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Subclinical Atherosclerosis in Rheumatoid 
Arthritis in India
SUNDEEP GROVER, RAMANAND PRASAD SINHA, UTTAM SINGH, SATYENDRA TEWARI, AMITA AGGARWAL,
and RAMNATH MISRA

ABSTRACT. Objective. Patients with rheumatoid arthritis (RA) have high cardiovascular morbidity and mortali-
ty as compared to the general population. Indians are also at increased risk of developing early and
severe atherosclerotic coronary artery disease. Carotid intima-media thickness as measured by ultra-
sound is a validated surrogate marker of atherosclerosis. We studied the prevalence of subclinical
atherosclerosis in Indian patients with RA.
Methods. Common carotid IMT (CCA IMT) was measured at the level of carotid bifurcation along
with fasting lipid profile in 57 RA patients and 45 age and sex matched controls. Values of mean
CCA IMT above mean + 2 SD of the control group were defined as abnormal IMT. Variables of dis-
ease activity and severity were measured in RA patients. Patients and controls with known traditional
cardiovascular risk factors were excluded from the study. Student t test and chi-square test for pro-
portion were used for statistical analysis. A logistic regression analysis was done to find out inde-
pendent predictors of abnormal IMT.
Results. Nineteen RA patients (33.3%) and 2 controls (4.44%) had abnormal IMT values. RA
patients had significantly increased mean CCA IMT (0.558 ± 0.137 mm) as compared to controls
(0.416 ± 0.002 mm; p < 0.0001). Age ≥ 42 years, duration of disease ≥ 6 years, and tender joint
count ≥ 5 predicted increased risk of having abnormal CCA IMT in a logistic regression analysis.
Conclusion. One-third of Indian RA patients had subclinical atherosclerosis. Age and tender joint
count were independent predictors of abnormal CCA IMT. (J Rheumatol 2006;33244–7)
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Patients with rheumatoid arthritis (RA) have a shortened life
span1-3; moreover, cardiovascular disease is the most com-
mon cause of mortality in patients with RA, with a relative
risk of about 2 compared with age matched controls4.
Inflammation mediated vascular endothelial dysfunction
leading to development of atherosclerosis is thought to be
the major contributory factor for excess cardiovascular mor-
bidity and mortality in RA5. Increased carotid intima-media
thickness of the common carotid arteries (CCA IMT) as
measured by ultrasound is an established indicator of ather-
osclerosis6 and may precede clinical events by many years.
Use of carotid IMT has also been endorsed by the American
Heart Association for assessment of subclinical atheroscle-
rosis7. IMT measures the endothelium, connective tissue,

and smooth muscle, which correspond to the site of lipid
deposition and plaque formation8.

Although there are several reports of increased preva-
lence of subclinical atherosclerosis in RA as assessed by
carotid ultrasound from other countries9-12, no data are
available from our country. In India the prevalence of coro-
nary artery disease (CAD) is nearly 10 times higher at pres-
ent compared to 40 years ago13. In a recent study, the preva-
lence of CAD in migrant Indians in Canada was more than
twice of that observed in the Caucasian population14.
Further, CAD in Indians occurs prematurely15.

Thus, we undertook this study to define the prevalence of
subclinical atherosclerosis by carotid ultrasound in patients
with RA attending our tertiary care hospital center.

MATERIALS AND METHODS
Patients and controls. Fifty-seven patients with RA (American College of
Rheumatology criteria, 1987)16 seen at the department of Immunology
between March 2003 and December 2004 were included in the study.
Forty-five unrelated age and sex matched healthy individuals recruited
from the hospital staff served as controls. Informed consent was obtained.
Patients and controls having known risk factors for atherosclerosis were
excluded, including diabetes mellitus as diagnosed according to World
Health Organization criteria17 or history of use of antidiabetic medications,
hypertension as defined by blood pressure > 140/90 mm Hg or history of
use of antihypertensive medication, history of ischemic heart disease or
cerebrovascular events, past or present smokers, use of high dose of
steroids (> 10 mg/day) in the past 3 years, renal insufficiency, or athero-
sclerotic peripheral vascular disease.
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Patient assessment included duration of disease, 28 tender joint count
(TJC), 28 swollen joint count (SJC), modified Health Assessment
Questionnaire (HAQ) score18, joint deformities, extraarticular features, ero-
sions, rheumatoid factor (RF), and disease modifying antirheumatic drug
(DMARD) use. A composite Disease Activity Score (DAS28) was calculated
using 3 variables, SJC, TJC, and Westergren erythrocyte sedimentation rate19.

Carotid ultrasound was performed using high-resolution B-mode ultra-
sound (Hewlett Packard Sonos 5500) with a 10 MHz linear transducer by a
single investigator (RPS) who was blinded to the clinical information about
the subject being evaluated. Patients and controls were examined in supine
position with the neck extended and the chin turned contralateral to the side
being examined. Measurement of IMT was assessed in the right and left com-
mon carotid artery at the level of carotid bifurcation9 in the posterior wall, and
the means of both values were calculated. All measurements were made man-
ually on digitized still images that were obtained during ultrasound scanning.
They were calculated as the average of measurement during 3 cardiac cycles
at end-diastole. An individual IMT value more than mean + 2 standard devia-
tion (SD) of the control group was taken as abnormal IMT. A plaque was
defined as a distinct protrusion, greater than 1.5 mm into the vessel lumen. 

Statistical analysis. Student t test was used for continuous variables and
chi-square was used for proportional analysis. A p value < 0.05 was con-
sidered statistically significant. Multivariate analysis using forward logistic
regression was performed to determine the best model for predicting
increased carotid IMT. All statistical analysis was performed using SPSS
statistical software, Version 9.

RESULTS
Clinical characteristics of patients with RA. There were 52
women with an average age of 41.52 ± 7.53 years and an
average disease duration of 8.03 ± 5.48 years. Assessment of
disease activity variables is shown in Table 1. Forty-four
patients (77.19%) were RF-positive, 33 (57.89%) had joint
deformities, 23 (40.35%) had extraarticular features like
subcutaneous nodules, secondary Sjögren’s syndrome, or
interstitial lung disease. Joint erosions were present in 23
(40.35%). All except 2 patients were receiving one or more
DMARD; 42 (73.68%) were taking methotrexate alone,
while 3 were receiving it in combination with hydroxy-
chloroquine, sulfasalazine, or leflunomide.

Patients and controls were well matched with respect to
age, sex, and lipid values, except cholesterol level, which
was significantly higher in patients with RA (Table 2). The
IMT of right, left, and mean of both sides was significantly
greater in patients compared to controls (Figure 1). Taking
the mean + 2 SD of the control group (0.585 mm) as the
upper limit of normal CCA IMT, 19 RA patients (33.33%)
and 2 controls (4.44%) had abnormal mean CCA IMT (p <
0.001). Carotid plaque was found in 2 patients (3.5%) but in
none of the controls.

Correlation with carotid IMT and clinical variables in
patients. A statistically significant correlation was observed
between increased IMT and age of the patients, duration of
disease, tender joint count, and HAQ score. However, there
was no correlation between increased carotid IMT and
swollen joint count, DAS28, serum cholesterol, or any other
lipid component (Table 3). There was no significant correla-
tion between age of the patients and the duration of disease
(correlation coefficient = 0.177, 2 tailed significance =
0.188). Further, there was a significant association between
the presence of joint deformity (p < 0.05) and increased
carotid IMT, while no such association of the latter was
found with sex, presence of extraarticular features, erosions,
RF positivity, or history of methotrexate use (Table 4).

Predictive model for increased carotid IMT in patients by
logistic regression analysis. A forward logistic regression
analysis was done to assess whether demographic or clinical
features would predict increased carotid IMT in RA patients.
Included in the analysis were all variables that had shown a
statistically significant association or correlation with
increased carotid IMT. Analysis showed TJC, age, and dura-
tion of disease to be independent risk factors for abnormal
IMT. In a predictive model analysis, TJC ≥ 5, age ≥ 42 years,
and disease duration ≥ 6 years increased the risk of having
abnormal IMT by 5.74, 5.91, and 6.21 times, respectively. The
overall predictive value of the model was 77.2% (Table 5).

DISCUSSION
We found subclinical atherosclerosis as indicated by
increased CCA IMT in one-third of Indian patients with RA
as compared to age and sex matched controls. Abnormal
IMT correlated with age, duration of disease, TJC, joint
deformity, and HAQ score, but by logistic regression analy-
sis only age, duration of disease, and TJC were significant
independent predictors of subclinical atherosclerosis.

An increased carotid IMT in patients with RA in our
study provides valuable confirmation to earlier reports in
Korean, Japanese, British, and Spanish patients9-12 using
similar methodology. Our findings could have important
implications, as the patients were much younger in compar-
ison to previous reports. The average age of our cohort was
only 41 years as compared to 55–59 years in previous

Table 1. Disease activity variables of 57 patients with RA.

Variables Score (mean ± SD)

Tender joint count 6.09 ± 5.50
Swollen joint count 2.51 ± 2.97
HAQ score 1.02 ± 0.76
DAS28* (n = 44) 4.40 ± 1.32

HAQ: Health Assessment Questionnaire; DAS28: Disease Activity Score 28.
* For tender and swollen joint counts and ESR.

Table 2. Age, sex, and serum lipid levels in patients and controls.

Variable Patients (n = 57) Controls (n = 45) p

Age, yrs 41.52 ± 7.53 39.71 ± 6.60 0.20
Female, n 52 40 0.47
Cholesterol, mg/dl 177.45 ± 41.41 159.46 ± 24.34 0.02
Triglyceride, mg/dl 119.31 ± 35.41 110.10 ± 49.82 0.36
LDL, mg/dl 114.18 ± 39.87 101.56 ± 21.67 0.09
HDL, mg/dl 38.08 ± 6.22 37.43 ± 5.88 0.66
VLDL, mg/dl 24.78 ± 9.16 21.86 ± 10.13 0.21

LDL: low density lipoprotein; HDL: high density lipoprotein; VLDL: very
low density lipoproteins.
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reports9-12. Similarly, our cohort had a shorter duration of
disease (mean of 8 years) as compared to 15 years in 2 ear-
lier studies10,11. The younger age of the patients in this study
may also account for a lower mean carotid IMT in our study
as compared to earlier ones, as age is an important charac-
teristic that influences IMT9,10. The IMT value of controls in
our study is comparable to an earlier study where the aver-
age age was 34 years20. Both age and duration of disease
were significantly correlated with carotid IMT, which was
also observed by Kumeda, et al in Japanese patients9.
Further, Gonzales-Juanatey, et al10 revealed that age and
duration of disease was predictive for the development of
carotid plaques in patients with RA in Northwestern Spain.
The duration of RA in their patients was much longer (15.5
± 8.5 yrs) as compared to our study (8.03 ± 5.48 yrs). This
may be the reason for observation of a more severe expres-
sion of subclinical atherosclerosis in the form of plaques in
their study.

Total cholesterol was increased in RA patients compared

to controls, which has also been observed21. However, a
majority of studies have found low total and low HDL cho-
lesterol levels5, and higher small dense LDL levels22, in RA
patients as compared to controls. In migrant Indians, raised

Figure 1. Mean intima-media thickness (IMT) in right, left, and mean of both right and left com-
mon carotid arteries (CCA). For all patients versus controls, p < 0.0001.

Table 3. Correlation between selected measures in RA patients and mean
CCA IMT.

Continuous Variables Correlation p
Coefficient

Age at time of study, yrs 0.592 < 0.0001
Duration of disease at time of study, yrs 0.475 < 0.0001
HAQ score 0.302 0.023
Tender joint count 0.304 0.022
Swollen joint count 0.174 0.196
DAS28 0.197 0.200
Serum cholesterol –0.065 0.691
Serum LDL –0.051 0.755
Serum VLDL 0.128 0.430
Serum HDL –0.252 0.116
Serum triglycerides 0.111 0.496

For definitions see Table 2.

Table 4. Association between selected clinical features of RA patients and
mean CCA IMT.

Categorical Variables n IMT (mm), p
mean ± SD

Sex
Female 52 0.550 ± 0.001 0.169
Male 5 0.640 ± 0.009

Extraarticular features
Present 23 0.612 ± 0.002 0.486
Absent 34 0.522 ± 0.001

Deformed joints
Yes 33 0.596 ± 0.001 0.015*
No 24 0.507 ± 0.001

Erosive disease
Yes 23 0.582 ± 0.001 0.251
No 33 0.535 ± 0.001

Rheumatoid factor
Positive 44 0.552 ± 0.001 0.560
Negative 13 0.578 ± 0.001

Methotrexate use
Yes 42 0.558 ± 0.001 1.000
No 15 0.558 ± 0.001

Table 5. Best predictive model for increased CCA IMT (> 0.585) in RA
patients.

Variables OR 95% CI p

Tender joint count ≥ 5* 5.74 1.59–20.83 0.005
Age ≥ 42 years** 5.91 1.34–28.57 0.039
Duration of disease ≥ 6 years*** 6.21 1.30–27.02 0.031

Reference categories: * tender joint count < 5; ** age < 42 years; *** dura-
tion of disease < 6 years.
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triglycerides are associated with CAD, whereas in native
Indians raised cholesterol, raised LDL cholesterol, and
raised cholesterol/HDL cholesterol ratio show the same
association. However, low HDL cholesterol is a common
lipid abnormality among all Indians23. As there are no other
studies looking at lipid abnormalities in RA from our coun-
try, the increased cholesterol levels need confirmation in a
larger sample size. Moreover, like earlier studies in RA,
cholesterol levels did not correlate with increased IMT.

Logistic regression analysis revealed that TJC, age, and
duration of disease are independent risk factors for abnormal
IMT. Both TJC and duration of disease signify the inflam-
matory burden of disease. Since the pathogenic mechanisms
of atheroma formation are immunoinflammatory, it is not
surprising that both these disease variables are associated
with carotid IMT. DAS28 was not found to be associated
with carotid IMT as it was available in only 44 patients;
therefore it did not assume significance, possibly due to
small sample size. It has also been postulated that increased
IMT does not necessarily mean an atheromatous spot, but it
could be an inflamed endothelial lining and thus be a
rheumatoid arteriopathy9. On the other hand, the correlation
of age with carotid IMT in our study has been observed by
previous investigators in regression analysis9,10. Kumeda, et
al9 in addition to age found duration of disease, Larsen score,
and the Modified HAQ to be significant independent predic-
tors for subclinical atherosclerosis. By univariate analysis,
the presence of joint deformity was a significant factor asso-
ciated with carotid IMT. The presence of extraarticular fea-
tures was also associated with an increased carotid IMT, but
was not statistically significant. Due to the small sample size,
our study has limited power to confidently exclude factors
like presence of extraarticular features as being important.

Our study on Indian patients with RA confirms earlier
observations of subclinical atherosclerosis in RA. More
importantly, it reveals subclinical atherosclerosis at a much
younger age, which was independently associated with
duration of disease and tender joint count. Only longterm
followup studies can determine whether subclinical athero-
sclerosis increases the risk for cardiovascular events in
patients with RA. Further exploration of the potential bene-
fits of stricter control of RA disease activity on longterm
atherosclerotic risk modification may open new ways to
improve lifespan in patients with RA. 
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