
Interleukin-17 as a novel predictor of vascular function in
rheumatoid arthritis

Wendy Marder, MD, Shokoufeh Khalatbari, MS, James D. Myles, PhD., Rita Hench, CCRC,
Srilakshmi Yalavarthi, MS, Susan Lustig, Robert Brook, MD, and Mariana J. Kaplan, MD.
University of Michigan Medical School, Ann Arbor, MI

Abstract
Objectives—Rheumatoid arthritis (RA) is associated with enhanced cardiovascular (CV) risk
and subclinical vascular disease. The proinflammatory milieu has been linked to premature
atherosclerosis and endothelial dysfunction in RA. While IL-17 is considered pathogenic in RA,
its role in determining vascular dysfunction in this disease has not been systematically assessed.
We analyzed candidate variables that could determine endothelial function in various vascular
territories in a cohort of RA patients on biologic therapy, with minimal traditional CV risk factors
and low disease activity score.

Methods—RA patients (n=51) on stable biologic therapy underwent measurement of conduit
artery endothelial function by brachial artery flow-mediated dilatation (FMD); arterial compliance
by pulse wave velocity (PWV) assessment; and endothelium-dependent microvascular testing with
Endo-PAT2000 device to assess reactive hyperemia index (RHI). IL-17 was quantified by ELISA
and disease activity was assessed by DAS-28.

Results—IL-17 and high sensitivity CRP were the main determinants of lower RHI in univariate
(p=0.004, <0.001) and multivariate (p=0.004, <0.0001) analysis, respectively. Traditional and
non-traditional CV risk variables determined PWV, with a significant positive association with
IL-17 in univariate and multivariate analysis (p=0.02, 0.01, respectively). In contrast, conduit
endothelial function was mainly determined by rheumatoid factor titers (p=0.003). Anti-CCP titers
and disease activity did not determine vascular function.

Conclusion—In RA patients treated with biologics, IL-17 is a main predictor of microvascular
function and arterial compliance. This study suggests IL-17 may play a significant role in
development of endothelial dysfunction and CVD in RA.

Introduction
The paradigm of chronic inflammation as a driver of atherosclerotic disease is widely
accepted1. Endothelial damage, vascular noncompliance, and plaque development are
observed in chronic inflammatory conditions, predisposing to accelerated vascular disease2.
Indeed, rheumatoid arthritis (RA) is associated with a 50% higher risk of death from
cardiovascular disease (CVD) compared with healthy controls3; a risk comparable to that
observed in type 2 diabetes mellitus4. Furthermore, RA is considered an independent risk
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factor for multi-vessel coronary artery disease5, and evidence based-guidelines for the
amelioration of CV risk in RA have been recently published6.

In addition to overt CV events, RA patients (particularly those with a positive rheumatoid
factor (RF)) display increased prevalence of subclinical atherosclerosis. This has been
reported in patients on long term RA treatment7 and in those with low disease activity and
free of traditional CV risk factors8. Furthermore, endothelial dysfunction, a phenomenon
that predicts future CVD 9, is observed early on during the course of the disease 10, 11.

The striking increases in CVD-associated morbidity and mortality in RA cannot be fully
explained by Framingham risk factors. Rather, inflammation and metabolic disturbances
present in RA likely contribute to accelerated atherosclerosis. However, it is unclear which
factors play primary predisposing roles in RA-associated CVD, and whether the function of
the various arterial territories in RA is modulated by the same predisposing factors. Indeed,
variations among various vascular territories in their responsiveness to differing stimuli (e.g.
shear-stress, agonists including acetylcholine and bradykinin) and their relative dependence
on nitric oxide versus other endogenous vasodilators are well known. Therefore, it is
conceivable that a conduit vessel such as the brachial artery (3–6 mm) may respond in a
differing or discordant fashion to various inflammatory stimuli present in RA, when
compared to a resistance arteriole (<400 nm)12–14.

Proinflammatory mediators such as tumor necrosis factor (TNF) and interleukin-6 (IL-6) are
increased in RA, where they play a pathogenic role. These cytokines may promote CV
damage in RA, even after controlling for other CV risk factors15, 16. While previous
evidence supports their role in vascular damage, it is unclear if these cytokines represent the
primary vascular dysfunction determinants in RA. Recent interest has focused on the role of
interleukin-17 (IL-17) in RA pathogenesis17, but little is known regarding its role in vascular
disease development in this condition. IL-17 may accelerate myocardial fibrosis and
promote atherosclerosis in non-RA animal models18, 19, and elevated circulating IL-17 is
detected in patients with acute coronary syndromes20. However, association studies between
IL-17 levels and vascular function in RA are lacking.

Endothelial dysfunction, manifested as loss of normal vasoreactivity, is an early event in
atherogenesis. In the presence of vascular risk factors, endothelial cells undergo phenotypic
changes leading to decreased nitric oxide bioactivity, vasoconstriction, inflammation and
thrombosis2. Individuals with abnormal vasodilator function have increased CV event rates3.
CV risk can be assessed early on through functional measures of endothelial function,
including arterial compliance, flow mediated dilatation (FMD) of large and medium vessels
(conduit function), and microvascular endothelial function. These tests, which represent
validated surrogate markers of vascular risk in diverse patient populations, are abnormal in
RA3, 8, 21, 22.

In this study, we assessed whether various traditional and nontraditional CV risk factors are
associated with microvascular and conduit endothelial function and with arterial compliance
in a cohort of RA patients treated with biologic agents, with low disease activity and low
burden of traditional CV risk factors. We also examined if various vascular territories differ
in the factors that determine their function in RA.

Methods
Subjects

The University of Michigan IRB approved this study, which complied with the Declaration
of Helsinki. RA patients who met the 1987 American College of Rheumatology diagnostic
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criteria 23 were recruited from University of Michigan Rheumatology Clinic and by
advertisement. For inclusion, patients had to be on stable doses of DMARDS and/or
biologics for at least 3 months prior to enrollment. Patients were excluded if they were
pregnant or breastfeeding, smokers, had diabetes mellitus, a history of congestive heart
failure, acute infection, or significant liver or renal disease. Patients on any lipid lowering
drugs were required to be on stable doses of the medication for at least 6 months.

Vascular function measurements
Procedures were performed at the University of Michigan Research Vascular Laboratory in
a temperature controlled room, after patients fasted and held vasoactive drugs for at least 12
hours.

Pulse Wave Analyses and Arterial Pulse Wave Velocity (PWV)—After subjects
rested supine for 10 minutes, applanation tonometry was measured once at the right carotid
and femoral arteries for 10 seconds each, following operational guidelines of the
Sphygmocor device (Atcor, Itasca, IL). Three-lead ECG recordings were obtained
simultaneously with the tonometry to calculate aortic PWV (a direct measure of arterial
stiffness). Quality index was 80%.

Concomitant Microvascular and Conduit Brachial Endothelial Function—
Simultaneous measurement of conduit artery endothelial-dependent vasodilatation by
brachial FMD and of microvascular endothelial-dependent vasodilatation by the
EndoPat-2000 device (Itamar, Caesarea, Israel) was performed on the dominant arm as
described by us24. Ten minutes after PWV determination, patients were connected to the
EndoPat-2000 device finger probes and to a 3 lead ECG system to perform ECG-triggered
B-mode brachial artery measurements by ultrasound.

Basal resting finger peripheral arterial tonometry (PAT) was recorded by Endopat2000
probes on one finger from each hand. During this period, basal brachial artery diameter was
recorded by dominant arm ultrasound for at least 10 seconds for FMD measurement. A
dominant arm blood pressure (BP) cuff was inflated to 50 mm Hg above systolic BP for 5
minutes. Upon rapid cuff deflation, reactive hyperemia (RH) was created and RH-PAT
recorded in the ipsilateral dominant hand finger for 5 minutes. The device’s computer
compared 120 seconds of baseline mean PAT to RH-PAT, defined as mean PAT from 60–
120 seconds post cuff release on dominant arm. Readings were standardized to contralateral
hand PAT during same periods, providing RH-PAT index (RI).

Concomitantly, at 50–90 seconds post BP cuff release during RH, brachial artery diameter
(BAD) was recorded to calculate brachial artery FMD, in accord with guidelines25 and as
reported by us2627. A Terason2000 ultrasound system (Burlington, MA) with a 10.0 mHz
linear array transducer was used. After upper arm cuff was inflated, BAD was imaged
longitudinally by B-mode imaging with the transducer 2–10 cm above the antecubital crease
on dominant arm. Images were acquired at the end of each R wave on the ECG by a
triggered event. Endothelial-dependent FMD was defined as: percent change in BAD from
baseline in response to RH (measured from media-adventia line (M-line) to M-line). FMD =
[(RH BAD − basal BAD)/basal BAD] × 100 (in %). An image analysis was performed with
software from Medical Imaging Applications, Inc (Coralville, IA).

Determination of serum IL-17
High Binding EIA/RIA 96-well plates were coated with anti-human IL-17 in carbonate
buffer, incubated at 4° overnight. Standards were prepared from recombinant human IL-17
(Ebioscience). Serum samples and standards were added to wells, incubated for 2 hours at
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room temperature, followed by addition of biotinylated anti-IL17 (Ebioscience) and
streptavidin HRP (Biolegend) and incubation for 2 hours. After sample color change with
TMB reagent (BD Biosciences) addition (BD Biosciences), absorbance was quantified on a
microplate reader at 450 nm wavelength.

Other laboratory measurements
Lipid profile, high sensitivity C-reactive protein (hsCRP), insulin and glucose were
measured in the Michigan Diabetes Research and Training Center. RF, anti-CCP antibodies,
erythrocyte sedimentation rate (ESR) and complete blood count were measured at
University of Michigan Central Laboratories.

Insulin resistance assessment
The Homeostatic Model Assessment (HOMA1-IR) was used to assess insulin resistance28

using the formula: HOMA1-IR = (Fasting plasma Insulin (μU/ml) × fasting plasma glucose
mg/dl))/405.

Statistical Analysis
Measures of vascular endothelial function were analyzed as dependent variables. Continuous
variables were summarized using means and standard deviations and categorical variables
by counts and percentages. A log transformation was applied to variables with highly
skewed values (hsCRP, ESR, anti-CCP, IL-17 and RF). For univariate analyses, one-way
analysis of variance (ANOVA) or linear regression methods were used to evaluate the effect
of each predictor on vascular function. Forward stepwise multivariate regression analyses
were performed to identify the effect of predictors in the presence of other factors associated
with vascular dysfunction. Variables with p< 0.15 in the univariate analyses were included
in the multivariate analyses. The above analyses were repeated for the 34 subjects with
detectable levels of IL-17. A p≤ 0.05 was considered significant. Procedures were done in
SAS 9.2.

Results
Demographic and clinical characteristics of RA patients

Fifty-one patients treated with stable doses of biologic medications, with or without
concomitant DMARDs, were analyzed. Of these, 3 (5.88%) were treated with abatacept, 15
(29.4%) with adalimumab, 24 (47.1%) with etanercept, 3( 5.88%) with infliximab and 6
(11.76%) with rituximab. Thirty-two of these patients (63 %) were also on DMARDs: 4
(12.5%) leflunomide, 26 (81.25%) methotrexate, and 2 (6.25%) sulfasalazine. Patients were
on prednisone ( %; mean dose(range).

Demographics and information regarding disease duration and activity and autoantibodies is
included in Table 1. Clinical characteristics, including traditional CVD risk factors, are
shown in Table 2.

Factors associated with vascular function in RA
Table 3 shows the association between vascular measurements and clinical and laboratory
features among patients. Patients who were anti-CCP positive vs negative had higher IL-17
levels, (30 vs 19 pg/mL, p=0.01). Males had higher BAD (p=0.003), hematocrit (p=0.003)
and diastolic BP (p=0.049) compared to females.

Microvascular endothelial function (RHI) was significantly negatively associated with IL-17
and hsCRP levels in univariate and multivariate analysis (Tables 3 and 4). The negative
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association between IL-17 and RHI persisted when only those subjects with detectable IL-17
levels were included in the analysis (n=34, p=0.03). Other variables that negatively
associated with RHI were also linked to inflammation and included ESR, triglycerides,
white cell count and RF levels, but these associations did not persist in multivariate analysis.
There were no associations between traditional CV risk factors and RHI. Patients with
undetectable IL-17 levels had a significantly higher RHI than those with measurable IL-17
levels (2.4 vs 2.0, p=0.03). The length of RA disease duration was significantly lower
among patients with undetectable IL-17 (10 vs 19 years, p=0.01).

Regarding PWV, univariate analysis showed a positive association with both traditional
(age, heart rate, SBP) and nontraditional risk factors (IL-17, ESR and white cell count)
(Table 3). In multivariate analysis, heart rate and IL-17 continued to significantly predict
PWV (p=0.01, p=0.004 respectively) (Table 4). The positive association between IL-17 and
PWV also persisted when only subjects with detectable levels of IL-17 were included in the
analysis (n=34, p=.004)

In analysis of conduit FMD, RF levels negatively correlated with FMD in univariate and
multivariate analysis (Tables 3 and 4). No other traditional or nontraditional CV risk factors
predicted conduit FMD.

No significant associations were observed between the various vascular function tests and
DAS-28, HOMA, anti-CCP, insulin levels, RA disease duration, serum lipids, specific
DMARDs or biologics or statin therapy (not shown).

Discussion
Increased CVD cause significant excess mortality in RA, and exists independently of
traditional Framingham risk factors29, 30,31. Increased subclinical atherosclerosis prevalence
and severity are found in poorly controlled RA patients5, 32, 33 but also in those on long-term
DMARD treatment7.

Despite widespread use of biologics alone and in combination with DMARDs, there is no
evidence that CV-related morbidity and mortality rates in RA in the United States are
decreasing. In fact, the mortality gap between RA and the general population appears to be
widening34,35,36. While improvements in both endothelial function and PWV, as well as
decreases in inflammatory markers and insulin resistance, have been reported in RA patients
treated with TNF inhibitors, it is not clear that these benefits are sustained or contribute to
significant decreases in CV events and mortality21, 37–40. Furthermore, while a link between
proinflammatory responses and vascular damage has been proposed, various conflicting
results exist with regards to the association between specific inflammatory markers and
endothelial dysfunction at various vascular territories, as well as during various stages of the
natural history of plaque development and acute coronary syndromes.

In this study of patients on biologic agents with well controlled RA and low Framingham
CV risk factors, we investigated the association of inflammatory markers and traditional CV
risk factors to FMD, a measure of conduit artery vasodilator function; to RH, a measure of
microvascular vasodilator function; and to PWV, a measure of arterial stiffness.
Abnormalities in these measures have been linked to enhanced CV risk in various patient
populations41, 42.

Our results demonstrate that IL-17 is independently negatively associated with both
microvascular function and large vessel arterial compliance in RA patients treated with
biologics, primarily anti-TNF agents. These observations may have clinical relevance
because endothelial dysfunction is strongly linked to pathogenesis and clinical expression of
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future vascular damage. Further, patients with non-detectable IL-17 had significantly higher
microvascular function. In addition, we have reproduced what other groups have observed in
other patient populations, with variations in determinants of vascular function in different
vascular territories43. Indeed, the only determinants of conduit FMD were RF levels, while
IL-17 and inflammatory markers associated with lower RHI and higher PWV.

These findings support the hypothesis that systemic inflammation represents a mechanistic
link between risk factors and vascular dysfunction in both the microvasculature and large
vessel territories. RH is a complex response44. and the association we observed between
IL-17 and other inflammatory markers with lower RHI may reflect endothelial dysfunction
in the microvasculature. Furthermore, reports that changes in the microcirculation may be
important predictors of CVD in women44 can be extrapolated to a disease with female
predominance like RA. As such, our results indicate a potentially important role for IL-17
and the inflammatory burden in CV prognosis. RA is associated with impaired large,
muscular artery function, resulting in arterial stiffness 45. The latter correlates with risk of
morbidity and mortality due to CVD46, 47, While arterial stiffness has been linked to IL-6
and TNF48, our study is, to our knowledge, the first report of associations between IL-17
with PWV.

While IL-17 may play crucial in RA pathogenesis, its potential role in endothelial
dysfunction and increased CVD in this disease remains unclear. Evidence from
atherosclerosis animal models supports a role for this cytokine in plaque formation. IL-17A
is proatherogenic by promoting monocyte/macrophage recruitment into the aortic wall49.
There is constitutive expression of IL-17E by resident plaque cells, and IL-17-expressing B
cells and neutrophils in advanced and complicated plaques, indicating a potentially complex
contribution of IL-17 family cytokines in atherosclerosis 50. Elevated plasma IL-17 levels in
patients with acute myocardial infarction have been observed51 and IL-17 induces an
inflammatory phenotype on vascular smooth muscle cells52. IL-17 is also critical for the
maintenance of angiotensin II-induced hypertension and vascular dysfunction, adding
another link between the inflammatory milieu in RA and traditional CV risk factors 53. Until
more evidence supports a mechanistic link between IL-17 and CVD in RA, however, we
cannot exclude that this cytokine could be merely a marker for the presence of other factors
that account mechanistically for the observed variation in vascular function. How TNF, IL-6
and IL-17 interact to enhance CV risk in RA also deserves further investigation. Further, as
there is evidence that vascular dysfunction in RA may not be improved with short-term
treatment with conventional DMARDS54, it will be interesting to assess how targeted anti-
IL-17 therapies modify vascular function.

A proportion of RA patients in this study had undetectable IL-17 levels. This supports
previous reports that show undetectable serum IL-17 in a subset of RA patients and healthy
controls55, 56 Undetectable Il-17 in our population could reflect various factors including
downregulation secondary to biologics and/or DMARDs or genetic polymorphisms57.
Whether this subset of patients are relatively protected from vascular dysfunction warrants
future investigation.

Importantly, nn this RA cohort with well controlled disease, there were no associations
between vascular abnormalities and RA disease activity, supporting previous findings that
effective RA treatment may lead to arterial stiffness improvements21.

The present study has some limitations. While the association between RA-induced systemic
inflammation and impaired vascular function remains significant adjusted for other factors,
only prospective studies will have the potential to discern a causal relationship. The studied
cohort was predominantly white, and findings may not apply to other ethnic groups. Several
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of the factors showing correlation may be inter-correlated and finding independent effects
can be difficult even after multivariate adjustment. Furthermore, the patient cohort examined
in this study represents a subgroup of RA patients treated with biologic agents. The
population is therefore not representative of RA patients as a whole, or other RA subgroups
such as TNF-naïve patients. Future studies should assess if IL-17 continues to be an
important determinant of vascular function in other RA groups including patients with more
active disease or those with recent diagnosis.

Finally, we did not observe associations between levels of antibodies to CCP with any of the
vascular markers studied, while there was significant negative association between RF and
conduit vascular function. This supports evidence from a large population-based study
demonstrating association between CVD and the presence of RF but not anti-CCP59, but
does not support the findings of extensive subclinical atherosclerosis observed in anti-CCP-
positive vs negative patients with RA60, or the observed independent association of anti-
CCP antibodies with the development of ischemic heart disease61. These conflicting results
from various studies of autoantibodies and CVD in RA62, 63 indicate that the exact role
played by autoantibodies in accelerated atherosclerosis in RA is still undefined.

Overall, the results of this study suggest that factors predicting conduit vascular function in
RA patients differ from those associated with large vessel arterial compliance and
microvascular function. Our findings support IL-17 as a potential marker of vascular risk in
RA in small and large vascular territories and a causative association between this cytokine
and CVD. Furthermore, our results indicate that, even in patients with well controlled RA on
stable doses of biologics, factors inherent to the disease including RF, IL-17 and
inflammatory markers, continue to be the main determinants of vascular function. Indeed,
this study supports growing evidence that, although RA treatment has improved over time,
the inflammatory milieu may continue to determine vascular function even in patients with
well controlled disease and low traditional CV risk factors. Whether IL-17 represents an
attractive therapeutic target for both RA disease manifestations and for possible amelioration
of CV risk warrants further examination.

Acknowledgments
This work was supported by the National Institutes of Health through PHS grant RO1 HL086553 (to MJK) and
UL1RR024986 (University of Michigan CTSA). This work was also supported in part by the Michigan Diabetes
Research and Training Center, University of Michigan.

References
1. Kaplan MJ. Management of cardiovascular disease risk in chronic inflammatory disorders. Nat Rev

Rheumatol. 2009; 5:208–17. [PubMed: 19337285]
2. Schillinger M. Cardiovascular risk stratification in older patients: role of brain natriuretic peptide,

C-reactive protein, and urinary albumin levels. JAMA. 2005; 293:1667–9. [PubMed: 15811987]
3. Avina-Zubieta JA, Choi HK, Sadatsafavi M, Etminan M, Esdaile JM, Lacaille D. Risk of

cardiovascular mortality in patients with rheumatoid arthritis: a meta-analysis of observational
studies. Arthritis Rheum. 2008; 59:1690–7. [PubMed: 19035419]

4. Peters MJ, van Halm VP, Voskuyl AE, et al. Does rheumatoid arthritis equal diabetes mellitus as an
independent risk factor for cardiovascular disease? A prospective study. Arthritis Rheum. 2009;
61:1571–9. [PubMed: 19877093]

5. Warrington KJ, Kent PD, Frye RL, et al. Rheumatoid arthritis is an independent risk factor for
multi-vessel coronary artery disease: a case control study. Arthritis Res Ther. 2005; 7:R984–91.
[PubMed: 16207339]

Marder et al. Page 7

Ann Rheum Dis. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



6. Peters MJ, Symmons DP, McCarey D, et al. EULAR evidence-based recommendations for
cardiovascular risk management in patients with rheumatoid arthritis and other forms of
inflammatory arthritis. Ann Rheum Dis. 2010; 69:325–31. [PubMed: 19773290]

7. Gonzalez-Juanatey C, Llorca J, Testa A, Revuelta J, Garcia-Porrua C, Gonzalez-Gay MA. Increased
prevalence of severe subclinical atherosclerotic findings in long-term treated rheumatoid arthritis
patients without clinically evident atherosclerotic disease. Medicine (Baltimore). 2003; 82:407–13.
[PubMed: 14663290]

8. Vaudo G, Marchesi S, Gerli R, et al. Endothelial dysfunction in young patients with rheumatoid
arthritis and low disease activity. Ann Rheum Dis. 2004; 63:31–5. [PubMed: 14672888]

9. Celermajer DS. Noninvasive detection of atherosclerosis. N Engl J Med. 1998; 339:2014–5.
[PubMed: 9869674]

10. Bergholm R, Leirisalo-Repo M, Vehkavaara S, Makimattila S, Taskinen MR, Yki-Jarvinen H.
Impaired responsiveness to NO in newly diagnosed patients with rheumatoid arthritis. Arterioscler
Thromb Vasc Biol. 2002; 22:1637–41. [PubMed: 12377742]

11. Goodson NJ, Wiles NJ, Lunt M, Barrett EM, Silman AJ, Symmons DP. Mortality in early
inflammatory polyarthritis: cardiovascular mortality is increased in seropositive patients. Arthritis
Rheum. 2002; 46:2010–9. [PubMed: 12209502]

12. Hamburg NM, Palmisano J, Larson MG, et al. Relation of brachial and digital measures of
vascular function in the community: the framingham heart study. Hypertension. 2011; 57:390–6.
[PubMed: 21263120]

13. Harris RA, Nishiyama SK, Wray DW, Richardson RS. Ultrasound assessment of flow-mediated
dilation. Hypertension. 2010; 55:1075–85. [PubMed: 20351340]

14. Aird WC. Mechanisms of endothelial cell heterogeneity in health and disease. Circ Res. 2006;
98:159–62. [PubMed: 16456105]

15. Maradit-Kremers H, Nicola PJ, Crowson CS, Ballman KV, Gabriel SE. Cardiovascular death in
rheumatoid arthritis: a population-based study. Arthritis Rheum. 2005; 52:722–32. [PubMed:
15751097]

16. Sattar N, McCarey DW, Capell H, McInnes IB. Explaining how “high-grade” systemic
inflammation accelerates vascular risk in rheumatoid arthritis. Circulation. 2003; 108:2957–63.
[PubMed: 14676136]

17. Leipe J, Grunke M, Dechant C, et al. Th17 cells in autoimmune arthritis. Arthritis Rheum. 2010
18. Feng W, Li W, Liu W, Wang F, Li Y, Yan W. IL-17 induces myocardial fibrosis and enhances

RANKL/OPG and MMP/TIMP signaling in isoproterenol-induced heart failure. Exp Mol Pathol.
2009; 87:212–8. [PubMed: 19527710]

19. van Es T, van Puijvelde GH, Ramos OH, et al. Attenuated atherosclerosis upon IL-17R signaling
disruption in LDLr deficient mice. Biochem Biophys Res Commun. 2009; 388:261–5. [PubMed:
19660432]

20. Liang J, Zheng Z, Wang M, et al. Myeloperoxidase (MPO) and interleukin-17 (IL-17) plasma
levels are increased in patients with acute coronary syndromes. J Int Med Res. 2009; 37:862–6.
[PubMed: 19589271]

21. Maki-Petaja KM, Hall FC, Booth AD, et al. Rheumatoid arthritis is associated with increased
aortic pulse-wave velocity, which is reduced by anti-tumor necrosis factor-alpha therapy.
Circulation. 2006; 114:1185–92. [PubMed: 16952987]

22. Van Doornum S, McColl G, Jenkins A, Green DJ, Wicks IP. Screening for atherosclerosis in
patients with rheumatoid arthritis: comparison of two in vivo tests of vascular function. Arthritis
Rheum. 2003; 48:72–80. [PubMed: 12528106]

23. Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism Association 1987 revised
criteria for the classification of rheumatoid arthritis. Arthritis Rheum. 1988; 31:315–24. [PubMed:
3358796]

24. Brook R, Yalavarthi S, Myles J, et al. Determinants of vascular function in patients with chronic
gout. Journal of Clinical Hypertension. 2010

25. Corretti MC, Anderson TJ, Benjamin EJ, et al. Guidelines for the ultrasound assessment of
endothelial-dependent flow-mediated vasodilation of the brachial artery: a report of the

Marder et al. Page 8

Ann Rheum Dis. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



International Brachial Artery Reactivity Task Force. J Am Coll Cardiol. 2002; 39:257–65.
[PubMed: 11788217]

26. Brook RD, Brook JR, Urch B, Vincent R, Rajagopalan S, Silverman F. Inhalation of fine
particulate air pollution and ozone causes acute arterial vasoconstriction in healthy adults.
Circulation. 2002; 105:1534–6. [PubMed: 11927516]

27. Rajagopalan S, Somers EC, Brook RD, et al. Endothelial cell apoptosis in systemic lupus
erythematosus: a common pathway for abnormal vascular function and thrombosis propensity.
Blood. 2004; 103:3677–83. [PubMed: 14726373]

28. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985; 28:412–9. [PubMed: 3899825]

29. Wong JB, Ramey DR, Singh G. Long-term morbidity, mortality, and economics of rheumatoid
arthritis. Arthritis Rheum. 2001; 44:2746–9. [PubMed: 11762934]

30. Jacobsson LT, Knowler WC, Pillemer S, et al. Rheumatoid arthritis and mortality. A longitudinal
study in Pima Indians. Arthritis Rheum. 1993; 36:1045–53. [PubMed: 8343181]

31. del Rincon ID, Williams K, Stern MP, Freeman GL, Escalante A. High incidence of cardiovascular
events in a rheumatoid arthritis cohort not explained by traditional cardiac risk factors. Arthritis
Rheum. 2001; 44:2737–45. [PubMed: 11762933]

32. Park YB, Ahn CW, Choi HK, et al. Atherosclerosis in rheumatoid arthritis: morphologic evidence
obtained by carotid ultrasound. Arthritis Rheum. 2002; 46:1714–9. [PubMed: 12124853]

33. Kumeda Y, Inaba M, Goto H, et al. Increased thickness of the arterial intima-media detected by
ultrasonography in patients with rheumatoid arthritis. Arthritis Rheum. 2002; 46:1489–97.
[PubMed: 12115178]

34. Meune C, Touze E, Trinquart L, Allanore Y. Trends in cardiovascular mortality in patients with
rheumatoid arthritis over 50 years: a systematic review and meta-analysis of cohort studies.
Rheumatology (Oxford). 2009; 48:1309–13. [PubMed: 19696061]

35. Gabriel SE, Crowson CS, Kremers HM, et al. Survival in rheumatoid arthritis: a population-based
analysis of trends over 40 years. Arthritis Rheum. 2003; 48:54–8. [PubMed: 12528103]

36. Gonzalez A, Maradit Kremers H, Crowson CS, et al. The widening mortality gap between
rheumatoid arthritis patients and the general population. Arthritis Rheum. 2007; 56:3583–7.
[PubMed: 17968923]

37. Jacobsson LT, Turesson C, Gulfe A, et al. Treatment with tumor necrosis factor blockers is
associated with a lower incidence of first cardiovascular events in patients with rheumatoid
arthritis. J Rheumatol. 2005; 32:1213–8. [PubMed: 15996054]

38. Dixon WG, Watson KD, Lunt M, Hyrich KL, Silman AJ, Symmons DP. Reduction in the
incidence of myocardial infarction in patients with rheumatoid arthritis who respond to anti-tumor
necrosis factor alpha therapy: results from the British Society for Rheumatology Biologics
Register. Arthritis Rheum. 2007; 56:2905–12. [PubMed: 17763428]

39. Wolfe F, Michaud K. Heart failure in rheumatoid arthritis: rates, predictors, and the effect of anti-
tumor necrosis factor therapy. Am J Med. 2004; 116:305–11. [PubMed: 14984815]

40. Sidiropoulos PI, Siakka P, Pagonidis K, et al. Sustained improvement of vascular endothelial
function during anti-TNFalpha treatment in rheumatoid arthritis patients. Scand J Rheumatol.
2009; 38:6–10. [PubMed: 18991190]

41. Celermajer DS, Sorensen KE, Gooch VM, et al. Non-invasive detection of endothelial dysfunction
in children and adults at risk of atherosclerosis. Lancet. 1992; 340:1111–5. [PubMed: 1359209]

42. Birkui PJ, Thomson O, Riggio G. Tobacco dependence: first risk factor of atherosclerosis. Survey
among smokers and non-smokers in group dynamics. Ann Cardiol Angeiol (Paris). 1988; 37:73–
81. [PubMed: 3355078]

43. Aizer J, Karlson EW, Chibnik LB, et al. A controlled comparison of brachial artery flow mediated
dilation (FMD) and digital pulse amplitude tonometry (PAT) in the assessment of endothelial
function in systemic lupus erythematosus. Lupus. 2009; 18:235–42. [PubMed: 19213862]

44. Pepine CJ, Anderson RD, Sharaf BL, et al. Coronary microvascular reactivity to adenosine predicts
adverse outcome in women evaluated for suspected ischemia results from the National Heart,

Marder et al. Page 9

Ann Rheum Dis. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Lung and Blood Institute WISE (Women’s Ischemia Syndrome Evaluation) study. J Am Coll
Cardiol. 2010; 55:2825–32. [PubMed: 20579539]

45. Pieringer H, Stuby U, Pohanka E, Biesenbach G. Arterial stiffness in a muscular artery in women
with longstanding rheumatoid arthritis compared with healthy controls and patients with
traditional cardiovascular risk factors. Rheumatol Int. 2010; 30:1335–9. [PubMed: 19823841]

46. van Popele NM, Grobbee DE, Bots ML, et al. Association between arterial stiffness and
atherosclerosis: the Rotterdam Study. Stroke. 2001; 32:454–60. [PubMed: 11157182]

47. Laurent S, Boutouyrie P, Asmar R, et al. Aortic stiffness is an independent predictor of all-cause
and cardiovascular mortality in hypertensive patients. Hypertension. 2001; 37:1236–41. [PubMed:
11358934]

48. Rho YH, Chung CP, Oeser A, et al. Inflammatory mediators and premature coronary
atherosclerosis in rheumatoid arthritis. Arthritis Rheum. 2009; 61:1580–5. [PubMed: 19877084]

49. Erbel C, Chen L, Bea F, et al. Inhibition of IL-17A attenuates atherosclerotic lesion development
in apoE-deficient mice. J Immunol. 2009; 183:8167–75. [PubMed: 20007582]

50. de Boer OJ, van der Meer JJ, Teeling P, et al. Differential expression of interleukin-17 family
cytokines in intact and complicated human atherosclerotic plaques. J Pathol. 2010; 220:499–508.
[PubMed: 20020510]

51. Eid RE, Rao DA, Zhou J, et al. Interleukin-17 and interferon-gamma are produced concomitantly
by human coronary artery-infiltrating T cells and act synergistically on vascular smooth muscle
cells. Circulation. 2009; 119:1424–32. [PubMed: 19255340]

52. Patel DN, King CA, Bailey SR, et al. Interleukin-17 stimulates C-reactive protein expression in
hepatocytes and smooth muscle cells via p38 MAPK and ERK1/2-dependent NF-kappaB and C/
EBPbeta activation. J Biol Chem. 2007; 282:27229–38. [PubMed: 17652082]

53. Madhur MS, Lob HE, McCann LA, et al. Interleukin 17 promotes angiotensin II-induced
hypertension and vascular dysfunction. Hypertension. 2010; 55:500–7. [PubMed: 20038749]

54. Foster W, Carruthers D, Lip GY, Blann AD. Inflammation and microvascular and macrovascular
endothelial dysfunction in rheumatoid arthritis: effect of treatment. J Rheumatol. 2010; 37:711–6.
[PubMed: 20156948]

55. Wallis SK, Cooney LA, Endres J, et al. A polymorphism in the interleukin (IL)-4 receptor affects
the ability of IL-4 to regulate Th17 cells: a possible immunoregulatory mechanism for genetic
control of the severity of rheumatoid arthritis. Arthritis Res Ther. 2011; 13:R15. [PubMed:
21294892]

56. Singh R, Aggarwal A, Misra R. Th1/Th17 cytokine profiles in patients with reactive arthritis/
undifferentiated spondyloarthropathy. J Rheumatol. 2007; 34:2285–90. [PubMed: 17937463]

57. Paradowska-Gorycka A, Wojtecka-Lukasik E, Trefler J, Wojciechowska B, Lacki JK, Maslinski S.
Association between IL-17F gene polymorphisms and susceptibility to and severity of rheumatoid
arthritis (RA). Scand J Immunol. 2010; 72:134–41. [PubMed: 20618772]

58. Vita JA, Keaney JF Jr, Larson MG, et al. Brachial artery vasodilator function and systemic
inflammation in the Framingham Offspring Study. Circulation. 2004; 110:3604–9. [PubMed:
15569842]

59. Liang KP, Kremers HM, Crowson CS, et al. Autoantibodies and the risk of cardiovascular events. J
Rheumatol. 2009; 36:2462–9. [PubMed: 19833748]

60. Gerli R, Bartoloni Bocci E, Sherer Y, Vaudo G, Moscatelli S, Shoenfeld Y. Association of anti-
cyclic citrullinated peptide antibodies with subclinical atherosclerosis in patients with rheumatoid
arthritis. Ann Rheum Dis. 2008; 67:724–5. [PubMed: 18408112]

61. Lopez-Longo FJ, Oliver-Minarro D, de la Torre I, et al. Association between anti-cyclic
citrullinated peptide antibodies and ischemic heart disease in patients with rheumatoid arthritis.
Arthritis Rheum. 2009; 61:419–24. [PubMed: 19333979]

62. Kerekes G, Szekanecz Z, Der H, et al. Endothelial dysfunction and atherosclerosis in rheumatoid
arthritis: a multiparametric analysis using imaging techniques and laboratory markers of
inflammation and autoimmunity. J Rheumatol. 2008; 35:398–406. [PubMed: 18203326]

63. Pereira I, Laurindo I, Burlingame R, et al. Auto-antibodies do not influence development of
atherosclerotic plaques in rheumatoid arthritis. Joint Bone Spine. 2008; 75:416–21. [PubMed:
18457983]

Marder et al. Page 10

Ann Rheum Dis. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Marder et al. Page 11

Table 1

Demographic and clinical features of study participants

RA cohort
N=51

n(%)

Females 43(84.3)

Race

 Caucasian 45(88.2)

 African American 4(7.8)

 Asian 2(3.9)

Ethnicity(%Hispanic) 5(9.8)

Mean(SD)

Age (years) 56.1(10.9)

Anti-CCP (U/mL) 54.5(57.2)

RF (IU/mL) 188.8(420.0)

DAS-28 3.2(1.6)

Years since RA diagnosis 16.1(11.9)

SBP (mmHg) 136.4(17.2)

DBP (mmHg) 81.1(9.8)

BMI 28.9(6.3)

CCP: cyclic citrullinated peptide; RF; rheumatoid factor; SBP; systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; SD:
standard deviation
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Table 2

Laboratory markers of cardiovascular risk and inflammation

RA cohort
N=51

Mean(SD)

ESR(mm/hr) 17.0(17.2)

hsCRP(mg/dL) 5.2(6.4)

IL-17 (pg/mL) 2611.0(6007.7)

Total Cholesterol (mg/dL) 190.7(41.4)

Triglycerides (mg/dL) 110.5(62.2)

HDL (mg/dL) 65.6(17.4)

LDL (mg/dL) 111.5(33.9)

Fasting serum insulin(μU/ml) 19.7(11.7)

Fasting glucose(mg/dL) 93.1(10.3)

HOMA1-IR (mg/dl × μU/ml) 4.5(2.6)

ESR: erythrocyte sedimentation rate; hsCRP: high sensitivity CRP; HDL: high density lipoprotein; LDL: low density lipoprotein; HOMA:
homeostatic model assessment.
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Table 3

Univariate analysis of determinants of vascular function in RA

RHI (β, p) FMD (β, p) Aortic PWV (β, p)

RA cohort
n=51

ESR(−0.34,0.001)
hsCRP(−0.38,<0.0001)

IL-17(−0.07,0.004)
RF (−0.13,0.03)
Trig(0.003,0.04)
WBC(−0.1,0.04)

RF(−1.29,0.003) Age(0.12,<0.0001)
ESR(1.13,0.01)
HR(0.07,0.01)

IL-17(0.24,0.02)
SBP(0.07,0.0001)
WBC(0.45,0.02)

RHI-reactive hyperemia index; FMD=flow mediated dilatation; PWV=pulse wave velocity; ESR=erythrocyte sedimentation rate; hsCRP=high
sensitivity C-reactive protein; RF=rheumatoid factor; Trig=triglycerides; WBC=white cell count; HR=heart rate; SBP=systolic blood pressure
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Table 4

Multivariate analysis of determinants of vascular function in RA

RHI (β, p) FMD (p,β) Aortic PWV (p,β)

RA cohort
n=51

hsCRP(−0.35,<0.0001)
IL-17(−0.06,0.004)

RF(−1.24,0.003) HR(0.20,0.001)
IL-17(0.06,0.01)

RHI-reactive hyperemia index; FMD=flow mediated dilatation; PWV=pulse wave velocity; hsCRP=high sensitivity C-reactive protein;
RF=rheumatoid factor; HR=heart rate;
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