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Vitamin D deficiency does not predict progression of
coronary artery calcium, carotid intima-media
thickness or high-sensitivity C-reactive protein in
systemic lupus erythematosus

Adnan N. Kiani', Hong Fang', Laurence S. Magder? and Michelle Petri’

Abstract

Objective. Vitamin D deficiency is common in SLE. Cardioprotective effects of vitamin D have been
postulated due to modulation of inflammatory cytokines. However, the effects of vitamin D supplemen-
tation on inflammatory cytokines in trials have been inconsistent. We determined whether levels of vitamin
D at baseline were associated with subclinical measures of atherosclerosis, or with changes in subclinical
measures over 2 years.

Methods. Of the 200 patients enrolled in the Lupus Atherosclerosis Prevention Study, complete baseline
and follow-up data [including coronary artery calcium (CAC), carotid intima-media thickness (IMT), 25-
hydroxy vitamin D [25(0OH)D] and high-sensitivity CRP (hsCRP) levels] were available for 154 patients.
Assessments were repeated 2 years later.

Results. 25(0H)D values ranged from 4 to 79ng/ml. Among African American patients, 25(0OH)D values
ranged from 4 to 55 ng/ml. With low 25(0OH)D (vitamin D <21 ng/ml), a higher proportion had a CAC score
>100 (11%) compared with those with vitamin D insufficiency (21-32 ng/ml) (10%) and normal (=32 ng/ml)
25(0OH)D (83%), which was not statistically significant. 25(0OH)D was neither associated with nor did it
predict progression of CAC or carotid IMT over 2 years. The mean hsCRP decreased over 2 years.

Conclusion. 25(0OH)D was not associated with any measure of subclinical atherosclerosis. 25(0OH)D
deficiency was associated with higher hsCRP at baseline, but did not predict a change in hsCRP over
2 years.
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Introduction among men with low 25(0OH)D levels was found [6]. A pro-

spective study of 3258 participants reported a hazard
Vitamin D deficiency has increased throughout the world  ratio of 2.22 vs 1.82 for cardiovascular mortality for
[1]. It has been linked to coronary artery disease, heart lower vs higher vitamin D levels [7].
failure and renal disease [2-4]. In the prospective Calcitriol, the active form of vitamin D, plays an import-
Framingham Offspring Study, a hazard ratio of 1.62 for  ant role in regulating cardiac muscle protein myotrophin.
cardiovascular disease was found among individuals  Calcitriol exerts its effects through the cytosolic vitamin D
with low 25-hydroxy vitamin D [25(0OH)D] vs without [5].  receptor (VDR), which is widely found in murine as well as
In the nested case-control Health Professionals Follow- human tissues and cells, including cardiac myocytes [8].
up Study, a relative risk of 2.09 for myocardial infarction  Murine studies in VDR knockout mice found significant
underexpression of matrix metalloproteinase inhibitors.
Matrix metalloproteinases destabilize atherosclerotic pla-
"Johns Hopkins Unig/ers_ity School of Medicine, I;Jivision of ques and also play a role in myocardial dysfunction,
Rheumatology and “University of Maryland, Baltimore, MD, USA. . . . . . .

) ) ) including heart failure [9]. In other murine models, vitamin
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Vitamin D deficiency is common in SLE. Earlier studies
suggested a prevalence of 8%, whereas recent studies
have shown a prevalence as high as 67% [13, 14].
Vitamin D deficiency is associated with other autoimmune
diseases, including type 1 diabetes mellitus, rheumatoid
arthritis and multiple sclerosis [15-17].

The association of vitamin D with subclinical measures
of atherosclerosis in SLE have been contradictory, with
some studies suggesting a positive association [18-20],
while another study was negative [21]. We investigated
whether low 25(0H)D was associated with subclinical
measures of atherosclerosis or a major inflammatory
marker, high-sensitivity CRP (hsCRP). In addition, we
investigated whether low vitamin D can predict a change
in subclinical measures of atherosclerosis or hsCRP over
2 years.

Methods

Study participants

Participants in the Lupus Atherosclerosis Prevention
Study (LAPS) were members of the Hopkins Lupus
Cohort who chose to participate in a randomized,
double-blind, placebo-controlled trial of atorvastatin
40 mg vs matching placebo [22]. Patients with a history
of an atherosclerotic event (such as angina or myocardial
infarction) were excluded. Of the 200 patients enrolled in
this trial, complete baseline and follow-up data [including
coronary artery calcium (CAC), carotid intima-media
thickness (IMT), 25(0OH)D and hsCRP levels] were avail-
able for 154 patients. All patients gave informed consent
for the LAPS, which was approved by the Johns Hopkins
University School of Medicine Institutional Review Board.
Data from the LAPS were analysed for this study.

At baseline and after 2 years, CAC was assessed by
multidetector CT and carotid IMT assessed by carotid
duplex ultrasound. We combined both treatment groups
for the analysis of progression (those on statin and those
on placebo), as statin use did not affect progression.

Measurement of vitamin D

Vitamin D levels at baseline were measured on stored sera
by chemiluminescence immunoassay on a Liaison instru-
ment (DiaSorin, Stillwater, MN, USA). The Liaison 25(0H)D
assay is a direct competitive chemiluminescent immuno-
assay for the quantitative determination of total 25(0OH)D
in serum. During the first incubation, 25(0OH)D was
dissociated from its binding protein and bound to the spe-
cific antibody on the solid phase. After 10 min the tracer
(vitamin D linked to an isoluminol derivative) was added.
After the second 10 min incubation, the unbound material
was removed with a wash cycle. Subsequently the starter
reagents were added to initiate a flash chemiluminescent
reaction. The light signal was measured by a photomulti-
plier as relative light units and was inversely proportional
to the concentration of 25(0H)D present in calibrators,
controls or samples. We did not have follow-up data on
vitamin D levels during the study period.
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Vitamin D assays

The inter-assay (between run) precision was determined
by running 10 samples using the manufacturer’s low and
high quality control (QC) material over a period of 10 days.
We established the coefficient of variation (CV) based on a
2s.p. calculation from the QC range for the low and high
controls manufactured by DiaSorin. The established CV
for the low control was 15% and 12% for the high control.
The CVs that resulted from the testing were 10.6% (low)
and 9.7% (high), both of which were within the measured
range. The intra-assay (within run) precision was deter-
mined by running the manufacturer’s low and high QC
material 20 times each within 1 day. The CVs were 5.3%
(low) and 4.4% (high), which were well within the mea-
sured range (15% for the low control and 12% for the
high control). Both inter- and intra-assay results demon-
strated a precision within the expected calculated CV
range from the manufacturers’ QC material of 15% and
12%, respectively.

Measurement of coronary artery calcification

Coronary artery calcification scores were calculated using
Agatston scoring. Coronary artery calcification was as-
sessed by multidetector CT with a Siemens Volume
Zoom Scanner (Siemens Medical Solutions, Malvern,
PA, USA) using a 2.5-mm collimation and a slice width
of 3mm, with both scans done on the same machine.
Data were reloaded into a Siemens Leonardo workstation
using Siemens calcium scoring software. Coronary artery
calcification was quantified using a standard scoring
system, available as part of the scanner software package
[23]. There is excellent reproducibility of coronary artery
calcification using CT [24].

Measurement of carotid IMT

Carotid IMT was measured using high-resolution B-mode
ultrasound at baseline and 24 months to image the right
and left common carotid arteries using a single ultrasound
machine (Sonos 5500, Philips Medical Systems) with a
linear array 8-MHz scan head with standardized image
settings, including resolution mode, depth of field, gain
and transmit focus. Digital imaging and communications
in medicine images from a diastolic frame of the cine-loop
recording were electronically stored and transferred via
optical disk to an off-line workstation for analysis. The
carotid IMT was measured between the lumen intima
and media adventitia interfaces of the far wall of the
common carotid artery (the 1cm segment proximal to
the bifurcation) by a single reader using an automated
edge detection system. The mean IMT of this 1 cm seg-
ment was measured on two separate images of the left
and right common carotid artery at the peak of the R wave
on a simultaneous electrocardiogram tracing. The mean of
these four measurements was used as the IMT. We chose
this location because of its demonstrated reproducibility
compared with measurements of carotid IMT at other
sites [25, 26]. Both patients and providers were blinded
to the IMT results until the 2-year follow-up examination
was completed and each examination was considered as
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an independent study. The provider did not know the pre-
vious IMT results.

Statistical analysis

Subgroups of patients defined by vitamin D levels were
compared with respect to baseline measures of subclin-
ical atherosclerosis and hsCRP. The groups were also
compared with respect to changes in subclinical athero-
sclerosis and hsCRP. Pearson chi-square tests and ana-
lysis of variance (ANOVA) methods were used to assess
the statistical significance of observed associations.

Results

The SLE patients were 92% female, 62% Caucasian, 32%
African American and had a mean age of 46 years.
Cumulative revised ACR classification criteria included
malar rash 62%, discoid rash 23%, photosensitivity
64%, oral ulcers 60%, arthritis 82%, serositis 53%, renal
disorder 43%, neurological disorder 10%, haematological
disorder 73%, immunological disorder 90% and ANA
positivity 97%.

Table 1 shows the baseline characteristics by 25(0OH)D
status. Caucasian patients had more vitamin D levels
>32ng/ml than African American patients (78% vs 16%)
(P=0.0001). Table 2 shows the CAC by vitamin D status.
Of those with 25(0OH)D deficiency, a higher proportion had
a coronary calcium score >100 (11%) compared with
those with 25(OH)D insufficiency (10%) and normal vita-
min D (3%). We then looked at changes in CAC, carotid
IMT and hsCRP between the 25(0OH)D insufficiency, defi-
ciency and normal groups. There was no statistically sig-
nificant difference in the change over 2 years between
these groups (Table 3). We did another analysis using
vitamin D as a continuous variable. There was no
change in our conclusions. We have shown some of
these data, described above, in the form of boxplots in
Figs 1-3. There were no atherosclerotic events during the
follow-up period of the study.

Discussion

In the general population, several studies have highlighted
the association of lower vitamin D with subclinical meas-
ures of atherosclerosis, including CAC and carotid IMT
[27-29]. In the general population, a positive association
was found between aortic plaque and low vitamin D levels
among African Americans [30]. Bruce et al. [20] found that
low 25(0OH)D was associated with aortic stiffness, but not
with carotid IMT. Wu et al. [18] found no association be-
tween low vitamin D levels and carotid IMT. Our study is
the first in SLE patients, but also the first to look at
25(0OH)D and CAC, and the first to look at progression
over 2 years. We did find a higher proportion of patients
with CAC scores >100 and low vitamin D levels, but this
was not statistically significant.

Inflammation plays an important role in the pathogen-
esis of atherosclerosis in SLE. In the general population,
multiple studies have shown hsCRP to be an independent
predictor of future stroke and myocardial infarction

www.rheumatology.oxfordjournals.org

TasLE 1 Baseline characteristics by 25(0OH)D status

Characteristic by vitamin
D levels, n (%)

<21ng/ml 21-32ng/ml >32ng/ml

Variable (n=71) (n=51) (n=32) P-value
Age, years
18-30 5(7) 6 (12) 3(9) 0.84
31-49 42 (59) 28 (55) 16 (50)
50+ 24 (34) 17 (33) 13 (41)
Ethnicity
Caucasian 31 (44) 39 (7 25 (78)  0.0001
African American 37 (52) 8 (16) 5 (16)
Other 3 (4) 4 (8) 2 (6)
Gender
Female 67 (94) 46 (90) 29 (91) 0.66
Male 4 (6) 5 (10) 3(9)

TaBLe 2 Levels of CAC by 25(0OH)D status

CAC score
Vitamin D status
All patients 0.1-100

<21 ng/ml 41 (58) 22 (31) 8 (11)

21-32ng/ml 28 (55) 18 (35) 5(10

32+ ng/ml 20 (63) 11 (34) 1)
All values are n (%).
[31-33]. With each increasing quartile of baseline

hsCRP, the relative risk for first myocardial infarction
and stroke increased. In a cohort of 27939 women,
hsCRP was found to be a strong indicator of cardiovas-
cular disease risk [33]. Using National Health and Nutrition
Examination Survey (NHANES) data, an inverse relation-
ship was found between low 25(0H)D (<21 ng/ml) and
hsCRP. Higher levels (>21ng/ml) were associated with
an increase in hsCRP [34].

We have previously reported that hsCRP was asso-
ciated with higher SLE disease activity, measured by
either the physician’s global assessment or the Safety of
Estrogens in Lupus Erythematosus National Assessment
(SELENA)-SLEDAI [35]. Other studies in SLE have found
that hsCRP levels were increased with serositis and arthritis
[36, 37]. In a study of newly diagnosed SLE patients, hsCRP
levels were reliable indicators of disease activity [38].

Several cross-sectional studies in SLE have shown in-
consistent results between hsCRP and subclinical athero-
sclerosis as measured by carotid IMT, CAC or carotid
plaque [39-43]. In a multi-ethnic prospective SLE study
of 546 patients, hsCRP levels were associated with vas-
cular events [44]. However, we did not find any associ-
ation of hsCRP with CAC [22]. One of the limitations of the
study is we have missing data on patients, leading to po-
tential bias.

In this study, low 25(OH)D was associated with high
hsCRP but did not predict the progression of hsCRP
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TaBLe 3 Baseline and changes in CAC, carotid IMT and hsCRP by baseline 25(OH)D level

Mean at P-value for differences Mean after P-value P-value for

Measure baseline in baseline® PATCE T Mean change for change differences in change®

Loge (CAC score +1)

Vitamin D <21 1.20 0.96 1.38 0.18 0.13 0.10
Vitamin D 21-32 1.15 1.05 —0.09 0.62
Vitamin D >32 1.11 1.30 0.19 0.25

Carotid IMT
Vitamin D <21 0.59 0.99 0.69 0.10 <0.0001 0.19
Vitamin D 21-32 0.57 0.64 0.07 <0.0001
Vitamin D >32 0.58 0.65 0.07 <0.0001

Loge (hsCRP)
Vitamin D <21 1.33 0.017 1.04 -0.29 0.011 0.89
Vitamin D 21-32 0.66 0.33 —0.33 0.049
Vitamin D >32 0.75 0.32 —0.43 0.036

@Adjusted for ethnicity, drug treatments including HCQ and prednisone, and serum creatinine. 25(0OH)D is shown in ng/ml.

Fic. 1 Box plot of baseline CAC score vs vitamin D. Fic. 3 Box plot of baseline hsCRP vs vitamin D.
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