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Protection roles of serum vitamin D levels in the cardiovascular system
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Abstract: Protection roles of serum vitamin D levels in the cardiovascular system. This observational study enrolled 286
young ACI patients with type 2 diabetes mellitus in our Hospital from October 2016 to April 2020 as the study group.
127 healthy individuals as the control group. Serum levels of vitamin D and blood pressure indexes of the two groups
were measured and the correlation between vitamin D levels and the clinical phenotype of young cerebral infarction was
explored. Significantly higher 25-hydroxyvitamin D was observed in the study group vs. control group. During the day,
The values of systolic and diastolic blood pressure and mean blood pressure was well-balanced between the two groups.
However, at night and within 24 hours, significant differences in systolic and diastolic blood pressure and mean value
were observed between the two groups. The higher the vitamin D level, the greater the decrease in blood pressure at
night. Serum 25-hydroxyvitamin D was positively correlated with the reduction of night systolic and diastolic blood
pressure. Low levels of 25-hydroxyvitamin D led to a small decrease in blood pressure at night, resulting in a vulnerable

cardiovascular system and an increased incidence of cerebral infarction in the young population.
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INTRODUCTION

Acute ischemic stroke (ACI) is a common type of stroke
in clinical practice, accounting for 70%-80% of strokes
with high rates of disability and death (Liu et al., 2022).
Conventional western medical therapy improves
circulation, prevents platelet aggregation, and regulates
lipid levels through drugs to unblock blood vessels and
reduce thrombus formation, but the efficacy is suboptimal
(Dudenkov et al., 2021; Chao et al., 2020). In traditional
Chinese medicine (TCM), the main pathological
mechanism of ACI is stasis, phlegm and blockage of the
arteries and veins, for which treatment centers on the
activation of blood circulation and removal of blood
stasis, yet the prognosis remains poor (Kwak et al., 2020).
At present, the drug for acute ischemic stroke is
unavailable, and early diagnosis and treatment are thus
urgency for patient prognosis.

Vitamin D exists in the body mainly as 25
hydroxyvitamin D (25-(OH)D3) and 25(OH)D is an
intermediate product of lipid metabolism and is involved
in lipid metabolism (Theiler-Schwetz et al., 2022; Kwak
et al., 2021). Decreased 25(OH)D levels are inducing
factors for cardiovascular diseases such as coronary heart
disease and congestive heart failure (Zhang et al., 2020).
Serum 25-(OH)D3 is stable in blood concentration and
participates in a variety of biochemical metabolism; as an
example, it can inhibit the renin-angiotensin system to
protect the kidney and blood vessels, lower blood
pressure and slow down the development of
atherosclerosis (Xiao et al., 2020). Several studies have
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shown that serum 25-(OH)D3 has an anti-oxidative stress
function and inhibits oxygen overload and oxidative
stress, which consequently contributes to the
improvement of brain nerve cells (Hsu et al., 2020;
Matyszko et al., 2021; Pelczynska et al., 2020).

In addition, vitamin D levels are negatively correlated
with the activity of the renin-angiotensin-aldosterone
system (RAAS), enhance endothelial function and prevent
secondary hyperparathyroidism (Maghbooli et al., 2021).
Moreover, evidence suggest that T2DM and cerebral
infarction patients are often complicated by vitamin D
deficiency and SBP level correlates with the severity of
cerebral infarction in T2DM patients (Xiao et al., 2021).
Nevertheless, no consensus was established between
vitamin D supplementation and SBP/DBP levels in ACI
patients among previous findings (Kaneva et al., 2022).

To this end, the relationship between vitamin D levels and
blood pressure in ACI patients demands further research
conducted on a bigger cohort of patients.

MATERIALS AND METHODS

Baseline profiles

This observational study enrolled 286 young ACI patients
with type 2 diabetes mellitus who were treated in the
Department of Neurology of Cangzhou Central Hospital
from October 2016 to April 2020 as a study group.
Another 127 healthy individuals with similar profiles
were included in the control group. This study was
ethically approved by the ethics committee of Cangzhou
Central Hospital (No. 2014-02/154).
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Inclusion and exclusion criterion

Inclusion criterion 1) patients aged 18 to 60 years old; 2)
within 2 weeks onset of symptoms; 3) with diagnosed
acute cerebral infarction confirmed by CT/MRI (Larsson
etal.,2018).

Exclusion criterion 1) patients with progressive stroke,
transient ischemia attack, cerebral infarction with
posterior cerebral hemorrhage and cerebral arteritis; 2)
with tumor, injury and parasites caused cerebral
embolism; 3) pregnant and of childbearing potential or
breastfeeding.

Methods

SBP, DBP and pulse rate

The arterial pulse analyzer (Sphygmocor, AtCor Medical,
Australia) was used to perform non-invasive
measurements on the patient and the operation was
carried out in strict accordance with the instruction. The
patient’s radial artery pulse wave was recorded for 10
seconds and was converted to the central arterial pulse
wave group through the instrument’s built-in conversion
program, so as to obtain the corresponding central artery
SBP and DBP. At the strongest part of the right radial
artery, the number of beats was documented for Imin with
the index finger and middle finger and the measurement
was repeated at 1 min intervals. The mean value of the
two measured values is the pulse rate.

Fasting blood lipids and vitamin D

SmL of fasting venous blood was secured from the
participants and stored in a separating gel accelerator
tube, followed by a centrifuge for 10min to obtain the
serum, which was stored in a refrigerator at -80°C for
assays. An automatic biochemical analyzer (Hitachi 7600-
010, HITACHI, Japan) was used to determine blood lipid
indexes and an enzyme-linked immunosorbent method
was used to determine 25-hydroxyvitamin D (Haida
Biotechnology, China).

STATISTICAL ANALYSIS

All data were expressed as (x+s) and the analysis was
performed using a t-test. All the analyses were done by
SPSS software (version 25, SPSS, Inc., Chicago, IL,
USA). All analyses were deemed as statistical
significance with a threshold of 0.05.

RESULTS

Baseline data

The baseline characteristics such as age, BMI, HDL,
LDL, TG, Hg, BPC and WBC was well-balanced between
the two groups (P>0.05) (table 1).

Blood pressure
There was no marked difference in 24h SBP, 24h DBP,
Day SBP, Day DBP,and Day MAP between the two

groups (P>0.05). The mean values of 24h MBP, Night
SBP, Night DBP and Night MAP were significantly
different between the two groups (P<0.001). (table 2).
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Table 1: Comparison of general information
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Control group Study group P
Age (years) 38.4+8.9 36.9+6.4 0.279
BMI (kg/m2) 25.9+4.9 27.9+6.2 0.415
HDL (mg/dL) 38.9+6.3 38.5+2.3 0.236
LDL (mg/dL) 124.4+17.6 129.9+14.3 0.193
TG (mg/dL) 148.8+13.1 152.3+12.1 0.672
Hg (g/L) 14.6+£2.8 14.8+1.6 0.184
BPC (x109/L) 287.6+73.6 289.1+80.9 0.901
WBC (x109/L) 6.8+0.9 6.6+1.2 0.348
Table 2: Comparison of blood pressure
Control group Study group P
24h SBP (mmHg) 127.349.2 133.9+8.2 0.162
24h DBP (mmHg) 81.9+6.4 84.842.1 0.298
24h MBP (mmHg) 93.5+3.2 99.9+4.8 <0.001
Day SBP (mmHg) 137.2+10.2 137.6+5.3 0.438
Day DBP (mmHg) 87.2+ 5 88.7+3.7 0.195
Day MAP (mmHg) 103.6+4.7 104.7+4.2 0.173
Night SBP (mmHg) 122.6+7.8 132.9+£8.2 <0.001
Night DBP (mmHg) 75.4+2.3 82.9+3.7 <0.001
Night MAP (mmHg) 89.4+2.9 99.7+3.8 <0.001

Serum vitamin D levels
In the control group, the serum vitamin D level was
31£7.1ng/mL and it was 21.1£3.5ng/mL in the study
group (P<0.001).(fig. 1)

Correlation analysis between serum vitamin D level and
SBP

As shown in fig. 2, a positive correlation between vitamin
D levels and changes in SBP during the day and night was
observed (r=0.605, P<0.001).

Correlation analysis between serum vitamin D level and
DBP

As shown in fig. 3, there existed a positive correlation
between vitamin D levels and DBP changes during the
day and night (r=0.512, P<0.001).

DISCUSSION

The present findings exhibited that the vitamin D levels of
the control group were significantly higher versus ACI
hypertensive patients and that vitamin D levels are
associated with the decrease in night SBP and DBP.
Evidence showed that for patients with hypertension,
proper reduction in night blood pressure might lead to
higher cardiovascular risks (Zhao et al., 2019). Therefore,
in this study, the correlation between vitamin D and SBP
and DBP was explored to determine the role of vitamin D
levels in ACI patients.

Hypertension is the main cause of cardiovascular disease,
stroke and renal failure. Although the root cause of the
night-time blood pressure decline has not been fully

elucidated, trials have studied the relationship between
vitamin D and essential hypertension (Kaneva et al.,
2022). In America, the vitamin D level of healthy adults is
inversely proportional to blood pressure. Additionally, a
trial conducted on the data of 5414 patients from 2003 to
2006 showed that the prevalence of hypertension and
prehypertension decreased linearly with the increase of
serum vitamin D levels. Studies have shown that people
with older age, obesity, poor sleep quality, autonomic
dysfunction and higher sympathetic nerve activity and
inflammation are more susceptible to cerebral infarction
(Badimon et al., 2019). In recent years, the prevalence of
cerebral infarction and type 2 diabetes mellitus has shown
an increasing trend. Therefore, whether there are certain
changes in serum vitamin D levels in young ACI patients,
and whether there is a correlation between vitamin D
levels and young ACI deserves further research.

Vitamin D plays a role in the process of lymphocyte
proliferation, cell differentiation and cytokine secretion. It
participates in the regulation of the immune system and
the population with higher inflammation is prone to ACI.
There is a certain correlation between vitamin D and ACI
as previously reported (Nitsa et al., 2018). Vitamin D has
two biologically active forms in the human body, namely,
cholecalciferol, vitamin D3 and ergocalciferol, vitamin
D2. D3 is mainly synthesized in the human body using 7-
dehydrocholesterol as a raw material by the skin under
ultraviolet radiation and D2 is obtained from food or
medicine (Sunkara et al., 2019). Traditionally, vitamin D
was thought to regulate physiological activity in humans
and animals and was closely related to bone and
phosphorus metabolism, but in recent years, with gradual
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development of scientific research, vitamin D has been
found to be negatively associated with the incidence of
cardiovascular disease. Studies have shown that the
incidence of cerebral infarction and abnormal serum
vitamin D levels is closely related, with patients with
serum vitamin D levels above baseline experiencing a
40% lower risk of cerebrovascular disease than those
below baseline levels. In the present study, the serum
vitamin D level in the study group was significantly lower
than that in the control group, which may be attributed to
the fact that young people are less involved in outdoor
activities. For hypertensive patients, proper reduction of
night blood pressure including SBP and DBP has a certain
protective effect on the cardiovascular system (Tousoulis
et al., 2020).

Furthermore, no significant fluctuation in blood pressure
between the two groups during the day was found in the
present study; but at night and within 24 hours, the two
groups were different in SBP, DBP and the mean blood
pressure. It can be assumed that the decrease in blood
pressure at night in the study group may contribute
primarily to the disease. Of note, through correlation
analysis, vitamin D is positively correlated with the
reduction of night SBP and DBP. The higher the vitamin
D level, the greater the reduction in night blood pressure,
better protection from cardiovascular disease and the
lower the incidence of ACI. It agrees with the previous
studies in which a strong negative correlation between
serum vitamin D levels and the risk of hypertension was
also observed (Lin ef al., 2021; Ricke et al., 2022; Zhao et
al., 2023).

However, there are some limitations to this study that
should be outlined. This was a single-center observational
study with a small number of patients and a low level of
evidence. In addition, the association between vitamin D
levels and blood pressure alone could not verify whether
vitamin D supplementation reduced the risk of
hypertension. This study might provide an innovative
point of view and the findings are needed to be validated
in future studies.

CONCLUSION

Serum 25-hydroxyvitamin D was positively correlated
with the reduction of night systolic and diastolic blood
pressure. Low levels of 25-hydroxyvitamin D led to a
small decrease in blood pressure at night, resulting in a
vulnerable cardiovascular system and an increased
incidence of cerebral infarction in the young population.
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