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Abstract

Aims: The aim of present study was to assess whether vitamin D, with proven beneficial effects on the cardiovascular
system, has any effect on angina and exercise-induced ischemia in patients with cardiac syndrome X and low serum
vitamin D.

Methods: Patients with cardiac syndrome X and low serum vitamin D3 were studied before and after treatment with
an intramuscular injection of vitamin D3 (300,000 units, every other week for 2 months). We determined the angina
episode (per day) and several indices of exercise capacity.

Results: At the end of the treatment course (756 day), a significant increase of serum vitamin D3 occurred and was
within the normal range (458 ng/ml) and the frequency of angina improved significantly (p=0.003). Exercise duration and
maximal work capacity increased significantly (p<0.001). Maximal ST-segment depression (mm) decreased significantly
(p=0.001). The calculated Duck treadmill score improved significantly (p=0.001).

Conclusions: Our findings show that vitamin D replacement therapy in patients with cardiac syndrome X and vitamin D

deficiency dramatically improves symptoms and signs of ischemia.
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Introduction

Cardiac syndrome X (CSX), or stable primary micro-
vascular angina (MVA), includes patients who have
typical stable angina, findings compatible with myocar-
dial ischemia, normal (or near normal) coronary arter-
ies on angiography and the absence of any other specific
cardiac disease (e.g., variant angina, cardiomyopathy,
valvular disease).! Coronary microcirculation endothe-
lial dysfunction has been proposed as the pathophysio-
logical mechanism of angina.>* On the other hand,
studies in the general population show an inverse rela-
tionship between 25-OH D levels and the incidence of
cardiovascular (CV) diseases. The Framingham
Offspring Study showed participants without prior car-
diovascular disease and 25-dihydroxyvitamin D (25-
OH D) <15 ng/ml had an increased risk of developing
the first CV event during the mean 5.4 years of observa-
tion compared with those with 25-OH D >15 ng/ml.>
Studies have also shown that replacement of vitamin D
has favorable effects on endothelial function.®” The
findings that the syndrome of microvascular angina
is associated with endothelial dysfunction and that

vitamin D may have a beneficial effect on endothelial
function stimulated us to examine the effects of vitamin
D replacement therapy on the symptom and exercise
response of patients with cardiac syndrome X.

Patients and Methods
Study population

This study was approved on July 2011 by the Review
Board and Ethics Committee of Shahid Sadouqi Medical
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University of Yazd. The study was conducted between
October 2011 and December 2012 in Yazd, Iran. A total
of 184 patients with chest pain were evaluated to assess
whether they met the desired characteristics for study
enrollment. Inclusion criteria were as follows: typical
chest pain on effort, normal 12-lead ECG at rest, diagnos-
tic criteria of ischemia during exercise stress test (hori-
zontal or downsloping ST-segment depression >0.1 mV),
normal left ventricular ejection fraction (LVEF), absence
of valvular heart disease and myocardial hypertrophy,
and normal coronary angiograms and level of serum vita-
min D <20 ng/ml. They were excluded if they had malig-
nancy, kidney or liver failure or systemic inflammatory
diseases and inability to perform the treadmill exercise
test. All patients gave their written informed consent to
the study. None of the women were receiving estrogen
replacement therapy. Among all the screened subjects,
the diagnosis of CSX was made in 35 (19%) of patients, of
whom 16 (45.7%) subjects had normal serum vitamin D
levels and were not included. Therefore, a total of 19
patients were enrolled in the study.

Study protocol

After angiography, from the 35 patients with a diagnosis
of CSX, a total of 19 patients met the inclusion criteria.
Anti-anginal medications were discontinued one week
before enrolment and the patients performed a baseline
exercise stress test; then intramuscular injections of
vitamin D3 (300,000 unit ) were given every other week
(a total of 5 injections/patient). The patients were
instructed to take no anti-anginal drugs except sublin-
gual nitroglycerin during the follow-up period.
Frequency of angina per day and quality of life and
functional capacity were reported by themselves. After
two months’ treatment, venous blood samples for the
measurement of serum vitamin D3 and other lab tests
(Electrochemiluminescence, Roche Diagnostics Co.,
Ltd., Mannheim, Germany) was repeated and, if the
level of serum vitamin D was normalized, a repeat exer-
cise test was performed.

Exercise testing

All patients underwent treadmill exercise tests before
and after two months of treatment (Biomedical Systems
Inc., St Louis, MO, USA), according to the standard
Bruce protocol. Resting heart rate, blood pressure and
12-lead ECG were recorded before exercise. The exer-
cise testing was performed in all patients to the end
points of severe physical exhaustion, moderate to severe
angina, serious arrhythmia or =22 mm ST-segment
depression. During exercise, three ECG leads were con-
tinuously monitored. A 12-lead ECG was recorded

every minute at peak exercise and every 2 min and 6
min of recovery. Maximum ST-segment depression
(mm) was defined as the greatest exercise-induced ST
depression 80 ms after the J point, which was horizontal
or downsloping in leads with or without baseline
ST-segment depression. The treadmill angina index was
determined as 0 for no angina, 1 if typical angina
occurred during exercise and 2 if angina was the reason
for stopping the exercise. Exercise time (min) was
defined as the duration of the exercise. The Duke tread-
mill score was calculated as;

Exercise time - (5 x maximum ST deviation) - (4 x
angina index).

Maximum work capacity was defined as MET. (MET
is defined as the resting metabolic rate, i.e., the amount
of oxygen consumed at rest, sitting quietly in a chair;
approximately 3.5 ml O,/kg/min for a 70 kg person).
Mean duration of treatment was 75+6 days.

Statistical analysis

SPSS for Windows Version 16 (SPSS Inc., Chicago, IL)
was used for all statistical analysis. Data are presented as
mean value £ SD for continuous variables. A paired
t-tests was carried out to compare results before and
after treatment. A p-value <0.05 was considered signifi-
cant.

Results

We studied 19 patients with CSX (16 female and 3 male,
mean age 51.4+6.5 years) before and after treatment
with vitamin D. Ages ranged between 39 and 69 years.
Table 1 outlines the demographic characteristics of the
patients. All enrolled patients completed the protocol.
After the treatment course, 75+6 day, serum vitamin D
level increased significantly from baseline (13£5.2 ver-
sus 4548 ng/ml, p<0.001). Also, the daily frequency of
angina decreased significantly (0.85+£0.29 versus
0.61+0.36, p=0.003); other clinical and paraclinical

Table I. Baseline characteristics.

Age (meantSD) 51465
Gender
Female 16 (84%)
Male 3 (16%)
CAD Risk factors
Diabetes 4 (21%)
Hypertension 7 (37%)
Hyperlipidemia 2 (11%)
BMI >30 2 (11%)

BMI: body mass index.
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Table 2. Comparison of clinical and paraclinical parameters before and after vitamin D administration.

Before After Change p-value

(mean £SD) (mean £SD)
Chest pain episode (f/day) 0.85+0.29 0.61£0.36 -0.24+0.14 0.003
Heart rate (bpm) 75%12 7315 -2+0.1 0314
BMI (kg/m?) 25.3+4 25.2+3 -0.1+0.8 0.433
Systolic BP (mmHg) 13010 12618 —4+0.6 0.111
Diastolic BP (mmHg) 7810 768 -2+0.5 0.140
LDL-C (mg/dl) 134123 13118 -310.23 0.260
HDL-C (mg/dl) 4315 43.2+7 +0.210.03 0.345
Triglyceride (mg/dl) 183124 179+21 -41].66 0.100
Total cholesterol (mg/dl) 223426 218431 -5+3.2 0.100
Fasting blood glucose (mg/dl) 92+35 89128 -3+1.8 0.230
Serum vitamin D (ng/ml) 131£5.2 45+ 8 +32+6.8 <0.001

f: frequency; BPM: beats per minute; BMI: body mass index; BP: blood pressure; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density

lipoprotein cholesterol.

Table 3. Comparison of exercise parameters before and after vitamin D administration.

Before (meanxSD) After (meantSD) p-value
Total exercise time (min) 6.9 £ 2.1 919 <0.001
Maximal work capacity (MET) 93+26 11925 0.001
Maximal ST-segment depression (mm) 1.57 £ 0.59 0.97 + 0.43 0.001
Duck Treadmill score -4+44 0.6 4.5 0.001

parameters did not change (Table 2). Exercise test find-
ings are also presented in Table 3. Exercise duration was
prolonged significantly (6.9+ 2.1 versus 9+1.9 min,
p<0.001) and maximal ST-segment depression (mm)
decreased (1.5740.57 versus 0.97+0.43 mm, p=0.001).

Maximum work capacity was significantly increased
(9.3£2.6 versus 11.9+2.5 MET, p=0.001) and calculated
Duck treadmill score improved significantly after treat-
ment (-4 +4.4 versus 0.6+4.5, p=0.001).

Discussion

To our knowledge, this study is the first to investigate
the impact of vitamin D replacement therapy on patients
with cardiac syndrome X. The present study shows that
short-term therapy with vitamin D improves exercise
capacity, the threshold of ischemia and the daily life symp-
toms of patients with CSX. Clear evidence supports the
role of endothelial dysfunction in patients with CSX
and various treatments have addressed this issue.?*
Impaired endothelial function is a common pathway of
different causes leading to chest pain in patients with
normal coronary angiograms. On the other hand, grow-
ing evidence indicates the benefits of vitamin D may be
related to its favorable effects on endothelial function.
Tarcin and colleagues demonstrated that 25(OH)D defi-
ciency is associated with endothelial dysfunction and
increased lipid peroxidation and replacement of vitamin

D have favorable effects on endothelial function.’
Investigations have suggested the inactivation of nitric
oxide due to increased superoxide anion causes oxida-
tive stress which may induce leukocyte activation and
the release of vasoconstrictor mediators. These factors
may adversely affect the coronary flow and result in
chest pain or ischemia during non-invasive testing in
these patients.® Also, studies have revealed selective
vitamin D receptor (VDR) activation influences the
renin-angiotensin system (RAS). In this regard, several
studies have demonstrated angiontensin-converting
enzyme (ACE) inhibitors may have a benefit on the cor-
onary vascular bed. Pizzi et al. have shown six months of
therapy with atorvastatin and ramipril improves endo-
thelial function and the quality of life of patients
with CSX.10 There is evidence to indicate that renin-
angiotensin system inhibition is associated with reduced
free radical concentration and ACE inhibitors improve
coronary flow reserve by bradykinin-mediated and
nitric oxide-dependent mechanisms.!!-14 Kaski et al.
have also found plasma endothelin is raised in patients
with angina and normal coronary arteriograms.'> On
the other hand, some studies have shown that some
beneficial effects of vitamin D on the cardiovascular
system is mediated via suppression of endothe-
lin-1.1¢17 Consequently, impaired endothelial function is
postulated to provide a pathophysiological mechanism
which causes ischemia in patients with cardiac syn-
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drome X and vitamin D may improve endothelial func-
tion by modulation of the renin-angiotensin system and
suppression of endothelin.

Study limitations

One important limitation of the current study was the
relatively small number of participants who were
included; therefore, further studies with larger sample
sizes are warranted to confirm our findings. A double-
blinded study of a before-and-after design and without a
control group would have been preferable to use, but we
did not have ethical approval. Also, we selected a group
of patients with CSX with low serum vitamin D. We did
not measure markers of endothelial function. The self-
response questionnaire format used during this study
may be identified as another limiting factor.

Conclusions

Our findings suggest that vitamin D replacement ther-
apy could provide a novel way of reducing angina
symptoms and exercise capacity in patients with CSX.
Given the small and limited nature of this study, further
research is needed to test the reproducibility of these
findings and define the optimum dose and the physio-
logical effects of this new treatment on endothelial
function.
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