Palestinian Medical and Pharmaceutical Journal (PMPJ). 2024; 9(1): 73-80

Prevalence of vitamin D deficiency among acute coronary syndrome patients in Palestine
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ABSTRACT

Introduction: Research has suggested that having low Vitamin D levels is associated with a
higher likelihood of developing cardiovascular disease. Specifically, several observational studies
have found that Vitamin D is linked to a decreased risk of coronary artery disease. Our study aimed
to determine how prevalent Vitamin D deficiency is in Palestinian patients with acute coronary syn-
drome, a type of cardiovascular disease. Methods: This study used a cross-sectional design, which
involved collecting 84 blood samples from patients diagnosed with acute coronary syndrome at two
hospitals in Palestine. The blood samples were collected over approximately two months, from late
January to late March 2021. They were analyzed to determine the patients' levels of vitamin 25(OH)
D. The study also collected information on the patient's medical history, including any co-morbidities
such as hypertension, diabetes mellitus, smoking, BMI, LDL, and TIA. The data was analyzed using
point estimates, 95% confidence intervals, and frequency and proportion calculations for binary data.
In addition, multivariate logistic regression analyses were performed to assess the factors associated
with vitamin D status, including crude odd ratios and adjusted odd ratios for the relevant covariates.
Results: In this study, it was found that 95% of the patients diagnosed with acute coronary syndrome
had a deficiency in vitamin D. Of these patients, 50% had a severe deficiency, 32.14% had a moderate
deficiency, and 8.33% had a mild deficiency. The study also found a significant relationship between
male gender and vitamin D levels, with males having higher odds (OR: 7.07, 95% ClI: 1.18-42.30, P
= 0.03) of being deficient in vitamin D compared to females. Additionally, patients with a history of
TIA (transient ischemic attack) were significantly associated with vitamin D deficiency (OR, 0.06,
95% Cl, 0.-0.72). The study also showed that non-diabetic patients had higher levels of vitamin D
compared to diabetic patients, and patients with hypertension (13.21+11.91 ng/ml) had slightly
higher levels of vitamin D compared to those without hypertension (12.69+10.20 ng/ml). Non-smok-
ers (14.36x13.97 ng/ml) and patients with low LDL (14.80+11 ng/ml) also had higher levels of vit-
amin D. Finally, patients who had suffered from TIA (24.40£25.03 ng/ml) had significantly higher
levels of vitamin D compared to those who had not experienced a TIA (12.17+9.36 ng/ml). Conclu-
sion: The findings of this study indicate that individuals diagnosed with ACS demonstrated a notable
insufficiency of vitamin D. Although the number of studies on this topic is restricted, the outcomes
of this research are largely consistent with prior investigations.
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INTRODUCTION associated with growth, development, and

Vitamin D is considered a precursor of
hormones. The active form of this vitamin is
involved in regulating mineral ion hemostasis,
particularly calcium, by boosting intestinal ab-
sorption of dietary calcium; hence, it is closely

bone health. Vitamin D plays a vital role in in-
sufficient calcium intake by interacting with
osteoblasts to signal osteoclast precursors to
release calcium from bone stores. In addition
to being present in the gut, vitamin D receptors
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are in numerous other human tissue types, in-
cluding the bones, heart, vascular smooth
muscles, brain, stomach, B and T lympho-
cytes, and pancreas (1).

Vitamin D exists in two forms, vitamin
D2 and vitamin D3. Vitamin D2 is also recog-
nized by the names ergocalciferol and calcif-
erol. Cholecalciferol is also known as vitamin
D3 (it derives from cholesterol). Vitamin D
enters the body principally through the skin
and through the diet. Either dietary vitamin D
is absorbed and bound to chylomicron mole-
cules in the gut. 7 dehydrocholesterol is pro-
duced in the skin in response to solar UV ra-
diation (2).

Many risk factors are linked to vitamin D
deficiency, such as aging, obesity, and low ex-
posure to sunshine (3, 4). Severe vitamin D in-
sufficiency results in rickets or osteomalacia
increased PTH secretion due to low blood
1,25(0OH)2D and low serum calcium, and an
increased risk of fractures, particularly hip
fractures (5). Recent research has shown a
correlation between vitamin D insufficiency
and coronary artery disease; however, vitamin
D's protective effect mechanisms are not en-
tirely understood. Recent mechanistic investi-
gations reveal that vitamin D deficiency is
connected to decreased endothelial function
and vascular stiffness, inflammation, and
many other factors that contribute negatively
to the cardiovascular system. In addition to
mechanistic studies, recent epidemiological
research has focused more on the relationship
between vitamin D insufficiency and coronary
artery disease. Despite the debate surrounding
some research, there is accumulating evidence
linking low vitamin D levels with coronary ar-
tery disease (CAD) (6-9). This study examines
the relationship between low vitamin D levels
and Acute Coronary Syndrome (ACS) preva-
lence in Palestinian patients.

METHODS

A cross-sectional study was conducted at
Arab Specialized Hospital (ASH) and An-
Najah National University Hospital (NNUH)
between January and March 2021. The study
aimed to evaluate the incidence of vitamin D
deficiency and explore a potential relationship
between vitamin D insufficiency and acute
coronary syndrome (ACS). The research in-
cluded Palestinian patients diagnosed with
ACS who consented to participate. Patients
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with chronic liver or kidney disease, parathy-
roid-related disorders, those taking vitamin D
supplementation, or any medication that inter-
feres with vitamin D were excluded from the
study.

Our protocol (IRB2021D) has been ap-
proved by the institutional review board at An-
Najah National University. To calculate our
sample size, we utilized the Raosoft sample
size calculator, with a 7% margin of error, a
90% confidence interval, and an 83.5% re-
sponse distribution.

After being diagnosed by cardiologists
based on clinical presentation, radiological,
and laboratory investigations, including ECG
and Troponin, 84 patients were included in the
study. The study encompassed unstable an-
gina, ST-elevated, and non-ST-elevated myo-
cardial infarction. To obtain sociodemo-
graphic data, such as age and gender, as well
as clinical history, including hypertension, di-
abetes mellitus, smoking, prior ischemic heart
disease, and Body Mass Index, patients' med-
ical records were utilized.

All patients included in the study had
blood samples taken, which were then sent to
the laboratory at NNUH to measure 25-OH-
vitamin D in serum. Based on the vitamin D
levels, which were classified as severe defi-
ciency (<10 ng/ml), moderate deficiency (10-
19 ng/ml), and mild insufficient deficiency
(insufficient) (20-29 ng/ml), the patients were
categorized (8).

Population Characteristics and Definition of
Potential Risk Factors

The study recruited a total of 84 patients
from a population with an age range of 35 to
87. Furthermore, we evaluated the patient's
Body Mass Index (BMI), diabetes mellitus
(DM) status, hypertension (HTN) status, gen-
der, smoking status, low-density lipoprotein
cholesterol (LDL), and transient ischemic at-
tack (TIA). The BMI was classified according
to the World Health Organization's criteria as
Healthy Weight (18.5 - 24.9), Overweight
(25-29.9), or Obese (> 29.9). Additionally, we
divided the ages into two groups, those aged
65 and older or younger.

Data analysis

The study's collected data was analyzed
using R version 4.1.1. Descriptive statistical




75

lyad Ali, et al.

analysis was performed to compare the Vita-
min D status of participants (normal, moder-
ate, mild, severe). The distribution of partici-
pant information (n=84) was presented in Ta-
ble (1), while Table (2) presented the vitamin
D levels and deficiency status of the study
population based on baseline characteristics.
The Chi-squared test (denoted by *),
ANOVA-test (denoted by **), or Mann-Whit-
ney non-parametric test (denoted by ***) was
used to compare quantitative and qualitative
variables depending on their statistical distri-
bution. Table (3) presents the results of the
multivariate logistic regression analysis with
Crude odd ratio (OR, 95% CI) and Adjusted
Odd Ratio to the covariates (AOR, 95% CI)
for factors associated with vitamin D status.
Statistical significance was considered a two-
sided P-value < 0.05. Chi-square was used to
compare categorical variables between the
two groups

RESULTS

Demographic characteristics of study partic-
ipants

Among those assessed, 76 patients were
diagnosed with ACS, accounting for 90.5%.
Within this group, 50% were found to have a
severe deficiency, 32.14% had a moderate de-
ficiency, and 8.33% had a mild deficiency.
The average age of the participants was
62.51+11.22, with a majority of them
(54.76%) under the age of 65. The male pop-
ulation comprised over half of the participants
(69.05%). The BMI calculation resulted in an
average of 28.35+5.35, with 36.90% of partic-
ipants classified as overweight, 35.71% as
obese, and 27.37% within the healthy weight
range. Most participants were diagnosed with
type 2 diabetes mellitus (61.90%) and had hy-
pertension (67.86%). Additionally, 60.71% of
participants were smokers (Table (1)).

Table (1): Distribution of information of par-
ticipants (n=84).

Characteris- | Frequency | Percent
tics (n) (%)
Vitamin D
Mean + SD 13.045 +
11.36
min, max 3, 64.29
Mild 7 8.33
Severe Defi- 42 50
ciency
Gender
Male 58 69.05
Female 26 30.95
Age
Mean + SD 62.51 +
11.22
min, max 35,87 4
Age> 65
No 46 54,76
Yes 38 45.24
BMI
Mean s d 28.35+5.35
min, max 20,49 4
BMI
Healthy 23 27.38
Weight
Obese 31 36.9
Overweight 30 35.71
DM
No 32 38.1
Yes 52 61.9
HTN
No 27 32.14
Yes 57 67.86
Smoking
No 33 39.29
Yes 51 60.71
LDL >100
No 35 41.67
Yes 49 58.33
TIN
No 78 92.86
Yes 6 7.14

Characteris- | Frequency | Percent
tics (n) (%)
Vitamin D
Mean + SD 13.045
11.36
min, max 3, 64.29
Vitamin D deficiency
Normal 8 9.5
Moderate 27 32.14

The average vitamin D level was
13.05+11.36 ng/ml, ranging from 3 ng/ml to
64.29 ng/ml. Based on laboratory reference
values, 50% of patients were severely defi-
cient, 32.14% were moderately deficient, and
8.33% had a mild deficiency. The mean vita-
min D levels were higher in females
(15.75£15.82 ng/ml) than in males
(11.83+8.56ng/ml), in patients aged 65 years
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or older (13.23+£13.46 ng/ml) compared to pa-
tients under 60 years old (12.89+9.43 ng/ml),
in non-diabetic patients (14.98+11.47 ng/ml)
compared to diabetic patients (11.86+11.24

ng/ml), in

patients

with  hypertension

(13.21£11.91 ng/ml) compared to those with-
out hypertension (12.69+10.20 ng/ml), in non-
Table (2): Mean vitamin D levels and vitamin D deficiency status according to the baseline charac-
teristics in the patients of ACS.

“Prevalence of vitamin D deficiency among acute coronary ...... »

smokers (14.36+13.97 ng/ml), in patients with
low LDL (14.80+11 ng/ml) compared to those
with high LDL (11.79+11.56 ng/ml), and in
patients who suffered from TIA (24.40+25.03
ng/ml) compared to those who did not
(12.17+9.36 ng/ml) (Table (2)).

Frequency n

Vitamin D deficiency status

Variables (%) Mean + SD NoO Yes P value

Gender
Female 26 (30.95) 15.75 + 15.82 | 5 (62.5%) 21 (27.6%) 0.04"
Male 58 (69.05) 11.83+8.56 | 3(37.5%) 55 (72.4%)
Total 8 (100.0%) 76 (100.0%)
Age
n (miss) 8 (0) 76 (0) 0.51**
Mean + Std-Dev 65+ 12.5 62.2+11.1
Median (Q1-Q3) 61.5 (56- 62.5 (54-70)

74.25)
Min, Max 51, 87 35, 85
Age > 65
No 46 (54.76) 12.89+9.43 | 5 (62.5%) 41 (53.9%)
Yes 38 (45.24) 13.23 +£13.46 | 3 (37.5%) 35 (46.1%) 0.65"
Total 84 (100%) 8 (100.0%) 76 (100.0%)
BMI
n (miss) 8 (0) 76 (0) 0.44***
Mean£Std. Dev 26.9+3.7 285+55
Median (Q1-Q3) 26.75(25.42- 28 (24.48-

28.42) 31.21)
Min, Max 21, 33 20, 49
BMI ¢
Healthy Weight | 23 (27.38) 13.37 £10.27 | 2 (25.0%) 21 (28.4%)
Obese 31 (36.9) 10.82+7.68 | 2 (25.0%) 29 (39.2%) 0.76 "
Over Weight 30 (35.71) 15.78 + 15.08 | 4 (50.0%) 24 (32.4%) 054"
Total 84 (100%) 8 (100.0%) 74 (100.0%)
DM
no 32 (38.1) 14,98 + 11.47 | 4 (50.0%) 28 (36.8%)
yes 52 (61.9) 11.86 + 11.24 | 4 (50.0%) 48 (63.2%) 047"
Total 84 (100%) 8 (100.0%) 76 (100.0%)
HTN
no 27 (32.14) 12.69 + 10.30 | 3 (37.5%) 24 (31.6%)
yes 57 (67.86) 13.21£11.91 | 5 (62.5%) 52 (68.4%) 073"
Total 84 (100%) 8 (100.0%) 76 (100.0%)
Smoking
no 33 (39.29) 14.36 £ 13.97 | 4 (50.0%) 29 (38.2%)
Yes 51 (60.71) 12.19+£9.35 | 4 (50.0%) 47 (61.8%) 052"
Total 8 (100.0%) 76 (100.0%)
LDL > 100
No 35 (41.67) 14.80 £ 11 4 (50.0%) 31 (40.8%)
Yes 49 (58.33) 11.79 + 11.56 | 4 (50.0%) 45 (59.2%) 062"
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Variables Frequency n Mean + SD Vitamin D deficiency status P value
(%) No Yes
Total 84 (100%) 8 (100.0%) 76 (100.0%)
TIA
No 78 (92.86) 12.17£9.36 | 6 (75.0%) 72 (94.7%)
Yes 6 (7.14) 24.395 2 (25.0%) 4 (5.3%) 0.04"
25.03
Total 84 (100%) 8 (100.0%) 76 (100.0%)

c: variables were categorized
Risk Factors for Vitamin D Deficiency

To determine the possible association be-
tween risk factors and vitamin D status, both
univariable and multivariable logistic regres-
sion models were utilized to estimate the crude
and adjusted Odds Ratios (ORs), as shown in
Table (3). Diabetes mellitus, hypertension,
BMI, smoking, gender, age, LDL, and TIA
were identified as clinical risk factors for vit-
amin D deficiency and were all adjusted in the

multivariable regression models regardless of
statistical significance. The results of the bi-
nary logistic regression model revealed a sig-
nificant association between gender and vita-
min D status, with males being seven times
more likely to have a vitamin D deficiency
compared to females (OR: 7.07, 95% CI:
1.18-42.30). Furthermore, a significant asso-
ciation was observed between TIA and vita-
min D status, with an OR of 0.06 (95% CI: 0.
-0.72).

Table (3): Crude OR (95%CI) and AOR (95%CIl) for the association between vitamin D status and
other covariates from Logistic Regression Analysis.

Variable | OR(@95%CI) | Pvalue | AOR(95%CI) | P Value

Gender
Male 4.37 (0.96,19.90) 0.06 7.07 (1.18,42.3) 0.03
Female Ref Ref
Age
Yes 1.42 (0.32, 6.38) 0.65 3.77 (0.49,28.82) 0.2
No Ref Ref
BMI
Overweight 0.57 (0.09, 3.44) 0.54 0.59 (0.06,5.43) 0.64
Obese 1.38 (0.18,10.61) 0.76 1.65 (0.15,18.65) 0.68
Healthy Weight Ref Ref
DM
Yes 1.71 (0.40, 7.40) 0.47 2.39 (0.28,20.1) 0.42
No Ref Ref
HTN
Yes 1.30 (0.29, 5.89) 0.73 1.74 (0.25,12) 0.57
No Ref Ref
Smoking
Yes 1.62 (0.38, 6.99) 0.52 0 (0, Inf) 0.99
No Ref Ref
LDL
Yes 1.45 (0.34, 6.25) 0.62 0.82 (0.11,6.29) 0.85
No Ref Ref
TIA
Yes 0.17 (0.03, 1.10) 0.06 0.06 (0,0.72) 0.03
No Ref Ref

DISCUSSION (15.75+15.82). A previous study in Palestine

The study found that the average vitamin
D levels were lower in men than in women

reported a high prevalence of vitamin D defi-
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ciency in females of reproductive age, associ-
ated with several risk factors, such as obesity,
type 2 diabetes, dyslipidemia, smoking, and
systemic hypertension (10, 11). Regarding our
knowledge, we found one cross-sectional
study that focused on 2026 Norwegians who
required weight loss treatment. The study re-
ported that men had considerably greater
chances of having vitamin D deficiency than
women (12). Our findings are consistent with
the previous study, as we also found that men
have higher odds of having vitamin D defi-
ciency than women. Specifically, our study re-
ported an odds ratio of 4.37 (0.96, 19.90) for
men and 7.07 (1.18, 42.3) for women after ad-
justing for various risk factors.

Previous global studies have established a
connection between low vitamin D levels and
diabetes mellitus. Bayani et al. reported that
patients with diabetes had a higher incidence
of vitamin D insufficiency than those without
diabetes (13). In another study by Lee et al., it
was found that vitamin D insufficiency was
common among 305 type 2 diabetic patients
(14). Moreover, a population-based prospec-
tive study in Australia found that non-diabet-
ics had higher serum vitamin D concentrations
than people with diabetes (15). The presence
of vitamin D receptors in  cells and vitamin
D-dependent calcium-binding proteins in pan-
creatic tissue suggests a role for vitamin D in
insulin secretion (14, 15). In both in vitro and
in vivo models, it has been demonstrated that
vitamin D is essential for normal insulin re-
lease in response to glucose levels in the blood
and for maintaining glucose tolerance.

Conversely, it has been widely observed
that low vitamin D levels are associated with
hypertension. Our data corroborate previous
reports indicating a high prevalence of vitamin
D insufficiency in patients with hypertension
(16, 17). Our findings also confirm that smok-
ing is a risk factor for vitamin D deficiency, as
previously reported (18, 19).

As we had limited resources, such as in-
complete lipid profiles of patients, our study
had a relatively small sample size. Nonethe-
less, we established a negative association be-
tween serum LDL levels and vitamin D levels
by using LDL levels as a dyslipidemic indica-
tor. This finding is consistent with recent re-
search (20-22).
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Low serum vitamin D levels are associ-
ated with an increased stroke risk (23). How-
ever, our results show a significant correlation
between Vitamin D deficiency and TIA. The
ORs showed that TIA is less likely to happen
in Vitamin D deficiency patients. The correla-
tion between Vitamin D status and TIA is con-
troversial to many previous similar studies
(20, 24, 25). These findings should pave the
way for further investigations in the future.

The regression analysis showed that the
predictors and ACS were closely linked. Low
serum concentrations of 1,25(0OH)2D and
25(0H)D strongly predicted the development
of ACS. High systolic blood pressure and high
total cholesterol (TC), and HDL-C substan-
tially predicted ACS. On the other hand, nei-
ther the D2 nor the D3 substantially predicted
the occurrence of ACS. Acute coronary syn-
dromes are separately linked to vitamin D in-
sufficiency, which may also be a separate risk
factor for ACS.

CONCLUSION

Despite the few works on vitamin D defi-
ciency and ACS that have been done in this
regard, the results are largely consistent with
the previous works in this field where the
prevalence of vitamin D deficiency among pa-
tients of ACS in our study was sufficiently
high. Admitting patients with acute coronary
syndrome should be checked for vitamin D in-
adequacy, and treatment should be prescribed
accordingly.

Ethics approval and consent to participate

The study followed proper procedures
and protocols, including obtaining approval
from the Institutional Review Board at An-
Najah National University to ensure compli-
ance with ethical guidelines such as the Dec-
laration of Helsinki and the US Federal Policy
for the Protection of Human Subjects. Written
informed consent was obtained from partici-
pants before collecting any samples or data.
The participants' identities were kept confi-
dential, and all samples and data were pro-
cessed anonymously.

Consent for publication
Not Applicable.
Availability of data and materials

The datasets used and/or analyzed during
the current study are available from the corre-
sponding author upon reasonable request.
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