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Abstract

Objective—An association between 25-hydroxyvitamin D (25[OH]D; vitamin D) deficiency and 

increased cardiovascular (CV) risk factors and CV disease (CVD) has been shown in general 

population studies. Vitamin D deficiency has been noted in systemic lupus erythematosus (SLE), 

and CVD is a major cause of morbidity and mortality in SLE. The objectives of this study were to 

estimate the associations of 25(OH)D levels with CV risk factors and to determine whether low 

baseline 25(OH)D levels predict future CV events in patients participating in an international 

inception cohort.

Methods—Data were collected on 890 participants, including demographics, SLE activity and 

damage assessments, CV risk factors and events, medications, laboratory assessments of 25(OH)D 

levels, and inflammatory markers. Multiple logistic and Cox regressions were used to estimate the 

associations of baseline 25(OH)D levels with baseline CV risk factors and CVD events. The 

models were adjusted for age, sex, race, season, and country, with and without body mass index.

Results—Patients in the higher quartiles of 25(OH)D were less likely to have hypertension and 

hyperlipidemia and were more likely to have lower C-reactive protein levels and lower Systemic 

Lupus Erythematosus Disease Activity Index 2000 scores at baseline when compared with the first 

quartile. Vitamin D levels were not independently associated with CVD event incidence; however, 

hazard ratios for CVD event incidence decreased with successively higher quartiles.

Conclusion—Lower baseline 25(OH)D levels are associated with higher risk for CV risk factors 

and more active SLE at baseline. There may be a trend toward a lower likelihood of CVD events in 

those with higher baseline 25(OH)D levels.

INTRODUCTION

25-Hydroxyvitamin D (25[OH]D; vitamin D) deficiency has been associated with increased 

cardiovascular disease (CVD) (1–4) and CVD risk (5) in the general population. The Third 

National Health and Nutrition Examination Survey and other cross-sectional cohort studies 

found serum vitamin D levels to be inversely associated with hypertension, diabetes 

mellitus, obesity, and hypertriglyceridemia (5,6). Furthermore, there is growing evidence 

that vitamin D deficiency is associated with an increased prevalence of CVD events, 

including myocardial infarction (MI), congestive heart failure (CHF), stroke, angina, and 

peripheral arterial disease (1–4). In the Health Professionals Follow-Up Study, which 

included 18,225 men, vitamin D levels were found to be an independent risk factor for MI. 

Furthermore, men with 25(OH)D levels ≤15 ng/ml were at a significantly greater risk for MI 

than those who had sufficient 25(OH)D levels (>30 ng/ml), even after controlling for 

confounders (1). Similarly, as noted in the Third National Health and Nutrition Examination 

Survey, 1,308 men and women with self-reported CVD had a significantly greater frequency 
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(29.3% versus 21.4%; P < 0.0001) of 25(OH)D deficiency (defined as <20 ng/ml) compared 

to those without CVD (4).

Several studies have established CVD to be a major cause of morbidity and mortality in 

patients with chronic inflammatory diseases, including systemic lupus erythematosus (SLE; 

lupus) (7–10). In fact, SLE, like diabetes mellitus, is thought to be an independent risk factor 

for the development of atherosclerosis (11), and patients with SLE have been found to have 

a 5-fold increase in MI at a significantly earlier age (49 versus 69 years) (12).

Vitamin D is also thought to have a significant role in several autoimmune diseases, 

including SLE (13). The vitamin D receptor is expressed in cells involved in the innate and 

adaptive immune responses, and this receptor is thought to have immunomodulatory, 

antiproliferative, antibacterial, and antiinflammatory properties (13). Patients with SLE are 

also known to have lower levels of 25(OH)D, with measurements near or <20 ng/ml (14,15), 

and in some cases critically low at <10 ng/ml (15,16). Lower levels of vitamin D have been 

shown to correlate with increased SLE disease activity (17,18), and studies using animal 

models of SLE (19) demonstrated attenuation of some manifestations with increasing 

vitamin D intake (19,20). We previously demonstrated significant associations between 

selected CVD risk factors and 25(OH)D levels in women with SLE, although most of the 

relationships were partially explained by body mass index (BMI) (21). We extended our 

studies to further define the relationship between vitamin D and CVD events in a large 

international inception cohort of women and men with SLE.

PATIENTS AND METHODS

Systemic Lupus International Collaborating Clinics (SLICC) Registry for Atherosclerosis

At the time of this investigation, the SLICC comprised 27 centers from 11 countries in North 

America, Europe, and Asia. An inception cohort of 1,427 patients had been assembled 

according to a standardized protocol between 2000 and 2012 to study risk factors for 

atherosclerosis and cardiovascular events. Patients followed at participating centers were 

enrolled in the registry within 15 months of their date of diagnosis, based on ≥4 American 

College of Rheumatology (ACR) classification criteria for SLE (22). Demographic data as 

well as data collected on clinical factors, laboratory factors, cardiovascular events, and 

coronary artery disease risk factors were submitted to the coordinating center at the 

University of Toronto at enrollment and once annually using standardized data collection 

forms. Disease activity was measured by the Systemic Lupus Erythematosus Disease 

Activity Index 2000 (SLEDAI-2K) (23). Damage was measured by the SLICC/ACR 

Damage Index (24). Laboratory tests necessary to evaluate disease activity and complete 

disease activity and damage measures were performed locally. Low complement levels were 

defined as a decrease in CH50, C3, or C4 below the lower limit of normal for the testing 

laboratory. Double-stranded DNA testing was done locally, with abnormal values defined by 

the local laboratory parameters. Low-density lipoprotein (LDL) cholesterol, homocysteine 

levels, and C-reactive protein (CRP) levels were measured in a subset of patients at 

enrollment. Although the majority of homocysteine levels were measured by a central 

laboratory, CRP levels were measured in local laboratories. Lupus anticoagulant and IgG 

anticardiolipin antibody testing was performed at the Oklahoma Medical Research 
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Foundation. The study has been approved by the research ethics boards of all participating 

institutions.

Vitamin D measurement

Of the 1,427 patients, 890 had blood samples available for vitamin D testing. After 

excluding 13 subjects due to pregnancy and 2 subjects with CVD events prior to baseline, 

875 subjects were included in our analyses. 25(OH)D was performed by DiaSorin in Toronto 

through the University Health Network Laboratory Medicine Program. The intraassay 

coefficient of variation was 10.8% and the interassay coefficient of variation was 9.4%.

Traditional CVD risk factors

Traditional CVD risk factors included hypertension, BMI, hypercholesterolemia, smoking, 

diabetes mellitus, and postmenopause status. Hypertension was defined as a systolic blood 

pressure ≥140 mm Hg, a diastolic blood pressure ≥90 mm Hg, or taking current treatment 

for hypertension. Hyperlipidemia was defined as present if LDL cholesterol was ≥130 mg/dl 

or if the patient was currently receiving lipid-lowering medications. Diabetes mellitus was 

defined as present if fasting plasma glucose was ≥126 mg/dl or if currently taking 

medication for diabetes mellitus. Postmenopause status was defined as the absence of 

menses for 12 months or bilateral oophorectomy. Self-reported alcohol consumption and 

hours spent in sedentary, slight, moderate, or heavy physical activity on an average day were 

also collected.

CVD events

Information about incident CVD events, including MI, angina, CHF, peripheral vascular 

disease, transient ischemic attacks, or strokes (cardiovascular accident), based on definitions 

previously described, was collected (25). The type and date of event were recorded over the 

course of 11 years, between 2000 and 2011. Only the first CVD event for each patient was 

included in the analysis.

Statistical analysis

Means, SDs, percentiles, and ranges were used to describe measured patient characteristics 

and laboratory values. Multiple linear and logistic regressions were used to investigate 

associations of baseline 25(OH)D levels by quartiles with each cardiovascular risk factor at 

baseline, with the first quartile (Q1) as the reference quartile. Linear regression was used for 

continuous cardiovascular risk factors and logistic regression was used for dichotomous 

cardiovascular risk factors. The multivariate analyses were further adjusted for age, season 

(26), white race, country (Korea, UK, US, or other), sex, and BMI. To adjust for season, the 

lower ultraviolet light season (winter) was defined as having vitamin D levels drawn 

between October and March, and the higher ultraviolet light season (summer) was defined as 

having vitamin D levels drawn between April and September (26). Cox proportional hazards 

models were used to describe the risk of CVD event incidence over time, with Q1 as the 

reference quartile.
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RESULTS

25(OH)D baseline levels were measured in 875 patients (53.6% white, 16.7% African 

American, 3.1% Hispanic, 22.5% Asian, and 4.6% other) at the time of enrollment. The 

majority (89.8%) were women, 13% of whom were postmenopausal. Patients were 

geographically located in Canada (29.4%), the US (26.6%), the UK (22.5%), Korea (15.8%), 

Sweden (3%), Spain (0.7%), and Switzerland (0.3%). Forty-two percent of subjects were 

married and subjects had a mean ± SD of 14 ± 3.2 years of education, including secondary 

and college education. Seventy-two percent of subjects had 25(OH)D levels <30 ng/ml and 

27.7% of subjects had 25(OH)D levels ≥30 ng/ml. The mean ± SD 25(OH)D level was 23.8 

± 13.4 ng/ml (Table 1). The first quartile (Q1) of 25(OH)D consisted of levels 4–13 ng/ml, 

the second quartile (Q2) of 14–21 ng/ml, the third quartile (Q3) of 22–30 ng/ml, and the 

fourth quartile (Q4) of 31–91 ng/ml.

Approximately 32% of subjects consumed alcohol on an average day, with mean ± SD 

consumption of 1.17 ± 3.44 units daily. Those in the higher 25(OH)D quartiles were more 

likely to consume alcohol on an average day (P = 0.004 by analysis of variance [ANOVA]; 

data not shown); however, it should be noted that the number of persons consuming alcohol 

was small.

Participants spent more time in an average day in sedentary activity (mean ± SD 7.02 ± 3.96 

hours) than in heavy activity (mean ± SD 0.49 ± 1.31 hours). Time spent in various activity 

levels did not differ between 25(OH)D quartiles, nor was it related to 25(OH)D level (data 

not shown).

The mean ± SD age and disease duration at enrollment were 39.3 ± 13.5 years and 0.5 ± 0.4 

years, respectively. The mean ± SD SLEDAI-2K score was 5.6 ± 5.5; lower quartiles 

exhibited higher mean SLEDAI-2K scores (P < 0.001 by ANOVA), with a mean 

SLEDAI-2K score of 7.0 in Q1 and 4.7 in Q4. One-hundred fifty-seven patients (20.3%) 

were positive for lupus anticoagulant and 8.8% were positive for IgM or IgG anticardiolipin 

antibodies at moderate to high levels (≥14.1–50 IgM phospholipid/IgG phospholipid units, 

respectively) (Table 2).

At baseline, corticosteroids were used in 67.4% (mean ± SD daily dose 23.3 ± 15.9 mg), 

hydroxychloroquine in 66.4%, and immunosuppressants (including azathioprine, 

cyclophosphamide, methotrexate, cyclosporine, and mycophenolate mofetil) in 37.8% of 

patients. Cohort members in the lower 25(OH)D quartiles were more likely to be taking a 

corticosteroid at baseline (P < 0.001 by ANOVA; data not shown); of the 219 patients in Q1, 

174 (79.5%) were taking a corticosteroid at baseline, and of the 216 patients in Q4, 125 

(57.9%) were taking a corticosteroid. However, the mean daily corticosteroid dose did not 

differ between quartiles (P = 0.70 by ANOVA; data not shown). Those in the lower 

25(OH)D quartiles were also less likely to be taking an antimalarial at baseline (P < 0.001 

by ANOVA; data not shown). Those in our lower 25(OH)D quartiles were also less likely to 

be taking an antimalarial medication at baseline (P < 0.001 by ANOVA; data not shown). Of 

the 219 patients in Q1, 124 (56.7%) were taking an antimalarial, and of the 216 patients in 

Q4, 155 (71.7%) were taking an antimalarial. Of the women, 7.7% had used hormone 
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replacement therapy and 49.3% had used oral contraceptives. Although 25.3% reported 

taking vitamin D supplements, the mean dose was not known. Bisphosphonate use at 

baseline was present in 8.7% of patients.

Hypertension was present in 34.5%, hyperlipidemia in 15.7%, diabetes mellitus in 6.5%, and 

current smoking in 15.4% of patients at baseline (Table 3). Mean ± SD objective 

cardiovascular risk factor measurements included systolic blood pressure of 119.9 ± 17.3 

mm Hg, diastolic blood pressure of 74.9 ± 11.2 mm Hg, BMI of 25.1 ± 5.9 kg/m2, fasting 

glucose of 91.6 ± 31.9, total cholesterol of 189.3 ± 57.1 mg/dl (with LDL cholesterol of 

106.6 ± 45.4 mg/dl), creatinine of 0.86 ± 0.79 mg/dl, and CRP level of 0.8 ± 1.7 mg/dl 

(Table 2). Eighty-four percent of patients had normal CRP levels (<1.0 mg/dl). Renal 

disease, as defined by the ACR revised classification criteria, was present in 26.2% at 

baseline (22).

In the unadjusted model for the associations of 25(OH)D levels with cardiovascular risk 

factors (Tables 4 and 5), lower 25(OH)D levels were significantly associated with the 

presence of hypertension, the presence of hyperlipidemia, higher CRP levels, and higher 

SLEDAI-2K scores. After adjustment for age, season, white race, country (Korea, UK, US, 

or other), and sex, these associations remained significant. Further correcting for BMI did 

not abrogate these associations. 25(OH)D levels were not associated with the presence of 

diabetes mellitus. Post hoc adjustment with glucocorticoid and antimalarial use did not 

affect the relationship between SLEDAI-2K and 25(OH)D (data not shown).

Of the 875 subjects, 36 had reported incident CVD events after enrollment. Only 1 CVD 

event was fatal. Mean ± SD followup time was 5.72 ± 3.03 years. Three subjects were 

excluded because of events attributed to postpartum cardiomyopathy, overhydration, and 

shrinking lung syndrome. An additional subject was excluded due to an unknown event date, 

which led to a final 32 subjects for analysis. Seven subjects reported MI, 6 reported angina, 

4 reported peripheral vascular disease, 4 reported CHF, 7 reported transient ischemic attacks, 

and 4 reported cerebrovascular accident. Mean ± SD time to an event was 3.13 ± 2.19 years. 

Of the 32 subjects, 9 were in 25(OH)D Q1, 13 were in 25(OH)D Q2, 5 were in 25(OH)D 

Q3, and 5 were in 25(OH)D Q4 at baseline. A statistically significant association was not 

demonstrated between 25(OH)D levels and risk for CVD events (Table 6). However, a trend 

was present that suggests those in higher quartiles are less likely (lower hazard ratios) to 

develop any CVD event when compared with the lowest quartile. Of the 32 subjects with 

incident events, 25 were taking corticosteroids. However, adjusting for current use of an 

antimalarial or current use of a corticosteroid did not affect the Cox model results (data not 

shown).

DISCUSSION

We have investigated the relationship of baseline serum 25(OH)D levels with baseline 

cardiovascular risk factors and risk for future cardiovascular events. To our knowledge, this 

is the first investigation of risk for future cardiovascular events in a large international cohort 

of SLE patients. We have found that lower 25(OH)D levels are independently associated 

with the presence of hypertension, hyperlipidemia, and increased CRP levels after 
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controlling for age, season, sex, race, country, and BMI. We have also found that those with 

lower 25(OH)D levels exhibit a trend toward increased risk for future cardiovascular events.

In concordance with previous studies (27–32), we found that the mean 25(OH)D level was 

low, with 72.3% being <30 ng/ml. In our cohort, those in the lower 25(OH)D quartiles were 

more likely to have hypertension and hyperlipidemia compared with the highest quartile, 

even after controlling for age, season, sex, race, country/location, and BMI. Similar findings 

have been repeatedly noted in the general population (5,33,34) and are thought to be related 

to the effects of vitamin D on the renin–angiotensin system. Studies have demonstrated 

elevated renin levels in vitamin D deficiency in both animal and human models (35,36).

The explanation for the association of lower 25(OH)D levels and higher CRP levels is not as 

clear; controlling for BMI did not affect this relationship significantly. In the general 

population, studies have reported inconsistent findings with regard to CRP. Hyppönen et al 

reported an association between 25(OH)D levels and preclinical variations in CRP levels 

even when controlling for age, month, and sex, but this relationship did not persist after 

adjusting for lifestyle factors and adiposity (6). Shea et al, however, noted no association 

between 25(OH)D and CRP, and even after vitamin D supplementation, found no significant 

change in CRP level per 2-fold increase in 25(OH)D level (37). In our previous study of SLE 

patients, CRP was not associated with 25(OH)D, but the CRP level in that population was 

higher than in this international inception cohort (mean ± SD 4.2 ± 10.2 versus 0.8 ± 1.7 

mg/dl) (21). While CRP level often increases with age (the mean age in this cohort was 39.3 

years versus 43.2 years in our previous study), in the general population, CRP level is 

thought to double from ~1 mg/dl in ages 25–34 years to ~2 mg/dl in ages 55–64 years, 

suggesting that age alone cannot account for the increase in CRP level. The mean 25(OH)D 

level in our previous study was 27.1 ng/ml compared with 23.8 ng/ml, and some studies 

have suggested that an inverse relationship between CRP and 25(OH)D exists only in 

25(OH)D levels <21 ng/ml and that CRP levels may actually increase with 25(OH)D levels 

≥21 ng/ml in the general population (38). Akin et al also reported an inverse association 

between 25(OH)D and CRP only in those with deficient 25(OH)D levels <20 ng/ml (34), 

and it may be that the 25(OH)D levels in this cohort were low enough to show an 

association.

We found the higher 25(OH)D quartiles to be more likely to have lower SLEDAI-2K scores 

when compared with the lowest quartile, even after controlling for cardiovascular risk 

factors. This is consistent with several recent studies (28,30,31,39,40). Of interest, in a study 

of Thai SLE patients, Sumethkul et al found that 25(OH)D levels were inversely correlated 

with the SLEDAI-2K, but not with the adjusted SLEDAI-2K (excluding nephritis variables), 

which suggested that lupus nephritis is a major predictor of low 25(OH)D (32). Ruiz-

Irastorza et al did not find a correlation between 25(OH)D and SLEDAI scores, but 53% of 

their population had a SLEDAI score of 0, 28% had a SLEDAI score of 1–3, and 19% had a 

SLEDAI score of >3 (27), whereas our population had much higher disease activity at 

baseline, with 18.2% with a SLEDAI-2K score of 0, 18.7% with a SLEDAI-2K score of 1–3, 

and 62.0% with a SLEDAI-2K score of >3. Some have found that those with SLEDAI scores 

>3 had the lowest 25(OH)D levels (28), and it may be that the association is more apparent 

given the more active disease in our population.
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Participants in the lower 25(OH)D quartiles were more likely to be taking a corticosteroid at 

baseline and had higher mean SLEDAI-2K scores. Higher prevalence of current 

corticosteroid use could reflect the higher amount of disease activity, and concurrently, the 

mean corticosteroid dose in our cohort was >23 mg daily, which is significantly higher than 

most other studies. Glucocorticoid use has been documented to be associated with lower 

25(OH)D levels (41) and is thought to be related to an increase in 24α-hydroxylase activity 

(42). It is not known if this is a dose-dependent relationship; however, the mean daily 

corticosteroid dose did not differ between quartiles.

Evidence regarding a relationship between antimalarial use and 25(OH)D levels is 

inconclusive. Hydroxychloroquine has been suspected to inhibit the conversion of 25(OH)D 

to its biologically more active form 1,25-dihydroxyvitamin D (43), and as such, Ruiz-

Irastorza et al reported that hydroxychloroquine was associated with higher 25(OH)D levels 

(27). However, Huisman et al (14) and Toloza et al (29) et al did not find any association 

between 25(OH)D levels and antimalarial use.

Although both glucocorticoids and antimalarials have been shown to independently affect 

25(OH)D levels and in our case may be related to disease activity/SLEDAI-2K scores, 

adjusting for each did not affect the relationship between SLEDAI-2K and 25(OH)D. Of 

note, 43% (n = 377) were taking both an antimalarial and a corticosteroid.

We did not find a statistically significant relationship between baseline 25(OH)D level and 

risk for cardiovascular event occurrence over the 11-year followup; however, those in the 

higher 25(OH)D quartiles (Q3 and Q4) were less likely to develop an incident 

cardiovascular event when compared to those in Q1. Those in Q2 had more cardiovascular 

events when compared with the other quartiles, but the reason for this observation remains to 

be determined.

In non-SLE populations, there are reports of low 25(OH)D levels in association with 

cardiovascular events (1–3,33,34). This has prompted investigation into a relationship 

between 25(OH)D levels and subclinical atherosclerosis. Low levels of 25(OH)D also have 

been shown to be associated with incident coronary artery calcium (CAC) in the Multi-

Ethnic Study of Atherosclerosis (44). In SLE populations, Reynolds et al reported that lower 

25(OH)D levels were associated with an increase in arterial pulse wave velocity that 

persisted, although slightly attenuated, even after adjusting for SLEDAI-2K score (31). Our 

previous study did not find a relationship between 25(OH)D and carotid intima-media 

thickness (CIMT), carotid plaque, CAC, and aorta calcium, before or after adjusting for age, 

season, and race. Similarly, Reynolds et al did not find a relationship between 25(OH)D and 

CIMT or plaque (31). Ravenell et al, however, did find that 25(OH)D levels were lower in 

those with higher total plaque areas (45). Such findings suggest that low 25(OH)D levels 

may infer a greater risk for CVD and events in SLE populations, and that the lower levels of 

25(OH)D seen in SLE populations when compared with the general population may be a 

contributing factor to the early cardiovascular morbidity and mortality seen in SLE patients.

Those cohort members in the higher 25 (OH)D quartiles were more likely to be taking an 

antimalarial medication, and it has been reported that ever use of hydroxychloroquine is 
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protective against CAC (46), which may have contributed to the decreased risk for a 

cardiovascular event in the higher quartiles. Of the 32 subjects with incident events, 15 were 

taking an antimalarial medication and 16 were not. Data on whether or not corticosteroids 

contribute to atherosclerosis are controversial, but some studies suggest that treating 

inflammation may decrease the progression of subclinical atherosclerosis. For example, one 

study followed serial carotid ultrasounds and found that progression of subclinical 

atherosclerosis was associated with lower mean doses of corticosteroids and less aggressive 

immunosuppressive therapy (47). However, we did not find that adjusting for antimalarial 

use or current corticosteroid use affected the Cox model results.

Given these findings, the question remains whether supplementation with vitamin D should 

be more aggressively pursued in the management of SLE. Abou-Raya et al reported 

improvement in SLEDAI scores after 12 months of 2,000 IU daily oral cholecalciferol when 

compared with placebo, despite noting that 1 of 3 in the intervention group did not reach 

optimal 25(OH)D levels (40). Petri et al gave 50,000 IU of vitamin D2 and calcium/D3 200 

IU twice daily to patients with 25(OH)D levels <40 ng/ml over a period of approximately 

2.5 years. They reported that a 20-IU increase in 25(OH)D level resulted in a 21% decrease 

in the odds of having a Safety of Estrogens in Lupus Erythematosus National Assessment–

SLEDAI score ≥5 (48). While these reports suggest that supplementation may be beneficial 

in reducing disease activity, interventional studies investigating incident cardiovascular event 

risk would be useful, since literature in the general population has not supported the utility 

of supplementation for cardiovascular risk reduction. In the Women’s Health Initiative 

(WHI) study, Hsia et al reported no effect on coronary or cerebrovascular risk in 36,282 

postmenopausal women over 7 years of calcium/vitamin D supplementation, although they 

acknowledged that it was possible the supplementation dose was not high enough (49). 

Another study through the WHI noted that CAC scores were not significantly worse in those 

taking moderate dosages (1,000 mg/day) of calcium and vitamin D (400 IU/day) (50).

We recognize that our study has several limitations that should be taken into consideration 

when evaluating our results. Our results suggest an association between low 25(OH)D levels 

and higher risk for certain cardiovascular risk factors; however, causality cannot be implied. 

Low 25(OH)D may be a marker of overall poor health, as evidenced by physical inactivity 

with lack of sunshine, rather than itself a cause of CVD. The number of incident 

cardiovascular events was small and we did not control for renal disease, which may have 

affected both vitamin D levels and CVD risk factors. However, only 26.2% fulfilled the ACR 

criteria for renal disease at enrollment. In addition, we did not control for estrogen use, nor 

did we specifically control for antimalarial or corticosteroid use. However, the post hoc 

exploratory analyses described earlier did not change the Cox model results.

This study supports an association between lower 25(OH)D levels and certain cardiovascular 

risk factors. We have also reported a possible association between lower 25(OH)D levels and 

increased risk for a future cardiovascular event. Specific attention to maintaining optimal 

25(OH)D levels may be beneficial in the management of SLE.

LERTRATANAKUL et al. Page 9

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 April 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ACKNOWLEDGMENTS

We would like to gratefully acknowledge the generous donation of our patients’ time and the dedication of all of the 
fellows, research coordinators, and assistants in the SLICC network toward the completion of this work. We would 
like to specifically thank Dr. Rienhold Vieth’s laboratory for testing our patient samples for vitamin D levels, Anne 
MacKinnon and Sarah Edwards for coordinating the vitamin D testing for us, Anh Chung and Dominique Ibañez 
for helping us prepare the data sets, and Dr. Vern Farewell for helpful discussions regarding analyses.

Dr. Lertratanakul’s work was supported by the Driskill Foundation and Pfizer. Dr. Wu’s work was supported by the 
NIH (grant T32-AR-07611) and the Kirkland Scholars Award. Dr. Dyer’s work was supported by the NIH (grant 
P60-AR048098). Dr. Fortin’s work was supported by the Canada Research Chair in Systemic Autoimmune 
Rheumatic Diseases. Dr. Bae’s work was supported by the Korea Healthcare technology R&D project, Ministry for 
Health & Welfare, Republic of Korea (A120404). Dr. Bruce is an NIHR Senior Investigator and is supported by the 
NIHR Biomedical Research Unit Funding Scheme and The NIHR Manchester Wellcome Trust Clinical Research 
Facility, in addition to support from Arthritis Research UK, the Manchester Academic Health Science Centre, and 
the Manchester Biomedical Research Centre. Dr. Ramsey-Goldman’s work was supported by the NIH (grants K24-
AR-002138 and P60-AR048098).

REFERENCES

1. Giovannucci E, Liu Y, Hollis BW, Rimm EB. 25-Hydroxyvitamin D and risk of myocardial 
infarction in men: a prospective study. Arch Intern Med. 2008; 168:1174–80. [PubMed: 18541825] 

2. Kim DH, Sabour S, Sagar UN, Adams S, Whellan DJ. Prevalence of hypovitaminosis D in 
cardiovascular diseases (from the National Health and Nutrition Examination Survey 2001 to 2004). 
Am J Cardiol. 2008; 102:1540–4. [PubMed: 19026311] 

3. Poole KE, Loveridge N, Barker PJ, Halsall DJ, Rose C, Reeve J, et al. Reduced vitamin D in acute 
stroke. Stroke. 2006; 37:243–5. [PubMed: 16322500] 

4. Kendrick J, Targher G, Smits G, Chonchol M. 25-Hydroxyvitamin D deficiency is independently 
associated with cardiovascular disease in the Third National Health and Nutrition Examination 
Survey. Atherosclerosis. 2009; 205:255–60. [PubMed: 19091317] 

5. Martins D, Wolf M, Pan D, Zadshir A, Tareen N, Thadhani R, et al. Prevalence of cardiovascular 
risk factors and the serum levels of 25-hydroxyvitamin D in the United States: data from the Third 
National Health and Nutrition Examination Survey. Arch Intern Med. 2007; 167:1159–65. 
[PubMed: 17563024] 

6. Hypponen E, Berry D, Cortina-Borja M, Power C. 25-Hydroxyvitamin D and pre-clinical alterations 
in inflammatory and hemostatic markers: a cross sectional analysis in the 1958 British Birth Cohort. 
PLoS One. 2010; 5:e10801. [PubMed: 20520739] 

7. Manzi S, Meilahn EN, Rairie JE, Conte CG, Medsger TA, Jansen-McWilliams L, et al. Age-specific 
incidence rates of myocardial infarction and angina in women with systemic lupus erythematosus: 
comparison with the Framingham Study. Am J Epidemiol. 1997; 145:408–15. [PubMed: 9048514] 

8. Urowitz MB, Bookman AA, Koehler BE, Gordon DA, Smythe HA, Ogryzlo MA. The bimodal 
mortality pattern of systemic lupus erythematosus. Am J Med. 1976; 60:221–5. [PubMed: 1251849] 

9. Urowitz MB, Gladman D, Ibanez D, Fortin P, Sanchez-Guerrero J, Bae S, et al. the Systemic Lupus 
International Collaborating Clinics. Accumulation of coronary artery disease risk factors over three 
years: data from an international inception cohort. Arthritis Rheum. 2008; 59:176–80. [PubMed: 
18240193] 

10. Urowitz MB, Gladman DD. Atherosclerosis and lupus: the SLICC Study. Lupus. 2007; 16:925–8. 
[PubMed: 18042585] 

11. Esdaile JM, Abrahamowicz M, Grodzicky T, Li Y, Panaritis C, du Berger R, et al. Traditional 
Framingham risk factors fail to fully account for accelerated atherosclerosis in systemic lupus 
erythematosus. Arthritis Rheum. 2001; 44:2331–7. [PubMed: 11665973] 

12. Bruce IN, Gladman DD, Urowitz M. Premature atherosclerosis in systemic lupus erythematosus. 
Rheum Dis Clin North Am. 2000; 26:257–78. [PubMed: 10768212] 

13. Adorini L, Penna G. Control of autoimmune diseases by the vitamin D endocrine system. Nat Clin 
Pract Rheumatol. 2008; 4:404–12. [PubMed: 18594491] 

LERTRATANAKUL et al. Page 10

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 April 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



14. Huisman AM, White KP, Algra A, Harth M, Vieth R, Jacobs JW, et al. Vitamin D levels in women 
with systemic lupus erythematosus and fibromyalgia. J Rheumatol. 2001; 28:2535–9. [PubMed: 
11708429] 

15. Kamen DL, Cooper GS, Bouali H, Shaftman SR, Hollis BW, Gilkeson GS. Vitamin D deficiency in 
systemic lupus erythematosus. Autoimmun Rev. 2006; 5:114–7. [PubMed: 16431339] 

16. Becker A, Fischer R, Schneider M. Bone density and 25-OH vitamin D serum level in patients with 
systemic lupus erythematosus. Z Rheumatol. 2001; 60:352–8. In German. [PubMed: 11759235] 

17. Kamen D, Aranow C. Vitamin D in systemic lupus erythematosus. Curr Opin Rheumatol. 2008; 
20:532–7. [PubMed: 18698173] 

18. Wright TB, Shults J, Leonard MB, Zemel BS, Burnham JM. Hypovitaminosis D is associated with 
greater body mass index and disease activity in pediatric systemic lupus erythematosus. J Pediatr. 
2009; 155:260–5. [PubMed: 19446841] 

19. Lemire JM, Ince A, Takashima M. 1,25-Dihydroxyvitamin D3 attenuates the expression of 
experimental murine lupus of MRL/l mice. Autoimmunity. 1992; 12:143–8. [PubMed: 1617111] 

20. Abe J, Nakamura K, Takita Y, Nakano T, Irie H, Nishii Y. Prevention of immunological disorders 
in MRL/l mice by a new synthetic analogue of vitamin D3: 22-oxa-1 α,25-dihydroxyvitamin D3. J 
Nutr Sci Vitaminol (Tokyo). 1990; 36:21–31. [PubMed: 2163440] 

21. Wu PW, Rhew EY, Dyer AR, Dunlop DD, Langman CB, Price H, et al. 25-Hydroxyvitamin D and 
cardiovascular risk factors in women with systemic lupus erythematosus. Arthritis Rheum. 2009; 
61:1387–95. [PubMed: 19790113] 

22. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF, et al. The 1982 revised criteria 
for the classification of systemic lupus erythematosus. Arthritis Rheum. 1982; 25:1271–7. 
[PubMed: 7138600] 

23. Gladman DD, Ibanez D, Urowitz MB. Systemic Lupus Erythematosus Disease Activity Index 
2000. J Rheumatol. 2002; 29:288–91. [PubMed: 11838846] 

24. Gladman D, Ginzler E, Goldsmith C, Fortin P, Liang M, Urowitz M, et al. The development and 
initial validation of the Systemic Lupus International Collaborating Clinics/American College of 
Rheumatology Damage Index for systemic lupus erythematosus. Arthritis Rheum. 1996; 39:363–
9. [PubMed: 8607884] 

25. Urowitz MB, Gladman D, Ibanez D, Bae SC, Sanchez-Guerrero J, Gordon C, et al. for the 
Systemic Lupus International Collaborating Clinics. Atherosclerotic vascular events in a 
multinational inception cohort of systemic lupus erythematosus. Arthritis Care Res (Hoboken). 
2010; 62:881–7. [PubMed: 20535799] 

26. Looker AC, Dawson-Hughes B, Calvo MS, Gunter EW, Sahyoun NR. Serum 25-hydroxyvitamin D 
status of adolescents and adults in two seasonal subpopulations from NHANES III. Bone. 2002; 
30:771–7. [PubMed: 11996918] 

27. Ruiz-Irastorza G, Egurbide MV, Olivares N, Martinez-Berriotxoa A, Aguirre C. Vitamin D 
deficiency in systemic lupus erythematosus: prevalence, predictors and clinical consequences. 
Rheumatology (Oxford). 2008; 47:920–3. [PubMed: 18411213] 

28. Amital H, Szekanecz Z, Szucs G, Danko K, Nagy E, Csepany T, et al. Serum concentrations of 25-
OH vitamin D in patients with systemic lupus erythematosus (SLE) are inversely related to disease 
activity: is it time to routinely supplement patients with SLE with vitamin D? Ann Rheum Dis. 
2010; 69:1155–7. [PubMed: 20439290] 

29. Toloza SM, Cole DE, Gladman DD, Ibanez D, Urowitz MB. Vitamin D insufficiency in a large 
female SLE cohort. Lupus. 2010; 19:13–9. [PubMed: 19897520] 

30. Bonakdar ZS, Jahanshahifar L, Jahanshahifar F, Gholamrezaei A. Vitamin D deficiency and its 
association with disease activity in new cases of systemic lupus erythematosus. Lupus. 2011; 
20:1155–60. [PubMed: 21680639] 

31. Reynolds JA, Haque S, Berry JL, Pemberton P, Teh LS, Ho P, et al. 25-Hydroxyvitamin D 
deficiency is associated with increased aortic stiffness in patients with systemic lupus 
erythematosus. Rheumatology (Oxford). 2012; 51:544–51. [PubMed: 22120462] 

32. Sumethkul K, Boonyaratavej S, Kitumnuaypong T, Angthararuk S, Cheewasat P, Manadee N, et al. 
The predictive factors of low serum 25-hydroxyvitamin D and vitamin D deficiency in patients 
with systemic lupus erythematosus. Rheumatol Int. 2013; 33:1461–7. [PubMed: 23179257] 

LERTRATANAKUL et al. Page 11

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 April 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



33. Anderson JL, May HT, Horne BD, Bair TL, Hall NL, Carlquist JF, et al. Relation of vitamin D 
deficiency to cardiovascular risk factors, disease status, and incident events in a general healthcare 
population. Am J Cardiol. 2010; 106:963–8. [PubMed: 20854958] 

34. Akin F, Ayca B, Kose N, Duran M, Sari M, Uysal OK, et al. Serum vitamin D levels are 
independently associated with severity of coronary artery disease. J Investig Med. 2012; 60:869–
73.

35. Tomaschitz A, Pilz S, Ritz E, Grammer T, Drechsler C, Boehm BO, et al. Independent association 
between 1,25-dihydroxyvitamin D, 25-hydroxyvitamin D and the reninangiotensin system: the 
Ludwigshafen Risk and Cardiovascular Health (LURIC) study. Clin Chim Acta. 2010; 411:1354–
60. [PubMed: 20515678] 

36. Li YC, Kong J, Wei M, Chen Z, Liu SQ, Cao L. 1,25-Dihydroxyvitamin D 3 is a negative 
endocrine regulator of the renin-angiotensin system. J Clin Invest. 2002; 110:229–38. [PubMed: 
12122115] 

37. Shea MK, Booth SL, Massaro JM, Jacques PF, D’Agostino RB, Dawson-Hughes B, et al. Vitamin 
K and vitamin D status: associations with inflammatory markers in the Framingham Offspring 
Study. Am J Epidemiol. 2008; 167:313–20. [PubMed: 18006902] 

38. Amer M, Qayyum R. Relation between serum 25-hydroxyvitamin D and C-reactive protein in 
asymptomatic adults (from the continuous National Health and Nutrition Examination Survey 
2001 to 2006). Am J Cardiol. 2012; 109:226–30. [PubMed: 21996139] 

39. Borba VZ, Vieira JG, Kasamatsu T, Radominski SC, Sato EI, Lazaretti-Castro M. Vitamin D 
deficiency in patients with active systemic lupus erythematosus. Osteoporosis Int. 2009; 20:427–
33.

40. Abou-Raya A, Abou-Raya S, Helmii M. The effect of vitamin D supplementation on inflammatory 
and hemostatic markers and disease activity in patients with systemic lupus erythematosus: a 
randomized placebo-controlled trial. J Rheumatol. 2013; 40:265–72. [PubMed: 23204220] 

41. Skversky AL, Kumar J, Abramowitz MK, Kaskel FJ, Melamed ML. Association of glucocorticoid 
use and low 25-hydroxyvitamin D levels: results from the National Health and Nutrition 
Examination Survey (NHANES): 2001-2006. J Clin Endocrinol Metab. 2011; 96:3838–45. 
[PubMed: 21956424] 

42. Akeno N, Matsunuma A, Maeda T, Kawane T, Horiuchi N. Regulation of vitamin D-1α-
hydroxylase and -24-hydroxylase expression by dexamethasone in mouse kidney. J Endocrinol. 
2000; 164:339–48. [PubMed: 10694374] 

43. O’Leary TJ, Jones G, Yip A, Lohnes D, Cohanim M, Yendt ER. The effects of chloroquine on 
serum 1,25-dihydroxyvitamin D and calcium metabolism in sarcoidosis. N Engl J Med. 1986; 
315:727–30. [PubMed: 3755800] 

44. De Boer IH, Kestenbaum B, Shoben AB, Michos ED, Sarnak MJ, Siscovick DS. 25-
hydroxyvitamin D levels inversely associate with risk for developing coronary artery calcification. 
J Am Soc Nephrol. 2009; 20:1805–12. [PubMed: 19443637] 

45. Ravenell RL, Kamen DL, Spence JD, Hollis BW, Fleury TJ, Janech MG, et al. Hypovitaminosis D 
and angiotensin-converting enzyme inhibitor non-use in lupus patients. Am J Med Sci. 2012; 
344:268–73. [PubMed: 22222338] 

46. Romero-Diaz J, Vargas-Vorackova F, Kimura-Hayama E, Cortazar-Benitez LF, Gijon-Mitre R, 
Criales S, et al. Systemic lupus erythematosus risk factors for coronary artery calcifications. 
Rheumatology (Oxford). 2012; 51:110–9. [PubMed: 22039268] 

47. Roman MJ, Shanker BA, Davis A, Lockshin MD, Sammaritano L, Simantov R, et al. Prevalence 
and correlates of accelerated atherosclerosis in systemic lupus erythematosus. N Engl J Med. 
2003; 349:2399–406. [PubMed: 14681505] 

48. Petri M, Bello KJ, Fang H, Magder LS. Vitamin D in systemic lupus erythematosus: modest 
association with disease activity and the urine protein-to-creatinine ratio. Arthritis Rheum. 2013; 
65:1865–71. [PubMed: 23553077] 

49. Hsia J, Heiss G, Ren H, Allison M, Dolan NC, Greenland P, et al. Calcium/vitamin D 
supplementation and cardiovascular events. Circulation. 2007; 115:846–54. [PubMed: 17309935] 

LERTRATANAKUL et al. Page 12

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 April 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



50. Manson JE, Allison MA, Carr JJ, Langer RD, Cochrane BB, Hendrix SL, et al. Calcium/vitamin D 
supplementation and coronary artery calcification in the Women’s Health Initiative. Menopause. 
2010; 17:683–91. [PubMed: 20551849] 

LERTRATANAKUL et al. Page 13

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 April 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Significance & Innovations

• Systemic lupus erythematosus (SLE) patients with higher 25-hydroxyvitamin D 

(25[OH]D) levels are more likely to have lower SLE disease activity.

• SLE patients with higher 25(OH)D levels are less likely to have hypertension 

and hyperlipidemia.

• An association may exist between higher baseline 25(OH)D levels and lower 

risk for future cardiovascular disease events.
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Table 1

Demographics of the Systemic Lupus International Collaborating Clinics Registry for Atherosclerosis cohort 

at enrollment*

All (n = 875) Women (n = 786) Men (n = 89)

Age, mean ± SD years 39.3 ± 13.5 38.9 ± 13.1 42.9 ± 16.4

Women, % 89.8

Ethnicity, %

 White 53.6 52.5 62.9

 African American 16.7 16.8 11.2

 Hispanic 3.1 3.2 2.2

 Asian 22.5 22.5 22.5

 Other 4.6 5.0 1.1

Country, %

 Canada 29.4 28.2 32.6

 Iceland 2.4 2.5 1.1

 Korea 15.8 15.8 15.7

 Spain 0.7 0.8 0

 Sweden 3.0 2.9 3.4

 Switzerland 0.3 0.3 1.1

 UK 22.5 23.0 18.0

 US 26.6 26.5 28.1

Married, % 41.9 41.3 47.2

Education, mean ± SD years 14.0 ± 3.2 14.0 ± 3.2 13.2 ± 3.2

Vitamin D levels

 25(OH)D, mean ± SD ng/ml 23.8 ± 13.4 23.8 ± 13.6 23.7 ± 11.6

 25(OH)D <30 ng/ml, % 72.3 71.6 78.7

 25(OH)D ≥30 ng/ml, % 27.7 28.4 21.3

Lifestyle factors

 Daily alcohol use, % (n) 32.0 (862) 30.3 (775) 30.3 (87)

  Amount, mean ± SD units 1.17 ± 3.44 0.92 ± 2.23 3.41 ± 8.23

 Sedentary activity, mean ± SD hours/week 7.02 ± 3.96 6.92 ± 3.94 7.98 ± 4.03

 Slight activity, mean ± SD hours/week 5.23 ± 3.15 5.33 ± 3.14 4.34 ± 3.09

 Moderate activity, mean ± SD hours/week 2.48 ± 2.91 2.52 ± 2.91 2.14 ± 2.84

 Heavy activity, mean ± SD hours/week 0.49 ± 1.31 0.48 ± 1.3 0.60 ± 1.39

Cardiovascular medications

 Hyperlipidemia therapy, %

  Current 9.0 8.9 10.1

  Past 1.9 2.0 1.1

 Aspirin, % 14.2 13.9 16.9

 Antihypertensive medications, %

  Current 10.2 24.4 39.3

  Past 25.9 10.1 11.2
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All (n = 875) Women (n = 786) Men (n = 89)

SLE-related factors

 Disease duration, mean ± SD years 0.5 ± 0.4 0.4 ± 0.3 0.5 ± 0.3

 Taking corticosteroids, %

  Current 67.4 66.4 82.0

  Never 24.2 25.0 14.6

 Current corticosteroid dose, mean ± SD mg 23.3 ± 15.9 23.1 ± 16.1 25.0 ± 14.5

 Taking antimalarials, % 66.4 67.0 60.7

 Taking immunosuppressants, %

  Current 37.8 36.1 52.8

  Never 59.3 60.8 46.1

 Renal disease, % 26.2 25.2 34.8

 SLEDAI-2K score, mean ± SD (n) 5.6 ± 5.5 5.6 ± 5.5 (783) 6.0 ± 5.2 (89)

 Low complement, % (n)† 42.1 42.0 (709) 42.7 (82)

 Positive dsDNA, % (n)‡ 41.8 41.2 (701) 46.3 (82)

Bone medications

 Estrogen use ever, % (n)

  HRT 7.7 (779)

  OCPs 49.3 (781)

 Calcium, % 32.2 32.4 30.3

 Vitamin D, % 25.3 25.3 24.7

 Bisphosphonates, % 8.7 8.1 13.4

*
25(OH)D = 25-hydroxyvitamin D; SLE = systemic lupus erythematosus; SLEDAI-2K = Systemic Lupus Erythematosus Disease Activity Index 

2000; dsDNA = double-stranded DNA; HRT = hormone replacement therapy; OCPs = oral contraceptives.

†
Defined as a decrease in CH50, C3, or C4 below the lower limit of normal for the testing laboratory.

‡
Increased DNA binding above the normal range based on local testing laboratory parameters.
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Table 2

Objective and laboratory measures of the Systemic Lupus International Collaborating Clinics Registry for 

Atherosclerosis cohort at enrollment*

All Women (n = 786) Men (n = 89)

Cardiovascular risk factor Value N Value N Value N

Systolic blood pressure, mm Hg 119.9 ± 17.3 864 119.0 ± 17.0 775 127.9 ± 17.9

Diastolic blood pressure, mm Hg 74.9 ± 11.2 585 74.6 ± 11.0 769 77.6 ± 11.9

Body mass index, kg/m2 25.1 ± 5.9 845 25.1 ± 6.0 762 25.4 ± 4.7 85

Fasting glucose, mg/dl 91.6 ± 31.9 733 91.3 ± 32.9 659 94.2 ± 20.6 74

Total cholesterol, mg/dl 189.3 ± 57.1 776 189.7 ± 57.7 697 185.7 ± 52.3 79

HDL cholesterol, mg/dl 55.2 ± 26.7 408 55.5 ± 26.6 370 52.7 ± 28.5 38

LDL cholesterol, mg/dl 106.6 ± 45.4 336 106.2 ± 46.1 304 110.7 ± 39.0 32

Triglycerides, mg/dl 136.4 ± 85.7 755 132.7 ± 82.4 680 169.2 ± 106.1 75

Lipoprotein(a), mg/dl 36.5 ± 40.7 17 40.0 ± 44.23 14 20.1 ± 7.2 3

Fibrinogen, mg/dl 436.4 ± 126.0 11 407.12 ± 133.5 8 514.3 ± 67.3 3

C-reactive protein, mg/dl 0.8 ± 1.7 655 0.76 ± 1.7 587 0.65 ± 1.2 68

Homocysteine, μmoles/liter 12.9 ± 43.5 489 13.3 ± 45.9 436 11.8 ± 3.7 53

Lupus anticoagulant, % 20.3 772 19.0 691 32.1 81

Moderate/high aCL positive, %† 8.8 729 8.7 652 9.1 77

Creatinine, mg/dl‡ 0.86 ± 0.79 436 0.85 ± 0.82 402 0.97 ± 0.17 34

*
Values are the mean ± SD unless indicated otherwise. HDL = high-density lipoprotein; LDL = low-density lipoprotein; aCL = anticardiolipin 

antibody.

†
Defined as ≥14.1–50 IgM phospholipid/IgG phospholipid units.

‡
Three outliers removed (creatinine >15 mg/dl).
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Table 3

Percentage of subjects with cardiovascular risk factors at enrollment

%

Hypertension (n = 301/873) 34.5

 Women (n = 251/786) 31.9

 Men (n = 50/89) 56.2

Hyperlipidemia (n = 137/875) 15.7

 Women (n = 121/786) 15.4

 Men (n = 16/89) 18.0

Diabetes mellitus (n = 56/861) 6.5

 Women (n = 50/786) 6.4

 Men (n = 6/89) 6.7

Current smoker (n = 135/875) 15.4

 Women (n = 115/785) 14.6

 Men (n = 20/89) 22.5

Ex-smoker (n = 181/875) 20.7

 Women (n = 157/784) 20.0

 Men (n = 24/89) 27.0

Never smoker (n = 559/875) 63.9

 Women (n = 514/786) 65.4

 Men (n = 45/89) 50.6

Postmenopausal (n = 102/786) 13.0
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Table 4

25(OH)D quartiles and binary CV risk factors at enrollment*

Unadjusted model Adjusted model 1† Adjusted model 2‡

CV risk factor OR 95% CI OR 95% CI OR 95% CI

Hypertension

 Q2 0.84 0.58, 1.24 0.81 0.55, 1.21 0.83 0.55, 1.25

 Q3 0.60§ 0.41, 0.89§ 0.66 0.43, 1.00 0.69 0.44, 1.06

 Q4 0.43§ 0.29, 0.65§ 0.44§ 0.28, 0.68§ 0.49§ 0.31, 0.77§

Diabetes mellitus

 Q2 1.14 0.56, 2.31 0.98 0.47, 2.03 0.93 0.43, 1.99

 Q3 0.54 0.22, 1.22 0.52 0.21, 1.21 0.57 0.22, 1.35

 Q4 0.81 0.37, 1.73 0.66 0.29, 1.45 0.71 0.31, 1.63

Hyperlipidemia

 Q2 0.87 0.55, 1.38 0.76 0.47, 1.22 0.80 0.49, 1.29

 Q3 0.31§ 0.17, 0.54§ 0.28§ 0.15, 0.51§ 0.30§ 0.16, 0.55§

 Q4 0.48§ 0.28, 0.79§ 0.43§ 0.24, 0.74§ 0.50§ 0.28, 0.87§

*
25(OH)D = 25-hydroxyvitamin D; CV = cardiovascular; OR = odds ratio; 95% CI = 95% confidence interval; Q = 25(OH)D quartile.

†
Adjusted model 1: controlled for age, season, white race, sex, and country (Korea, UK, US, or other), except for diabetes mellitus, which controls 

for age, white race, sex, and season only.

‡
Adjusted model 2: controlled for same as model 1 plus body mass index.

§
Statistically significant.
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Table 5

25(OH)D quartiles and continuous CV risk factors at enrollment*

Unadjusted model Adjusted model 1† Adjusted model 2‡

CV risk factor β § 95% CI β § 95% CI β § 95% CI

CRP

 Q2 −0.12 −0.48, 0.24 −0.11 −0.47, 0.25 −0.10 −0.47, 0.26

 Q3 −0.30 −0.66, 0.06 −0.30 −0.68, 0.08 −0.30 −0.69, 0.08

 Q4 −0.38¶ −0.76, −0.01¶ −0.44¶ −0.84, −0.04¶ −0.44¶ −0.85, −0.03¶

Homocysteine

 Q2 0.10 −0.04, 0.25 0.077 −0.07, 0.23 0.08 −0.08, 0.23

 Q3 −0.02 −0.16, 0.13 −0.04 −0.20, 0.12 −0.03 −0.20, 0.13

 Q4 −0.01 −0.16, 0.14 −0.04 −0.21, 0.12 −0.03 −0.21, 0.14

Creatinine

 Q2 0.14 −0.09, 0.38 0.12 −0.12, 0.36 0.13 −0.11, 0.37

 Q3 0.13 −0.10, 0.36 0.09 −0.15, 0.32 0.10 −0.15, 0.34

 Q4 0.06 −0.16, 0.28 0.02 −0.22, 0.25 0.03 −0.21, 0.27

SLEDAI-2K

 Q2 −1.22¶ −2.24, −0.20¶ −1.44¶ −2.43, −0.46¶ −1.38¶ −2.37, −0.38¶

 Q3 −1.88¶ −2.90, −0.86¶ −2.15¶ −3.17, −1.12¶ −2.16¶ −3.19, −1.12¶

 Q4 −2.27¶ −3.30, −1.25¶ −2.22¶ −3.26, −1.18¶ −2.37¶ −3.25, −1.31¶

*
25(OH)D = 25-hydroxyvitamin D; CV = cardiovascular; 95% CI = 95% confidence interval; CRP = C-reactive protein; Q = 25(OH)D quartile; 

SLEDAI-2K = Systemic Lupus Erythematosus Disease Activity Index 2000.

†
Adjusted model 1: controlled for age, sex, season, white race, and country (Korea, UK, US, or other).

‡
Adjusted model 2: controlled for same as model 1 plus body mass index. When looking at women and men, model controlled for only age, season, 

white race, and country.

§
Represents the mean difference in risk factor between Q1 and Q2, Q3, and Q4.

¶
Statistically significant.
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Table 6

25-Hydroxyvitamin D quartiles (Q) and cardiovascular disease events at followup*

No. of events HR 95% CI

Q2 13 1.15 0.46, 2.84

Q3 5 0.68 0.21, 2.13

Q4 5 0.63 0.20, 1.97

*
Q1 is the referent quartile, with 9 events. HR = hazard ratio; 95% CI = 95% confidence interval.
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