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Editorial

Atherosclerosis in Rheumatoid Arthritis:
What to Look for in Studies Using Carotid
Ultrasound

Studies of myocardial infarction and other cardiovascular
(CV) events in patients with rheumatoid arthritis (RA) have
consistently found that their incidence is at least twice as
high as in controls without RA1-6. However, there is still
uncertainty about the cause and pathophysiology of CV dis-
ease in RA. One reason is that, in contrast to CV event find-
ings, previous studies on the extent of atherosclerosis in RA
have not consistently found it is increased in RA.
In this issue of The Journal, Kobayashi and colleagues

used carotid ultrasound to assess atherosclerosis in RA
patients and controls7. In this commentary, I will first dis-
cuss the key technical aspects necessary for a high quality
study using ultrasound; I will then briefly discuss published
studies, focusing on those conducted in North American
patient samples, and will end with a discussion of the article
in this issue.

Technical Requirements of Carotid Ultrasound
High resolution carotid ultrasound has been used extensive-
ly to study atherosclerosis in the general population8. It pro-
vides a noninvasive, readily available method to image the
major arteries of the neck. Its validity as a measure of ather-
osclerosis is supported by 3 lines of evidence: (1) the corre-
lation between ultrasound and histological measurements of
arterial intima-media thickness (IMT)9; (2) the correlation
between histological measurements of carotid and coronary
wall IMT10; and (3) the association between CV risk factors
and ultrasound measurements of carotid IMT, and the abili-
ty of the latter to predict CV events in the general popula-
tion8,11. A number of technical requirements must be present
for the ultrasound results to be valid, as itemized below:
Sample size. Ultrasound uses ultra-high frequency sound
waves that bounce, radar-like, off the body’s tissues to pro-
duce an image. Not surprisingly, this approach is limited by
measurement error in its ability to visualize small structures.
The arterial wall is near the resolution limits of ultrasound12,
a limitation that can be overcome by studying a sufficiently

large number of individuals, to reduce statistical error. Most
studies of atherosclerosis in the general population have
included samples in the several thousands. Comparable
numbers are difficult to achieve studying RA, but this does
not diminish the importance of studying a sufficient sample
size. A small sample size detracts from a study’s credibility,
even if it reports statistically significant findings.
Investigators should plan accordingly and document the
power of their studies.
Adjustment for CV risk factors. Even with large sample
sizes, ultrasound is unable to separate the intimal layer,
where atherosclerotic plaques occur, from the other layers
of the arterial wall12. Instead, ultrasound measures the
thickness of the intimal and media layers combined, the
carotid IMT. This is important because the medial layer is
sensitive to increased pressure in the lumen, responding by
hypertrophy. Thus, a thickened IMT in the presence of
hypertension may not reflect the presence of atheromatous
plaque. Comparisons between RA patients and controls
should account for CV risk factors through specification of
enrollment criteria, matching, or statistical adjustment.
Standardized scanning protocol. The ultrasonographer
should follow a rigorous, standardized scanning protocol
that is identical for all RA patients and controls. This
includes using the same equipment and programmed set-
tings for both groups. This insures that images are of the
same quality and from the same arterial segments, angles,
and views in all subjects. Research studies should establish
a process to certify technicians’ proficiency with the scan-
ning protocol.
Standardized reading protocol. Measurements should be
obtained from a recorded video image, stilled at the end of
diastole, to ensure that measurements are not influenced by
cardiac cycle fluctuations. The IMT measurements are per-
formed using software to manually trace the contours of the
lumen-intima and media-adventitia interfaces (Figure 1).
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The software then calculates the distance between the trac-
ings in millimeters. Measurements are obtained from the
common carotid artery, proximal to the bifurcation, and
from the bulb and internal carotid. Turbulent flow at the
bifurcation promotes deposition of atheromata in the bulb.
The common carotid usually remains free of plaque, and
displays lower IMT values than does the common carotid
artery. When present, plaque is usually found in the carotid
bulb and internal carotid artery. Most studies include plaque
in their measurements of IMT. However, some studies have
excluded plaque from IMT estimates13, resulting in lower
IMT values. Because atheromata may display focal areas of
increased thickness, multiple projections are imaged. For
the internal carotid artery, two oblique and one lateral view
of both the near and far wall of the artery are obtained. In the
common carotid, deposits tend to be smoother, and thus only
one projection each of the near and far walls is obtained.
The multiplicity of values is usually reduced by averaging
all the values, to produce a single IMT value per person.
Alternatively, the internal and common carotid IMT values
can be averaged separately, as done by Kobayashi, et al7.
The inter- and intrarater reliability of the US measurements
should be documented for the personnel, equipment, and
subjects of the study in question. It is not sufficient to
describe the reliability of the technique in the published
literature.
Blinding. Reading a scan for IMT and plaque is opera-
tor-dependent, and susceptible to bias. It is important for the
individual who reads the images not to know whether the
image belongs to an RA patient or a control. RA and other
rheumatic diseases are often evident on sight. Thus, to
ensure blinded reading: (a) the reader should not be the
same person who performs the scan; (b) RA patients and
controls should be scanned concurrently using the same

equipment. If this is not the case, changes in US equipment
and technology may make it obvious to the reader what
group the scan stems from; and (c) scans from cases and
controls should be shuffled and read concurrently.

Earlier North American Studies
Investigators from throughout the world have used carotid
ultrasound to estimate the extent of atherosclerosis in RA.
Most of this literature is cited by Kobayashi and col-
leagues7. The results have been varied, and to date it has not
been possible to infer conclusively whether atherosclerosis
is increased in RA. Many of the studies have included mod-
est sample sizes, detracting from conclusions derived from
them. Here, I will limit my comments to studies of North
American patients13-15, as these have included larger study
samples, and may be more relevant to Kobayashi and col-
leagues’ study, as the CV risk factor pattern and ethnic mix
in North America may differ from those of other regions. In
the first of these studies, my colleagues and I studied 204
RA patients and 102 controls matched for age and sex, all
nonsmokers14. Their ages ranged from 40 to 83 years, and
89% were women. Cases and controls were studied concur-
rently, and scans were read blindly at a remote location, and
adjusted for CV risk factors. Plaque was present in 30% of
arteries imaged from RA patients, and in 25% of those from
controls. On a per-person basis, 44% of the RA patients and
38% of the controls had plaque, a difference that was not sta-
tistically significant with our sample size. We reported the
composite common and internal carotid IMT as a single
value per subject, which we obtained by averaging 16 IMT
measurements of the internal and external carotid arteries.
We found a difference of 0.055 mm between RApatients and
controls, also not significant14.
Three years later, Roman and colleagues reported the

Figure 1. The carotid artery at the bifurcation. The interfaces traced to calculate the carotid intima-media thickness (IMT) are
identified: 1. adventitia-periadventitia; 2. media-adventitia; 3. lumen-intima. IMT is provided by the distance between lines 2 and
3 in each wall. In the study by Kobayashi, et al7, RA was associated with increased IMT in the internal, but not the common,
carotid arteries.
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results of a study of 96 women and 2 men with RAwith ages
ranging from 20 to 80 years13, whom they compared to an
equal number of age, sex, and ethnicity-matched controls.
The controls had participated in earlier longitudinal studies
of hypertension, and were not studied concurrently to the
RA patients13. The authors reported plaque was significant-
ly more frequent in RA than controls, 44% versus 15%.
They did not include areas of plaque in their IMT measure-
ments, thus IMT values were lower in the RA group13.
Most recently, Schott, et al reported their findings in 93

women with RA aged 42 to 60 years, matched by age, race,
and menopausal status to 93 women without RA15. They
found plaque in 21% of the RA patients and 15% of the con-
trols, not a significant difference. For the IMT, they focused
only on the common carotid artery, finding that it was not
significantly different between the 2 groups. However, these
authors reported a novel finding: arterial diameters were sig-
nificantly greater in the RA patients, suggesting premature
vascular aging15.
The above 3 studies reported variable associations

between the carotid US findings and inflammation markers
or CV risk factors used as covariates13-15. It should be noted,
however, that these case-control comparisons are not ideal-
ly suited to study of association between atherosclerosis and
covariates. Matching of cases and controls in these studies
required specification of inclusion and exclusion criteria
that may have truncated the covariate distribution, which
may attenuate correlations. Thus, it cannot be concluded
from them that CV risk factors are not associated with ath-
erosclerosis in RA. In our study of 631 RA patients recruit-
ed consecutively, and without specifying CV risk factors as
exclusion criteria, we reported that both CV risk factors and
inflammation markers were significantly associated with
carotid IMT and plaque16.

This Issue of The Journal
The studies described above show a mixed picture, making
it difficult to infer conclusively whether or not carotid ath-
erosclerosis is increased in RA. This brings us to the article
by Kobayashi, et al7. Methodologically and technically, this
study meets the highest standards of quality. The authors
began with the end in mind, by specifying enrollment crite-
ria identical to those of the Multi-Ethnic Study of
Atherosclerosis (MESA), a large, population-based study of
atherosclerosis, with the ultimate intent of comparing their
RA sample to MESA. They studied 198 RApatients and 198
matched controls; ages ranged from 45 to 84 years, and the
proportion of men was greater than in any of the other North
American studies, 40%. The technical aspects of the US
were identical to those of MESA. Patients and controls were
studied concurrently, by the same personnel, using the same
equipment. This adds weight to the claim that readings were
blinded. The authors imaged both the internal carotid artery
bulb and the external carotid artery, and stratified their com-

parisons between patients and controls according to artery.
This enabled their key observation, that IMT was signifi-
cantly greater among RApatients only in the bulb, but not in
the common carotid. The frequency of plaque was also sig-
nificantly greater in the RA group, 21.5% versus 12.1%. Of
note, the bulb IMT difference was significant only among
men. This may explain some differences with previous stud-
ies, which included a greater proportion of women. Also
notable, the bulb IMT and plaque difference between RA
and controls was present only among subjects under 65
years of age. These results are consistent with our finding
that RA manifestations contributed more to carotid athero-
sclerosis in young RA patients16, and with Roman and col-
leagues’ finding of a more pronounced difference between
RA patients and controls among younger subjects13.
Evaluating these 4 North American carotid US RA stud-

ies7,13-15, it is evident that, in contrast to the consistently
increased incidence of clinical CV events reported by dif-
ferent studies1-6, a difference in carotid atherosclerosis
between RA patients and controls has not been documented
as consistently. Why may this be the case? One potential
explanation is that RA patients may be only mildly predis-
posed to atherosclerosis, but more prone to develop unstable
plaque, one that is more prone to ulcerate and thrombose. In
support of this hypothesis, Aubry, et al reported an autopsy
study in which RA patients displayed less histologic evi-
dence of atherosclerosis, but more inflammation and insta-
bility compared to controls17.
What to do with this information? Kobayashi, et al are

circumspect in this regard, recommending that future stud-
ies should examine the internal and external carotid arteries
separately. We still do not know the extent to which carotid
atherosclerosis explains cardiovascular events in RA; thus,
it is not possible to issue firm recommendations for man-
agement. However, we do know that in the general popula-
tion, carotid IMT and plaque are strong predictors of CV
events8,11. If indeed atherosclerosis is increased in RA as
suggested by Kobayashi, et al, it is prudent to manage both
RA and the conventional CV risk factors aggressively18.
This is especially important in young RA patients, in whom
inflammatory factors seem to play a greater role in athero-
sclerosis14. Data on the role of carotid ultrasound in predict-
ing CV events is needed to further delineate the high-risk
groups who would benefit most from atherosclerosis
prevention.
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