 1 and 2 SE alleles
among anti-CCP+RAwomen (49.1% and 17.6%, respectively)
were much higher than those among anti-CCP− non-RA
women (33.6% and 5.2%, respectively) (Table 1) or anti-CCP−
(DMARD+) RA women (38.8% and 5.5%, respectively; not
shown). Further analyses focused on the anti-CCP+ RA and
anti-CCP− non-RA groups (n = 1,626) (Table 1), with results
for the anti-CCP−/DMARD+ RA group being considered
exploratory only, given the small sample size. The majority of
participants were white (71.7%); 22.8% (n= 371) were African-
American, and only 5.4% (n= 93) were Hispanic. Interestingly,
among both anti-CCP+ RA women and anti-CCP− non-RA
women, the prevalence of SE alleles differed by race/ethnicity
(Table 1): There was a lower prevalence of 2 SE alleles among
black women (5.6% and 1.8% for anti-CCP+ and anti-CCP−,
respectively) than among white (22.3% and 6.2%, respectively)
or Hispanic (16.2% and 5.8%, respectively) women. Among
anti-CCP+ RA women, differences by number of SE alleles
were statistically significant for mean body mass index (lower),
ANA positivity (lower), and mean log white blood cell count
(higher) (Table 1). Among anti-CCP− (non-RA) women, risk
factors were similar by number of SE alleles (Table 1).

Among anti-CCP+ RA women, median concentrations of
interleukin (IL)-1β, IL-2, IL-6, tumor necrosis factor α
(TNF-α), interferon ɣ, and IL-10 were higher with a higher
number of SE alleles (P < 0.10 for all) (Figure 1; also see
Web Table 1, available at https://academic.oup.com/aje). Among
anti-CCP− non-RA women, median concentrations of IL-10,
IL-12, and granulocyte colony-stimulating factor (G-CSF) were
higher with a higher number of SE alleles (P < 0.05 for all)
(Figure 1, Web Table 2). Levels of other cytokines (IL-4, IL-5,
IL-7, IL-8, IL-13, monocyte chemoattractant protein 1, mac-
rophage inflammatory protein 1β, and IL-17) did not differ
significantly by number of SE alleles among anti-CCP+ RA,
anti-CCP− non-RA, and anti-CCP−/DMARD+ RA women
(Web Tables 1–3). Finally, for both anti-CCP+ RA women
and anti-CCP− non-RA women, associations of SE alleles
with cytokines were similar by the presence or absence of RF
(not shown).

SE, incident events, andmortality

Mean follow-up time was 8.9 (standard deviation, 3.5)
years for anti-CCP+ RA and anti-CCP− non-RA women
combined. The most common malignancies were lung can-
cer (n = 48), pancreatic cancer (n = 14), non-Hodgkin lym-
phoma (n = 13), and leukemia (n = 10), but cancer type was
not related to number of SE alleles among anti-CCP+ RA,
anti-CCP− non-RA, or anti-CCP−/DMARD+ RA women
(not shown). Among anti-CCP+ RA women, weighted age-
adjusted rates (Table 2) and weighted age-adjusted hazard
ratios (Table 3) for total and CVD mortality and incident
CVD, CHD, and cancer were not significantly different for 1
or 2 SE alleles versus 0 SE alleles. Results were similar in
models 1) adjusted for DMARD use, 2) restricted to white
women only, 3) additionally including anti-CCP+ women
who reported RA at follow-up only, and 4) for CHD without
angina and CVD without angina or transient ischemic attack
(not shown). Finally, among anti-CCP+ RA women, the
presence of specific alleles (HLA-DRB1*0401, *0404, or *04
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alleles) versus 0 SE alleles was also not significantly associ-
ated with higher risk of events or mortality (not shown).

In contrast, among anti-CCP− non-RA women, weighted
age-adjusted incidence rates (Table 2) and weighted age-
adjusted hazard ratios (Table 3) for CVD, CHD, and cancer
were ≥40% lower for women with 1 or 2 SE alleles versus 0
SE alleles. In multivariable models, age-adjusted hazard ratios
were essentially unchanged after additional adjustment for
smoking, diabetes, hypertension, high cholesterol, waist cir-
cumference, severe joint pain, RF positivity, ANA positivity,

and log white blood cell count (Table 4), after additional
adjustment for potentially protective cytokines (IL-10, IL-12,
and G-CSF), or after replacing waist circumference with body
mass index (not shown). Furthermore, for anti-CCP− non-RA
women, associations between a higher number of SE alleles
and lower risks of CVD, CHD, and cancer persisted after 1) re-
striction to white women only, 2) restriction to never smokers
only or to ever (current and former) smokers only, 3) inclusion
of women with anti-CCP−/DMARD+ RA, before and after
adjustment for DMARDuse, and 4) evaluation of CHDwithout

Table 1. Baseline Characteristics of ParticipantsWith Rheumatoid Arthritis According to Number of Human Leukocyte Antigen (HLA)-DRB1
Gene (HLA-DRB1) Shared Epitope Alleles and Anti-CCPStatus (n= 1,626), Women’s Health Initiative Rheumatoid Arthritis Study, 1993–2010a

Characteristic

Anti-CCP Status and No. of Shared Epitope Alleles

Anti-CCP+RA (n= 556) Anti-CCP−Non-RA (n= 1,070)

0
(n= 185)

1
(n= 273)

2
(n= 98) P Valueb

0
(n= 655)

1
(n= 359)

2
(n= 56) P Valueb

% Mean % Mean % Mean % Mean % Mean % Mean

Total 33.3 49.1 17.6 61.2 33.6 5.2

Age, years 64.1 64.0 63.3 0.66 66.6 66.3 66.4 0.84

Race/ethnicity <0.0001 <0.0001

White 54.1 70.7 85.7 69.2 80.0 87.5

Black 37.8 23.4 8.2 26.1 15.0 7.1

Hispanic 8.1 5.9 6.1 4.7 5.0 5.4

Bodymass indexc 29.0 27.7 27.2 0.02 30.1 29.5 28.8 0.19

Waist circumference, cm 88.0 86.6 86.7 0.51 91.7 91.3 88.0 0.21

LogWBC count, per 109 cells/L 1.77 1.84 1.86 0.03 1.80 1.83 1.81 0.25

Prevalent CHD 6.0 10.3 9.2 0.27 20.0 20.1 12.5 0.39

Prevalent CVD 8.7 12.1 10.2 0.50 24.7 25.1 19.6 0.67

Prevalent cancer 13.5 12.5 10.2 0.71 15.7 18.1 17.9 0.62

Severe joint pain 25.4 20.5 28.6 0.17 21.8 22.8 14.3 0.34

General healthd

Excellent/very good 28.1 26.7 15.3 0.13 30.8 31.5 35.7 0.92

Good 44.9 43.5 55.1 39.8 40.4 41.1

Fair/poor 25.4 28.2 28.6 28.5 27.9 23.2

Smokingd

Never smoker 42.7 37.0 42.9 0.70 50.2 48.5 46.4 0.73

Former smoker 47.0 50.2 43.9 37.4 39.6 46.4

Current smoker 10.3 11.7 9.2 9.6 10.6 7.1

Hypertension 35.7 41.4 28.6 0.06 49.9 48.5 42.9 0.48

Diabetes 9.2 5.9 3.1 0.12 14.5 15.6 10.7 0.62

High cholesterole 14.6 9.9 9.2 0.25 19.8 21.2 14.3 0.53

Rheumatoid factor-positive 82.2 85.3 91.8 0.09 13.1 14.5 7.1 0.31

ANA-positive (≥1:320 titer) 20.5 12.1 12.2 0.03 10.4 10.6 5.4 0.47

Abbreviations: ANA, antinuclear antibody; anti-CCP, antibodies to cyclic citrullinated peptides; CHD, coronary heart disease; CVD, cardiovascu-
lar disease; RA, rheumatoid arthritis; WBC, white blood cell.

a Womenwho reported RA at a follow-up visit only were excluded.
b P value from 1-way analysis of variance or a χ2 test for differences by number of shared epitopes.
c Weight (kg)/height (m)2.
d Column percentages do not sum to 100 because of missing data.
e
“High cholesterol” was defined as a self-reported high cholesterol level or use of lipid-lowering medication, since lipid concentrations were not

measured in all participants.
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angina and CVD without angina or transient ischemic attack
(not shown). Results for cancer, CHD, and CVD were similar
in sensitivity analyses including anti-CCP− women who re-
ported RA at follow-up, except that for CHD and CVD, protec-
tive associations with 2 SE alleles were attenuated (not shown).

Finally, in exploratory analyses carried out among 183 anti-
CCP−/DMARD+ RA women, mean body mass index was

lower and the prevalence of cancer was higher (5%, 15.5%, and
30%) for 0, 1, and 2 alleles, respectively (P < 0.05 for both; not
shown). The number of SE alleles was not related to total or
CVD mortality or to incident CVD or CHD. However, for inci-
dent malignancies, theweighted hazard ratio for 1 or 2 SE alleles
versus 0 SE alleles was 0.44 (95% confidence interval: 0.18,
1.06; P = 0.067) after adjustment for age, waist circumference,
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Figure 1. Median cytokine concentrations (pg/mL) according to the presence of antibodies to cyclic citrullinated peptides (anti-CCP) and number
of human leukocyte antigen (HLA)-DRB1 gene (HLA-DRB1) shared epitope (SE) alleles among participants reporting rheumatoid arthritis (RA),
Women’s Health Initiative Rheumatoid Arthritis Study, 1993–2010. Women reporting RA at a follow-up visit only were excluded. Black columns,
0 SE alleles; striped columns, 1 SE allele; white columns, 2 SE alleles. P values presented below are from Kruskal-Wallis tests of the difference in
median cytokine levels by number of SE alleles. A) Interleukin 2 (anti-CCP-positive (anti-CCP+) RA participants: P = 0.02; anti-CCP-negative
(anti-CCP−) non-RA participants: P = 0.16); B) interleukin 6 (anti-CCP+ RA: P = 0.001; anti-CCP− non-RA: P = 0.24); C) interleukin 1β (anti-CCP
+RA: P = 0.04; anti-CCP− non-RA:P = 0.31); D) tumor necrosis factor α (TNF-α) (anti-CCP+RA: P= 0.03; anti-CCP− non-RA:P= 0.22); E) inter-
feron γ (anti-CCP+RA:P= 0.01; anti-CCP− non-RA:P= 0.13); F) interleukin 10 (anti-CCP+RA:P= 0.07; anti-CCP− non-RA:P= 0.003); G) inter-
leukin 12 (anti-CCP+ RA: P = 0.19; anti-CCP− non-RA: P = 0.03); H) granulocyte colony-stimulating factor (G-CSF) (anti-CCP+ RA: P = 0.85;
anti-CCP− non-RA:P= 0.04).
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smoking, diabetes, hypertension, high cholesterol, severe joint
pain, RF positivity, ANA positivity, and log white blood cell
count, with prevalent cancer cases excluded. Results were simi-
lar when prevalent cancer cases were included (not shown).
Finally, among anti-CCP−/DMARD+ women, median levels
of IL-6, IL-1β, TNF-α, IL-10, and IL-12 were modestly higher
with a higher number of SE alleles, although not statistically sig-
nificantly (Web Table 3).

DISCUSSION

The current study provided a rare opportunity to evaluate
associations of number of SE alleles with total and CVD
mortality and incident CVD, CHD, and cancer among post-
menopausal women with RA defined by anti-CCP positivity
(anti-CCP+RA), as well as a large sample of anti-CCP− post-
menopausal women who reported arthritis and RA but were

unlikely to have clinical RA. Consistent with prior studies (10,
30), SE alleles were strongly associated with anti-CCP+ RA,
but in that group, SE alleles were not associated with higher
total or CVD mortality or incidence of CVD, CHD, or cancer,
despite associations with higher levels of inflammatory cyto-
kines (IL-2, IL-6, IL-1β, TNF-α, and interferon γ). In contrast,
among anti-CCP− women without RA (non-RA), the 38.2%
with 1 or 2 SE alleles had an approximately 50% lower risk of
incident CVD, CHD, or cancer than women with 0 SE alleles.
Among anti-CCP− non-RA women, SE alleles were also
associated with higher levels of the potentially protective cyto-
kines IL-10, IL-12, and G-CSF. The protective associations of
SE alleles with CVD, CHD, and cancer among anti-CCP−
women without RA persisted after adjustment for a wide
range of confounders, including these potentially protective
cytokines, and in a wide range of sensitivity analyses.

Among anti-CCP+ RA women in our study, SE alleles
were not significantly associated with higher risk of total or

Table 2. Weighted Age-Adjusted Incidence Rates of Total and Cardiovascular DiseaseMortality and Incident
Cardiovascular Disease, Coronary Heart Disease, and Cancer AmongWomenWith Rheumatoid Arthritis, According
to Number of Human Leukocyte Antigen (HLA)-DRB1Gene (HLA-DRB1) Shared Epitope Alleles and Anti-CCP
Status (n= 1,626),Women’s Health Initiative Rheumatoid Arthritis Study, 1993–2010a

Outcome and
No. of SE Alleles

Anti-CCP Status

Anti-CCP+RA (n= 556) Anti-CCP−Non-RA (n= 1,070)

No. of
Events

Total No.
ofWomen IR 95%CI No. of

Events
Total No.
of Women IR 95%CI

Total mortality

0 36 214 16.11 9.56, 28.02 497 3,391 12.46 10.69, 14.55

1 74 346 20.50 13.99, 30.38 281 2,161 10.67 8.73, 13.08

2 25 125 18.54 9.50, 36.53 38 265 19.21 12.23, 30.98

CVDmortalityb

0 10 196 4.64 1.85, 14.13 61 2,817 1.89 1.29, 2.90

1 7 305 2.25 0.82, 6.37 43 1,886 1.89 1.14, 3.19

2 2 113 1.57 0.34, 7.31 5 235 3.10 1.10, 9.46

Incident CVDb

0 25 196 13.20 6.99, 25.50 426 2,817 14.49 12.29, 17.10

1 41 305 13.47 7.97, 22.91 129 1,886 6.01 4.52, 8.04

2 15 113 13.48 5.75, 31.84 16 235 6.89 3.32, 14.60

Incident CHDb,c

0 16 196 8.30 3.77, 19.05 228 2,817 7.47 5.96, 9.38

1 21 305 6.50 3.09, 13.81 79 1,886 3.61 2.58, 5.18

2 6 113 5.29 1.46, 20.68 5 235 3.18 1.13, 9.66

Cancerd

0 21 182 13.20 6.74, 27.27 494 3,037 16.68 14.29, 19.49

1 37 307 13.17 7.59, 23.02 198 1,889 10.44 8.20, 13.29

2 17 110 16.42 7.22, 38.20 20 222 10.56 5.52, 20.32

Abbreviations: anti-CCP, antibodies to cyclic citrullinated peptides; CHD, coronary heart disease; CI, confidence
interval; CVD, cardiovascular disease; IR, incidence rate; RA, rheumatoid arthritis.

a Womenwho reported RA at a follow-up visit only were excluded.
b Analyses of CVDmortality and incident CVD and CHD excluded womenwith prevalent CVD at baseline.
c IRs are from an accelerated failure timemodel.
d Analyses of incident cancer excludedwomen with prevalent cancer at baseline.
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CVD mortality or incident CVD, CHD, or cancer, even
when analysis was restricted to HLA-DRB1*0401, *0404,
or *04 alleles versus 0 SE alleles. This differs from prior
studies that did not stratify by anti-CCP+ status (11, 20, 21).
Among 178 RA patients, CVD mortality and CVD inci-
dence were not associated with the SE but were associated
withHLA-DRB1*0404 (20). In the Early Rheumatoid Arthritis
Study (n = 767), ischemic heart disease mortality (hazard
ratio = 2.02, 95% confidence interval: 1.04, 3.94) and cancer
mortality (hazard ratio = 2.18, 95% CI: 1.17, 4.08) over 18
years were higher for 2 SE alleles versus 0 or 1 SE alleles
(21). Finally, the Norfolk Arthritis Register cohort included
1,022 patients with inflammatory polyarthritis, and 472

(46%) had RA at baseline, of whom 60% were anti-CCP+.
In the Norfolk Arthritis Register cohort, overall hazard ratios
for 2 SE alleles versus 0 SE alleles were 1.58 for total mortal-
ity and 1.68 for CVD mortality, with the strongest association
being seen for HLA-DRB1*01 and *04 alleles (11). Although
the independent effect of anti-CCP+ was not evaluated, the
hazard ratio for CVD death was 7.81 (95% CI: 2.63, 23.22)
for anti-CCP+ current smokers with 2 SE alleles as compared
with anti-CCP− never smokers with 0 or 1 allele (11). These
results agree with our previous report from theWHI RA Study,
showing that mortality rates were approximately doubled for
women with anti-CCP+RA compared with no RA and for cur-
rent smokers versus never smokers (15). These results suggest
that studies of SE alleles in RA should stratify by anti-CCP+
status.

Our study also found novel and contrasting associations of
SE alleles with cytokines for anti-CCP− non-RA women
versus anti-CCP+ RA women. Among anti-CCP− non-RA
women, higher numbers of SE alleles were associated with
higher levels of potentially antiinflammatory IL-10 (31),
antiangiogenic IL-12 (32), and G-CSF (33), which have been
evaluated as possible therapeutic targets for RA (34, 35). In
contrast, among anti-CCP+ RA women, higher numbers of
SE alleles were associated with higher levels of proinflamma-
tory cytokines: IL-1β, IL-2, IL-6, TNF-α, and interferon ɣ.
These cytokines are associated with RA pathogenesis (36, 37)
and may contribute to the more severe, erosive RA that has
been associated with anti-CCP+ in multiple studies (17, 18).
Associations were similar when results were stratified by the
presence or absence of RF, although cytokine levels were
highest for women who were both anti-CCP+ and RF+, as
previously reported (23, 38). These cytokine associations sug-
gest a mechanism for prior studies that associated RA severity
with anti-CCP+ and RF+ status rather than the SE (19), that
associated RA severity with both anti-CCP+ status and SE al-
leles (39), or which suggested that the association of the SE
with RA severity was partially mediated by anti-CCP+ status
(40). Mechanisms that explain contrasting associations of the
SE with outcomes and cytokines for anti-CCP+ RA status
versus anti-CCP− non-RA status are speculative. The SE al-
leles are located in a peptide-binding groove and are believed
to influence antigenic binding to the HLAmolecule, as well as
antigen presentation to T lymphocytes (41). Therefore, in RA,
the SE may potentiate synovitis by facilitating binding of ar-
thritogenic peptides to T cells (41, 42). In contrast, among
non-RA (anti-CCP−) individuals, the SEmay enhance immune
surveillance that leads to early identification and destruction of
malignant cells by facilitating antigen presentation of tumori-
genic peptides. Alterations or defects in HLA have also been
implicated in the pathogenesis of multiple solid organ cancers
(43). The HLA also plays an important role in the recognition
and destruction of malignant cells by T lymphocytes, and
enhancement of HLA expression has been targeted as a strat-
egy in cancer immunotherapy (43).

Our study had several strengths and limitations. First, it was
conducted within a large, ethnically diverse group of postmen-
opausal women, the WHI study population, with standardized
data collection and long-term follow-up. Although numbers
were too small to evaluate associations among black or His-
panic women only, results were similar when analyses were

Table 3. Weighted Age-Adjusted Hazard Ratios for Total and
Cardiovascular DiseaseMortality and Incident Cardiovascular
Disease, Coronary Heart Disease, and Cancer AmongWomenWith
Rheumatoid Arthritis, According to Number of Human Leukocyte
Antigen (HLA)-DRB1Gene (HLA-DRB1) Shared Epitope Alleles and
Anti-CCPStatus (n= 1,626),Women’s Health Initiative Rheumatoid
Arthritis Study, 1993–2010a

Outcome and
No. of SE Alleles

Anti-CCP Status

Anti-CCP+RA
(n= 556)

Anti-CCP−Non-RA
(n= 1,070)

HR 95%CI HR 95%CI

Total mortality

0 1.0 Referent 1.0 Referent

1 1.27 0.85, 1.90 0.90 0.78, 1.04

2 1.24 0.74, 2.06 1.17 0.94, 1.62

CVDmortalityb

0 1.0 Referent 1.0 Referent

1 0.46 0.17, 1.24 1.03 0.70, 1.52

2 0.31 0.06, 1.65 1.12 0.45, 2.79

Incident CVDb

0 1.0 Referent 1.0 Referent

1 1.04 0.63, 1.71 0.41 0.34, 0.50

2 1.07 0.56, 2.02 0.44 0.27, 0.72

Incident CHDb,c

0 1.0 Referent 1.0 Referent

1 0.83 0.43, 1.59 0.43 0.37, 0.53

2 0.66 0.26, 1.68 0.30 0.16, 0.64

Cancerd

0 1.0 Referent 1.0 Referent

1 1.00 0.59, 1.70 0.62 0.53, 0.73

2 1.31 0.69, 2.48 0.52 0.33, 0.83

Abbreviations: anti-CCP, anti-cyclic citrullinated peptides; CHD,
coronary heart disease; CI, confidence interval; CVD, cardiovascular
disease; HR, hazard ratio; RA, rheumatoid arthritis.

a Womenwho reported RA at a follow-up visit only were excluded.
b Analyses of CVD mortality and incident CVD and CHD excluded

womenwith prevalent CVD at baseline.
c HRs are from an accelerated failure timemodel.
d Analyses of incident cancer excluded women with prevalent can-

cer at baseline.
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restricted to white women only (72% of the sample). Further-
more, HLA SE alleles are associated with RA risk primarily
among Caucasians, and other HLA alleles may be important
in Japanese, Chinese, and Native American populations. A
potential limitation of the study is that all participants were
sampled from the >10% of WHI participants who reported
RA at baseline or follow-up. However, chart review studies
suggested thatmore than 85%of thesewomen did not have clini-
cal RA and reclassified them into anti-CCP+ RA, anti-CCP−
RA (based on DMARD use), and anti-CCP− non-RA groups
(15, 23, 25, 44). This provided us with the rare opportunity to
evaluate associations of SE alleles with outcomes separately
among large samples of anti-CCP+ RA women (n = 556) and
anti-CCP− women who were unlikely to have RA (n = 1,070).
The comparison of anti-CCP+ status with anti-CCP− status is
unlikely to have been affected by potential misclassification of
RA. Correspondingly, results for anti-CCP− (DMARD−) non-
RA women were similar if anti-CCP−/DMARD+ women were
included, before or after adjustment for DMARD use. In addi-
tion, results were similar when women who reported RA at
follow-up visits only were included, except that for anti-CCP−
non-RA women, associations of 2 SE alleles (vs. 0 SE alleles)
with CHD and CVD were attenuated. This suggests that protec-
tive associations of SE alleles with incident CHD and CVD (but

not cancer) may be restricted to women who never become
anti-CCP+ or develop RA. Finally, our results may have been
affected by survival bias, if women with 1 or 2 SE alleles died
prior to the start of WHI or were too ill to enroll in WHI. How-
ever, although mean age in this study (64 years for anti-CCP+
women and 66 years for anti-CCP− women) was higher than
in prior studies (mean or median, 54–60 years) (11, 20, 21), the
frequencies of 1 or 2 SE alleles were similar for older women
(ages >69 years) and younger women (ages ≤60 years). Addi-
tional studies are needed to determine whether these results are
generalizable to other groups, including anti-CCP−RAwomen,
postmenopausal women who never reported RA, younger
women, men, and persons with a race/ethnicity other than
non-Hispanic white.

In conclusion, amongwomenwith anti-CCP+RA, SE alleles
were associated with higher cytokine levels but not with adverse
CVD outcomes, coronary heart disease, or cancer. Our results
suggest that associations of SE alleles with adverse clinical out-
comes are likely to be partially confounded by strong associa-
tions of SE alleles with anti-CCP+ RA, and future studies
should evaluate this group separately. Our novel findings that
among anti-CCP− women without RA, the presence of 1 or 2
SE alleles was associated with approximately 50% lower risks
of CVD, CHD, and cancer, as well as with higher levels of

Table 4. WeightedMultivariable-Adjusted Hazard Ratios for Incident Cardiovascular Disease, Coronary Heart
Disease, and Cancer Among Anti-CCP−Non-RAa Participants (n= 1,070),Women’s Health Initiative Rheumatoid
Arthritis Study, 1993–2010b

Baseline Risk Factorc
CVDd CHDd,e Cancerf

HR 95%CI HR 95%CI HR 95%CI

No. ofHLA-DRB1 shared epitope alleles

1 (vs. 0) 0.33 0.26, 0.41 0.30 0.25, 0.37 0.62 0.53, 0.74

2 (vs. 0) 0.45 0.27, 0.74 0.27 0.15, 0.58 0.44 0.28, 0.69

Age, years 1.04 1.03, 1.05 1.07 1.05, 1.10 1.04 1.03, 1.05

Ever smoking 1.40 1.18, 1.67 2.27 1.66, 3.30 0.94 0.81, 1.10

Diabetes 1.74 1.29, 2.34 3.55 2.29, 5.98 2.44 1.91, 3.11

Hypertension 1.55 1.29, 1.86 1.49 1.14, 2.05 0.64 0.54, 0.76

High cholesterolg 1.37 1.10, 1.70 2.76 1.96, 4.17 1.08 0.88, 1.32

Waist circumference, cm 1.00 0.99, 1.01 0.99 0.98, 1.00 1.00 1.00, 1.01

Severe joint pain (vs. none, mild, or moderate) 1.35 1.10, 1.67 2.02 1.49, 2.94 0.46 0.36, 0.60

Rheumatoid factor-positive 1.62 1.27, 2.06 1.62 1.17, 2.42 0.37 0.26, 0.52

ANA-positive (≥1:320 titer) 0.69 0.48, 0.99 0.93 0.63, 1.50 0.92 0.68, 1.24

LogWBC count, per 109 cells/L 2.91 2.19, 3.87 2.50 1.56, 4.43 1.14 0.85, 1.53

Abbreviations: ANA, antinuclear antibody; anti-CCP, anti-cyclic citrullinated peptides; CHD, coronary heart dis-
ease; CI, confidence interval; CVD, cardiovascular disease; HLA, human leukocyte antigen; HLA-DRB1, HLA-DRB1
gene; HR, hazard ratio; RA, rheumatoid arthritis; WBC, white blood cell.

a Anti-CCP-negative womenwith a low probability of having RA.
bWomenwho reported RA at a follow-up visit only were excluded.
c Categorical variables were analyzed dichotomously (yes/no) unless otherwise indicated.
d Analyses of incident CHD and CVD excluded women with prevalent CVD at baseline, leaving 766 women for

analysis.
e HRs are from an accelerated failure timemodel.
f Analyses of incident cancer excluded womenwith prevalent cancer at baseline, leaving 837 women for analysis.
g
“High cholesterol” was defined as a self-reported high cholesterol level or use of lipid-lowering medication, since

lipid concentrations were not measured in all participants.
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possibly protective cytokines (IL-10, IL-12, and G-CSF),
require further study and replication.

ACKNOWLEDGMENTS

Author affiliations: Department of Epidemiology,
Graduate School of Public Health, University of Pittsburgh,
Pittsburgh, Pennsylvania (Mehret Birru Talabi, Rachel H.
Mackey, Lewis H. Kuller); Department of Health Promotion
and Development, School of Nursing, University of
Pittsburgh, Pittsburgh, Pennsylvania (Janice S. Dorman);
Department of Medicine, School of Medicine, University of
Colorado, Aurora, Colorado (Kevin D. Deane, V. Michael
Holers); Department of Medicine, School of Medicine,
Stanford University, Stanford, California (William H.
Robinson); Section of Rheumatology, Department of
Medicine, Washington Hospital Center, Washington, DC
(Brian T. Walitt); Department of Epidemiology, School of
Public Health, Brown University, Providence, Rhode Island
(Simin Liu); Department of Medicine, Alpert Medical
School, Brown University, Providence, Rhode Island (Simin
Liu); Department of Neurological Surgery, School of
Medicine, University of Pittsburgh, Pittsburgh,
Pennsylvania (Yuefang Chang); and Department of
Medicine, School of Medicine, University of Pittsburgh,
Pittsburgh, Pennsylvania (Larry W.Moreland).

This work was supported by Broad Agency
Announcement NHLBI-WH-09-01 (National Heart, Lung,
and Blood Institute, contract HHSN268200960006C). The
Women’s Health Initiative (WHI) program is funded by the
National Heart, Lung, and Blood Institute through contracts
HHSN268201600018C, HHSN268201600001C,
HHSN268201600002C, HHSN268201600003C, and
HHSN268201600004C.

TheWHI Investigators—Program Office: (National
Heart, Lung, and Blood Institute, Bethesda, Maryland)
Jacques Rossouw, Shari Ludlam, Dale Burwen, Joan
McGowan, Leslie Ford, and Nancy Geller; Clinical
Coordinating Center: (Fred Hutchinson Cancer Research
Center, Seattle, Washington) Garnet Anderson, Ross
Prentice, Andrea LaCroix, and Charles Kooperberg;
investigators and academic centers: (Brigham andWomen’s
Hospital, Harvard Medical School, Boston, Massachusetts)
JoAnn E. Manson; (MedStar Health Research Institute/
Howard University, Washington, DC) Barbara V. Howard;
(Stanford Prevention Research Center, Stanford, California)
Marcia L. Stefanick; (Ohio State University, Columbus,
Ohio) Rebecca Jackson; (University of Arizona, Tucson/
Phoenix, Arizona) Cynthia A. Thomson; (State University of
New York at Buffalo, Buffalo, New York) JeanWactawski-
Wende; (University of Florida, Gainesville/Jacksonville,
Florida) Marian Limacher; (University of Iowa, Iowa City/
Davenport, Iowa) Robert Wallace; (University of
Pittsburgh, Pittsburgh, Pennsylvania) Lewis Kuller; (Wake
Forest University School of Medicine, Winston-Salem,
North Carolina) Sally Shumaker;WHIMemory

Study: (Wake Forest University School of Medicine,
Winston-Salem, North Carolina) Sally Shumaker.

Conflict of interest: none declared.

REFERENCES

1. Avina-Zubieta JA, Choi HK, Sadatsafavi M, et al. Risk of
cardiovascular mortality in patients with rheumatoid arthritis: a
meta-analysis of observational studies. Arthritis Rheum. 2008;
59(12):1690–1697.

2. Meune C, Touzé E, Trinquart L, et al. High risk of clinical
cardiovascular events in rheumatoid arthritis: levels of
associations of myocardial infarction and stroke through a
systematic review and meta-analysis. Arch Cardiovasc Dis.
2010;103(4):253–261.

3. Solomon DH, Curhan GC, Rimm EB, et al. Cardiovascular risk
factors in women with and without rheumatoid arthritis.
Arthritis Rheum. 2004;50(11):3444–3449.

4. Maradit-Kremers H, Crowson CS, Nicola PJ, et al. Increased
unrecognized coronary heart disease and sudden deaths in
rheumatoid arthritis: a population-based cohort study. Arthritis
Rheum. 2005;52(2):402–411.

5. Maradit-Kremers H, Nicola PJ, Crowson CS, et al.
Cardiovascular death in rheumatoid arthritis: a population-
based study. Arthritis Rheum. 2005;52(3):722–732.

6. Llorca J, Lopez-Diaz MJ, Gonzalez-Juanatey C, et al.
Persistent chronic inflammation contributes to the development
of cancer in patients with rheumatoid arthritis from a defined
population of northwestern Spain. Semin Arthritis Rheum.
2007;37(1):31–38.

7. Boyer JF, Gourraud PA, Cantagrel A, et al. Traditional
cardiovascular risk factors in rheumatoid arthritis: a meta-
analysis. Joint Bone Spine. 2011;78(2):179–183.

8. NepomGT, Byers P, Seyfried C, et al. HLA genes associated
with rheumatoid arthritis. Identification of susceptibility alleles
using specific oligonucleotide probes. Arthritis Rheum. 1989;
32(1):15–21.

9. Ronningen KS, Spurkland A, Egeland T, et al. Rheumatoid
arthritis may be primarily associated with HLA-DR4
molecules sharing a particular sequence at residues 67–74.
Tissue Antigens. 1990;36(5):235–240.

10. Huizinga TW, Amos CI, van der Helm-vanMil AH, et al.
Refining the complex rheumatoid arthritis phenotype based on
specificity of the HLA-DRB1 shared epitope for antibodies to
citrullinated proteins. Arthritis Rheum. 2005;52(11):
3433–3438.

11. Farragher TM, GoodsonNJ, NaseemH, et al. Association of the
HLA-DRB1 genewith premature death, particularly from
cardiovascular disease, in patients with rheumatoid arthritis and
inflammatory polyarthritis.Arthritis Rheum. 2008;58(2):359–369.

12. Lee HS, Irigoyen P, Kern M, et al. Interaction between
smoking, the shared epitope, and anti-cyclic citrullinated
peptide: a mixed picture in three large North American
rheumatoid arthritis cohorts. Arthritis Rheum. 2007;56(6):
1745–1753.

13. Linn-Rasker SP, van der Helm-vanMil AH, van Gaalen FA,
et al. Smoking is a risk factor for anti-CCP antibodies only in
rheumatoid arthritis patients who carry HLA-DRB1 shared
epitope alleles. Ann Rheum Dis. 2006;65(3):366–371.

14. Mewar D, Coote A, Moore DJ, et al. Independent associations
of anti-cyclic citrullinated peptide antibodies and rheumatoid

Am J Epidemiol. 2017;186(2):245–254

HLA Shared Epitope, Inflammation, CVD, andMortality 253

Downloaded from https://academic.oup.com/aje/article-abstract/186/2/245/3778488/Human-Leukocyte-Antigen-Shared-Epitope-and
by Stanford University user
on 12 October 2017



factor with radiographic severity of rheumatoid arthritis.
Arthritis Res Ther. 2006;8(4):R128.

15. Kuller LH, Mackey RH,Walitt BT, et al. Determinants of
mortality among postmenopausal women in theWomen’s
Health Initiative who report rheumatoid arthritis. Arthritis
Rheumatol. 2014;66(3):497–507.

16. Gupta A, Kaushik R, Kaushik RM, et al. Association of anti-
cyclic citrullinated peptide antibodies with clinical and
radiological disease severity in rheumatoid arthritis. Curr
Rheumatol Rev. 2014;10(2):136–143.

17. Machold KP, Stamm TA, Nell VP, et al. Very recent onset
rheumatoid arthritis: clinical and serological patient
characteristics associated with radiographic progression over
the first years of disease. Rheumatology. 2007;46(2):342–349.

18. Bukhari M, ThomsonW, Naseem H, et al. The performance of
anti-cyclic citrullinated peptide antibodies in predicting the
severity of radiologic damage in inflammatory polyarthritis:
results from the Norfolk Arthritis Register. Arthritis Rheum.
2007;56(9):2929–2935.

19. Forslind K, AhlmenM, Eberhardt K, et al. Prediction of
radiological outcome in early rheumatoid arthritis in clinical
practice: role of antibodies to citrullinated peptides (anti-CCP).
Ann Rheum Dis. 2004;63(9):1090–1095.

20. Gonzalez-GayMA, Gonzalez-Juanatey C, Lopez-Diaz MJ,
et al. HLA-DRB1 and persistent chronic inflammation
contribute to cardiovascular events and cardiovascular
mortality in patients with rheumatoid arthritis. Arthritis Rheum.
2007;57(1):125–132.

21. Mattey DL, ThomsonW, Ollier WE, et al. Association of
DRB1 shared epitope genotypes with early mortality in
rheumatoid arthritis: results of eighteen years of followup from
the Early Rheumatoid Arthritis Study. Arthritis Rheum. 2007;
56(5):1408–1416.

22. Gorman JD, Lum RF, Chen JJ, et al. Impact of shared epitope
genotype and ethnicity on erosive disease: a meta-analysis of
3,240 rheumatoid arthritis patients. Arthritis Rheum. 2004;
50(2):400–412.

23. Kuller LH, Mackey RH,Walitt BT, et al. Rheumatoid arthritis
in theWomen’s Health Initiative: methods and baseline
evaluation. Am J Epidemiol. 2014;179(7):917–926.

24. TheWomen’s Health Initiative Study Group. Design of the
Women’s Health Initiative clinical trial and observational
study.Control Clin Trials. 1998;19(1):61–109.

25. Walitt B, Mackey R, Kuller L, et al. Predictive value of
autoantibody testing for validating self-reported diagnoses of
rheumatoid arthritis in theWomen’s Health Initiative. Am J
Epidemiol. 2013;177(9):887–893.

26. McTigue KM, Chang YF, Eaton C, et al. Severe obesity, heart
disease, and death among white, African American, and
Hispanic postmenopausal women.Obesity (Silver Spring).
2014;22(3):801–810.

27. Margolis KL, Manson JE, Greenland P, et al. Leukocyte count
as a predictor of cardiovascular events and mortality in
postmenopausal women: theWomen’s Health Initiative
Observational Study. Arch Intern Med. 2005;165(5):500–508.

28. Holoshitz J. The rheumatoid arthritis HLA-DRB1 shared
epitope.Curr Opin Rheumatol. 2010;22(3):293–298.

29. Curb JD,McTiernan A, Heckbert SR, et al. Outcomes
ascertainment and adjudicationmethods in theWomen’s Health
Initiative. Ann Epidemiol. 2003;13(9 suppl):S122–S128.

30. Irigoyen P, Lee AT,Wener MH, et al. Regulation of anti-cyclic
citrullinated peptide antibodies in rheumatoid arthritis:
contrasting effects of HLA-DR3 and the shared epitope alleles.
Arthritis Rheum. 2005;52(12):3813–3818.

31. Moore KW, deWaal Malefyt R, Coffman RL, et al.
Interleukin-10 and the interleukin-10 receptor. Annu Rev
Immunol. 2001;19:683–765.

32. Pope RM, Shahrara S. Possible roles of IL-12-family cytokines
in rheumatoid arthritis. Nat Rev Rheumatol. 2013;9(4):
252–256.

33. Lawlor KE, Campbell IK, Metcalf D, et al. Critical role for
granulocyte colony-stimulating factor in inflammatory
arthritis. Proc Natl Acad Sci U S A. 2004;101(31):
11398–11403.

34. St. Clair EW. Interleukin 10 treatment for rheumatoid arthritis.
Ann Rheum Dis. 1999;58(suppl 1):I99–I102.

35. van Holten J, Pavelka K, Vencovsky J, et al. Amulticentre,
randomised, double blind, placebo controlled phase II study of
subcutaneous interferon beta-1a in the treatment of patients with
active rheumatoid arthritis. Ann RheumDis. 2005;64(1):64–69.

36. Magyari L, Varszegi D, Kovesdi E, et al. Interleukins and
interleukin receptors in rheumatoid arthritis: research,
diagnostics and clinical implications.World J Orthop. 2014;
5(4):516–536.

37. Harris ED Jr. Rheumatoid arthritis. Pathophysiology and
implications for therapy.NEngl JMed. 1990;322(18):1277–1289.

38. Sokolove J, Johnson DS, Lahey LJ, et al. Rheumatoid factor as
a potentiator of anti-citrullinated protein antibody-mediated
inflammation in rheumatoid arthritis. Arthritis Rheumatol.
2014;66(4):813–821.

39. van Gaalen FA, van Aken J, Huizinga TW, et al. Association
between HLA class II genes and autoantibodies to cyclic
citrullinated peptides (CCPs) influences the severity of
rheumatoid arthritis. Arthritis Rheum. 2004;50(7):
2113–2121.

40. Viatte S, Plant D, Han B, et al. Association of HLA-
DRB1 haplotypes with rheumatoid arthritis severity,
mortality, and treatment response. JAMA. 2015;313(16):
1645–1656.

41. Gregersen PK, Silver J, Winchester RJ. The shared epitope
hypothesis. An approach to understanding the molecular
genetics of susceptibility to rheumatoid arthritis. Arthritis
Rheum. 1987;30(11):1205–1213.

42. van der Helm-vanMil AH, Huizinga TW, de Vries RR, et al.
Emerging patterns of risk factor make-up enable
subclassification of rheumatoid arthritis. Arthritis Rheum.
2007;56(6):1728–1735.

43. Aptsiauri N, Cabrera T, Garcia-Lora A, et al. MHC class I
antigens and immune surveillance in transformed cells. Int Rev
Cytol. 2007;256:139–189.

44. Mackey RH, Kuller LH, Deane KD, et al. Rheumatoid arthritis,
anti-cyclic citrullinated peptide positivity, and cardiovascular
disease risk in theWomen’s Health Initiative. Arthritis
Rheumatol. 2015;67(9):2311–2322.

Am J Epidemiol. 2017;186(2):245–254

254 Birru Talabi et al.

Downloaded from https://academic.oup.com/aje/article-abstract/186/2/245/3778488/Human-Leukocyte-Antigen-Shared-Epitope-and
by Stanford University user
on 12 October 2017


	Human Leukocyte Antigen Shared Epitope and Inflammation, Cardiovascular Disease, Cancer, and Mortality Among Postmenopausal...
	METHODS
	Participants and data collection in the Women’s Health Initiative
	Laboratory methods
	Definitions of events
	Statistical analysis

	RESULTS
	Participant characteristics and risk factors by number of SE alleles
	SE, incident events, and mortality

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


