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Introduction
Postoperative atrial fibrillation (POAF) is a common com-
plication after coronary artery bypass graft (CABG). It af-
fects about 30%–60% of patients who undergo CABG.1,2 
POAF has also been associated with both short and long 
term complications.2,3 This arrhythmia is observed most 
frequently in the first five days of the postoperative period, 
especially during the first 24–72 hours.4 POAF increases 
the risk of cerebrovascular accident, which extends the 
duration of intensive care unit and hospital stays.5 This 
complication also increases the cost of surgical treatment. 
Some of the risk factors associated with the development 
of POAF are advanced age, right atrial manipulation, atri-
al myocardial ischemia, cardiopulmonary bypass (CPB), 
and prolonged aortic cross-clamping time.6,7

The incidence of vitamin D deficiency is high in West-
ern populations and has been considered a glob-

al health problem, particularly in the elderly.8,9 
Vitamin D is associated with bone formation and calci-
um metabolism in the cardiovascular system. Addition-
ally, inadequate vitamin D levels lead to an increased risk 
of developing cardiovascular disease, hypertension (HT), 
and obesity.10,11 Vitamin D influences human health via 
several different mechanisms. In brief, vitamin D plays a 
role in the inhibition of the renin-angiotensin-aldosterone 
system (RAAS) and has also been associated with inflam-
matory processes. Both are involved in the pathophysiol-
ogy of atrial fibrillation (AF). Therefore, vitamin D can 
influence the etiology of POAF.12

The aim of this prospective study was to investigate the 
effect of preoperative vitamin D deficiency and insuffi-
ciency to the development of POAF that was defined as 
an episode of AF recorded on continuous telemetry and 
verified using 12-lead electrocardiogram within the first 

*Corresponding author: Safa Gode, Email: safagode@yahoo.com 
© 2016 The Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Original Article

Publishing
Group

TUOMS

Article History:
Received: 3 May 2016
Accepted: 20 November 2016
epublished: 27 December 2016

Keywords:
Vitamin D
Atrial Fibrillation
Coronary Artery Bypass Graft

Abstract
Introduction: Various factors may be responsible for the development of postoperative 
atrial fibrillation (POAF) in coronary artery bypass graft (CABG) patients. In our study, we 
demonstrated the effect of vitamin D deficiency on the development of POAF.
Methods: In this prospective case control study, patients undergoing elective, isolated CABG 
were considered. A total of 15 patients (16.6%) who developed POAF during the first five days 
after surgery made up the POAF group. Seventy-five patients that had a sinus rhythm in the 
same period were the non-POAF group. The two groups were compared statistically in terms of 
laboratory, clinical, echocardiographic, operative, and postoperative parameters.
Results: All patients were in sinus rhythm at discharge. The baseline characteristics of the study 
groups were comparable. The POAF group had a lower vitamin D level than the non-POAF group 
(9.0 ± 5.0 and 15.0 ± 8.4 ng/mL, respectively; P = 0.007). In the POAF group, the patients’ left 
atrium diameter and incidence of hypertension (HT) were higher than those of the non-POAF 
group.
Conclusion: Incidence of POAF was significantly higher in patients with vitamin D deficiency 
or insufficiency than the patients with vitamin D level in normal range. Therefore vitamin D 
deficiency or insufficiency may be a predictor of POAF in patients with CABG.
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five days postoperatively in patients with on pump CABG. 

Patients and Methods
In this prospective, case control study, patients undergo-
ing elective primary isolated CABG at the Department of 
Cardiothoracic Surgery of Istanbul Mehmet Akif Ersoy 
Thoracic and Cardiovascular Surgery Training and Re-
search hospital between January 2016 and March 2016 
were considered. Exclusion criteria included preoperative 
AF, current using vitamin D supplement and antiarrhyth-
mic treatment (amiodarone, etc.), beating heart surgery, 
robotic surgery, redo surgery, bleeding revision, chronic 
renal failure, and hyperthyroidism. Thirty-six of the 126 
patients were excluded from the study due to these criteria 
(Figure 1). Therefore, 90 final patients were enrolled in the 
study. 
Chronic renal failure was defined as a blood creatinine 
level of >1.5 mg/dL or if the patient were currently en-
rolled in a hemodialysis program. Hyperthyroidism was 
defined as a blood thyroid stimulating hormone (TSH) 
level of <0.4 mg/dL or if the patient were on antithyroid 
medication. All patients were operated on by the same 
surgery team under CPB in standard fashion using mild 
hypothermia (32–34°C) in this study.
The study population included 65 males and 20 females, 
with a mean age of 58.1 years. Patients were monitored 
continuously by five-lead telemetry 24 hours in a day 
from surgery until the fifth day postoperatively. POAF 
was defined as an episode of AF recorded postoperative-
ly on continuous telemetry, and AF was verified using 

12-lead electrocardiogram (EKG). AF diagnostic criteria 
including that absence of discrete P waves, the RR inter-
vals follow unrepetitive form; they have been labeled as 
“irregularly irregular” and the ranges of ventricular rate 
usually between 90 and 170 beats/min were considered for 
POAF by a cardiologist in our study. The participants were 
divided into two groups. Patients who experienced AF at 
any time during the first five days after the operation were 
placed in the POAF group (n = 15), while patients with a 
sinus rhythm in the same period were considered the non-
POAF group (n = 75). 
This study was approved by the ethics committee of our 
hospital. Additionally, we also obtained the patients’ writ-
ten informed consent to be included in the study. The two 
groups were compared in terms of their clinical diagnoses 
and usage of the following medications upon admission: 
angiotensin converting enzyme inhibitors, beta blockers, 
calcium channel blockers, and statins (Table 1). A com-
parison was also performed between the groups in terms 
of their parathyroid hormone (PTH), vitamin D and other 
laboratory and echocardiographic parameters (Table 2), 
as well as their operative and postoperative parameters 
(Table 3). 

Measurements method of vitamin D and biochemical 
parameters 
Blood samples were drawn from the antecubital vein 
in the morning before 10:00 am after overnight fasting. 
Blood was drawn into standardized tubes containing di-
potassium ethylenediaminetetraacetic acid (EDTA) to be 

16 

 

Figure 1. Patients flow chart.   AF: atrial fibrillation, CABG:coronary artery bypass graft. 
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stored at room temperature. The levels of vitamin D and 
other biochemical parameters were analysed in biochem-
istry laboratory within 90 min of venipuncture.

Statistical analysis
Statistical examination were applied using SPSS 16.0 sta-
tistical package for Windows. Sustained data were ex-
pressed as mean ± standard deviation (SD) while categori-
cal data were presented as percentage. Chi-square test was 
used for comparison of categorical variables while t test or 

Mann-Whitney U test were used to compare parametric 
and nonparametric constant variables, respectively. Nor-
mal distribution was assessed by Kolmogorov-Smirnov 
test. Logistic regression analysis was performed to deter-
mine the independent predictors of postoperative AF. A 
value of P < 0.05 was considered statistically significant.
Effect size was defined according to Post-hoc power anal-
ysis.13,14 We calculated effect sizes of vitamin d deficien-
cy and insufficiency. Effect sizes of vitamin D deficiency 
and insufficiency were 77.6% and 44.9% respectively. Our 

Table 1. Comparison of the groups in terms of clinical and admission medications parameters

Group with POAF (n=15) Group with non-POAF (n=75) P

Age (y), ( ± SD) 59.1  ±  5.4 58.4 ± 9.1 0.659

Gender (female), n (%) 5 (33) 15 (33) 0.313

Smoking (pocket/year) ( ± SD) 19.0 ± 22.1 21.0 ± 20.7 0.740

Alcohol consumption (n, %) 0 (0) 3 (4) 0.575

BSA ( ± SD) 1.9 ± 0.1 1.9 ± 0.2 0.567

DM, n (%) 10 (66) 35 (46.6) 0.157

HT, n (%) 11 (73.3) 32 (42.6) 0.029a

COPD, n (%) 0 (0) 13 (17.3) 0.115

ACEi use, n (%) 7 (46.6) 35 (46.6) 0.613

Beta blocker use, n (%) 10 (66.6) 55 (73.3) 0.753

Calcium channel blocker, n (%) 7 (46.6) 24 (32) 0.373

Statin use, n (%) 13 (86.6) 57 (76) 0.506

Abbreviations: ACEi, angiotensin converting enzym;  BSA, body surface area; CCB, calcium channel bloker; COPD, chronic obstructive pulmonary 
disease; DM, diabetes mellitus; HT, hypertension; POAF, postoperative atrial fibrilation; SD, standard deviation. 
a Statistically significant. 

Table 2. Comparison of the groups in terms of laboratory and echocardiography parameters

Group with POAF (n=15)
mean ± SD

Group with non-POAF (n=75)
mean ± SD P

WBC (k/mm3) 8.6 ± 1.5 8.5 ± 2.1 0.946
Hemoglobin (g/dL) 13.7 ± 1.8 14.8 ± 3.8 0.298

CRP (mg/dL) 7.8 ± 8.2 6.3 ± 6.8 0.610

Ca (mg/dL) 9.6 ± 0.4 10.0 ± 3.1 0.642

PTH  (pg/mL) 75.9 ± 86.2 51.7 ± 41.9 0.304

25(OH) vitamin D (ng/mL) 9.0 ± 5.0 15.0 ± 8.4 0.007a

Creatinin (mg/dL) 1.3 ± 1.2 1.0 ± 0.5 0.244

TSH  (mcIU/mL) 2.2 ± 1.3 2.2 ± 1.9 0.871

LDL (mg/dL) 97.6 ± 41.4 117.4 ± 41.7 0.106

HDL (mg/dL) 44.5 ± 6.9 44.8 ± 12.1 0.912

Total cholesterol (mg/dL) 173.5 ± 42.3 192.1 ± 48.1 0.168

Triglycerides (mg/dL) 137.6 ± 58.8 153.6 ± 65.1 0.380

EF (%) 52.7 ± 10.3 54.7 ± 9.3 0.452

LV end diastolic diameter (mm) 32.2 ± 6.7 32.6 ± 7.1 0.832

LV end sistolic diameter (mm) 47.9 ± 6.6 45.6 ± 7.7 0.282

Septum (mm) 11.8 ± 2.1 10.8 ± 1.6 0.100

PW (mm) 10.9 ± 1.6 10.4 ± 3.1 0.554

RAD (mm) 37.1 ± 4.5 37.1 ± 5.0 0.992
LAD (mm) 38.1 ± 3.6 36.0 ± 4.6 0.034a

Abbreviations: CRP: C reactive protein, EF: ejection fraction, HDL: high-density lipoprotein, LAD: left atrial diameter, LDL: low-density lipoprotein, LV: 
left ventricle, POAF: postoperative atrial fibrilation PTH: parathyroid hormone, PW: posterior wall, SD: standard deviation, TSH: thvroid-stimulating 
hormone, RAD: right atrial diameter, WBC: White blood cell.
a Statistically significant.
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results demonstrated that those parameters had large or 
very large effect size. 

Results
Of the 90 included patients, 15 (16.6%) developed POAF 
during the first five days postoperatively. Therefore, there 
were 15 patients in the POAF group and 75 patients in the 
non-POAF group. The mean ages were 59.1 ± 5.4 and 58.4 
± 9.1 in the non-POAF group and in the POAF group, re-
spectively. A comparison was made between groups based 
upon their clinical diagnoses and admission medications, 
including ACE inhibitors, beta blockers, calcium channel 
blockers and statins, and the incidence of HT was signifi-
cantly higher in the POAF group (P = 0.029) (Table 1). In 
terms of laboratory parameters, the vitamin D level was 
significantly higher in patients without POAF than in 
those with POAF (P = 0.007). The other laboratory pa-
rameters were statistically similar in the two groups (Table 
2). The group with POAF showed a significantly higher 
left atrial diameter (LAD) than the group without POAF 
(P = 0.034). There was no significant difference in terms of 
the ejection fraction (EF) or any other echocardiographic 
parameters between the two groups (Table 2). Additional-
ly, no difference was reported in the number of bypassed 
vessels, total perfusion time (TPT), and aortic cross clamp 
time (ACCT) (Table 3). Among the postoperative risk fac-
tors, the duration of intubation, blood loss per patient, and 
the length of intensive care unit (ICU) and hospital stays 
were statistically the same in the two groups (Table 3). 
Also all patients were evaluated in terms of level of vita-
min D. Number of patients with normal vitamin D level 
(above 30 ng/mL) were 9 and 0 in non POAF group and 
POAF group respectively. There were 44 and 5 patients 
with insufficient of vitamin D (between 10-30 ng/mL) 
and 22 and 10 patients with deficient of vitamin D (less 
than 10 ng/mL) in non POAF group and POAF group re-

spectively. When two groups were compared in terms of 
level of vitamin D, deficiensy and insuficiensy of vitamin 
D were statistically high in POAF group than non POAF 
group (P = 0.017; Table 4).
Table 5 shows the results of univariate analysis of factors 
related to the development of POAF. The unadjusted uni-
variate analysis demonstrated that the risk factors for AF 
were HT (P = 0.038) and vitamin D deficiency (P = 0.014) 
(odds ratio [OR]: 3.695, 95% CI: 1.077–12.674, P = 0.038; 
OR: 0.858, 95% CI: 0.759–0.970, P = 0.014, respectively). 
Other variables were not significantly associated with the 
development of POAF. After eliminating variables that 
were closely related to others, these independent risk fac-
tors for POAF were adopted as confounders in the logistic 
regression model for the multivariate analysis.
According to Vittinghoff et al15 the variables those P < 0.10 
or P < 0.15 in univariate analyses may be statistically sig-
nificant in multivariate analyses. Therefore these variables 
are included to multivariate analyses. For this reason we 
included the LAD, creatinine, cholesterol and DM to the 

Table 3. Comparison of the groups in terms of operative and postoperative parameters

Group with POAF (n=15) 
mean ± SD

Group with non-POAF (n=75)  
mean ± SD P

Bypassed vessel count (n) 3.1 ± 0.7 2.8 ± 1.0 0.290
TPT (min) 83.6 ± 28.0 82.9 ± 25.0 0.927

ACCT (min) 44.1 ± 19.1 42.1 ± 15.4 0.663

Time of Intubation (h) 10.7 ± 3.8 8.7 ± 3.2 0.083

Time of ICU (days) 1.1 ± 0.4 1.2 ± 0.5 0.602
Blood loss per patient (mL) 973.3 ± 543.8 756.7 ± 529.2 0.153

Abbreviations: ACCT: aortic cross clamp time, ICU: intensive care unit, SD: standart deviation, TPT: total perfusion time.

Table 4. The distribution of patients according to the presence of new-onset AF and vitamin D status

Level of 25(OH) vitamin D Group with POAF  
n (%)

Group with non-POAF 
n (%) P

Deficiency (<10 ng/mL) 10 (66,7) 22 (29,3) P=0.017a

Insufficiency (10-30 ng/mL) 5 (33,3) 44 (58,7)
Normal (>30 ng/mL) 0 9 (12)

Abbreviations: POAF: postoperative atrial fibrilation; AF, atrial fibrillation.  
a Statistically significant.

Table 5. Univariate logistic regression analysis to determine the 
predictors of POAF

Odds ratio 95% CI P

Age 1.011 0.947-1.080 0.747
Gender 0.508 0.151-1.712 0.275

HT 3.695 1.077-12.674 0.038a

DM 2.286 0.713-7.331 0.164

Total  cholesterol 0.991 0.979-1.004 0.170

Creatinine 1.915 0.906-4.047 0.089

EF 0.978 0.924-1.036 0.448

LAD 1.016 0.999-1.033 0.072
25(OH) vitamin D 0.858 0.759-0.970 0.014a

Abbreviations: DM, diabetes mellitus; EF, ejection fraction; HT, 
hypertension; LAD, left atrial diameter.  
a Statistically significant.
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multivariate analyses. Only one factor was identified as an 
independent predictor of postoperative AF after CABG 
surgery in multivariate analysis: the level of vitamin D 
(OR: 0.856, 95% CI: 0.751–0.976, P = 0.020) (Table 6; 
Figure 2).

Clinical outcomes
The patients who developed POAF were treated medically 
with intravenous amiodarone initially and then the tablet 
form thereafter. Electrical cardioversion was not required 
in any patients with POAF. Duration of POAF was so 
variable from 139 minutes to 16 hours but there were not 
second episode of AF in patients and all patients were in 
sinus rhythm at discharge. There was no mortality during 
the early postoperative period. One stroke and one tran-
sient ischemic attack occurred postoperatively in POAF 
group. Acute renal insufficiency developed in two patients 
whose renal functions had been normal preoperatively in 
non POAF group, but they did not require hemodialysis. 
Sternal wound infection was observed in one patient in 
each group, and one of them underwent sternal revision in 
POAF group. There was no pericardial effusion requiring 
intervention in any group.

Discussion
This study demonstrated the relationship between vita-
min D deficiency and POAF development. The patients 
who developed POAF had a significantly lower mean con-
centration of serum 25 (OH) vitamin D than the patients 
with sinus rhythm (Figure 2).
When cardiac myocytes were induced, positively charged 
ions (Na+) enter to cardiomyocyte and action potential be-
gins. Thereafter inward calcium currents provide to the 
plateau phase of membrane potential which determine 
the duration of action potential. Myocytes are not sensi-
tive to electrical impulse in the plateau phase. Extensively 
increased intracellular calcium may be toxic. Therefore, 
the adaptive mechanisms that down regulate the calcium 
channels play an important role in decreasing the intracel-
lular calcium. Thereupon, the duration of action potential 
is reduced leading to early reactivation and triggering AF.
POAF is one of the most common causes of morbidity 
following cardiac surgery.16,17 Although AF is a frequent 
postoperative complication, the incidence of POAF in 

Table 6. Multivariate logistic regression analysis to determine the 
independent predictors of POAF

Odds Ratio 95% CI P

HT 3.738 0.811-17.224 0.091
DM 1.379 0.328-5.806 0.661

Total Cholesterol 0.991 0.977-1.006 0.227

Creatinine 1.958 0.681-5.632 0.213

LAD 1.077 0.925-1.254 0.338
25(OH) vitamin D 0.856 0.751-0.976 0.020a

Abbreviations: DM, diabetes mellitus; EF, ejection fraction; HT, 
hypertension; LAD, left atrial diameter.  
a Statistically significant.

Figure 2. Comparison of the groups in terms of vitamin D level.

patients undergoing cardiac surgery is still unknown. As 
reported in the literature, AF occurs most often in the first 
week postoperatively, and the incidence range is between 
30%–60%.18,19 The frequency of POAF was 16.6% in our 
study. This result was relatively small compared with the 
existing literature and may have been related to the strict 
elimination criteria used in our study population. 
Unlike non-surgical cases, AF that occurs in the postop-
erative period does not have a well-defined cause. Vari-
ous risk factors are related to the increased incidence of 
AF in patients postoperatively, including paroxysmal AF 
history, previous myocardial infarction, DM, HT, chron-
ic obstructive pulmonary disease (COPD), advanced age, 
discontinuation of beta-adrenergic drugs before surgery, 
ACCT, postoperative ischemia and vasoactive amines.20,21

The other predisposing factor for the development of AF 
is vitamin D deficiency.22 Vitamin D own a potential con-
nection with cardiac diseases. There are so much vitamin 
D receptors in most cardiac and vascular tissues, includ-
ing cardiomyocytes, vascular smooth muscle, and the en-
dothelium. New studies have demonstrated that vitamin 
D inhibits the RAAS, suppresses cardiac myocyte hy-
pertrophy, and decreases inflammation.23,24 Whole these 
mechanisms may conduce to the increased cardiovascular 
risk including AF associated with vitamin D deficiency. 
Previous studies have described the role of vitamin D defi-
ciency in the onset of AF by various mechanisms. Canning 
et al24 reported that vitamin D regulates inflammatory re-
sponses and up-regulates the expression of anti-inflam-
matory cytokines as IL-10 in their in vitro experiments. In 
addition, an activated RAAS can lead to AF due to oxida-
tive stress and inflammation.25 Vitamin D prevents AF by 
inhibiting RAAS activity.26 The other hypothesis for how 
AF develops in vitamin D deficiency is that tissue angio-
tensin II can contribute to changes in the atrial structure 
by inducing apoptosis of cardiomyocytes.27 Consequently 
angiotensin is inhibited and atrial structure is protected 
by vitamin D.
Thompson et al28 demonstrated that vitamin D prolonga-
tion to duration of action potential by directly and atrial 
specific antiarrhythmic effect. Confirmingly, Hanafy et 
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al29 performed an electrophysiological study with rabbits 
related to vitamin D. They observed that 1,25[OH]2D has 
direct electrophysiological and mechanical effects on the 
atrium, which can prevent or terminate AF by prolonga-
tion of the action potential duration. Further, Demir et al30 
observed that vitamin D deficiency reduced the vulnera-
bility to AF by causing an increase in transforming growth 
factor B1 expression, improving atrial fibrosis, and con-
duction heterogeneity. And they emphasized that vitamin 
D deficiency were more related to non valvular AF than 
valvular AF. 
It is known that PTH causes an increase in intracellular 
calcium levels by reducing calcium intake to the cardio-
myocytes and decreasing reuptake to the sarcoplasmic 
reticulum.31 Chen et al22 determined that PTH level was 
higher in the AF group than in the non-AF group. There-
fore high PTH level due to vitamin D deficiency leads to 
AF resulting in intracellular calcium overload.
Calcium is an electrolyte that effective in trigger of AF 
and in electrophysiological remodeling. High level of cal-
cium in the atrial myocytes plays a role in the formation 
and progression of the AF owing to abbreviating action 
potential time and atrial refractory period.32 Also calci-
um provides to development of atrial enlargement and 
electrophysiological remodeling.33 Contrary to this, there 
were no difference statistically between the POAF group 
and non POAF group in terms of calcium and PTH in our 
study and the both parameters were normal range.
HT was also a predisposing factor in the development of 
POAF in our study. However, the effect of HT on POAF 
could not be determined using logistic regression anal-
yses. According to a study of Tinica et al34 there was no 
difference between the AF group and the non-AF group in 
terms of preoperative HT in cardiac surgery patients. Ad-
ditionally, these same authors demonstrated that the EF 
was significantly lower in patients with POAF and LAD 
was the same statistically in their two groups. Contrary to 
this finding, we observed that LAD was significantly high-
er in patients with POAF, but this difference disappeared 
in the multivariate analyses. 
In this study, we demonstrated that deficiency or insuffi-
ciency of vitamin D was related to POAF. If there is a lack 
of this vitamin preoperatively, it must be replaced with 
5–15 μg/d to prevent POAF in patients with CABG. 

Limitations
Our first study limitation was the relatively small sample 
size. While our study was designed prospectively, we only 
had EKG data on patients for the first five postoperative 
days. A longer follow-up period with patients would allow 
us to obtain a better picture of the effects of vitamin D on 
AF in patients with CABG. In addition, further prospec-
tive, randomized, double-blind, and large-scale clinical 
trials will be necessary to confirm our results.

Conclusion
The level of vitamin D may be important in terms of de-
velopment of POAF in CABG patients. POAF was more 

common in patients with vitamin D deficiency or insuf-
ficiency than the patients with enough vitamin D level in 
this study. Therefore it may be a predictor of POAF in pa-
tients with CABG.

Competing interests 
Authors declare no conflict of interest in this study.

Ethical approval
Written informed consent was obtained from each subject 
and the institutional ethics committee approved the study 
protocol.

References
1. Mathew JP, Fontes ML, Tudor IC, Ramsay J, Duke P, Mazer 

CD, et al. A multicenter risk index for atrial fibrillation 
after cardiac surgery. JAMA 2004;291:1720–9. doi: 10.1001/
jama.291.14.1720.

2. Sabena A, Dinah DT, Smith JA, Shared GC, Reid 
CM, Newcomb AE. Usefulness of postoperative atrial 
fibrillation as an independent predictor for worse early 
and late outcomes after isolated coronary artery bypass 
grafting. Am J Cardiol 2012;109:219–25. doi: 10.1016/j.
amjcard.2011.08.033

3. Mariscalco G, Engström KG. Postoperative atrial fibrillation 
is associated with late mortality after coronary surgery, but 
not after valvular surgery. Ann Thorac Surg 2009;88:1871–
6. doi: 10.1016/j.athoracsur.2009.07.074.

4. Da Silva RG, de Lima GG, Guerra N, Bigolin AV, Petersen 
LC. Risk index proposal to predict atrial fibrillation after 
cardiac surgery. Rev Bras Cir Cardiovasc 2010;25(2):183-
9. doi: 10.1590/s0102-76382010000200009.

5. Zaman AG, Archbold RA, Helft G, Paul EA, Curzen NP, 
Mills PG. Atrial fibrillation after coronary artery bypass 
surgery: a model for preoperative risk stratification. 
Circulation 2000;101:1403-1408. doi: 10.1161/01.
cir.101.12.1403.

6. Ad N, Snir E, Vidne BA , Golomb E. Potential preoperative 
markers for the risk of developing atrial fibrillation 
after cardiac surgery. Semin Thorac Cardiovasc Surg 
1999;11:308-313. doi: 10.1016/s1043-0679(99)70074-2.

7. Ad N, Snir E, Vidne BA and Golomb E: Histologic atrial 
myolysis is associated with atrial fibrillation after cardiac 
operation. Ann Thorac Surg 2001;72:688-693. doi: 
10.1016/s0003-4975(01)02882-x.

8. Prentice A. Vitamin D deficiency: a global perspective. 
Nutr Rev. 2008;66:153–64. doi: 10.1111/j.1753-
4887.2008.00100.x. 

9. Chowdhury R, Kunutsor S, Vitezova A, Oliver-Williams C, 
Chowdhury S, Kiefte-de-Jong JC, et al. Vitamin D and risk 
of cause specific death: systematic review and meta-analysis 
of observational cohort and randomised intervention 
studies. BMJ. 2014;348:285-89. doi: 10.1136/bmj.g1903.

10. Pilz S, Tomaschitz A, Ritz E, Pieber TR. Vitamin D status 
and arterial ypertension: A systematic review. Nat Rev 
Cardiol. 2009;6:621–630. doi: 10.1038/nrcardio.2009.135.

11. Lu L, Yu Z, Pan A, Hu FB, Franco OH, Li H, et al. Plasma 
25-hydroxyvitamin D concentration and metabolic 
syndrome among middleaged and elderly Chinese 
individuals. Diabetes Care 2009;32:1272–83. doi: 10.2337/
dc09-0209

12. Cardus A, Parisi E, Gallego C, Aldea M, Ferna´ndez E, 



Gode et al

J Cardiovasc Thorac Res, 2016, 8(4), 140-146146

Valdivielso JM. 1,25-Dihydroxyvitamin D3 stimulates 
vascular smooth muscle cell proliferation through a VEGF-
mediated pathway. Kidney Int. 2006;69(8):1377-84. doi: 
10.1038/sj.ki.5000304.

13. Rosner B. Fundamentals of Biostatistics. 7th ed. Boston, 
MA: Brooks/Cole; 2011. p. 125-29.

14. Levine M, Ensom MH. Post hoc power analysis: an idea 
whose time has passed? Pharmacotherapy. 2001;21(4):405-
9. doi: 10.1592/phco.21.5.405.34503.

15. Vittinghoff E, David V, Glidden Stephen C, Shiboski 
Charles E. Regression Methods in Biostatistics. 2nd ed. 
New York: Verlag ; 2012. p. 512-14 

16. Mathew JP, Parks R, Savino JS, Friedman AS, Koch C, 
Mangano DT, et al. Atrial fibrillation following coronary 
artery bypass graft surgery: predictors, outcomes and 
resource utilization. Multi Center Study of Perioperative 
Ischemia Research Group. JAMA.1996;276:300-306.

17. Maisel WH, Rawn JD and Stevenson WG: Atrial fibrillation 
after cardiac surgery. Ann Intern Med. 2001;135:1061-
1073. doi: 10.7326/0003-4819-135-12-200112180-00010.

18. Fuller JA, Adams GG, Buxton B. Atrial fibrillation after 
coronary artery bypass surgery grafting: is it a disorder of 
the elderly? J Thorac Cardiovasc Surg. 1989;97:821–825. 
doi: 10.1007/s11748-013-0272-y.

19. Frost L, Mølgaard H, Christiansen EH, Hjortholm K, 
Paulsen PK, Thomsen PE. Atrial fibrillation and flutter after 
coronary artery bypass surgery: epidemiology, risk factors 
and preventive trials. Int J Cardiol. 1992;36:253–261.

20. Lin WS, Liou JT, Yang SP, Tsai CS, Chung MH, Chu KM. Can 
off-pump coronary artery bypass graft surgery decrease the 
incidence of postoperative atrial fibrillation? Acta Cardiol 
Sin. 2006;22(4):205-11. doi: 10.1136/heart.89.10.1134.

21. Place DG, Peragallo RA, Carroll J, Cusimano RJ, Cheng DC. 
Postoperative atrial fibrillation: a comparison of off-pump 
coronary artery bypass surgery and conventional coronary 
artery bypass graft surgery. J Cardiothorac Vasc Anesth. 
2002;16(2):144-8. doi: 10.1053/jcan.2002.31054.

22. Chen WR, Liu ZY, Shi Y, Yin DW, Wang H, Sha Y, et al. 
Relation of low vitamin D to nonvalvular persistent 
atrial fibrillation in Chinese patients Ann Noninvasive 
Electrocardiol. 2014;19(2):166-73. doi: 10.1111/
anec.12105.

23. Li YC, Kong J, Wei M, Chen ZF, Liu SQ, Cao LP. 
1,25-dihydroxyvitamin D(3) is a negative endocrine 

regulator of the renin-angiotensin system. J Clin Invest. 
2002;110:229–38. 

24. Canning MO, Grotenhuis K, de Wit H, Ruwhof C, Drexhage 
HA. 1-alpha,25-Dihydroxyvitamin D3 (1,25(OH)(2)D(3)) 
hampers the maturation of fully active immature dendritic 
cells from monocytes. Eur J Endocrinol. 2001;145(3):351–
7. doi: 10.1530/eje.0.1450351.

25. Lappegard KT, Hovland A, Pop GA, Mollnes TE. Atrial 
fibrillation: inflammation in disguise? Scand J Immunol. 
2013;78(2):112–9. doi: 10.1111/sji.12061.

26. Cardin S, Li D, Thorin-Trescases N, Leung TK, Thorin 
E, Nattel S. Evolution of the atrial fibrillation substrate 
in experimental congestive heart failure: angiotensin-
dependent and -independent pathways. Cardiovasc Res 
2003;60(2):315–25. doi: 10.1016/j.cardiores.2003.08.014.

27. Goette A, Lendeckel U. Electrophysiological effects 
of angiotensin II. Part I: signal transduction and 
basic electrophysiological mechanisms. Europace 
2008;10(2):238–41. doi: 10.1093/europace/eum283.

28. Thompson J, Nitiahpapand R, Bhatti P, Kourliouros A, 
Vitamin D deficiency and atrial fibrillation. Int J Cardiol 
2015;184:159-62. doi: 10.1016/j.ijcard.2015.02.012.

29. Hanafy DA, Chang SL, Lu YY, Chen YC, Kao YH, Huang JH, 
et al. Electromechanical effects of 1,25-dihydroxyvitamin 
d with antiatrial fibrillation activities. J Cardiovasc 
Electrophysiol 2014;25(3):317-23. 

30. Demir M, Uyan U, Melek M. The effects of vitamin D 
deficiency on atrial fibrillation. Clin Appl Thromb Hemost 
2014;20(1):98-103. doi: 10.1177/1076029612453762.

31. Rostand SG, Drueke TB. Parathyroid hormone, vitamin D, 
and cardiovascular disease in chronic renal failure. Kidney 
Int 1999;56:383–92.

32. Shah M, Akar FG, Tomaselli GF. Molecular basis of 
arrhytmias. Circulation 2005;112(16):2517-29.

33. De Jong AM, Maass AH, Oberdorf-Maass SU, Van 
Veldhuisen DJ, Van Gilst WH, Van Gelder IC. Mechanisms 
of atrial structural changes caused by stretch occurring 
before and during early atrial fibrillation. Cardiovasc Res 
2011;89:75465.

34. Tinica G, Mocanu V, Zugun-Eloae F, Butcovan D. Clinical 
and histological redictive risk factors of atrial fibrillation 
in patients undergoing open-heart surgery. Exp Ther Med 
2015;10(6):2299-304. doi: 10.3892/etm.2015.2790.


