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Objective: To determine if vitamin D deficiency was associated with higher odds of left 

ventricular dysfunction among patients with acute coronary syndrome (ACS) and, if so, to 

determine whether this association was mediated by increased inflammation as measured by 

C-reactive protein (CRP) and white blood cell count (WBC).

Methods: This was a cross-sectional study of 170 participants with ACS. Multiple logistic 

regression was used to examine the association between the outcome of ventricular perfor-

mance and serum vitamin D concentrations. We also determined whether CRP and WBC meet 

standard criteria as the mediators between left ventricular ejection fraction and vitamin D 

deficiency.

Results: Participants with vitamin D deficiency were more likely to have ventricular dysfunc-

tion (OR: 2.12, 95% CI: 1.2–5.23). WBC counts did not meet one of the criteria for mediation. 

However, the WBC was an effect modifier such that the association of vitamin D deficiency and 

ventricular dysfunction was only present among participants with WBC more than 11,000.

Conclusion: This study found that vitamin D deficiency was associated with higher odds of 

ventricular dysfunction. Further longitudinal and experimental studies are necessary to confirm 

this finding and to determine if there is a role for vitamin D supplementation therapy in preventing 

ventricular dysfunction in select patient populations.

Keywords: ventricular dysfunction, vitamin D deficiency, acute coronary syndrome, ejection 

fraction

Introduction
25-Hydroxyvitamin D (25(OH)D) deficiency is a common public health problem 

throughout the world. The analysis of the National Health And Nutritional Examination 

Survey (NHANES) estimated that the prevalence of vitamin D deficiency among adult 

men in the United States was 40%. Moreover, it demonstrated an increasing trend of 

vitamin D deficiency among the entire population during 1990–2014.1

Acute coronary syndrome (ACS) refers to any signs or symptoms of coronary artery 

stenosis that includes unstable angina, non-ST segment elevation myocardial infarction 

(NSTEMI), and ST segment elevation myocardial infarction (STEMI). According to 

recent studies, there is a correlation between vitamin D concentrations and risk factors for 

coronary artery syndrome such as dyslipidemia, hypertension, obesity, diabetes mellitus, 

and inflammatory factors.2–5 In addition, 25(OH)D deficiency is common among patients 

with ACS and associated with increased risk of ACS complications.6 It has been sug-

gested that left ventricular ejection fraction (LVEF), as a reliable indicator in ventricular 
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dysfunction, has been affected more severely among patients 

with ACS who have low serum vitamin D concentration.7

The pathogenesis of cardiovascular disease is not fully 

understood, but evidence suggests that inflammation, 

endothelial dysfunction, and platelet aggregation may con-

tribute to the development of ACS.7,8 The anti-inflammatory 

effects of 25(OH)D have been considered over several 

decades. Recent studies determined that vitamin D and its 

analogs consistently suppress proinflammatory cytokines 

and increase anti-inflammatory markers in the bloodstream.8,9 

Akbas et al reported the inflammatory regulation role 

of vitamin D in their study. They presented the ratio of 

neutrophils-to-lymphocytes and platelets-to-lymphocytes, as 

an inexpensive, universally available inflammatory markers.10 

The result of their study revealed an inverse association 

between serum vitamin D and novel inflammatory markers.10

Blood cytology is commonly applied to predict out-

comes among patients with ACS. Anemia is associated with 

increased rate of hospital mortality.11,12 Leukocytosis is also 

linked to a significantly higher risk of heart failure, and 

mortality among patients with ACS.12 Thrombocytosis may 

cause dysregulation of coagulation, with an increased risk 

of severe complications. For this reason, one of the potential 

pharmacodynamic pathways for some medications like statin 

is control of the platelet aggregation response by activating 

vitamin D metabolites, which may lead to improvement in 

symptoms of ACS and could also reduce the risk of devel-

oping ventricular dysfunction.13

Given that 25(OH)D deficiency induces endothelial dam-

age by inflammatory dysregulation and platelet aggregation 

and, based on the absence of studies exploring the effect 

of vitamin D deficiency on inflammatory markers and its 

prognosis among patients with ACS, we aimed to determine 

whether 25(OH)D deficiency is associated with ventricular 

dysfunction among patients with ACS. Given some published 

evidence that vitamin D reduces the concentration of inflam-

matory markers in the blood, we evaluated the role of the 

white blood cell (WBC) count, and C-reactive protein (CRP) 

as the mediators in this study.

Materials and methods
This cross-sectional study was conducted at Seyedo Shohada 

teaching Hospital between May 2015 and June 2016 in 

Urmia, Iran.

Patients with a final diagnosis of unstable angina, ST 

segment elevation, and non-ST segment elevation MI were 

considered to have ACS in this study. Myocardial infarction 

(MI) is defined by two of the following criteria.

1) Symptoms/signs of myocardial infarction or unstable 

angina which are confirmed by cardiologist. 2) Electrocardio-

graphic findings which are compatible with the diagnosis of 

myocardial infarction. 3) Biochemical markers of myocardial 

injury to establish myocardial damage (Creatine kinase-MB 

[CK-MB] or Cardiac troponin).

The project was reviewed and approved by the Urmia 

University of Medical Sciences Institutional Board. The 

Social Determinant of Health Research Center of Urmia 

Medical Sciences University also approved the study design. 

The aim of this study and possible harm were explained to 

each participant. Patients signed the consent form to confirm 

their awareness of all procedures.

Blood samples were obtained within the first few hours 

after admission and delivered to the reference laboratory. 

Serum 25(OH)D (ng/mL) concentration was quantified 

by electrochemiluminescence (ECL) using Cobas E44 

analyzer.

According to the Institute Of Medicine expert committee 

(IOM), we defined 25(OH)D deficiency as a serum concen-

tration of less than 10 ng/dL. Moreover, we categorized 

25(OH)D concentration as a categorical variable defined 

as normal, insufficient, and deficient levels of vitamin D in 

this study. Patients with vitamin D concentrations between 

10 and 20 ng/mL were defined as being of insufficient levels.

Demographic and behavioral characteristics including 

age, sex, settlement classification (rural/urban areas), smok-

ing status (never, ex-smoker, and current smoker), and body 

mass index (,25, 25–30, and $30 kg/m2) were potential 

confounders.

Diabetes, hypertension, ST and non-ST segment elevation 

MI, the season of admission, leukocytosis, anemia, thrombo-

cytosis, and CRP were other covariates in this study. Patients 

who had reported taking antidiabetic/antihypertensive agents 

for at least 6 months were considered as diabetic/hypertensive 

patients in this study.

Anemia was defined as a hemoglobin level of less than 

12 mg/dL in women and less than 14 mg/dL in men. Positive 

CRP was defined as the CRP level $10 mg/dL.

The normal range of WBC was 4,500–11,000. Platelet 

count between 350,000 and 100,000 was considered as the 

normal level.

Left ventricular ejection fraction (LVEF) was the outcome 

variable. Echocardiography was performed for all patients by 

using two-dimensional echocardiography within 3–7 days of 

admission. Simpson, BAL estimation eye methods were used 

to measure LVEF. An ejection fraction of less than 45% was 

identified as left ventricular dysfunction.
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statistical analysis
Descriptive statistics were reported as mean (standard devia-

tion) or median (interquartile range, IQR) for continuous 

variables, and as frequency (percentage) for categorical 

variables. For comparisons of patients with 25(OH)D defi-

ciency versus those with normal concentration, chi-square 

tests were used to compare categorical variables. Student’s 

t-test and the Wilcoxon rank–sum test were used to compare 

continuous variables, as appropriate.

Multivariable logistic regression models were fit to 

explore the association between 25(OH)D concentration 

and ventricular dysfunction. The model was then adjusted 

for demographic characteristics (age, sex, and settlements 

classification) as potential confounder variables. Next, we 

adjusted for behavioral and other covariates (BMI, smoking, 

blood pressure, diabetes, leukocytosis, anemia, and CRP).

Furthermore, we determined whether the inflammatory 

markers, including CRP and WBC, met the standard criteria 

as mediators between 25(OH)D deficiency and patient prog-

nosis, as measured by LVEF. Logistic regression analysis 

was conducted to evaluate the following hypotheses: 1) the 

inflammatory markers (CRP, WBC) are associated with 

25(OH)D deficiency; 2) 25(OH)D is significantly associated 

with ventricular dysfunction; 3) the inflammatory markers 

are associated with ventricular dysfunction; and 4) the 

effect of 25(OH)D deficiency on the odds of developing 

ventricular dysfunction is attenuated when inflammatory 

markers are added to the model. It is necessary to reject 

the null of all four hypotheses to support CRP and WBC as 

mediator variables.

STATA version 13 was used for analysis. Statistical 

significance was defined using a two-sided P-value ,0.05 

for all analyses.

Results
Characteristics of study population
In total, 170 patients with an ACS diagnosis were included 

in the analysis. The mean age of the study population was 

59.42±13.60 years. Participants were mostly male (69.41%) 

and from the urban areas (65.29%). The study population 

was mostly admitted in the winter and fall (74.1%). The 

prevalence of having non-ST segment elevation MI was 

35.50%. Almost half of the patients with ACS had normal 

blood pressure. Approximately half had no history of 

smoking, compared to 36.47% who were current smokers. 

Seventy-eight percent of participants were CRP positive. 

Forty-seven percent of patients had leukocytosis. The preva-

lence of left ventricular dysfunction was 62.9%.

Comparison of participants with normal 
25(Oh)D concentrations and those with 
25(OH)D deficiency
Eighty-four percent (142/170) of study population had low 

25(OH)D concentrations. Table 1 compares the demo-

graphic characteristics between two groups. Participants 

with 25(OH)D deficiency were more likely to be younger 

(P=0.002), but were less likely to be male and smokers than 

those with normal 25(OH)D concentrations; however, the dif-

ferences were not significant statistically. Anemia was more 

common among patients with 25(OH)D deficiency (68.2% 

vs 31.8%, P=0.02). Patients with 25(OH)D deficiency were 

more likely to have leukocytosis than those with normal 

25(OH)D concentration (P=0.04). However, the two groups 

did not differ according to other demographic, clinical, and 

laboratory variables.

Association of 25(OH)D deficiency and 
left ventricular dysfunction
We examined the association of 25(OH)D deficiency and 

ventricular dysfunction using logistic regression analysis. 

As shown in Table 2, the first unadjusted model showed 

a higher odds of ventricular dysfunction associated with 

25(OH)D deficiency (OR: 2.12, 95% confidence interval 

[CI]: 1.2–5.23). A similar result was found after adjusting for 

demographic and behavioral variables (age, sex, settlement 

classification, BMI, and smoking status). Further adjustment 

for clinical and laboratory characteristics (hypertension, 

diabetes, anemia, leukocytosis, type of MI, etc.) did not 

meaningfully change the association (Table 2).

Subsequently, logistic regression analysis was used to 

determine the association between 25(OH)D concentrations 

as a categorical variable (normal, insufficient, or deficient) 

and ventricular dysfunction. Patients with 25(OH)D insuf-

ficiency were less likely to have ventricular dysfunction even 

after adjustment for demographic and clinical variables, 

compared to patients with 25(OH)D deficiency; however, the 

odds ratio was not significant statistically (OR: 0.72; 95% CI: 

0.33–0.92 vs OR 2.25, 95% CI: 0.84–6.04). Figure 1 shows 

the prevalence of ventricular dysfunction and vitamin D 

deficiency in the study population.

Inflammatory markers (CRP and WBC) 
as the mediator factors
The four criteria necessary to establish CRP and WBC as the 

mediators of the association between 25(OH)D deficiency 

and ventricular dysfunction are listed in Table 3.
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The 25(OH)D deficiency was significantly associated 

with WBC. Moreover, there was a significant association 

between WBC and ventricular dysfunction. The odds ratio 

of 25(OH)D deficiency and ventricular dysfunction was 

attenuated after adjustment for WBC, but not to a clinically 

meaningful extent. Only one out of four null hypotheses was 

rejected for CRP as a mediator. Therefore, both WBC and 

CRP did not meet the criteria of being mediators in the associ-

ation of 25(OH)D deficiency and ventricular dysfunction.

Further analysis
The stratified regression analysis for WBC, after adjustment 

for demographic, clinical, and laboratory characteristics, 

shows that there was a statistically significant association 

between WBC and 25(OH)D deficiency. As a result, the next 

analysis was stratified by WBC. There was no significant 

association between 25(OH)D concentrations and ejection 

fraction among patients with normal WBC. However, the 

unadjusted model for patients with WBC .11,000 showed 

Table 1 Baseline characteristics by serum vitamin D level among patients with acute coronary syndrome

Demographic 
and clinical 
characteristics

Total sample
(n=170)
Mean ± SD

Normal vitamin D 
level (n=28)
Mean ± SD or %

Deficient vitamin D
(n=142)
Mean ± SD or %

aTest 
statistics
P-value

age years 59.42±13.60 68.10±10.48 57.71±13.52 0.002
sex, male 69.41 57.14 71.83 0.09
Urban settlement 65.29 57.14 66.90 0.21
Cigarette smoking

never 51.18 57.14 50
ex-smoker 12.35 0 14.79
Current smoker 36.47 42.86 35.21

Previous Mi 0.21
Yes 11.76 17.86 10.56
no 88.24 82.14 89.44

season of Mi 0.94
Fall 30.6 28.57 30.99
Winter 43.5 42.86 43.66
spring 14.1 17.86 11.97
summer 11.8 10.71 13.38

Blood pressure 0.56
normal 50.30 50 50.35
hypertension 49.70 50 49.65

Type of Mi 0.49
sT elevation 64.50 66.67 64.08
non-sT elevation 35.50 33.33 35.92

CRP $10 0.88
Yes 78.24 82.14 77.46
no 21.76 17.86 22.54

Leukocytosis (WBC .11,000) 0.041
Yes 47.6 32.14 52.11
no 54.4 67.86 47.89

anemia 0.02
Yes 68.2 78.57 57.75
no 31.8 21.42 42.55

Thrombocytosis 0.25
Yes 6.7 7.14 2.82
no 93.3 92.86 97.18

ejection fraction 0.04
,45 62.94 78.57 59.86
$45 37.06 21.43 40.14

Body mass index 0.26
,25 38.2 739.29 28.17
$25 61.8 60.71 71.83

Diabetes 0.42
Yes 85.65 89.29 80.28
no 14.35 10.71 19.72

Note: aThe statistical analysis is a comparison between normal and deficient levels of serum vitamin D.
Abbreviations: MI, myocardial infarction; WBC, white blood cell.
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the association between 25(OH)D deficiency and ventricular 

dysfunction; even after adjusting the model for demographic 

variables, the OR was more than one, which demonstrated 

that patients with 25(OH)D deficiency were more likely to 

develop ventricular dysfunction among those with leukocy-

tosis (OR: 2.11, 95% CI: 1.41–6.37). The result remained 

identical after adding clinical characteristics to the model.

Discussion
Worldwide, ACS is one of the important causes of heart 

failure. Although the pathophysiology of ACS is not fully 

understood, evidence suggests that inflammation and 

endothelial dysfunction are part of the biological pathway 

to develop ACS.

Studies of the general population have concluded that 

vitamin D deficiency is associated with diabetes, cardiovas-

cular disease, and poor physical function. Previous reports 

have suggested that 25(OH)D is a precursor of several hor-

mones which may contribute to cardioprotective function, 

inflammatory response, and the thrombotic process in the 

pathogenesis of atherosclerosis.6,13 There is now mounting 

evidence that explains the role of vitamin D in the functioning 

of immune regulatory pathways. It has been suggested that 

there is an association between inflammatory markers such 

as CRP and/or WBC and 25(OH)D concentrations. In fact, 

the vitamin D receptor has been identified on inflammatory 

cells, where the active metabolites of vitamin D inhibit 

leukocyte proliferation, cytokine release, and the platelet 

aggregation process.13–16 Our study represents the first attempt 

to define the impact of serum vitamin D concentration and 

ventricular dysfunction in consideration of inflammatory 

marker activity.

Our study found a significant association between 

25(OH)D deficiency and increased prevalence of ventricular 

dysfunction among patients. CRP and WBC did not meet the 

criteria as the mediators. WBC was an effect modifier: only 

patients with leukocytosis were found to have a significant 

association with increased odds of developing ventricular 

dysfunction. These results suggest that vitamin D concen-

tration could be an important tool in the prediction of ACS 

Table 2 Results of multivariable adjusted logistic regression examining the association of ventricular dysfunction with vitamin D 
deficiency

Unadjusted Socio-demographic adjusted Clinical covariates adjusted

OR (CI 95%) P-value OR (CI 95%) P-value OR (CI 95%) P-value

Vitamin D level
normal Reference
Deficient 2.45 (1.25–4.32) 0.03 2.12 (1.2–5.23) 0.04 1.99 (1.01–6.21) 0.05
Female sex 1.47 (1.3–4.2) 0.04 1.10 (0.44–2.72) 0.81
age $55 1.19 (1.21–5.20) 0.03 1.02 (0.99–1.05) 0.10
Rural area 1.2 (0.88–7.1) 0.21 1.22 (0.56–2.62) 0.60

smoking
never Reference
ex-smoker 2.42 (0.78–7.5) 0.53 2.7 (0.80–6.43) 0.1
Current smoker 1.57 (0.99–3.39) 0.05 2.0 (0.99–4.36) 0.09

BMi (kg/m2)
,25 Reference
$25–30 1.46 (0.68–3.2) 0.32 2.05 (0.89–4.72) 0.08
.30 0.74 (0.38–1.96) 0.55 1.15 (0.39–3.98) 0.71

Mi type
non-sT Reference
sT elevation 2.1 (1.06–4.32) 0.04
leukocytosis 1.65 (0.84–3.12) 0.22
Diabetes 1.64 (0.75–3.44) 0.24
Blood pressure 1.23 (0.89–5.65) 0.12
anemia 2.1 (0.98–4.78) 0.18

Abbreviations: BMi, body mass index; Mi, myocardial infarction.

Figure 1 left ventricular dysfunction (lVeF ,45) among patients with vitamin D 
deficiency and those with normal serum vitamin D concentration.
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outcomes, although additional prospective studies are needed 

to confirm these results.

In our study, WBC did not meet one of the conventional 

criteria as a mediator. On examining CRP as a mediator, it 

could not meet the criteria as well. One potential explanation 

is CRP and WBC were the only systemic inflammatory 

markers measured in this study, but other biomarkers of 

inflammation may act as the mediators in the relationship 

of vitamin D and inflammation. Another reason is the fact 

that our sample size may have been too small to explore the 

role of WBC and CRP as the mediators.

Although in vitro studies have suggested that vitamin D 

and its active metabolites play a proinflammatory suppres-

sive role with increasing anti-inflammatory cytokines,7,17 the 

results of clinical trial studies to prove the anti-inflammatory 

effect of vitamin D have been inconsistent.17–19 A clinical 

trial conducted by Schleithoff et al indicated that 9 months 

of vitamin D supplementation therapy in patients with heart 

failure reduced the inflammatory biomarkers, as measured 

by the serum interleukin and tumor necrosis factor (TNF-a).17 

In contrast, another study showed that vitamin D administra-

tion among patients with diabetes did not significantly alter 

serum biomarkers of inflammation and oxidative stress.19 

Moreover, there is contradictory evidence with regard to the 

association of CRP and cardiovascular outcomes.20

Our study revealed that 25(OH)D deficiency had a 

significant effect on increasing the odds of left ventricular 

dysfunction. Correia et al demonstrated the potential asso-

ciation between 25(OH)D and hospital mortality among 

patients with ACS.21 Similarly, another cross-sectional study 

presented a significant association between serum vitamin D 

concentrations and ventricular ejection fraction.22 A link 

between vitamin D deficiency and the severe outcomes of 

ACS among patients with diabetes has been suggested by 

Gondim et al.23 Verdoia et al indicated that low vitamin D 

concentration is highly associated with adverse outcomes in 

women suffering from cardiovascular diseases.24 Survival 

analysis for 7-year total mortality rate among patients with 

ACS showed a correlation between vitamin D deficiency and 

increased rate of mortality.5 A prospective study proposed a 

possible association between vitamin D deficiency, elevated 

cholesterol levels, and inflammatory markers.25

We found that the prevalence of left ventricular dys-

function was higher among patients with leukocytosis and 

25(OH)D deficiency, but not among those with normal 

WBC and low serum vitamin D. It is possible that the sys-

temic effect of increasing WBC may alter the association of 

vitamin D concentration and ventricular dysfunction through 

inflammatory pathways.13,16

Limitations of this study need to be acknowledged. The 

cross-sectional design prevents any inferences of causality. 

In our study, serum vitamin D concentration and ventricular 

ejection fraction were evaluated at a single time point. How-

ever, a cross-sectional design is appropriate for hypothesis 

generation. Unmeasured confounders are another challenging 

issue. Information about patient health behavior, lifestyle, 

and medication history which may influence the ACS prog-

nosis were not measured in our study. Our study included 

no variables of socioeconomic factors which may be linked 

to vitamin D status.26 Short-term follow-up is also another 

limitation in this study. Moreover, this study ignored the 

severity of ventricular dysfunction by categorizing ejection 

fraction as a binary variable because of small sample size; 

future larger studies may benefit from examining ventricular 

dysfunction as a non-dichotomized outcome.

Disclosure
The authors report no conflicts of interest in this work.

Table 3 Criteria to establish CRP and WBC as mediators in the 
association between serum vitamin D and ventricular dysfunction

Criteria results OR CI 95% 

WBC
Vitamin D deficiency is 
significantly associated with

2.1 (1.22–4.38)*

WBC
WBC is significantly 
associated with ventricular

1.7 (1.42–5.21)*

ejection fraction
Vitamin D deficiency is 
significantly associated with

2.45 (1.25–4.32)*

Ventricular ejection fraction
The effect of serum vitamin D  
on the odds of developing

1.7 (1.43–6.21)

Ventricular dysfunction is 
attenuated when
WBC is added to the model

CRP
Vitamin D deficiency is 
significantly associated with

1.36 (0.96–5.34)

CRP
CRP is significantly associated 
with ventricular

2.65 (0.77–7.54)

ejection fraction
Vitamin D deficiency is 
significantly associated with

2.45 (1.25–4.32)*

Ventricular ejection fraction
The effect of serum vitamin D  
on the odds of developing

1.2 (0.55–5.99)

Ventricular dysfunction is 
attenuated when
CRP is added to the model

Note: *P,0.05.
Abbreviations: CRP, C-reactive protein; WBC, white blood cell.
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