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Abstract

Objective—To estimate atherosclerosis progression and identify influencing factors in
rheumatoid arthritis (RA).

Methods—We used carotid ultrasound to measure intima-media thickness (IMT) in RA patients,
and ascertained cardiovascular (CV) risk factors, inflammation markers and medications. A
second ultrasound was performed approximately 3 years later. We calculated the progression rate
by subtracting the baseline from the follow-up IMT, divided by the time between the two scans.
We used logistic regression to identify baseline factors predictive of rapid progression. We tested
for interactions of erythrocyte sedimentation rate (ESR) with CV risk factors and medication use.

Results—Results were available for 487 RA patients. The mean (SD) common carotid IMT at
baseline was 0.571 mm (0.151). After a mean of 2.8 years, the IMT increased by 0.050 mm
(0.055), p<0.001, a progression rate of 0.018 mm/year (95% CI 0.016 to 0.020). Baseline factors
associated with rapid progression included the number of CV risk factors (OR 1.27 per risk factor,
95% CI 1.01 to 1.61), and the ESR (OR 1.12 per 10 mm/h, 95% CI 1.02 to 1.23). The ESRxCV
risk factor and ESRxmedication product terms were significant, suggesting these variables modify
the association between the ESR and IMT progression.
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Conclusions—Systemic inflammation and CV risk factors were associated with rapid IMT
progression. CV risk factors may modify the role of systemic inflammation in determining IMT
progression over time. Methotrexate and antitumour necrosis factor agents may influence IMT
progression by reducing the effect of the systemic inflammation on the IMT.

INTRODUCTION

Patients with rheumatoid arthritis (RA) have increased cardiovascular (CV) risk,1=3 which
may be due to a predisposition to atherosclerosis, as assessed using ultrasound measurement
of the carotid intima-media thickness (IMT).4°> Cross-sectional studies suggest IMT in RA is
associated with systemic inflammation,6-10 CV risk factors and glucocorticoid exposure,11
and may predict CV events in RA patients.1? Longitudinal studies of IMT change in RA
have also suggested a role for inflammation and glucocorticoids in atherosclerosis
progression,513-20 and have hinted at a potential therapeutic effect for certain drugs.141621
However, longitudinal studies to date have been somewhat limited by small sample sizes.
Here, we studied a large RA cohort whose members underwent measurement of the
common carotid IMTat two points in time.

PATIENTS AND METHODS

Patients

A high resolution carotid ultrasound was performed on consecutive patients meeting RA
criteria.22 Approximately 3 years later, a follow-up scan was done. The following variables
were assessed at baseline.

RA manifestations

A physician assessed patients for tenderness, swelling or deformity in 48 joints, and for
subcutaneous nodules. Reliability coefficients were 0.94 for tenderness, 0.90 for swelling
and 0.98 for deformity.23 We used the 28-joint swollen and tender joint counts and the
erythrocyte sedimentation rate (ESR) to calculate the disease activity score in 28 joints
(DAS28) score.24

CV risk factor assessment

We defined hypertension by the use of antihypertensive medications, diastolic blood
pressure 290 mm Hg or systolic pressure =140 mm Hg; diabetes mellitus by the use of
antidiabetic medications or fasting blood sugar =126 mg/dL; and hypercholesterolaemia by
use of lipid-lowering medications or fasting plasma cholesterol 2200 mg/dL. Hypertension,
diabetes and hypercholesterolaemia were also considered present if diagnosed previously by
a physician. Patients were considered current smokers if they smoked at baseline, and
former smokers if they had quit. We defined obesity as a body mass index of 30 kg/m?2 or
greater.

Antirheumatic medication use

We examined patients’ medication bottles and recorded all their prescription and non-
prescription drugs. We also reviewed medical and pharmacy records, resolving
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discrepancies by discussion with patients. We noted if patients were taking methotrexate,
antitumour necrosis factor (anti-TNF) agents (infliximab, etanercept, adalimumab,
certolizumab or golimumab) or both, including the date when the drug was started.

Laboratory studies

The ESR was measured using the Westergren technique. Rheumatoid factor was measured
by latex agglutination. Anti-cyclic citrullinated peptides (CCP) was measured by enzyme-
linked immune assay. Total plasma cholesterol and glucose were measured by a Synchron
LX automated system. HLA-DRB1 genotyping was performed by PCR sequence-specific
primer amplification with Fastype kits, as described previously.2> The HLA-DRB1 shared
epitope was classified as described previously.??

Carotid ultrasound

Analysis

Carotid ultrasound was performed as previously described:® Briefly, a duplex scan of the
carotid arteries was performed following a standardised vascular protocol developed for the
Multi-Ethnic Study of Atherosclerosis (MESA).26 We used an ATL HDI-3000 High
Resolution Imaging machine with a L7-4 Transducer (Philips Medical Systems North
America Company, Bothell, Washington, USA). A single longitudinal lateral view of the
distal 10 mm of the right and left common carotid arteries (CCASs) and three longitudinal
views in different imaging planes of each internal carotid artery (ICA) were obtained,
recorded on Super VHS tapes and mailed to a central facility (Ultrasound Reading Center,
Tufts Medical Center, Boston, Massachusetts, USA) for reading of the carotid artery IMT.
At the reading centre, the images were digitised at end diastole (smallest CCA diameter).
We focused on CCA IMT measurements because progression is more consistently measured
for CCAs than for the ICA.2728 Scan images obtained at baseline and follow-up for each
participant were reanalysed concurrently by a single reader to guard against reader drift in
measurements.2® The reader was masked to clinical characteristics of subjects. The
maximum IMT (millimetre) of the CCA was defined as the mean of the maximum IMT for
near and far walls on both right and left sides.

Our study involved a single ultrasonographer and a single reader. Nevertheless, to assess the
technique’s reliability, our reader reread 50 images, and a different reader reread a separate
set of 50 images. The intrareader intraclass correlation coefficient for CCA IMT was 0.99,
and the inter-reader coefficient was 0.94.

We calculated IMT change by subtracting the baseline from the follow-up IMT. The yearly
rate of change in IMT was calculated by dividing IMT change by the time between the two
measurements. We used IMT progression rate as the dependent variable in linear regression
models that examined its association with demographic variables (age at RA onset, sex and
ethnic group): CV risk factors (diabetes, smoking, hypertension, hypercholesterolaemia and
obesity), RA manifestations (RA duration, tender, swollen and deformed joint counts) and
laboratory markers (rheumatoid factor, ESR and shared epitope). We calculated a CV risk
factor score by summing the number of CV risk factors present (diabetes, hypertension,
hypercholesterolaemia, obesity and smoking). We examined the association of the IMT
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progression rate with anti-TNF agents or methotrexate. We used a stepwise variable
selection technique, dependent on the strength of association with IMT progression rate, and
in all subsequent models, we used the variables identified in the stepwise model together
with age (age at RA onset+disease duration) and sex as covariates. To assess the possibility
of non-linear behaviour of continuous variables such as the ESR, we stratified the variable
into quintiles, using the lowest quintile as the referent. We also defined a subgroup of
patients with ‘rapid progression’, defined as the upper quartile in the IMT change. We used
logistic regression to examine independent variables associated with rapid IMT progression,
and from these models generated predicted probabilities of rapid progression, adjusted for
covariates. For both the linear and logistic regression models, we tested for interaction
between the CV risk factors score and inflammation markers (ie, the ESR), and between the
use of anti-TNF agents or methotrexate and the ESR, by including CV risk factorxESR or
medicationxESR product terms in the regression models. All analyses were performed using
Stata V.9.0 (College Station, Texas, USA).

RESULTS

A baseline carotid ultrasound was performed on 631 RA patients. After a mean of 2.8 years
(range 1-4.3 years), 56 of the patients had died, eight were lost to follow-up and one refused
further participation, leaving 566 patients eligible for a follow-up scan. Of these, we scanned
487 (86%). The mean (SD) common carotid IMT at baseline was 0.571 mm (0.151). The
same measure at follow-up increased significantly to a mean of 0.621 mm (0.171), an
increase of 0.050 mm (0.055), p<0.001, 95% CI 0.045 to 0.055. Dividing the IMT change by
the time between the baseline and follow-up scans, we obtained an IMT progression rate of
0.018 mm/year, 95% CI 0.016 to 0.020. The Pearson correlation between the baseline and
the follow-up IMT was 0.93. The IMT increased in 425 patients (87%), and actually
decreased in 62 of them (13%).

The stepwise variable selection procedure to identify baseline factors associated with the
IMT progression began with the variables listed in table 1. Variables associated with the
IMT progression rate with a p value higher than 0.05 were removed, re-entering only if the p
value became 0.045 or less. We tested models with unstratified and stratified ESR. The
stepwise process selected the following variables, with their corresponding regression
coefficients, expressed in millimetres (mm)/year: the baseline common carotid IMT, 0.0201
mm/year (95% CI 0.0844 to 0.3187), p=0.001; an ESR =55 mm/h, 0.0464 mm/year (95% CI
0.0028 to 0.0900), p=0.03; and the presence of four CV risk factors, 0.0119 mm/year (95%
ClI 0.0305 to 0.2080), p=0.009. We also tested models with individual CV risk factors of
diabetes, hypertension, hypercholesterolaemia, smoking or obesity, but none of them was
individually associated with IMT progression.

Among patients in the top IMT progression rate quartile, the IMT increased at a rate of
0.4280 mm/year (95% CI 0.3880 to 0.4690). In the lowest quartile, the change rate was
-0.0110 mm/year (95% CI —0.0213 to —0.0009). Table 1 shows characteristics of rapid
progressors at baseline, compared with the patients in lower three IMT progression quartiles.
The rapid progressors had more frequent hypertension and higher mean ESR (table 1). There
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were also fewer patients with no CV risk factors, and more patients with four or more CV
risk factors among the rapid progressors.

The stepwise logistic regression to identify factors associated with rapid IMT progression
selected the same variables that were associated with IMT progression rate: baseline carotid
IMT, OR 4.13 (95% CI 1.10 to 1.54), p=0.03; four CV risk factors, OR 3.11 (95% CI 1.21 to
8.00), p=0.01; and an ESR =55 mm/h, OR 1.93 (95% CI 1.18 to 3.15), p=0.008.

We then tested models with an ESRxCV risk factor product term. Table 2 shows the results
of linear regression models with IMT progression rate as dependent variable, and the ESR
and the number of CV risk factors as independent variables, in un-interacted and interacted
forms. The interaction term was significant with a p value of 0.04 (table 2). To interpret this
interaction, we stratified the association of the ESR with IMT progression by the number of
CV risk factors. The results of these models are shown in table 3; in the absence of CV risk
factors, or with one single CV risk factor, the ESR was not significantly associated with the
IMT progression rate. However, with two or more CV risk factors, the ESR-IMT
progression rate association grew progressively stronger.

Logistic regression models of rapid progression also showed a significant CV risk
factor<ESR interaction term. Figure 1 shows the probability of being a rapid progressor,
according to the number of CV risk factors versus ESR quintiles. This analysis suggested
that in the absence of CV risk factors, ESR was not associated with rapid progression.
However, with increasing CV risk factors, the association between ESR and rapid IMT
progression strengthened.

None of the medications displayed a significant ‘main effect” association with IMT change
rate. However, methotrexatexESR and anti-TNFXESR product terms were significantly
associated with rapid progression. Table 4 shows these results. To interpret these
interactions, we graphed the predicted probability of being a rapid progressor, according to
ESR quintiles, stratified by drug, as shown in figure 2. This suggests that association of the
ESR with rapid IMT progression was abrogated by these two medications.

DISCUSSION

We observed an increase in the common carotid IMT in most, though not all, members of
this RA cohort. The mean rate of increase, 0.018 mm/year, was similar to that reported by
Giles and colleagues, who found a rate of 0.016 mm/year.18 Other authors have reported
higher progression rates: Nagata-Sakurai et al® found 0.027 mm/year, while Gonzalez-
Juanatey and colleagues report the pooled progression of the two groups they studied was
0.036 mm/year.13

The lack of a non-RA control group limits our ability to infer whether IMT progressed any
differently in our patients than in individuals without RA. There are however a substantial
number of randomised trials in the non-RA population where IMT has served as outcome
for various interventions. Among 2693 normal control subjects in 17 randomised trials, the
IMT progression rate was estimated to be 0.0147 mm/year (95% C1 0.0122 to 0.0173),%” a
rate appreciably lower than in our patients. In the MESA, a population-based observational
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study that used IMT measurement techniques similar to ours, and which employed our
ultrasound reading centre as a reader,30 the progression rate was estimated at a mean of 0.01
mm/year, SD of 0.05, a rate even lower than in the controls who participated in the
randomised trials cited above.2” Although comparisons of the results of these control studies
with our own require caution given potential methodological and patient population
differences, it is of note that the few IMT progression studies in RA that have included a
non-RA control group have also found more rapid progression in the RA patients.61719
These observations suggest that IMT may progress more rapidly in RA than in individuals
without RA.

The key factors that we found associated with mean IMT progression and with rapid
progression were the ESR and the number of CV risk factors. We also noted an interaction
between these two variables, similar to the cross-sectional interactions we reported from the
baseline data of this same cohort.? The interaction suggests that CV risk factors modify the
association between ESR and IMT progression: the ESR is most strongly associated with
progression in patients with four CV risk factors, and weakest among patients who are free
of CV risk factors. These findings suggest that interventions aimed at reducing systemic
inflammation are more likely to succeed in reducing the rate of IMT progression if
combined with interventions to reduce CV risk factors. Tight control of RA disease activity
combined with strict CV risk factor management deserves further study as a strategy to
reduce atherosclerosis in RA.

We did not find association of methotrexate or anti-TNF with the mean IMT progression
rate. However, we did note a separate statistical interaction of ESR with methotrexate and
anti-TNF drugs. Both drugs modified the association of ESR with rapid progression: a high
ESR was not associated with rapid progression in patients receiving either of these drugs.
This finding is consistent with reports that anti-TNF therapy may slow progression or lead to
regression of IMT in RA.131416 However, our findings and those of others reporting on the
effect of medications on the carotid IMT in RA should be interpreted with caution given that
the drugs were not allocated at random in any of those studies. In the randomised trial
reported by Tam and colleagues,?! methotrexate alone was compared with methotrexate plus
infliximab in their ability to prevent IMT progression over 12 months. IMT did not progress
significantly in either group, which could represent a beneficial effect of both treatments.
However, with only 20 RA patients in each group, an alternative explanation was
insufficient statistical power to detect change.?! In view of the above findings, the
medication effect on IMT progression in RA patients requires clarification in adequately-
powered randomised trials.

We conclude that the common carotid IMT progressed significantly in this RA cohort over
an average of 2.8 years. IMT progressed more rapidly in patients with high degrees of
systemic inflammation and with multiple CV risk factors. Our findings suggest higher levels
of systemic inflammation are associated with rapid IMT progression when traditional CV
risk factors are present. Methotrexate and the anti-TNF drugs seem to diminish the
likelihood of rapid IMT progression among patients with high degrees of systemic
inflammation. Confirmation of this effect of medications on the progression of
atherosclerosis requires a randomised trial. Although we did not examine the role of carotid
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ultrasound in the identification of CV outcomes, evidence suggests that carotid ultrasound
may improve CV risk stratification in RA,3132 |ending clinical relevance to the findings we
presented here.
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Figure 1.
Predicted probability of rapid progression, according to the number of cardiovascular (CV)

risk factors and the erythrocyte sedimentation rate (ESR). Adjustment model from a logistic
regression that included age at rheumatoid arthritis (RA) onset, RA duration, sex, baseline
common carotid intima-media thickness, ESR, number of CV risk factors and a CV risk
factorxESR interaction term.

Ann Rheum Dis. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

del Rincén et al.

Page 10

1

1

8
8

Prob. of Rapid Progression x>
Prob. of Rapid Progression T3

T MTX B e Anti-TNF
® Off ® Off
0 S (S | On E S I | ®mOn
B SR gy M
(=R etttk | O o e e e e e o
<17 1726 27-37 3854  >54 <17 17-26  27-37 3854  >54
ESR (mmf/hour) ESR (mmf/hour)

Figure2.
Predicted probability of rapid intima-media thickness progression, according to the

erythrocyte sedimentation rate (ESR), stratified by: (A) use of methotrexate; (B) use of anti-
TNF agents. Adjustment model from a logistic regression that included age at rheumatoid
arthritis (RA) onset, RA duration and sex. Error bars represent 95% CI. TNF, tumour
necrosis factor.
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Table 1

Characteristics of 487 RA patients at baseline carotid ultrasound scan, according to observed progression in

carotid intima-media thickness (IMT)

Common carotid IMT progression

Upper quartile Lower threequartiles

(rapid progressors)

N 121 366

Progression

Baseline IMT, mean mm (SD) 0.601 (0.221)" 0.561 (0.117)
Follow-up IMT, mean mm (SD) 0.721 (0.251)"** 0.581(0.118)
Absolute progression, mean mm (SD) 0.119 (0.063) 0.0278 (0.027)

Progression rate, mean mm/yr (CI) 0.042(0.038t0 0.046) 0,010 (0.009 to 0.011)***

Demographics

Age, mean yrs (SD) 58.2 (11.2) 56.0 (11.7)
Disease duration mean yrs (SD) 11.9(9.6) 12.5(9.2)
Women, n (%) 82 (67.8) 273 (74.6)
Hispanic, n (%) 70 (57.8) 223 (60.9)
Non-Hispanic white, n (%) 39 (32.2) 112 (30.6)
CV risk factors
No CV risk factors, n (%) 3(2.4)" 33(9.0)
Diabetes, n (%) 25(20.7) 60 (16.4)
Hypertension, n (%) 79 (65.3)* 201 (54.9)
Hypercholesterolaemia, n (%) 45 (37.2) 116 (31.7)
Smoking, n (%) 75 (62.0) 206 (56.3)
Obesity (BMI 230), n (%) 56 (46.3) 160 (43.7)
Four or more CV risk factors, n (%) 210 17.3)" 38 (10.3)
Clinical manifestations of RA
Tender joint count, mean (SD) 14.3(12.2) 14.9 (13.6)
Swollen joint count, mean (SD) 4.3(5.0) 4.1(4.6)
Deformed joint count, mean (SD) 12,5 (11.7) 11.3(10.7)
Subcutaneous nodules, n (%) 30 (24.8) 90 (24.6)
DAS28, mean (SD) 5.25 (1.52) 5.05 (1.45)
Laboratory
ESR, mean mm/h (SD) 411 (24.8)"" 34.2 (23.3)
Rheumatoid factor, n (%) 93 (76.9) 260 (71.1)
Anti-CCP, n (%) 97 (80.8) 281 (76.9)
HLA-DRB1 shared epitope, n (%) 89 (74) 248 (67)
Medication use
Methotrexate, n (%) 100 (82) 323 (88)
Anti-TNF agents, n (%) 26 (21) 82 (22)
Methotrexate and anti-TNF, n (%) 25 (21) 80 (22)
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Common carotid IMT progression

Upper quartile Lower threequartiles
(rapid progressors)
Glucocorticoids, n (%) 51 (42) 179 (49)
*
p<0.05;
p<0.01;
p<0.001.

BMI, Body Mass Index; CV, cardiovascular; ESR, erythrocyte sedimentation rate; RA, rheumatoid arthritis; TNF, tumour necrosis factor.
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Table 2

Association of the intima-media thickness progression rate with CV risk factors and ESR

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Un-interacted model I nteracted model
Rate difference 95% Cls p Value Rate difference 95% Cls p Value
Number of CV risk factors (0 referent)
1 0.0023 -0.0035 t0 0.0082 0.4 -0.0021  -0.0094 t0 0.0051 0.5
2 0.0012 -0.0048 t0 0.0073 0.4 -0.0068 -0.0167 t0 0.0031 0.1
3 -0.0017 -0.0087 t0 0.0051 0.6 -0.0137 -0.0272 to —0.0002  0.04
24 0.0162 0.0060 to 0.0265  0.002 —-0.0000 -0.01881t00.0188 0.9
ESR strata, in mm/h (< 17 referents)
17-26 0.0018 -0.0036 t0 0.0072 0.5 -0.0002  -0.0060 to 0.0055 0.9
27-37 0.0050 -0.0005 t0 0.0106  0.07 0.0008 -0.0060t0 0.0077 0.8
38-54 0.0018 -0.0037 t0 0.0074 0.5 -0.0042  -0.0123t00.0038 0.3
>54 0.0076 0.0021t0 0.0131  0.006 -0.0011 -0.0112t00.0090 0.8
Interaction terms
o CV sk - - - 00012  00000100.0024  0.04

CV, cardiovascular; ESR, erythrocyte sedimentation rate.

Ann Rheum Dis. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

del Rincén et al.

Page 14

Table 3

Association of ESR with the IMT progression rate, stratified by the number of CV risk factors present

Rate difference per

Strata ESR 10 mm/h 95% Cls pValue
Unstratified
0.0008 0.0001to 0.0016 0.02

No. of CV risk factors

0 —0.0006 -0.00191t0 0.0007 0.3

1 0.0002 -0.0006t00.0011 0.5

2 0.0011 0.0003t0 0.0019  0.004

3 0.0020 0.0008 to 0.0031  0.001

24 0.0029 0.0011t0 0.0045 0.001

Models are adjusted for age at RA onset, RA duration and sex.

Rate difference represents the difference in progression rates, in millimetres per year, associated an ESR increase of 10 mm/h.

CV, cardiovascular; ESR, erythrocyte sedimentation rate; IMT, intima-media thickness; RA, rheumatoid arthritis.
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Table 4

Association of ESR with rapid progression, according to the use of medication

Medication gr?)g?fr? 95% Cls p Value
Methotrexate
Absent 2.29 1.45t0 3.61 <0.001
Present 117 1.001 to 1.37 0.04
Interaction p value  0.006 - -
Anti-TNF
Absent 1.36 1.15t01.61 <0.001
Present 1.003 0.73t0 1.37 0.9

Interaction p value  0.08 - -

Odds ratio are per ESR difference of 10 mm/h, from logistic regression models that adjusted for age at RA onset, RA duration, sex and CV risk
factors.

CV, cardiovascular; ESR, erythrocyte sedimentation rate; RA, rheumatoid arthritis; TNF, tumour necrosis factor.
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