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ABSTRACT. Objective. Vitamin D deficiency is associated with increased cardiovascular (CV) disease risk in the

general population. We examined the association between vitamin D deficiency and CV risk in
rheumatoid arthritis (RA).

Methods. We measured large artery compliance by pulse wave velocity and microvascular function
by the reactive hyperemia index in patients with stable RA (n = 87). We quantified CV risk factors,
serum 25-hydroxyvitamin D [25(OH)D], and interleukin 17 (IL-17), and RA disease activity by
Disease Activity Score of 28 joints. We used linear regression to test associations between serum
25(OH)D and CV risk factors.

Results. The mean serum 25(OH)D level in the cohort was 27.1 + SD 13.6 ng/ml. Fifty-nine patients
(68%) were vitamin D-insufficient (25(OH)D < 30 ng/ml; mean 20.2 + 5.9 ng/ml) and of these, 25
(29%) were vitamin D-deficient (25(OH)D < 20 ng/ml; mean 14.4 + 3.4 ng/ml). In the whole cohort
and the vitamin D-insufficient group, serum 25(OH)D was inversely associated with IL-17 (log
IL-17;  =-0.83,p=0.04; f =-0.63, p =0.004, respectively) by univariate analysis, which persisted
after adjustment for season, and in multivariate analysis after adjustment for confounders (log IL-17;
p=-074,p=004; B =-053, p=0.02). In vitamin D-deficient patients, serum 25(OH)D was
positively associated with microvascular function by univariate and multivariate analysis after
adjustment for confounders (f = 2.1, p=0.04; § =2.7, p = 0.04).

Conclusion. Vitamin D deficiency in RA may affect Th17 responses and microvascular function.
Maintaining normal serum vitamin D levels may protect against IL-17-mediated inflammation and
vascular dysfunction in RA. (J Rheumatol First Release July 1 2013; doi:10.3899/jrheum.130012)
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Understanding of the role of vitamin D in health and disease
has progressed significantly in recent years. Vitamin D is a
steroid hormone with wide-ranging effects; in addition to its
well-known effects on bone metabolism, vitamin D is
crucial in maintaining the health and integrity of several
organ systems including the immune and cardiovascular
(CV) systems. Vitamin D deficiency is highly prevalent and
can affect up to 50% of the population during winter months
in the Northern Hemisphere.

In the general population, individuals with vitamin D
[25-hydroxyvitamin D (25(OH)D)] deficiency (serum
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25(OH)D < 20 ng/ml) may be at higher risk for CV disease
(CVD), including coronary and peripheral artery disease,
heart failure, and stroke, compared to those who are vitamin
D-sufficient (25(OH)D = 30 ng/ml)!2. In addition, vitamin
D may have immune modulatory effects in several chronic
inflammatory diseases, including rheumatoid arthritis
(RA)3. CVD is an important cause of morbidity and
mortality in RA and identification and management of tradi-
tional and nontraditional CV risk factors has become a
priority in this disease*.

We identified interleukin 17 (IL-17), an important pro-
inflammatory cytokine in RA pathogenesis, as a novel deter-
minant of microvascular endothelial function and arterial
compliance in patients with RA®. While vitamin D influ-
ences Th17 cell development and polarization, no studies to
date have examined the effects of vitamin D deficiency on
IL-17 and CV risk in RA. One of the earliest manifestations
of CVD in RA is endothelial dysfunction, which precedes
overt atherosclerosis, and can be used as an early, surrogate
marker of CV risk’#8.

The vascular endothelium plays a critical role in
regulating CV homeostasis. Nitric oxide (NO) released by
endothelial cells is a vasodilator and, in addition to
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controlling vascular tone, has inhibitory effects on tumor
necrosis factor-o. (TNF-at) and the expression of proinflam-
matory adhesion molecules such as intercellular adhesion
molecule-1 (ICAM-1), vascular cell adhesion molecule-1
(VCAM-1), and chemokine monocyte chemoattractant
protein-1 (MCP-1). Endothelial dysfunction occurs when
there is impairment of endothelium-dependent vaso-
dilatation due to decreased NO bioavailability in the vessel
wall. Poor NO bioavailability occurs as a result of increased
oxidative stress with excess production of superoxide anions
and subsequent degradation of NO before it reaches target
tissues. This in turn leads to vasoconstriction, increased
platelet aggregation, and expression of ICAM-1, VCAM-1,
and MCP-1 with subsequent leukocyte activation and
recruitment”.

We hypothesized that vitamin D deficiency may increase
CV risk in RA by influencing IL-17 and vascular function.
We determined the association between serum 25(OH)D
levels and traditional and nontraditional CV risk factors in a
cohort of RA patients with low Framingham scores. We
assessed microvascular endothelial function and general
vascular (macrovascular) function and subclinical athero-
sclerotic burden using 2 measures. We used finger pulse
amplitude tonometry measured before and after reactive
hyperemia to measure microvascular endothelial function in
the peripheral circulation, and applanation tonometry to
calculate pulse wave velocity, a direct measure of arterial
stiffness, to assess macrovascular function and subclinical
atherosclerotic burden!®.

MATERIALS AND METHODS
Patients with RA who fulfilled the 1987 American College of
Rheumatology diagnostic criteria!! were recruited. For inclusion, patients
had to be receiving stable doses of disease-modifying antirheumatic drugs
(DMARD) and/or biologic agents for at least 3 months before enrollment;
if on lipid-lowering drugs, they were required to be on stable doses of these
drugs for at least 6 months. Patients were excluded if they were pregnant or
breast-feeding, were smokers, or had diabetes mellitus, congestive heart
failure (New York Heart Association class III or IV), acute infection or liver
disease with serum hepatic transaminase levels > 3 times upper limit of
normal.

The Washington University School of Medicine and University of
Michigan institutional review boards approved this study, which complied
with the Declaration of Helsinki.

Vascular function measurements. Procedures were performed at the
University of Michigan research vascular laboratory in a tempera-
ture-controlled room, after patients fasted and withheld vasoactive drugs
for at least 12 h. Resting blood pressure was measured, and body mass
index (BMI) and Framingham composite score were calculated for each
participant. All vascular assessments were performed by a single observer.

Arterial pulse wave velocity (PWV). After subjects rested supine for 10 min,
applanation tonometry was measured at the right carotid and femoral
arteries for 10 s each, following operational guidelines of the Sphygmocor
device (Atcor). Three-lead echocardiographic recordings were obtained
simultaneously with the tonometry to calculate aortic PWV (a direct
measure of arterial stiffness).

Microvascular endothelial function. Microvascular endothelium-dependent
vasodilatation was quantified in the dominant arm with the EndoPat-2000

device (Itamar). Ten minutes after PWV determination, patients were
connected to the EndoPat-2000 device finger probes. This device uses
finger pulse amplitude tonometry (PAT), measured before (baseline) and
after reactive hyperemia (RH; termed RH-PAT) induced by upper arm
5-min cuff occlusion. Basal resting finger PAT was recorded by the probes
on 1 finger from each hand. A dominant upper arm blood pressure (BP) cuff
was inflated to 50 mm Hg above systolic BP to occlude blood flow. Upon
rapid cuff deflation, RH was created and RH-PAT recorded in the ipsilateral
dominant hand finger for 5 min after cuff release. The device computer
compared 120 s of baseline mean PAT to the RH-PAT, defined as the mean
PAT from 60 to 120 s post-cuff release on the same dominant arm. These
readings were standardized to contralateral hand PAT during the same time
periods, providing the reactive hyperemia index (RHI; coefficient of
variation = 0.3).

Assessment of insulin resistance. The Homeostatic Model Assessment
(HOMAI-IR) was used to assess insulin resistance using the formula:
HOMAI-IR = [fasting plasma insulin (zU/ml) X fasting plasma glucose
(mg/dl)]/40512.

Measurement of serum and plasma markers of vascular damage.
Commercial ELISA kits were used to quantify serum levels of ICAM-1,
VCAM-1 (R&D Systems), and MCP-1 (BD-Bioscience).

Determination of serum IL-17. High-binding enzyme immunoassay/
radioimmunoassay 96-well plates were coated with anti-human IL-17
diluted with carbonate buffer, sealed, incubated at 4°C overnight, washed,
and blocked at room temperature for 2 h. Standards were prepared from
recombinant human IL-17 (Ebioscience). Serum samples and standards
were added to wells, incubated 2 h at room temperature or overnight at 4°C,
and followed by washes, addition of biotinylated anti-IL17 (Ebioscience)
and streptavidin horseradish peroxidase (Biolegend), and incubation for 2
h. TMB reagent (BD Biosciences) was added to each well. Samples were
placed in the dark until color change, followed by addition of stop solution.
Absorbance was read on a microplate reader at 450 nm wavelength. Three
samples > 18.0 ng/ml were excluded from analysis.

Determination of serum 25(0OH)D. Serum 25(OH)D levels were quantified
by enzyme immunoassay (Immunodiagnostic Systems Ltd.); the intraassay
coefficient of variation was 5.6% and interassay coefficient of variation
was 6.4%. Serum samples were measured in duplicate and the average
value was reported. Vitamin D deficiency was defined as serum 25(OH)D
levels < 20 ng/ml and insufficiency as levels < 30 ng/ml'3.

Other measurements. Lipid profile, high sensitivity C-reactive protein
(hsCRP), insulin, and fasting glucose were measured in the Michigan
Diabetes Research and Training Center. Rheumatoid factor (RF),
anticyclic citrullinated peptide antibodies, and erythrocyte sedimentation
rate (ESR) were measured at the University of Michigan Central
Laboratories using standardized techniques. Framingham scores were
calculated using an online calculator and expressed in percentages (US
National Heart, Lung, and Blood Institute, Bethesda, MD; Website:
http://hp2010.nhlbihin.net/atpiii/calculator.asp).

Statistical analysis. Serum 25(OH)D levels were analyzed as dependent
variables. Continuous variables were presented using means + SD, and
categorical variables using counts and percentages. Univariate linear
regression analysis was performed to evaluate the association between
serum 25(OH)D levels and various CV measures. Log-transformation was
performed for highly skewed variables such as ESR and IL-17. A stepwise
forward regression model was then fit to further examine each predictor’s
association with serum 25(OH)D in the presence of other factors. Variables
with probability values < 0.15 in univariate analysis were included in multi-
variate analysis. The above analyses were repeated for the vitamin D-insuf-
ficient and deficient groups. A value of p < 0.05 was considered significant.
All procedures were done using SAS 9.2 (SAS Institute Inc.).

To adjust for season, the lower ultraviolet light season (winter) was
defined as having a vitamin D level drawn between October and March and
the higher ultraviolet season (summer) between April and September in the
Northern Hemisphere!“.
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RESULTS
Eighty-seven patients with RA enrolled in the study. The
mean serum 25(OH)D level for the cohort was 27.1 ng/ml
(SD 13.6). Fifty-nine patients (68%) were vitamin D-insuf-
ficient (25(OH)D < 30 ng/ml; mean 20.2 = 5.9 ng/ml), of
whom 25 (29%) were vitamin D-deficient (25(OH)D < 20
ng/ml; mean 144 + 3.4 ng/ml). Their demographic and
clinical features are summarized in Table 1. The cohort was
predominantly female (80.5%) and white (87.4%) with
smaller numbers of African Americans (9.2%), Asians
(2.3%), and North American Indians (1.2%). The mean age
and disease duration of the cohort were 55.2 (SD 12.1) and
13.9 (SD 11.3) years, respectively. It was found that 97.7%
of the cohort tested positive for RF and over half (57%) the
patients tested positive for cyclic citrullinated peptide (CCP)
antibodies. The mean Disease Activity Score of 28 joints
was 3.0 (SD 1.5) and ESR was 15.3 mm (SD 14.6), both
measures consistent with low RA disease activity.
Fifty-eight percent of the patients were receiving
biologics, 69% traditional DMARD, and 41% were taking
glucocorticoids. Details of CV risk factors including blood
pressure, BMI, Framingham composite scores, vascular
function, insulin resistance, markers of vascular damage,
serum IL-17, lipid profile, hsCRP, fasting plasma insulin,
and glucose are shown in Table 2.

Table 1. Demographic and clinical features of study participants.

Characteristic 25(OH)D 25(0OH)D All Subjects,
< 30 ng/ml, < 20 ng/ml, n =87
n=>59 n=25
(of n =59)

Sex, n (% female) 48 (81.4) 23 (92) 70 (80.5)

Race, n (%)
White 50 (84.8) 18 (72.0) 76 (87.4)
African American 6(10.2) 5 (20) 8(9.2)
Asian 2(34) 1(4.0) 2(2.3)
American Indian/ 1(1.6) 1(4.0) 1(1.2)

Alaska Native

Ethnicity, n 4(6.8) 1(4.0) 6(6.9)
(% Hispanic)

RF-positive, n (%) 57 (98.3) 25 (100) 84 (97.7)

Anti-CCP—positive, 34 (58.6) 15 (60) 49 (57.0)
n (%)

Age, mean yrs (SD) 52.9 (11.6) 490 (11.2) 55.2 (12.1)

Anti-CCP, mean 494 (56.3) 48.3 (58.8) 53.4 (63.7)
U/ml (SD)

RF, mean IU/ml (SD) 81.1 (123.1) 83.3(119.3) 138.2(3334)

DAS28, mean (SD) 29 (1.5) 3.2(1.6) 30(1.5)

Years since RA 12.3 (10.1) 11.9 (9.6) 13.9 (11.3)
diagnosis, mean (SD)

ESR, mean mm/h 134 (12.2) 143 (9.2) 15.3 (14.6)

(SD)

CCP: cyclic citrullinated peptide; RF: rheumatoid factor; ESR: erythrocyte
sedimentation rate; DAS28: Disease Activity Score 28 joints; anti-CCP:
anticyclic citrullinated peptide antibodies; 25(OH)D: 25-hydroxyvitamin
D; RA: rheumatoid arthritis.

Table 2. Cardiovascular risk factors and medications. Data are mean (SD)
except as indicated.

25(OH)D 25(0OH)D All Subjects,
< 30 ng/ml, < 20 ng/ml, n=_87
n=>59 n=25
(of n =59)
SBP, mm Hg 136.4 (17.7) 1352 (154) 1349(17.9)
DBP, mm Hg 81.1 (9.7) 80.2 (11.5) 80.9 (10.0)
BMI 314 (7.5) 342 (8.9) 293 (72)
hsCRP, mg/dl 5.1(64) 57(14) 6.0 (12.8)
Framingham composite
score (%) 2.73.7) 1.3 (1.7) 36(5.1)

MCP-1, pg/ml 486.7 (202.4)  511.5(206.3) 498.3 (214.0)

VCAM-1, ng/ml 556.3 (212.5) 5594 (266.6) 5922 (271.9)

ICAM-1, ng/ml 186.1 (69.0) 1924 (69.6) 189.1 (69.4)
IL-17, ng/ml 2.0 (4.3) 2.6 (4.3) 2.5(5.5)
Total cholesterol, mg/dl 188.5 (36.9) 186.1 (34.2) 185.8 (37.9)
Triglycerides, mg/dl 115.2 (63.2) 107.5 (55.6) 109.4 (62.2)
HDL, mg/dl 62.3 (17.6) 60.3 (17.4) 62.6 (17.3)
LDL, mg/dl 112.0 (31.4) 1147 (284) 1094 (31.9)
Fasting serum insulin 23.6 (14.9) 24.5 (14.1) 20.8 (13.4)
#U/ml
Fasting glucose (mg/dl) 96.3 (12.6) 95.8 (12.9) 953 (11.8)
HOMAI-IR, 5.8 (44) 59 @3.7) 5.13.9)
mg/dl X pU/ml
PWYV, cm-sec-1 8.8 (2.5) 89 (2.7) 9.3(29)
RHI (%) 2.1 (0.6) 2.0 (0.6) 2.1 (0.6)
Medications, n (%)
Biologics 32 (54.2) 14 (56.0) 50 (57.5)
DMARD 48 (81.4) 18 (72.0) 60 (69.0)
Steroids 26 (44.1) 13 (52.0) 36 (41.4)
Vasoactive drugs 18 (30.5) 8 (32.0) 27 (31.0)
Lipid-lowering drugs 4 (55) 14.0) 8(9.2)

SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body
mass index; hsCRP: high-sensitivity C-reactive protein; MCP-1: monocyte
chemotactic protein-1; VCAM-1: vascular cell adhesion molecule-1;
ICAM-1: intercellular adhesion molecule-1; HDL: high-density
lipoprotein; LDL: low-density lipoprotein; HOMAI-IR: homeostatic
model assessment; PWV: pulse wave velocity; RHI: reactive hyperemia
index; DMARD: disease-modifying antirheumatic drug; 25(OH)D:
25-hydroxyvitamin D; IL: interleukin.

Univariate analysis revealed that serum 25(OH)D levels
were inversely associated with serum IL-17 levels
(log-transformed) in the whole cohort (§ = -0.83, p = 0.04)
and in the vitamin D-insufficient group (f = -0.63, p =
0.004). This inverse association persisted in both the whole
cohort and the vitamin D-insufficient group after adjustment
for season, and remained significant in both groups in multi-
variate analysis after adjustment for known confounders,
including age, BMI, sex, and race/ethnicity (f = -0.74, p =
0.04; p =-0.53, p = 0.02, respectively).

In the vitamin D-deficient group (25(OH)D < 20 ng/ml;
mean 144 + 3.4 ng/ml), univariate analysis showed that
serum 25(OH)D levels were positively associated with
microvascular endothelial function, as assessed by RHI (f§ =
2.1, p = 0.04), and with serum triglycerides (f = 0.03, p =
0.03). The positive association of 25(OH)D levels with
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microvascular endothelial function persisted in this group in
multivariate analysis after adjustment for known
confounders, including age, BMI, sex, and race/ethnicity
(B =27, p = 0.04; Figure 1). Serum IL-17 levels did not
show a significant association with microvascular
endothelial function, as measured by RHI, in this group (p =
0.08). Serum 25(OH)D levels were not associated with other
CV risk factors, large artery compliance (by PWYV),
microvascular endothelial function (by RHI), or disease
activity in the whole cohort or the vitamin D-insufficient
group. In the vitamin D-deficient group, serum 25(OH)D
levels were not associated with serum IL-17, large artery
compliance (by PWV), other CV risk factors, or disease
activity, although the mean values of IL-17 in this group
were higher than in the whole cohort and the vitamin
D-insufficient group (Table 2).

DISCUSSION

In this cross-sectional study, we found a significant inverse
association between serum vitamin D levels and IL-17 in
patients with RA. Further, our study revealed a significant
association between serum vitamin D levels and microvas-
cular endothelial function in patients with RA who were
vitamin D-deficient.

There is an emerging body of literature on the effects of
vitamin D on CV risk in RA. One recent study showed an
association between serum 25(OH)D levels and cardiometa-
bolic risk factors such as serum high-density lipoprotein
cholesterol, E-selectin, and soluble ICAM in an RA
cohort!3. Another study revealed an association between

serum 25(OH)D levels and traditional CV risk factors such
as serum low-density lipoprotein cholesterol, triglycerides,
and the metabolic syndrome in patients with RA!0.
Goshayeshi, er al recently showed that vitamin D was
protective against the metabolic syndrome in RA!7. Our
study suggests that vitamin D may influence nontraditional
CV risk factors such as IL-17 and microvascular endothelial
function in RA.

IL-17, an inflammatory cytokine derived from Thl7,
natural killer, natural killer T cells, and other innate immune
cells, has generated significant interest in RA. IL-17, acting
in synergy with TNF-o. and IL-1, orchestrates diverse
immune functions critical not only for pannus formation and
bone and cartilage destruction in RA, but also for
endothelial damage'8. As we previously showed, IL-17 may
modulate CV risk in RA through its effects on vascular
function, primarily large-vessel arterial compliance and
endothelium-dependent microvascular function®.

Vitamin D may have immunomodulatory effects on Th17
cells. The active, hormonal form of vitamin D, 1,25 dihyroxy-
vitamin D (1,25(OH)2D3), acts synergistically with all-trans
retinoic acid to inhibit the development of human Th17 cells
from both naive and memory CD4+ T cells, and decreases
IL-17 mRNA expression in memory CD4+ T cells!®. In
addition, 1,25(OH)2D3 directly inhibits Th17 polarization
in vitro in patients with early RA who are treatment-naive?’.

Although such in vitro studies suggest that vitamin D
may influence Th17 development and polarization, our
study is the first, to our knowledge, to demonstrate that
serum 25(OH)D levels are associated with serum IL-17
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Figure 1. Relationship between 25-hydroxyvitamin D (25(OH)D) levels and microvascular function by

reactive hyperemia index (RHI).
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levels in patients with established RA. After controlling for
confounding variables, we found low serum 25(OH)D
levels were associated with increased serum levels of IL-17.
Interestingly, 1,25(OH)2D3 induces the expression of the
proapoptotic transcription factors CCAAT enhancer-binding
protein-beta (C/EBPf3), and C/EBP homologous protein
(CHOP) in many cell types including Th17 cells and
macrophages. Stimulation of Th17 cells with 1,25(OH)2D3
induces the expression of CHOP in these cells?!. CHOP
overexpression in developing Th17 cells, by promoting
apoptosis, can suppress IL-17 synthesis. We speculate that
RA patients with low serum 25(OH)D and consequently low
1,25(0OH)2D3 have reduced CHOP expression in Th17 cells,
and subsequent increased IL-17 synthesis.

In patients who were vitamin D-deficient, lower serum
levels were associated with decreased microvascular RHI.
As we reported recently, IL-17 is a key determinant of
vascular function in RA®. Therefore, these effects of vitamin
D on microvascular endothelial function may be mediated
through IL-17. Our finding of a lack of association between
serum 25(OH)D levels and IL-17, and serum IL-17 and
microvascular function, in the vitamin D-deficient group
(although with higher mean values of IL-17) may be
reflective of the small sample size of this group.
Alternatively, other mechanisms may operate; previous
studies demonstrated that the protective effects of vitamin D
on endothelial function may be due to a decrease in
oxidative stress or an increase in expression of vascular
endothelial growth factor?>23->* Based on our findings, we
postulate that there may be a threshold biological effect of
vitamin D on endothelial function, with levels < 20 ng/ml
affecting microvascular function, but levels above this
threshold not improving endothelial function.

Other factors may be at play here as well. Determinants
of arterial stiffness and macrovascular function as measured
by PWYV may be quite different from those of microvascular
function as measured by RHI. The results of studies in this
regard are quite conflicting. Some investigators have shown
that traditional CV risk factors influence macrovascular
function and arterial stiffness, while others have demon-
strated that ongoing inflammation affects microvascular
function2>26, However, a recent study showed that
RA-related inflammation had no effects on microvascular or
macrovascular function, while traditional CV risk factors
affected both?’. We hypothesize that vitamin D, by
modulating the inflammatory milieu, may preferentially
affect microvascular function.

A recent study showed no beneficial effect of vitamin D
supplementation on arterial stiffness and endothelial
function in postmenopausal women (without RA) with low
vitamin D levels (defined in that study as serum 25(OH)D <
30 ng/ml)*8. However, it should be pointed out that the
definitions of vitamin D deficiency and measure of
endothelial function used in that study were different

(flow-mediated vasodilatation of the brachial artery), the
subjects were healthy postmenopausal women, and IL-17
was not included among the CV risk factors analyzed. We
hypothesize that the chronic inflammatory milieu in RA and
the role of IL-17 in determining vascular function in RA
may be unique features contributing to the effects of vitamin
D on CV risk in this disease.

We acknowledge the limitations of our study. The
cross-sectional design precluded inclusion of a control
group and assumption of a cause-effect relationship between
vitamin D and IL-17 and vascular function in RA. Although
we controlled for age, race, sex, BMI, and season in our
analysis, we could not quantify sunlight exposure, an
important potential confounder. Our vitamin D-deficient
subset was relatively small, and the association seen
between vitamin D and microvascular endothelial function
in this group needs to be confirmed in larger cohorts,
especially whether such an effect is mediated by IL-17. The
cohort studied was predominantly white, limiting the gener-
alizability of our results to other racial groups, particularly
African Americans, whose vitamin D levels are lower?®.

There is emerging evidence supporting an association
between vitamin D and CV risk in RA131%17 We have
shown that vitamin D may influence the Th17 response and
endothelial function in RA. These findings remain
hypothesis-generating, and further studies with larger
cohorts are needed to replicate these findings and inves-
tigate underlying mechanisms. Effective correction of
vitamin D deficiency may have beneficial effects on
IL-17-driven inflammation and vascular function in RA.
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