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Abstract: Background and Aims: Low serum 25-OH D levels are associated with increased cardiovascular morbidity 
and mortality. Recent studies have linked 25-OH D deficiency with the presence of CAD. Women, especially post-
menopausal, tend to suffer from accelerated atherosclerosis, along with vitamin D deficiency. In the present study 
we sought to investigate whether there is a direct association of coronary artery luminal stenosis with 25-OH D 
deficiency in women. Patients and methods: We enrolled women aged >40 who were scheduled to undergo elective 
coronary angiography between 3/2011 and 10/2016 in a prospective observational study. Results: We included a 
total of 105 women. Patients had hypertension (73%), hyperlipidemia (54%), diabetes (29%), smoking (31%), family 
history of CAD (62%), and known CAD (21%). Median 25-OH D levels were 15.8 ng/mL (range, 3.9-79). Patients had 
left-anterior descending (31%), left circumflex (22%), and right coronary artery disease (26%); 27% had 2-vessel 
and 11% had 3-vessel disease. There was a significant inverse correlation between 25-OH D levels and the degree 
of maximum luminal stenosis. The burden of CAD increased across categories of worsening 25-OH D deficiency. 
Conclusions: Vitamin D deficiency is associated with the degree of luminal stenosis and burden of CAD in women 
undergoing coronary angiography. Future studies should investigate if the repletion of 25-OH D impacts the progres-
sion of CAD and cardiovascular mortality.
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Introduction

A growing body of evidence suggests that low 
serum levels of 25-OH D are associated with 
higher incidence of cardiovascular disease and 
increased cardiovascular and all-cause mortal-
ity [1-5]. Multiple studies have tried to elucidate 
a causal mechanism with inconclusive findings. 
Some authors suggest an association of vita-
min D deficiency and coronary artery calcifica-
tion [6, 7], however others found no correlation 
[8]. Moreover, a large prospective study found 
an association of low 25-OH D levels with 
increased risk for myocardial infarction [9],  
and the Framingham Study revealed a graded 
increase in cardiovascular events with lower 
levels of 25-OH D [2]. However, vitamin D sup-
plementation did not appear to affect the coro-
nary artery calcified plaque burden [10].

It has been established that women who enter 
menopause suffer from accelerated athero-

sclerosis and increased cardiovascular mortal-
ity [11, 12]. Similarly, the association of 25-OH 
D deficiency with CAD appears to be more pro-
nounced amongst women [3, 13], raising the 
question if there is a hormonal interaction link-
ing 25-OH D with the development of CAD in 
this population. 

Recognizing the paucity of literature in this 
topic, we aimed to prospectively investigate if 
there is an association of CAD with 25-OH D 
deficiency in women, in a geographical area 
with high prevalence of vitamin D deficiency.

Materials and methods

Women over the age of 40 who were scheduled 
to undergo elective coronary angiography (CAG) 
at West Pennsylvania Hospital between 3/2011 
and 10/2016 were enrolled in a prospective 
observational study. All labs were drawn at  
the time of coronary angiography. Patients who 
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received any vitamin supplements up to 1 
month prior were excluded from the study, 
along with patients who had history of tumors 
affecting calcium and vitamin D homeostasis 
(parathyroid tumors, primary or metastatic 
bone tumors, and renal cell carcinoma). Only 
patients who signed informed consent were 
included in the study. The study was approved 
by the institutional review board.

The primary outcome was to investigate if there 
is a correlation of 25-OH D levels with the per-
centage of luminal stenosis, as measured with 
CAG. Secondary outcomes were to analyze the 
differences in percentage of luminal stenosis 
and CAD burden across categories of 25-OH D 
deficiency (<10, 10-20, and >20 ng/mL), and 
determine if there is a correlation between 
25-OH D levels and high-sensitivity C-reactive 
protein (HsCRP). Presence of significant multi-
vessel disease CAD was defined as at least 
≥50% stenosis at more than one of the major 
coronary arteries [left anterior descending 
(LAD), left circumflex (LCx), and right coronary 
artery (RCA)]. 

Continuous variables were compared using the 
Wilcoxon rank-sum test and categorical vari-
ables were compared using the X2 test or 
Fisher’s exact test, as appropriate. Pearson’s 
and Spearman’s rank correlation coefficients 
were used to assess for linear and non-linear 
correlations between 25-OH D levels and CAD. 

Statistical significance for all tests was set at  
a two-tailed α<0.05. Data were analyzed with 
SPSS (v.22, IBM Corporation, Armonk, NY, 
USA).

Results

A total of 105 women were included in the 
study (Table 1). Patients had hypertension 
(73%), hyperlipidemia (54%), diabetes (29%), 
significant smoking history (31%), family history 
of premature CAD (62%), and known CAD (21%). 
Overall, 46% were receiving statin and 59% 
anti-platelet therapy. Median 25-OH D levels 
were 15.8 ng/mL (range, 3.9-79) and HsCRP 
2.9 mg/L (range, 0.1-111). 

Patients had LAD (31%), LCx (22%), and RCA 
(26%); 27% had 2-vessel and 11% had 3-vessel 
disease. There was a statistically significant 
inverse correlation between 25-OH D levels 
and the degree of maximum luminal stenosis  
in any coronary vessel (ρ=-0.21 P=0.02), which 
met borderline linearity (r=-0.19; P=0.05). This 
was also evident for LCx and RCA individually, 
whereas it was marginally non-significant for 
the LAD (Table 2). There was a statistical sig-
nificant association between the prespecified 
categories of 25-OH D levels and degree of 
maximum luminal stenosis in any (ρ=-0.27; 
P<0.01) and all vessels individually (ρ=-0.2; 
P=0.03 for LAD; ρ=-0.33; P<0.001 for LCx; 
ρ=-0.29; P<0.01 for RCA). There was also a  
significant negative linear correlation between 
the prespecified 25-OH D categories and bur-
den of CAD (r=-0.25; P=0.009). There was no 
association between the levels of 25-OH D lev-
els and HsCRP. The percentage of patients with 
greater than 50% coronary artery stenosis sig-
nificantly increased across categories of vita-
min D sufficient (31% for 25-OH D level of >20 
ng/mL), vitamin D insufficient (39% for 25-OH 
D level of 10-20 ng/mL), and vitamin D defi-
cient (67% for 25-OH D level of <10 ng/mL) 
patients (P=0.03; Figure 1).

Discussion

Vitamin D deficiency is an emerging area of 
interest given the consistent association with 
cardiovascular morbidity and mortality in mul-
tiple studies [5]. Despite this, the exact mecha-
nism has yet to be elucidated. Preclinical stud-
ies have demonstrated that 1,25-OH D is a 
negative endocrine regulator of the renin-angio-

Table 1. Characteristics of 105 women who 
underwent CAG
Characteristic N (%)
Age, median (range) 63 (40-90)
BMI, median (range) 31.3 (18.3-51)
Hypertension 77 (73)
Hyperlipidemia 50/92 (54)
Diabetes 30 (29)
Smoking 33 (31)
Family history of CAD 65 (62)
Prior PCI 32 (31)
On statin 48 (46)
On antiplatelet agents 62 (59)
Vitamin D levels (ng/mL)
    <10 21 (20)
    ≥10 and >20 51 (49)
    ≥20 33 (31)
PTH, median (range) 59.6 (249.4)
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tensin system and has a critical role in electro-
lytes, volume, and blood pressure homeostasis 
[14, 15]. Additionally, studies on human sub-
jects have shown that vitamin D deficiency is 
associated with vascular endothelial dysfunc-
tion, mediated by proinflammatory IL-6 and 
nuclear factor κB-related activation [16].

Analyses from the NHANES and Framingham 
datasets have linked low 25-OH D levels with 
higher incidence of CAD, heart failure and 
stroke [2, 17]. Another study revealed that the 
severity of 25-OH D deficiency correlates with 
number of coronary vessels with significant 
atherosclerosis [18]. Women, particularly when 
post-menopausal, are at higher risk for vitamin 
D deficiency [3, 19]. Furthermore, an Italian 
study revealed that lower 25-OH D levels in 
female patients have a stronger correlation 
with the prevalence and severity CAD, com-
pared to male patients [13]. In the present 
study, we found that 25-OH D deficiency direct-
ly correlates with the degree of luminal stenosis 
and burden of CAD.

This association of CAD and vitamin D deficien-
cy raise the question whether the repletion 

cient geographic region, which limits our con-
clusions whether our findings will be reproduc-
ible in different regions. On the other hand, our 
study had strict inclusion and exclusion criteria 
and patients were prospectively studied. Also 
the nature of a cross-sectional analysis pre-
cludes its utilization for risk factor identifica-
tion, nevertheless, the association of 25-OH D 
deficiency and CAD has been reproducible in 
multiple trials and meta-analyses. Last, this 
was an observational study with no interven-
tion group, thus we cannot answer the question 
if restoring the 25-OH D levels has any impact 
on the natural progression of CAD. 

Conclusions

Our findings suggest an association of 25-OH D 
deficiency with the degree of luminal stenosis 
and burden of CAD in women undergoing elec-
tive CAG. This adds to the pool of evidence link-
ing vitamin D deficiency to cardiovascular dis-
ease and underscores a potential mechanism 
that requires further investigation. Future stud-
ies should aim to elucidate whether the reple-
tion of 25-OH D levels has any impact on CAD 
progression and cardiovascular mortality.

Table 2. Association of 25-OH D levels with the degree of coro-
nary artery stenosis

Mean (SD) ρ P value
LAD 30.8 (34.1) -0.17 0.06
LCx 22.7 (32.4) -0.29 <0.01
RCA 27.3 (36.4) -0.24 0.01
Maximum stenosis in any vessel 40.7 (38.3) -0.21 0.02

Figure 1. Distribution of patients with >50% coronary artery stenosis in 25-
OH D deficient, insufficient and sufficient patients.

25-OH D levels has any clinical 
impact on CAD and cardiovas-
cular mortality. The Women’s 
Health Initiative trials revealed 
that supplementation with cal-
cium and vitamin D3 leads to 
more favorable lipid profiles, 
with increased HDL levels, al- 
ong with decrease in LDL and 
triglyceride levels [20]. These 
effects were not translated into 
a benefit in mortality or coro-
nary events [21, 22], although 
some subgroup analyses re- 
vealed a benefit in the preven-
tion of heart failure and possi-
ble reduction in mortality in 
early post-menopausal women 
[22, 23]. A meta-analysis of  
randomized clinical trials found 
that supplementation with vita-
min D3 in 25-OH D deficient 
individuals is associated with 
decrease overall mortality [5].

Our study has its limitations. 
We studied a small sample of  
a predominantly 25-OH D defi-
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