Is Small Artery Elasticity Decreased Prior to
Intima-Media Thickening in Patients with
Longstanding Rheumatoid Arthritis?
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ABSTRACT. Objective. To determine small artery elasticity (SAE) in patients with longstanding rheumatoid arthri-

tis (RA) in comparison to healthy controls, and to investigate its relation to markers of endothelial cell
activation, disease activity, joint damage, and the presence of atherosclerosis.

Methods. Forty-nine patients with RA and 50 age- and sex-matched healthy controls were studied.
Traditional cardiovascular risk factors and disease-related factors were recorded. SAE was measured
noninvasively by pulse-wave analysis (PWA). Endothelial activation was assessed by measuring levels
of soluble vascular cell adhesion molecule-1 (sVCAM-1) and von Willebrand factor (vWF). Carotid
intima-media thickness (IMT), as an indicator of subclinical atherosclerosis, was assessed using
ultrasonography.

Results. Patients with RA had higher body mass index, blood pressure, and triglyceride levels and were
more often cigarette smokers compared to controls. SAE was decreased in RA patients compared to
controls and was inversely related with age, smoking, blood pressure, VWF, sVCAM-1, high sensitivi-
ty C-reactive protein, and IMT. Presence of RA was independently related to SAE in multivariate lin-
ear regression analysis. SAE was inversely related with the Health Assessment Questionnaire score. No
correlation was found between SAE and other disease activity markers and damage. IMT in patients and
controls was not different.

Conclusion. Small artery elasticity was decreased in patients with longstanding RA. The presence of
RA was independently associated with SAE. Whereas IMT in patients with RA was not increased, we
hypothesize that endothelial dysfunction, reflected by decreased SAE, is present prior to IMT thicken-
ing in these patients. (First Release Aug 15 2011; J Rheumatol 2011;38:2133-40; doi:10.3899/

jrheum.100989)
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Rheumatoid arthritis (RA) is associated with increased mor-
tality, mostly due to an excess of cardiovascular dis-
ease! 23436 Even after adjustment for traditional cardiovas-
cular risk factors such as hypertension, diabetes mellitus,
smoking, and hypercholesterolemia, a higher rate of athero-
sclerosis and cardiovascular events in patients with RA com-
pared to healthy subjects has been reported’®. Therefore it is
suggested that additional mechanisms, including genetic fac-
tors, are responsible for the excess cardiovascular disease risk
observed in RA8:10.11L12.13
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ENDOTHELIAL DYSFUNCTION
RHEUMATOID ARTHRITIS

Atherosclerosis is regarded as an inflammatory disease that
develops over years>!%!5. Early detection might open possi-
bilities for intervention, aiming at the prevention of clinically
manifest cardiovascular diseases. Activation and dysfunction
of endothelial cells are considered to be the first steps in this
inflammatory process!>1%. Endothelial activation can be
demonstrated by detection of elevated plasma levels of von
Willebrand factor (vWF) and soluble adhesion mole-
cules!014:16.17 = Endothelial dysfunction, reflected by
decreased small artery elasticity (SAE), can be measured non-
invasively by pulse-wave analysis (PWA), a local tonometric
assessment of vascular elasticity. PWA is rapid, well tolerated,
and reproducible!®-192021 and correlates with results of flow-
mediated vasodilatation (FMD), another method to determine
endothelial cell function!??2-23, SAE inversely relates to inti-
ma-media thickness (IMT) of the common carotid artery*,
which is considered an indicator of generalized subclinical
atherosclerosis> 2.

As atherosclerosis might be more pronounced in patients
with longstanding RA?’, we hypothesized that in these
patients in particular, signs of endothelial cell dysfunction and
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loss of vascular elasticity would be present. The aim of our
study was to evaluate SAE in patients with RA in comparison
to healthy controls and to investigate its relation to endothelial
cell activation, disease activity, joint damage, and IMT.

MATERIALS AND METHODS

Patients and controls. Fifty consecutive patients fulfilling the American
College of Rheumatology criteria for RA2® and a disease duration of at least
11 years, who attended the outpatient clinic of the University Medical Center
Groningen, were asked to participate in this study. Patients and healthy con-
trols were recruited at the end of 2008 and beginning of 2009. Healthy con-
trols were recruited in the city of Groningen. One patient dropped out before
measurements took place. Exclusion criteria were pregnancy, diabetes melli-
tus (fasting blood glucose = 7.0 mmol/l or the use of antidiabetic medica-
tions), renal impairment (serum creatinine > 140 gmol/l), recent surgery, and
myocardial infarction or sepsis in the previous 3 months. Fifty age- and
sex-matched healthy volunteers were recruited as controls.

Information was obtained from all subjects regarding traditional cardio-
vascular risk factors. Blood pressure (BP) and lipid levels were measured.
Information regarding body mass index (BMI), smoking, family history of
cardiovascular disease, and manifest cardiovascular disease was based on
information given by the subjects themselves. The 10-year coronary heart risk
was calculated using the Framingham risk score?®.

Hypertension was defined as systolic BP > 140 mm Hg and/or diastolic
BP > 90 mm Hg and/or current use of antihypertensive drugs303!,
Dyslipidemia was defined as plasma cholesterol > 6.21 mmol/l (240 mg/dl),
plasma low-density lipoprotein (LDL) cholesterol > 3.36 mmol/l (130 mg/dl),
plasma triglycerides > 2.26 mmol/l (300 mg/dl), or current use of lipid-low-
ering drugs®9-32, Family history of cardiovascular disease was considered pos-
itive if first-degree relatives had cardiovascular disease before age 60 years®!.
Information on current medication use of patients and controls was obtained
by questionnaire. In addition, medical records of patients were reviewed, with
special focus on disease-modifying antirheumatic drugs (DMARD), non-
steroidal antiinflammatory drugs (NSAID), and lipid-lowering and antihyper-
tensive drugs. Subjects were studied in the morning after an overnight fast
and abstinence from tobacco, caffeine, and alcohol.

The local research ethics committee gave approval for the study and
informed consent was obtained from each participant.

Blood sampling and analysis. Complete blood sampling for standardized lab-
oratory assessments was performed as appropriate in all individuals: creati-
nine, total cholesterol, triglycerides, high-density lipoprotein (HDL), LDL,
high sensitivity C-reactive protein (hsCRP), erythrocyte sedimentation rate
(ESR), and glucose. Blood samples were obtained from each participant on
the day of vascular measurements.

Serum and plasma samples were stored at —20°C for determination of
endothelial cell activation markers. Serum levels of soluble VCAM-I1
(sVCAM-1) were measured according to the manufacturer’s instructions
(R&D Systems, Abingdon, UK). Levels of vWF were determined using an in-
house ELISA as described®?.

Measurement of RA disease activity. Disease activity was assessed using the
Disease Activity Score for 28 joints (DAS28)3433, Ranges of DAS28 scores
have been proposed to correspond with disease activity. DAS28 > 5.1 indi-
cates high disease activity, DAS28 > 3.2 to 5.1 moderate disease activity,
DAS28 2.6 to 3.2 low disease activity, and DAS28 < 2.6 indicates

remission°.

Measurement of functional disability. The Health Assessment Questionnaire
(HAQ) evaluates patients’ ability to perform activities of daily living, as
described’. The final HAQ index ranges from 0 to 3. Although the mean
HAQ of the population rises with age, HAQ scores < 0.3 are considered nor-
mal®’. Increasing disability is indicated by higher HAQ scores. The HAQ
score reflects both joint damage and disease activity38-3,

Measurement of joint damage. To determine the amount of joint damage, we
used the van der Heijde modification of the Sharp method*’. The maximum

erosion score in the hands is 160 and in the feet 120; the maximum score for
joint space narrowing in the hands is 120 and 48 in the feet, resulting in a
maximum total score of 448%. Radiography of the hands and feet was per-
formed when recent radiographs, taken within 1 year, were not available.

Measurement of small artery elasticity. Arterial elasticity was assessed by
pulse-wave analysis using the CR-2000 (Hypertension Diagnostics, Eagan,
MN, USA). The CR-2000 records and analyzes BP waveform data from the
arterial pulse pressure sensor. SAE was estimated from a computerized pulse
contour analysis using a Windkessel model*!*2, Measurements were per-
formed after 10 min of acclimatization in a temperature-controlled room
(22°C) with the subject in supine position. The arterial pulse pressure sensor
was placed over the right and subsequently over the left radial artery. A BP
cuff was placed on the opposite arm to record BP. The average of 3 readings
of heart rate, BP, and SAE of both the left and right arm were used for analy-
sis. The intraindividual coefficient of variation for SAE in our laboratory was
11.2%.

Measurement of IMT. Details of the method have been described by de Groot,
et al®. In short, IMT was determined in the far wall segments of the common
carotid artery, carotid bulb, and the internal carotid artery. A B-mode image
of these segments was obtained from a lateral transducer position, during
which the probe was positioned perpendicular to the far wall, showing an inti-
ma-media complex over about 1 cm. Subjects lay in the supine position.
Mean IMT (mean of the measurements in a segment) and maximum IMT (the
highest IMT value found within the segment studied) per segment were cal-
culated. Mean mean IMT (further referred to as mean IMT) and mean maxi-
mum IMT (further referred to as maximum IMT) were calculated as the aver-
age for the 6 carotid segments of mean value and of the maximum value per
segment, respectively*3.

Statistical methods. Power analysis revealed that 45 subjects had to be includ-
ed in each group to detect a difference in SAE of 2 mm Hg x 100 with an SD
of 2.8, as we previously found (data not shown), at a significance level of 0.05
with a power of 90%. Anticipating missing data, we included 50 subjects in
each group. Data are expressed as mean (+ SD) when normally distributed
and as median with interquartile range (25%-75%) when non-normally dis-
tributed. Two-sample t tests or Mann-Whitney tests were used to make com-
parisons between patients and controls for continuous variables. The chi-
square method was used for categorical variables and Fisher’s exact test for
very small expected frequencies. Correlation analyses were performed by
Pearson correlation when variables were normally distributed, otherwise the
Spearman correlation was used. Independent associations of SAE with RA
and other traditional cardiovascular risk factors were assessed using multi-
variate linear regression analysis. All analyses were performed using SPSS
16.0. Two-sided p values < 0.05 were considered significant.

RESULTS

Clinical characteristics of patients and controls. Character-
istics of patients and controls are given in Table 1. Concerning
traditional cardiovascular risk factors, BMI, number of ciga-
rette smokers, prevalence of hypertension, and levels of
triglycerides were higher in patients with RA compared to
controls. HDL levels were lower in patients with RA than in
controls. As expected, median CRP levels were significantly
higher in patients compared with controls (p < 0.001).

Disease-related factors. The mean disease duration was 12.5
(11.0-14.1) years. Although presence of rheumatoid factor
(RF) and antibodies against citrullinated proteins (ACPA) was
not an issue in the selection process, it is notable that 48 (98%)
of the patients were RF-positive and 39 (80%) ACPA-positive.
The median HAQ score was 0.18 (0.0-0.64), the mean
DAS28 score 3.09 (x 1.26), and the median modified
Sharp-van der Heijde score was 19 (9.0-39.0).
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Table 1. Clinical characteristics of patients and controls. Data are expressed as mean + (SD) when normally dis-
tributed or as median (25-75%) when non-normally distributed.

Characteristic Patients, n = 49 Controls, n = 50 p
Age, yrs 56.3 +10.6 564 +119 NS
Men, n (%) 19 (39) 20 (40) NS
Body mass index 273 +47 247+3.1 0.001
Smokers, n (%) 13 (27) 5(10) 0.033
Hypertension 22 (45%) 10 (20%) 0.008
Antihypertensive drugs 19 (39%) 8 (16%) 0.011
Systolic blood pressure, mm Hg 140.5 £20.0 130.5 £ 13.7 0.005
Diastolic blood pressure, mm Hg 80.2+12.7 75778 0.036
Dyslipidemia, n (%) 24 (49) 25 (50) NS
Cholesterol, mmol/l 49+09 5110 NS
HDL, mmol/l 14 (1.2-1.9) 1.7 (1.5-1.9) 0.004
LDL, mmol/l 33+09 33+£08 NS
Triglycerides, mmol/l 1.1 (0.9-1.5) 0.9 (0.6-1.3) 0.034
Lipid-lowering drugs, n (%) 5 (10) 4 (8) NS
Glucose 53+04 53+0.6 NS
hsCRP, mg/1 4.5(2.0-15.6) 1.2(05-24) <0.001
10-year risk for coronary heart disease*® 6.0 (4.0-10.0) 4.0 (2.0-8.5) NS

* For calculating the 10-year risk for coronary heart disease we used the Framingham Heart Study; subjects with
history of cardiovascular disease were excluded. NS: not significant; HDL: high density lipoprotein; LDL: low
density lipoprotein; hsCRP: high sensitivity C-reactive protein.

At the time of measurement, 88% of patients were treated
with 1 or more DMARD and 59% used an NSAID.

maximum IMT (r = -0.276, p = 0.007), systolic BP (r =
-0.292, p = 0.004), diastolic BP (r = -0.207, p = 0.041),

Methotrexate was used by 63% of patients. Only 14% of
patients were treated with prednisolone (Table 2).

Markers of endothelial cell activation. RA patients had high-
er levels of sSVCAM-1 and vWF than healthy controls (both
p <0.001; Table 3).

Small artery elasticity. SAE was decreased in RA patients
compared to healthy controls (p < 0.001; Figure 1 and Table
3). When data from patients and controls were analyzed
together, SAE was found to be negatively correlated with age
(r=-0.429, p < 0.001), mean IMT (r = -0.344, p = 0.001),

Table 2. Disease-related factors in patients. Data are expressed as mean +
SD when normally distributed and as median (25-75%) when non-nor-
mally distributed.

Disease duration, yrs 12.5 (11.0-14.1)

Rheumatoid factor-positive, n (%) 48 (98)
ACPA-positive, n (%) 39 (80)
DAS28 score 309 +1.26
hsCRP, mg/1 4.5 (2.0-15.6)
HAQ score (range 0-3) 0.18 (0.0-0.64)
Modified Sharp-van der Heijde score 19 (9.0-39)
Currently using DMARD, n (%) 43 (88)
Currently using methotrexate, n (%) 31 (63)
Currently using biologicals, n (%) 12 (24)
Currently using prednisolone, n (%) 7 (14)
Currently using NSAID, n (%) 29 (59)

ACPA: anticitrullinated protein antibodies; DAS28 score: disease activity
score for 28 joint indices; hsCRP: high sensitivity C-reactive protein;
HAQ: Health Assessment Questionnaire; DMARD: disease-modifying
antitheumatic drugs; NSAID: nonsteroidal antiinflammatory drugs.

hsCRP (r = -0.344, p = 0.001), sVCAM-1 (r = -0.247, p =
0.014), and vWF (r =-0.385, p < 0.001).

When RA patients were analyzed separately, the relation
between SAE and mean IMT and maximum IMT remained
(mean IMT: r =-0.309, p = 0.033; maximum IMT: r =-0.355,
p =0.013; Figure 2).

Further, SAE was negatively correlated with the HAQ
score (r =-0.297, p = 0.040).

In multivariate linear regression analysis the presence of
RA, smoking, and hypertension appeared to be independently
associated with SAE (Table 4). After adding the term “history
of cardiovascular disease” as an interactive term in our regres-
sion analysis, the presence of RA remained significant (p =
0.004 before adding this term, p = 0.008 after adding the
term).

Further, in a subanalysis excluding patients (n = 7) and con-
trols (n = 5) with a history of cardiovascular events, the pres-
ence of RA still remained independently associated with SAE
(data not shown). Usage of NSAID was significantly associat-
ed with SAE in univariate regression analysis (r = —0.1338,
p = 0.023). However, in multivariable regression analysis,
usage of NSAID was not significant (r = —-.0451, p = 0.496).

No correlation was found between SAE and other disease
activity markers such as hsCRP and DAS28 score and joint
damage as represented by the modified Sharp-van der Heijde
score (data not shown).

IMT. Mean IMT and maximum IMT were not significantly
different in comparisons between patients and controls
(Figure 1, Table 3).
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Table 3. Surrogate markers for atherosclerosis and endothelial cell activation. Data are expressed as mean + SD
when normally distributed and as median (25-75%) when non-normally distributed.

Patients, n = 49 Controls, n = 50 p
Endothelial cell activation markers
von Willebrand factor, % 154 (107-195) 96 (63-135) < 0.001
sVCAM-1, ng/ml 493 + 118 367 + 89 <0.001
SAE, ml/mm Hg x 100 42+19 62+29 <0.001
Maximum IMT, mm 0.77 (0.67-1.06) 0.87 (0.71-1.00) NS
Mean IMT, mm 0.74 (0.62-0.99) 0.68 (0.59-0.94) NS

NS: not significant; SAE: small artery elasticity; IMT: intima-media thickness; sVCAM-1: soluble vascular cell

adhesion molecule-1.

P <0.001 P =NS
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Figure 1. Small artery elasticity (SAE) and mean intima-media thickness (mean IMT) in RA patients and age and
sex-matched healthy controls. SAE is significantly decreased in RA patients compared to controls. Mean IMT is
not different between RA patients and controls. NS: nonsignificant.

DISCUSSION

In patients with longstanding RA, SAE is decreased, reflect-
ing endothelial dysfunction. This decrease is related to age,
hypertension, smoking, and mean IMT, but also independent-
ly to the presence of RA.

Consistent with results from other studies, we found a
higher prevalence of several traditional risk factors (hyperten-
sion and smoking) in patients with longstanding RA compared
to healthy controls>2!44, In some studies SAE showed a neg-
ative correlation with high cholesterol levels*#0. Other stud-
ies, however, including ours, could not confirm this associa-
tion!. In our study, lipid profiles were only slightly different
between the RA patients and controls, as triglyceride levels
were higher in RA patients and HDL levels were higher in
controls. Further, no correlation was detected between BMI
and SAE. Several other studies also found no association*’8,
whereas others did find that obesity was associated with a
decreased arterial compliance*?~931 A possible explanation
for this might be that there are limitations of BMI as an esti-
mate of body fat. Fjeldstad, et al suggest that the association

of BMI and arterial compliance may be dependent on the
extent to which BMI reflects fat vs lean body mass*’.

Although the prevalence of traditional cardiovascular risk
factors differed between our 2 study groups, they cannot fully
explain the decreased SAE in our patients, as the independent
variable — that is, having or not having RA — showed a sig-
nificant association with SAE in multivariate linear regression
analysis.

Disease-related factors are probably involved in the patho-
physiology of atherosclerosis in RA. Assuming that disease
activity and in particular chronicity (reflected by increase in
HAQ and increase in joint damage) might be related to devel-
opment of endothelial dysfunction, we analyzed the relation
between SAE and hsCRP, DAS28 score, HAQ score, and the
modified Sharp-van der Heijde score. Surprisingly, correla-
tions between SAE and markers of disease activity and dam-
age were scarce. Only a weak negative correlation with the
HAQ score was found (r = —0.297, p = 0.040). There were no
other significant correlations between SAE and other markers
of disease activity and joint damage.
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Figure 2. Relationship of small artery elasticity (SAE) to mean intima-media thickness (mean IMT).
Closed dots represent patients and open circles represent controls. Solid line represents the correla-
tion between SAE and IMT in patients (r = —0.309, p = 0.033). Broken line represents the correlation
between SAE and IMT in healthy controls (r = -0.360, p = 0.001). IMT correlates negatively with

SAE in both groups.

Table 4. Regression analysis of associations with small artery elasticity (SAE), von Willebrand factor (vWF), or soluble vascular cell adhesion molecule-1
(sVCAM-1) as dependent variable in all subjects (n = 99) using multivariate linear regression analysis. Values are presented as B; B refers to the influence
on dependent variable (SAE, VWF, and sVCAM-1, respectively). RA patients were defined as 1, controls as 0.

Dependent Variable
Variables SAE vWF sVCAM-1
B (95% CI) p B (95% CI) p B (95% CI) p

RA (yes or no) —1.468 (-2.534 to —0.402)  0.008 53.330 (16.420 to 90.239) 0.005 127.235 (79.131 to 175.338)  0.000
Body mass index 0.106 (-0.22 to 0.234) NS 2.574 (-1.838 to 6.968) NS 4.122 (-1.674 t0 9.919) NS
Smoking (yes or no) —-1.359 (-2.646 to —0.073)  0.032 2.176 (-42.265 to 46.616) NS —26.465 (-84.789 to 31.859) NS
Hypertension (yes or no)  —1.584 (-2.738 to —-0.431)  0.003 -35.190 (-75.018 to 4.637) NS —19.775 (=71.980 to 32.430) NS
Dyslipidemia (yes or no) —0.365 (—1.408 to 0.69) NS -3.102 (-39.723 to 33.518) NS 2.338 (—45.166 to 49.841) NS
Family history of CVD -0.639 (-1.902 to 0.624) NS —14.679 (-59.756 to 30.218) NS —22915 (-81.721 to 35.891) NS

(yes or no)
History of CVD —0.339 (-1.892 to 1.213) NS 36.403 (-17.034 to 89.840) NS 32.812 (-37.308 to 102.932) NS

(yes or no)

CVD: cardiovascular disease; RA: rheumatoid arthritis; N'S: not significant.

A possible explanation for these results is that our patients
had low to moderate disease activity and functional disability
at the time of measurement, as shown by the low DAS28
score (mean 3.09), hsCRP (median 4.5), and low HAQ score
(median 0.18). Further, the amount of damage, as measured
by modified Sharp-van der Heijde score, was relatively low
(median 19) in comparison to reports from other cohorts!%-2,
In patients with RA with higher damage scores, Van

Doornum, et al found a significant inverse correlation
between SAE and modified Sharp scores. In addition to dif-
ferences in the score itself, differences in methods used for
measuring joint damage (modified Sharp method versus mod-
ified Sharp-van der Heijde method) might also explain dis-
crepancies”. Moreover, atherosclerotic damage in RA is the
result of the cumulative effect of the chronic inflammatory
burden. In this regard, an association between the mean values
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of CRP over an extended followup, rather than a single deter-
mination of CRP at the time of the carotid ultrasonography
evaluation, and the carotid IMT has been reported53. Indeed,
hsCRP as a marker of inflammation and vWF and sVCAM as
markers of endothelial activation were also (inversely) related
to SAE, but not to IMT (data not shown), supporting the sug-
gestion that SAE reflects actual disease activity and IMT
reflects presence of chronic inflammation.

SAE was also inversely related to IMT (Figure 2).
Nevertheless, we did not find a significant difference in IMT
between patients and controls, despite longstanding disease
and increased levels of endothelial cell activation markers,
such as VWF and sVCAM-1, in the patients with RA. This
seems to be in contrast to a majority of other studies that
demonstrated an increased mean IMT in RA patients com-
pared to healthy controls’*. Increased IMT was described in
patients with a longer duration of RA%7533 as well as in
patients with a shorter disease duration!”23°7, Although IMT
is accepted as an early surrogate marker for atherosclerosis, it
might not always give a good indication of actual atheroscle-
rosis. Georgiadis, et alP® described that patients with early
active RA (DAS28 score 5.8, indicating high disease activity)
had an increased IMT compared to controls, which improved
after therapy. They stated that effective suppression of disease
activity with methotrexate at an early stage was associated
with improvement of IMT, suggesting that IMT at this stage
of disease reflects intimal inflammation rather than athero-
sclerosis.

The low to moderate disease activity and low functional
disability in our patients probably explains why no difference
in IMT could be found between patients and controls. Indeed,
in comparison, disease activity as indicated by the hsCRP,
ESR, HAQ score, and DAS28 score was higher in other stud-
ies23357:3859.60 Finally, it is acknowledged that our study
was not specifically powered to detect differences in IMT.

In our study, SAE was chosen to measure endothelial dys-
function, as SAE is less bothersome than flow-mediated
vasodilatation. Whether SAE is solely a measure of endothe-
lial cell dysfunction has been debated®! 92, Indeed, there is no
consensus on standard measurement for endothelial cell dys-
function: some authorities advocate flow-mediated vasodi-
latation?3-192_ others choose SAE!?. Although the physiolog-
ical meaning of SAE remains unclear, it is regarded as a bio-
marker of vascular dysfunction!?-20,

A limitation of our study is the relatively low number of
patients included. Also, we did not exclude patients and con-
trols who had had a cardiovascular event more than 3 months
before inclusion; we deliberately chose this approach because
including all patients reflected daily practice in our outpatient
clinic as closely as possible. Realizing this might influence
our results, we performed a subanalysis that excluded all
patients and controls with a history of cardiovascular events.
This subanalysis showed that the presence of RA remained
independently associated with SAE. Further, we included

out-clinic patients only; this also reflects daily practice, as we
only have hospitalized patients occasionally. Finally, the ultra-
sonographer was not blinded to the health status of the partic-
ipants.

In this cross-sectional study, SAE was decreased in
patients with longstanding RA compared to healthy controls
matched for age and sex. Presence of RA was independently
associated with SAE. Whereas IMT in RA patients was not
significantly increased, we hypothesize that endothelial dys-
function, reflected by decreased SAE, is present prior to thick-
ening of the IMT in these patients. Prospective longitudinal
studies are needed to test this theory and to evaluate the influ-
ences of disease activity and treatment on indicators of pre-
mature atherosclerosis.
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