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Abstract

Objective: Given the high incidence of cardiovascular disease (CVD) in patients with rheumatoid arthritis (RA),
we examined the associations between RA diagnosis and characteristics and evidence of carotid atherosclero-
sis. We take a unique approach by evaluating lumen and interadventitial diameters in addition to intima-me-
dia thickness and plaque.
Methods: Ninety-three women with RA were matched with 93 healthy women by age, race, and menopause
status. In cross-sectional analyses, we compared common carotid artery measures between groups and exam-
ined their relationships with measures of RA severity and activity.
Results: Mean age was 53.3 years, and median RA duration was 14 years. Lumen diameter in patients was sig-
nificantly greater than in healthy women (5.50 vs. 5.19 mm, p � 0.001), as was interadventitial diameter (6.92
vs. 6.61 mm, p � 0.001). Having RA also was independently associated with greater lumen (� � 0.256, p � 0.01)
and interadventitial (� � 0.261, p � 0.01) diameters, after controlling for cardiovascular risk factors and intima-
media thickness. Carotid intima-media thickness (0.70 vs. 0.71 mm) was similar, and the prevalence of carotid
plaque in patients (21%) was higher but not statistically different from healthy women (15%). In patients with
RA, we found positive associations between methotrexate dose and interadventitial diameter, between hy-
pothyroidism and intima-media thickness, and between hypothyroidism and soluble endothelial adhesion mol-
ecule and plaque, independent of cardiovascular risk factors.
Conclusions: Women with RA have increased carotid artery diameters compared with healthy women. This
may reflect premature vascular aging and may be an early indicator of increased cardiovascular risk.
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Introduction

RHEUMATOID ARTHRITIS (RA) IS A CHRONIC, inflammatory
autoimmune disorder that affects 1% of the U.S. popu-

lation, particularly women of childbearing age and early
menopausal age, with a 2.5:1 female/male ratio.1 In patients
with RA, cardiovascular disease (CVD) is a major determi-
nant of morbidity and is the leading cause of death.2,3 To de-
tect the burden of CVD in RA, noninvasive measures, such
as carotid ultrasound, have been promoted to identify sub-
jects with preclinical atherosclerosis.4–19 Serum markers of
inflammation also are being explored, given their link with
CVD in the general population and in patients with
RA.6,9,14,20–26

Carotid ultrasound measures of lumen diameter, interad-
ventitial diameter, intima-media thickness (IMT), and plaque

have been evaluated as early indicators of systemic athero-
sclerosis in non-RA populations and are informative mea-
sures of vascular health.27–29 Changes in these four measures
are interdependent,30 occurring as both part of the natural
aging process and in response to insult or injury. Arterial di-
latation (i.e., vascular remodeling) begins as an adaptive re-
sponse to changes in wall shear stress concomitant with in-
creased wall thickness,27,28,31–34 but ultimately, larger carotid
diameter is a marker of vascular aging and is associated with
cardiovascular risk factors, plaque rupture, inflammatory 
activity, and increased risk of myocardial infarction
(MI).28,30,35–38 IMT is increased in individuals with coronary
heart disease (CHD) and MI, is associated with numerous
cardiovascular risk factors, and predicts risk of cardiovas-
cular events.39–42 Carotid plaque has been linked with car-
diovascular risk factors and ischemic stroke.43,44 Although

1Department of Epidemiology, Graduate School of Public Health, University of Pittsburgh, Pittsburgh, Pennsylvania.
2University of Pittsburgh Department of Medicine, Division of Rheumatology and Clinical Immunology, Pittsburgh, Pennsylvania.
3Department of Epidemiology and Population Health, Albert Einstein College of Medicine, Bronx, New York.



IMT and plaque are typically used to assess atherosclerosis,
lumen diameter is a critical indicator of arterial remodeling,
thus providing adjunct information.30,35

Thus far, carotid ultrasound findings in RA patients have
generally not included measures of lumen or interadventi-
tial diameter. Although studies typically find common
carotid IMT to be higher in RA patients compared with con-
trols,4–12 other studies (particularly those in the United
States) have found no difference13–16 or the opposite re-
sults.18 To provide insight into these discrepancies and likely
better understand the effect of RA disease severity and ac-
tivity on vascular aging, it may be necessary to examine
carotid diameters in conjunction with IMT and plaque.

The purpose of our study was twofold. We sought to (1)
compare carotid arterial diameters, IMT, and plaque in
women with RA with matched healthy women and (2) eval-
uate the associations between RA-related factors and indi-
cators of early carotid disease in patients.

Materials and Methods

Participants

Women with RA consecutively seen at a university-based
outpatient rheumatology practice and the University of Pitts-
burgh Medical Center (UPMC) Arthritis Network Disease
Registry volunteered for a prospective study of CVD preva-
lence and risk factor assessment.45 Registry participants, who
gave informed consent to be notified in writing of research
opportunities, comprised RA patients from the university-
based practices (approximately one third) and two university-
affiliated, community-based practices (approximately two
thirds). Eligiblity criteria, including age �30 years, American
College of Rheumatology criteria for RA46 for at least 2 years,
and completion of a carotid scan, were met by 104 women.

Healthy participants were selected from 535 women who
participated in the Women’s Healthy Lifestyle Project, an in-
tervention trial examining cardiovascular risk factors during
menopause.47,48 At enrollment, these women were aged
44–50 years, with no indication of CVD. As part of an ancil-
lary study, 85% of participants had carotid ultrasound scans
an average of 5 years after enrollment, during which some
changes in health status developed (e.g., hypertension).
Healthy participants eligible for the current retrospective
analysis completed a scan (n � 453) and were randomized
to the nonintervention arm of the study (n � 275).

Patients with RA and healthy participants were individually
matched retrospectively by age (� 5 years), menopause status,
and race. Arterial diameter measures were not available on all
eligible participants because this protocol component was not
initially included during scanning and was unobtainable post
hoc. The final sample consisted of 93 patients with RA and 93
healthy women with IMT and plaque measures, and of these,
78 patients and 90 healthy women with diameter measures.

The RA cardiovascular study, intervention trial, and
carotid scan protocols were approved annually by the Insti-
tutional Review Board of the University of Pittsburgh. All
participants provided informed written consent.

Clinical measures

Clinical data and cardiovascular risk factors were obtained
through patient interview and physical examination. Fasting

blood samples were assayed at the Department of Epidemi-
ology Nutrition Laboratory. Resting systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were averaged from
two seated measurements49; height and weight were used to
calculate body mass index (BMI, kg/m2). Women were as-
sessed for hormone therapy use (any in the prior year), hy-
pertension (SBP � 140 mm Hg, DBP � 90 mm Hg,50 and/or
antihypertensive drugs), diabetes (glucose � 6.99 mmol/L
[126 mg/dL]51 and/or medication), and hypercholesterolemia
(cholesterol � 5.17 mmol/L [200 mg/dL]52 and/or lipid-low-
ering drugs). Menopause status was based on participant self-
report, plus endogenous hormone levels in patients with RA.
For analysis, menopause status was dichotomized as post-
menopausal (no bleeding cycle or taking hormone therapy
for � 12 consecutive cycles, or hysterectomy with bilateral
oophorectomy) vs. not (i.e., premenopausal or peri-
menopausal). Measures were collected within approximately
1 month of the ultrasound scan for RA patients and within 1
year for healthy participants because protocols regarding tim-
ing of visits varied for the two studies.

RA characteristics

Patients with RA were also evaluated for RA-related and
inflammatory markers (Table 2). Soluble endothelial adhe-
sion molecule (sE-selectin) was measured using a high sen-
sitivity quantitative sandwich enzyme assay and determined
colorimetrically; soluble intercellular adhesion molecule
(sICAM-1) was measured by an ELISA assay and determined
by colorimetric reaction (assays from R&D Systems, Min-
neapolis, MN); high sensitivity C-reactive protein (hsCRP)
was determined using latex immunonephelometry (all com-
pleted at Laboratory for Clinical Biochemistry Research, Uni-
versity of Vermont, Burlington, VT). Additional laboratory
variables were measured by routine methods as described
previously.45

Carotid ultrasound measures

Arteries were examined using an ultrasound scanner
(Toshiba SSA-270A, Tustin, CA) equipped with a 5-MHz lin-
ear array imaging probe. With participant in the supine po-
sition, left and right arteries were viewed at end diastole in
transverse and longitudinal projections. Common carotid
near and far walls were examined 2 cm proximal to the bi-
furcation. Digitized images were used to trace the media-ad-
ventitial and intima-lumen interfaces across 1-cm lengths,
and IMT was computed as the average of both arteries. Lu-
men diameter was measured as the distance between the lu-
men-intima interfaces of the left common carotid artery,
where the walls were parallel and there was no evidence of
plaque. Interadventitial diameter was calculated as the dis-
tance between the adventitia-media interfaces.

Carotid arteries were evaluated for the presence of eccen-
tric focal plaque in the bifurcation, internal, and common ar-
eas. Plaque was defined as a distinct area protruding into
the vessel lumen with � 50% thickness than the surround-
ing area. Presence of plaque was categorized as no/small
plaque (� 30% stenosis) and medium/large/multiple
plaques (� 30% stenosis). This categorization captured the
severity distinction of our sample more appropriately than
either dichotomizing as plaque “any versus none” or total-
ing the number of plaques.
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All scans were completed by trained technicians in the
same laboratory and read later by technicians blinded to
study group. The laboratory has shown IMT, plaque, and di-
ameters to be reliable measures of carotid atherosclerosis.
For each measure (IMT,53 plaque,54 and diameter), the re-
producibility coefficient was � 0.78, and the intraclass cor-
relation coefficient was � 0.84 in this laboratory.

Statistics

In this cross-sectional study, patients with RA and healthy
women were compared using unpaired t tests and chi-square
tests. Univariate associations between clinical measures and
carotid outcomes were examined via Pearson/Spearman cor-
relation. Because of their skewed distribution, inflammatory
markers were both log transformed and divided into quartiles.

In multivariable analyses, dependent (outcome) measures
were IMT, lumen diameter, interadventitial diameter (all lin-
ear regression), and plaque (logistic), with RA diagnosis as
the independent variable. Models were adjusted for cardio-
vascular risk factors determined via univariate associations.
In diameter models, height was included to account for body
size, which is positively correlated with arterial size. To con-
trol for potential confounding between the two groups, di-
ameter models controlled for IMT, and the IMT model was
adjusted for interadventitial diameter. For RA-only regres-
sion, each RA characteristic (listed in Table 2) was individ-
ually added to the multivariable cardiovascular risk factor
model for each outcome. Analyses were also run using only
Caucasian women, and as there were no differences, results
are reported on the full sample.

All analyses were implemented using the SAS system for
Windows version 8.2 (SAS Institute, Cary, NC). Values of
p � 0.05 were considered significant.

Results

The combined group was 97% Caucasian, 68% postmeno-
pausal, and 53.3 � 3.9 years old. Patients with RA had higher
BMI, blood pressure, and triglycerides and were more likely
to be never smokers and have been diagnosed with hyper-
tension, whereas healthy women had higher fasting glucose
levels (Table 1). Patients with RA had larger lumen and in-
teradventitial diameters than did healthy participants, but
there was no difference in IMT. Presence of plaque in RA pa-
tients (21%) was higher but was not statistically different
from that in healthy women (15%).

For patients, average age at RA diagnosis was 37 years,
with a median disease duration of 14 years, and 71% reported
experiencing morning stiffness, lasting 1 hour on average
(Table 2). Patients with RA who had diameter measures
available were generally similar to patients who did not have
diameter measures with respect to all characteristics re-
ported in Table 2. The two exceptions were that patients
without diameter measures were all rheumatoid factor pos-
itive and were less likely to have hypertension than those
with diameter measures.

Regression models

Based on univariate analyses, covariates included in mul-
tivariable models were hypertension (significantly, posi-
tively associated with all carotid outcomes), hypercholes-
terolemia (w/plaque), glucose (w/IMT), age (w/IMT), and
race (w/IMT). In regression analyses adjusted for these risk
factors and IMT, RA diagnosis was positively associated
with wider lumen and interadventitial diameters (Table 3).
On average, diameters for patients with RA were 0.27 mm
wider than those of controls. These results did not change if
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TABLE 1. COMPARISON OF HEALTHY PARTICIPANTS AND PATIENTS WITH RHEUMATOID ARTHRITISa

Healthy Patients
Characteristic participants (n � 93) with RA (n � 93) p value

Clinical measures
Mean age, range (years) 53.2, 46.7–58.7 52.9, 42.0–60.2 0.62
Current/former/never smokers (%) 7/51/35 12/31/50 0.01
Diabetes 2 (2%) 3 (3%) 0.65
Glucose (mmol/L) 5.61 � 0.578 4.98 � 1.07 �0.001
Body mass index (kg/m2) 25.8 � 3.40 28.4 � 6.5 0.001
Hypertension 11 (12%) 27 (29%) 0.004
Systolic blood pressure (mm Hg) 110.5 � 12.70 120.5 � 17.9 �0.001
Diastolic blood pressure (mm Hg) 70.8 � 7.90 77.3 � 10.4 �0.001
Hypercholesterolemia 51 (55%) 59 (63%) 0.23
Total cholesterol (mmol/L) 5.38 � 0.78 5.30 � 0.83 0.26
High-density lipoproteins (mmol/L) 1.61 � 0.36 1.52 � 13.3 0.12
Low-density lipoproteins (mmol/L) 3.22 � 0.69 3.11 � 0.78 0.34
Triglycerides (mmol/L) 0.94 [0.77, 1.39] 1.32 [0.98, 1.70] �0.001
Current hormone therapy 36 (44%) 35 (38%) 0.36

Carotid ultrasound measures
Lumen diameter (mm) 5.19 � 0.47 5.50 � 0.60 �0.001
Interadventitial diameter (mm) 6.61 � 0.54 6.92 � 0.67 �0.001
Intima-media thickness (mm) 0.71 � 0.08 0.70 � 0.10 0.94
Presence of plaqueb 14 (15%) 19 (21%) 0.29

aFor Tables 1 and 2, characteristics are summarized as N(%), mean � standard deviation (SD), or median [interquartile range] unless oth-
erwise indicated.

bPresence of plaque, medium, large, or multiple plaques.



IMT was omitted from the models. In contrast, IMT was sim-
ilar between groups whether or not diameter was in the
model. RA diagnosis was not associated with the presence
of plaque in multivariable models. Results were essentially
the same when other risk factors were considered as covari-
ates, such as substituting SBP for hypertension, substituting
BMI for height, or adding smoking, menopausal status, or
hormone therapy to the models. Hypertension was the only
cardiovascular risk factor associated with diameters, and
African American race (plus age when interadventitial di-
ameter was omitted) was associated with IMT. Age and hy-

percholesterolemia were positively associated with presence
of plaque.

RA characteristics

Unadjusted analyses in RA patients showed that RA du-
ration was positively associated with IMT (Spearman’s r �
0.21, p � 0.04), but this relationship disappeared after con-
trolling for age. Average daily dose of prednisone was pos-
itively associated with lumen and interadventitial diameters
(Spearman’s r � 0.46, p � 0.008, and r � 0.47, p � 0.006, re-
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TABLE 2. ADDITIONAL CHARACTERISTICS FOR WOMEN WITH RHEUMATOID ARTHRITIS

Characteristic

Age at rheumatoid arthritis diagnosis (years) 37.3 � 10.9
Disease duration since diagnosis (years) 14 [7, 23]
Rheumatoid factor positive 64 (73%)
Morning stiffness 65 (71%)
Extraarticular disease 73 (78%)
Health Assessment Questionnaire Disability Index55 0.75 � 0.57
Number of prior disease-modifying antirheumatic drugs (DMARDs) (ever) 3.5 � 1.9
Current nonsteroidal anti-inflammatory drug use 69 (75%)
Current prednisone use 38 (41%)

Daily prednisone dose (mg) 5.4 � 3.5
Current methotrexate use 57 (61%)

Weekly methotexate dose (mg) 14.5 � 5.1
Current tumor necrosis factor inhibitor use 35 (38%)
Hypothyroidisma 12 (13%)
Erythrocyte sedimentation rate (ESR) (mm/h) 10.0 [5.0, 24.5]
High sensitivity C-reactive protein (hsCRP) (mg/L) 5.6 [2.2, 13.0]
Fibrinogen (�mol/L) 9.3 [7.6, 10.8]
Plasminogen activator inhibitor type 1 (PAI-1) (�g/L) 19.3 [10.4, 45.0]
Soluble intercellular adhesion molecule [sICAM-1] (ng/mL) 271 [232, 335]
Soluble endothelial adhesion molecule [sE-selectin] (ng/mL) 40.3 [29.7, 64.5]

aHypothyroidism was indicated by self-report, including treatment with medications.

TABLE 3. MULTIVARIABLE REGRESSION MODELS OF CAROTID ARTERY OUTCOMES OF ALL SUBJECTSa

Dependent outcomes

Lumen Interadventitial Intima-media
diameter diameter thickness Presence of

(mm) (mm) (mm) plaque
n � 168 n � 168 n � 186 n � 186

Risk factor �b � � OR

Rheumatoid arthritis diagnosis 0.270** 0.275** �0.015 1.66
Age (years) 0.012 0.010 0.002 1.12*
African American race �0.199 �0.168 0.088* 2.61
Hypertension 0.274** 0.290** �0.013 1.23
Hypercholesterolemia �0.013 0.003 0.005 2.46*
Glucose (mmol/L) �0.022 �0.027 0.014* 1.37
Height (cm) 0.017** 0.017** — —
Intima-media thickness (mm) 1.021* 3.084*** — —
Interadventitial diameter (mm) — — 0.071*** —

aThe first six risk factors were included in the model for each dependent outcome; additionally, height and intima-media thickness were in-
cluded in the diameter models, and interadventitial diameter was included in the intima-media thickness model.

b�, regression coefficient; OR, odds ratio.
*p � 0.05.
**p � 0.01.
***p � 0.001.



spectively). Average weekly dose of methotrexate was pos-
itively associated with interadventitial diameter and IMT
(Spearman’s r � 0.33, p � 0.02, and r � 0.33, p � 0.01, re-
spectively). The highest quartile of levels of hsCRP, sE-se-
lectin and plasminogen activator inhibitor type 1 (PAI-1)
were associated with a small but nonsignificant increase in
diameter and plaque measures. There was a significant neg-
ative association between continuous sICAM-1 and IMT
(Spearman’s r � �0.23, p � 0.03). None of the other listed
RA characteristics showed significant univariate associations
with the carotid outcomes.

In multivariable models in women with RA, no RA char-
acteristic was associated with lumen diameter when indi-
vidually added to the model controlling for cardiovascular
risk factors. For those currently taking methotrexate, weekly
dose was positively associated with interadventitial diame-
ter (Table 4); however, this association was no longer sig-
nificant when age was replaced with RA duration and age
at diagnosis or when IMT was added to the model. Current
prednisone use was associated with decreased IMT, whereas
hypothyroidism was associated with increased IMT in sep-
arate models. These associations remained when interad-
ventitial diameter was included or when RA duration and
age at diagnosis were substituted for age. Plaque was posi-
tively associated with sE-selectin and hypothyroidism in in-
dividual models after controlling for cardiovascular risk 
factors. No other RA characteristics were significantly asso-
ciated with carotid outcomes in multivariable models of pa-
tients with RA.

Discussion

This study is the first to describe wider carotid artery lu-
men and interadventitial diameters in women with RA com-

pared with healthy women, independent of cardiovascular
risk factors and IMT. In the women with RA, positive asso-
ciations were found between methotrexate dose and inter-
adventitial diameter, between hypothyroidism and IMT, and
between sE-selectin and hypothyroidism and plaque, each
independent of cardiovascular risk factors. Diameters were
positively associated with prednisone dose, whereas in mul-
tivariable models, IMT was negatively associated with cur-
rent prednisone use. These findings may indicate evidence
of accelerated vascular aging and early atherosclerotic risk
among women with RA.

Vascular adaptation?

Vascular remodeling is a dynamic, early response to risk
factors, wall thickening, and increased wall shear
stress.27,28,31–34 Concomitant increase of carotid diameters
(i.e., outward radial enlargement) allows lumen cross-sec-
tional area and arterial flow to be kept constant and main-
tains or decreases IMT/plaque by distributing it over a larger
area.30 Because the artery has a limited capacity to dilate,
however, continued formation of IMT and plaque ultimately
causes reduction of blood flow.27,34,35,56 Arterial remodeling
also suggests inflammatory cells and protease activities and
may be indicative of lesser vessel elasticity and plaque rup-
ture.30,35 Thus, enlarged diameters can be considered a sign
of vascular adaptation and a marker for early atherosclero-
sis.

Alternatively, our results may reflect a unique, RA-related
atherogenic effect on arterial diameters that is specific to RA
itself rather than a result of remodeling in response to thick-
ened IMT. Perhaps the underlying autoimmune disease pro-
cess, its treatment, or an interplay between the two accounts
for a change in the evolution of atherosclerotic vascular dis-
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TABLE 4. MULTIVARIABLE REGRESSION MODELS OF SIGNIFICANT RHEUMATOID ARTHRITIS FACTORS

ASSOCIATED WITH CAROTID OUTCOMES IN PATIENTS WITH RHEUMATOID ARTHRITISa

Dependent outcomes

Interadventitial
diameter

(mm)
n � 57

Risk factor �b � � OR OR

Age (years) 0.022 0.004 0.003 1.29 1.16
African American racec 0.818 0.101 0.121* 3.65 —
Hypertension 0.166 0.013 0.008 0.98 1.43
Hypercholesterolemia 0.120 0.018 0.026 2.23 2.68
Glucose (mmol/L) 0.023 0.010 0.011 1.19 1.23
Height (cm) 0.019 — — — —
Weekly methotrexate dose (mg) 0.040* — — — —
Prednisone user — 0.057** — — —
Hypothyroidism — — 0.085** 7.25* —
Log of sE-selectin (ng/mL) — — — — 3.09*

aThe first five risk factors were included in each individual model, plus height for diameter; the remaining factors were individually added
in respective models for each outcome (interadventitial diameter, intima-media thickness, and plaque). All significant associations are dis-
played, resulting in varying number of columns per outcome.

b�, regression coefficient; OR, odds ratio; sE-selectin, soluble endothelial adhesion molecule.
cTo maintain model fit, race was dropped from the plaque model listed in the final column because of missing data (n � 84).
*p � 0.05.
**p � 0.01.

Intima-media
thickness Presence of

(mm) plaque
n � 93 n � 93



ease in these patients. In contrast, diameter differences were
not found among treatment groups or compared with con-
trols in separate studies.15,57 Others have suggested that
chronic systemic inflammation leads to endothelial dys-
function and accelerated atherogenesis in patients with
RA.22,23,25

Literature comparisons

Our finding of similar common carotid IMT between
groups is consistent with studies of RA patients in the United
States and two Italian studies.13–16 Another study found IMT
in RA patients to be less than in controls.18 Other investiga-
tors have found higher common carotid wall thickness in RA
patients compared with controls.4–12 In contrast to the sub-
jects we described, these studies generally report on slightly
older patients with a wider age spectrum, enrolled both men
and women, and used non-United States samples. Research
indicates that IMT increases with age,28,58 and is greater in
men.40

Based on patient ages, results suggest a U-shaped rela-
tionship, where IMT may be similar between patients and
controls at younger and older ages (e.g., �50 or �60 years
old13–16). Thus, younger samples may have been studied at
an earlier point on an arterial remodeling continuum, with
RA patients having vessel wall dilatation and thus preserved
IMT.

Ethnicity and control characteristics may also be influ-
encing results, given that results of greater IMT in RA pa-
tients occurred outside the United States.4–12 Interestingly,
carotid IMT in our healthy women (mean 0.71 mm) was
much higher when compared with several previous studies
(common carotid IMT 0.58–0.68 mm), whereas IMT in our
RA patients was similar to that in other studies (range
0.64–0.77 mm).4–6

It cannot be said with certainty that all RA patients have
greater IMT than controls or if this difference is only ob-
served in patients of certain ages or ethnicities, at particular
time points in the course of disease (RA or atherosclerosis),
or in conjunction with health and population of controls. A
study of IMT progression in women with RA found an ac-
celerated rate of annual wall thickening when compared
with healthy controls.17 Thus, although there is evidence that
IMT may differ between RA patients and controls, the course
of progression may be distinct from other conditions where
increased IMT is seen at a very early stage of atherogenesis.

Regarding carotid plaque, several studies reported no dif-
ference in plaque prevalence,4–6,9,14 whereas others have
found increased carotid plaque in RA patients.8,10–13,15,18

Sample size may have limited our ability to detect statisti-
cally significant differences in plaque, which was clinically
higher in our women with RA. Plaque frequently occurs in
areas of transition or turbulence (e.g., internal carotid artery
or bifurcation).34 Therefore, variations in methodology (i.e.,
area of plaque assessment, plaque characterization) may be
influencing results.

RA-related characteristics

We found several RA characteristics associated with mea-
sures of carotid atherosclerosis. The positive association be-
tween duration of disease and IMT is typically re-
ported.5,6,10,12,20,59,60 As was found here, RA medications

may be positively18,61 or negatively21 associated with ath-
erosclerosis. Incongruencies exist because pharmacological
treatment can be a marker for RA severity, contributing ad-
versely to cardiovascular risk (e.g., hyperlipidemia) or, con-
versely, exerting a protective effect by reducing RA-related
systemic inflammation.26,62–65 Additionally, medication
types, effectiveness, and side effects influence when and how
they are prescribed, and studies vary on whether current,
cumulative, or multiple medication exposure is considered.
Previous studies have linked hypothyroidism with IMT and
plaque in patients with RA59,60 and with accelerated athero-
sclerosis in non-RA subjects.66 Impaired lipid metabo-
lism/profiles, obesity, high homocysteine levels, and effects
of thyroid hormones on vascular cells are all potential path-
ways for this link.

Studies show inconsistent relationships between inflam-
matory markers and atherosclerosis in RA patients. The
cross-sectional nature of our study and others does not cap-
ture the changing inflammatory milieu over time in RA pa-
tients. Further, the clinical course of RA is exceedingly vari-
able, ranging from mild, self-limiting arthritis to rapidly
progressing, multisystem inflammation.1 As others,5,16,18 we
did not find a relationship between either CRP or erythro-
cyte sedimentation rate (ESR) and carotid atherosclerosis, al-
though a positive association between these and IMT or
plaque has been noted elsewhere.14,17,20,22 Others have re-
ported a positive association between sICAM-1 and IMT and
between sE-selectin and plaque.21 Similarly, we found a pos-
itive association between sE-selectin and plaque. Our pa-
tients showed a high degree of extraarticular disease, which
is indicative of significant systemic inflammation and con-
sistent with their disease duration and high proportion of
rheumatoid factor positivity. Inflammation in RA has been
most consistently linked to endothelial function, another
early marker of atherosclerosis.22 Thus, certain RA charac-
teristics and markers of inflammation support a link between
RA and early atherosclerosis.

Limitations

The strength of our study was the use of ultrasound mea-
sures novel for patients with RA, namely, lumen and inter-
adventitial diameters, and it was unfortunate that 18 sub-
jects were missing these measures. This was a cross-sectional
study presented without correction for multiple compar-
isons; thus, care should be taken when interpreting and gen-
eralizing results. Using a convenience sample of controls
who were recruited as part of another study and matched
retrospectively is another limitation of our study. Nonethe-
less, by examining carotid diameter, we were able to dem-
onstrate early signs of vascular aging and atherosclerotic risk
in women with RA.

Conclusions

Our study of patients with RA is unique and noteworthy.
We used a carotid ultrasound technique not typically re-
ported for detecting vascular aging in an RA sample. We
found greater carotid arterial diameters in women with RA
compared with matched healthy women, whereas IMT was
similar. We propose that lumen and interadventitial diame-
ters may be more sensitive measures of early atherosclero-
sis in women with RA than ultrasound measurement of IMT
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and plaque and may explain previous discrepancies. Carotid
diameter vascular remodeling may be an important step in
atherogenesis in this autoimmune disease and should be in-
cluded in measures of early atherosclerotic CVD in patients
with RA.
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