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Abstract
Patients with rheumatoid arthritis are at increased risk for myocardial infarction. It has been hypothesized that mental stress-induced
cardiovascular reactions may play a role in the triggering of myocardial infarction. Cardiovascular activity was measured during rest, stress, and
recovery in rheumatoid arthritis patients with high systemic inflammation (C-reactive protein > 8 mg/l), rheumatoid arthritis patients with low
systemic inflammation (C-reactive protein  8 mg/l), and osteoarthritis patients. Systemic vascular resistance increased only in rheumatoid
arthritis patients with high systemic inflammation. Heart rate and mean arterial pressure increased during the stress task in all groups. Thus, acute
cardiovascular events in rheumatoid arthritis patients may be related to stress-induced increases in systemic vascular resistance, particularly in
patients with high levels of systemic inflammation.
# 2007 Elsevier B.V. All rights reserved.
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1. Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory
musculoskeletal disease (Lee and Weinblatt, 2001) associated
with increased risk for acute cardiovascular events compared to
the general population (Kitas and Erb, 2003) and patients with
osteoarthritis (OA), a joint disease that is not characterized by
systemic inflammation (DeMaria, 2002). RA patients have an
increased risk for myocardial infarction (MI). The most likely
explanation is that the inflammation associated with RA has an
impact on the vasculature (Bacon and Kitas, 1994; Sattar et al.,
2003; Stevens et al., 2005). RA patients have been shown to
have a poorer endothelial function compared to healthy
individuals (Bergholm et al., 2002; Hurlimann et al., 2002;
Van Doornum et al., 2003; Vaudo et al., 2004; Wong et al.,
2003), which is associated with the extent of inflammation
(Bergholm et al., 2002; Vaudo et al., 2004; Wong et al., 2003).
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Further, higher incidence of acute cardiovascular events
(Wållberg-Jonsson et al., 1999) and a higher frequency of
carotid artery plaques (Del Rincòn et al., 2003) have been
reported for RA patients with elevated resting levels of
inflammatory markers, such as C-reactive protein (CRP).
Anecdotal, epidemiological, and experimental evidence
suggests that acute psychological stress may trigger MI (Carroll
et al., 2002; Kloner et al., 1997; Strike and Steptoe, 2003; Tofler
et al., 1987). Further, acute stress increases blood pressure
(Obrist, 1981; Turner, 1994), mediated by either increase in
systemic vascular resistance (SVR) or increase in cardiac
output (Turner, 1994). The underlying mechanism (i.e.,
vascular versus cardiac) has clinical importance, with studies
showing that stress-induced increases in SVR in coronary artery
disease patients were associated with stress-induced myocardial ischemia (Goldberg et al., 1996; Jain et al., 1998).
RA, as an inflammatory disease, provides a good model for
exploring the impact of inflammation on cardiovascular
reactions to stress, and little is known about stress reactivity
in RA patients. Previously we reported an increase in CRP
during mental stress in patients with active-RA. This increase
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was not shown in RA patients with inactive disease or in
patients with OA (Veldhuijzen van Zanten et al., 2005a). The
stress task induced an increase in blood pressure in all patient
groups. In the present analyses, we addressed the cardiovascular mechanisms underlying this stress-induced pressor
response. Given their increased risk for MI, we hypothesized
that patients with active-RA would exhibit larger stress-induced
increases in SVR.
2. Methods
2.1. Patients
Patients (21 RA and 10 OA) were recruited from outpatient rheumatology
clinics. The exclusion criteria were inability to stand for 15 min, previously
confirmed acute coronary syndrome, diabetes mellitus, or serious psychiatric
disease. RA patients were grouped according to their baseline resting CRP levels:
inactive-RA group with normal CRP (low grade systemic inflammation,
CRP  8 mg/l, N = 12) or active-RA group with elevated CRP (high-grade
systemic inflammation, CRP > 8 mg/l, N = 9). This division was based on the
laboratory cut-off point (8 mg/l) for normal or abnormal CRP. Patients abstained
from caffeine for 2 h and from food and smoking for 1 h before testing. For ethical
reasons, their medication regimens were not interrupted: analgesics (89% activeRA, 67% inactive-RA, and 20% OA), disease modifying antirheumatic drugs
(DMARDS, 89% active-RA, and 75% inactive-RA), non-steroidal anti-inflammatory drugs (33% active-RA and 10% OA), cyclooxygenase-2 inhibitors (22%
active-RA and 17% inactive-RA), anti-TNF (22% active-RA and 17% inactiveRA), and steroids (33% active-RA and 17% inactive-RA). Patients gave informed
consent and the study was approved by the hospital ethics committee.
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required to add each number to the number presented next under conditions of
increasing time pressure, social evaluation, and punishment. The combination of
mental stress and postural stress elicits greater hemodynamic reactions than
mental stress or postural stress alone (Veldhuijzen van Zanten et al., 2005b).

2.4. Procedure
Patients completed one 3-h session, starting between 9:00 a.m. and 1:00
p.m. Following a 20-min formal rest period (baseline), during which they lay
semi-recumbent, patients stepped on the tilt table, and completed the 8-min
task. Patients then lay semi-recumbent for 30-min (recovery). Blood pressure
readings were initiated at the start of minutes 14, 16, 18, and 20 of baseline,
minutes 2, 4, 6, and 8 of stress, and minutes 24, 26, 28, and 30 of recovery. The
associated electrocardiographic and impedance cardiographic data were scored
for these minutes.

2.5. Data reduction and analysis
Measurements were averaged to yield a mean baseline, stress task, and
recovery value. A series of three groups (active-RA, inactive-RA, and OA)
analyses of variance (ANOVAs) and Chi-square tests were performed on patient
characteristics and baseline cardiovascular variables. Separate 3  3 factorial
ANOVAs (group  period [Baseline, Task, and Recovery]) were then performed on each cardiovascular variable, with patient group as between-subject
factor and period as repeated measures factor. The results of the multivariate
solution are reported. Occasional missing data are reflected in variations in the
degrees of freedom.

3. Results
3.1. Patient characteristics and baseline cardiovascular
measures

2.2. Physiological measurements
Systolic (SBP), diastolic (DBP), and mean (MAP) blood pressures were
measured using an oscillometric blood pressure monitor (Omron HEM-705CP).
An ambulatory monitor (VU-AMS) (de Geus et al., 1995; Willemsen et al.,
1996) and six Ag/AgCl spot electrodes (Invisatrace, ConMed) recorded electrocardiographic and impedance cardiographic signals continuously (Sherwood
et al., 1990). Sixty seconds ensemble averages were used to determine heart rate
(HR, bpm), cardiac output (CO, l/min), and SVR (dyne-s/cm 5).

2.3. Stress task
The stress task was the paced auditory serial addition test (Gronwall, 1977),
performed while patients were tilted to 648 (see Veldhuijzen van Zanten et al.,
2005a). Briefly, patients were presented with a series of single digit numbers and

The patients’ characteristics, demographics, and baseline
measures are presented in Table 1. Patients with OA were more
likely to be in paid employment compared to the patients with
RA.
3.2. Cardiovascular reactions to stress
Fig. 1 presents the cardiovascular activity of the three patient
groups during rest, stress, and recovery. A 3 group (active-RA,
inactive-RA, and OA)  3 period (Baseline, Task, and Recovery) ANOVAyielded period, F(2,22) = 13.67, p < .001,h2 = .55,

Table 1
Patient characteristics and baseline measures of the rheumatoid arthritis and osteoarthritis patient groups

Age (years)
Sex (% women)
Married or co-habiting (%)
Employed (%)
Education (years)
Current or ex-smoker (%)
Body mass index (kg/m2)
Disease duration (years)
Systemic vascular resistance (dyne-s/cm 5)
Mean arterial pressure (mmHg)
Heart rate (bpm)
Cardiac output (l/min)

RA-high-grade-systemicinflammation

RA-low-grade-systemicinflammation

OA

F-value

59  12
89
67
11
11  2
56
29  6
16  13
986  438
102  12
68  11
10  4

57  11
83
92
33
11  1
55
29  5
99
907  256
103  12
69  10
10  2

47  11
70
100
90
12  3
80
25  3
82
823  260
92  13
65  5
10  3

2.82

Values are the means  S.D. for continuous variables and percentages for categorical variables.

x2-value

1.17
5.05
13.01
0.99
1.80
1.93
1.14
0.59
2.51
0.37
0.04

p-value
.08
.56
.08
.01
.38
.41
.17
.34
.56
.10
.69
.96
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Fig. 1. (a) Mean (SE) systemic vascular resistance, (b) mean arterial pressure, (c) heart rate, and (d) cardiac output during baseline, stress task, and recovery in
patients with RA with high-grade systemic inflammation, low grade systemic inflammation, and patients with OA.

and group  period, F(4,44) = 3.77, p = .01, h2 = .26, effects for
SVR. Follow-up within-group analyses revealed that SVR
increased with stress only for patients with active-RA,
F(2,5) = 9.02, p < .05, h2 = .78, but not in patients with
inactive-RA or OA patients. The overall group effect for SVR
was nonsignificant. ANOVAs yielded period effects for MAP,
F(2,25) = 7.91, p < .01, h2 = .39 and HR, F(2,24) = 55.41,
p < .001, h2 = .82 but not for cardiac output, F(2,24) = 1.88,
p = .18, h2 = .14. Post hoc analyses revealed that MAP and HR
were higher during the stress task relative to the baseline and
recovery. No group or group  period effects were detected for
MAP, HR, or CO.
4. Discussion
The key finding was that SVR increased with stress only in RA
patients with high-grade systemic inflammation. In healthy
participants, stress-induced increases in SVR were associated
with endothelial dysfunction (Sherwood et al., 1999). Previous
research has demonstrated that RA patients show endothelial
dysfunction, with the poorest function in those patients with the
highest levels of inflammation (Bergholm et al., 2002; Vaudo
et al., 2004; Wong et al., 2003). Thus, the SVR response to stress
may indicate endothelial dysfunction in the patients with active-

RA. Endothelial dysfunction is strongly associated with coronary
artery disease (CAD) (Lerman and Zeiher, 2005), which is considered as an inflammatory disease (Ross, 1999). Cleland et al.
(2000) proposed that inflammation could influence endothelial
function in CAD. Similarly, the increased risk for cardiovascular
disease in RA patients has been suggested to be explained by the
adverse effect of systemic inflammation on the vasculature
(Bacon and Kitas, 1994; Sattar et al., 2003; Stevens et al., 2005).
Since peripheral endothelial function is representative of
coronary endothelial function (Anderson et al., 1995; Takase
et al., 2005), most studies determine endothelial function in the
peripheral circulation. Similarly, stress-induced vasoconstriction in the periphery is representative of vascular responses in
the coronary arteries of CAD patients, with increases in SVR
associated with mental stress-induced ischemia (Goldberg
et al., 1996; Jain et al., 1998). Smooth coronary arteries dilate
with stress to accommodate the increase in cardiac demand
(Dakak et al., 1995; Kop et al., 2001; Yeung et al., 1991),
whereas stenosed arteries either fail to dilate (Dakak et al.,
1995) or vasoconstrict (Yeung et al., 1991). Thus, the stressinduced increases in SVR in the current study suggest coronary
vasoconstriction and ischemia in RA patients with high levels
of inflammation. However, without direct measures of
ischemia, this inference must remain speculative.
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A limitation of the study is that ethical considerations
dictated that patients remained medicated. However, patients
are at increased risk of cardiac events during treatment, and
therefore, examining effects of stress on medicated patients are
clinically appropriate. Most patients were treated with multiple
anti-rheumatic medications, which combined with low patient
numbers, made it impossible to adjust statistically for class of
medication. Nevertheless, there was no significant difference in
medication use between the two groups with RA. Further, none
of the patients were taking beta blockers, angiotensin
converting enzyme inhibitors, angiotensin-II receptor blockers,
other antihypertensive, or vasoactive medications.
In sum, stress elicited increase in blood pressure and heart rate
in patients with RA and OA. An increase in SVR was specific to
RA patients with high-grade systemic inflammation, and, given
the CO data, it would appear that the increase in blood pressure
for active-RA patients is driven solely by the increase in SVR.
Thus, the inflammatory status of this patient group influences
their vascular reaction to stress. Considered along with the
previously reported increase in CRP in response to this stress task
(Veldhuijzen van Zanten et al., 2005a), the increase in SVR could
contribute to the increased susceptibility for MI in RA patients
with high-grade systemic inflammatory activity.
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