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Abstract

Background : Vitamin D deficiency is common, especially in people with metabolic
syndrome. This condition increases the risk of cardiovascular problems, including left
ventricular hypertrophy (LVH). While the connection between metabolic syndrome and
LVH is well-documented, it is still unclear whether vitamin D deficiency alone contributes
tothe development of LVH in these patients. The aims of this study was to the association
between vitamin D levels and LVH in patients with metabolic syndrome.

Methods : A cross-sectional study was conducted with 38 patients diagnosed with
metabolic syndrome in Kariadi Hospital, Semarang. Serum vitamin D levels were
measured using the ELISA method, and LVH was diagnosed via echocardiography.
Patients were categorized into normal and LVH groups. Vitamin D levels were classified as
sufficient, insufficient, or deficient. The relationship between vitamin D levels, metabolic
syndrome components, and LVH was analyzed.

Results : Our findings revealed no significant difference in vitamin D levels between
patients with LVH and those without it (mean 19.98 + 5.59 ng/mL for the LVH group vs.
20.91 + 6.56 ng/mL for the normal group, p=0.65). However, patients with LVH had a
significantly higher number of metabolic syndrome components compared to those
without LVH (p=0.044).

Conclusion : While no direct association was found between vitamin D levels and LVH, the
cumulative burden of metabolic syndrome components plays a significant role in the
development of LVH. Future research should explore larger populations to investigate the
therapeutic potential of vitamin D in cardiovascular outcomes.

Keywords : Cardiovascular Disease, Left Ventricular Hypertrophy, Metabolic Syndrome,
Vitamin D
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INTRODUCTION

Vitamin D deficiency has become a major health problem
worldwide, as studies reveal high prevalence rates,?
commonly in conditions where sun exposure and
nutritional supplies of vitamin D are repeatedly low.?
This deficiency is especially pronounced in individuals
with metabolic syndrome, a cluster of interrelated
disorders characterized by central obesity, insulin
resistance, dyslipidemia, and hypertension, who exhibit
lower circulating vitamin D levels* and impaired vitamin
D synthesis.>”

Metabolic syndrome is a well-known contributor
to the development of cardiovascular diseases,
particularly left ventricular hypertrophy (LVH), a
structural cardiac abnormality that significantly
increases the risk of heart failure.®! While vitamin D
deficiency has been linked to the progression of LVH in
hypertensive patients,''"12 its specific role in metabolic
syndrome remains unclear. Addressing this knowledge
gap is essential for understanding the interplay between
metabolic syndrome, vitamin D status, and LVH.

Based on these considerations, we hypothesize
that lower levels of vitamin D in patients with metabolic
syndrome may be associated with an increased risk of
LVH. This study aims to explore the relationship between
vitamin D deficiency and the incidence of LVH in patients
with metabolic syndrome. We thereby can examine how
vitamin D might influence mechanisms of cardiovascular
remodeling and thus perhaps provide new perspectives
on therapeutic approaches aimed at alleviating left
ventricular hypertrophy in this vulnerable demographic.

METHODS

This observational study utilized a cross-sectional design
to examine 38 patients with metabolic syndrome,
consisting of 19 patients with left ventricular hypertrophy
(LVH) and 19 patients with normal cardiac function,
selected through purposive sampling from the inpatient
and outpatient wards of Kariadi Hospital Semarang on
July and October 2022. Inclusion criteria include (1) being
>18 years old; (2) having fulfilled the criteria for Metabolic
Syndrome based on National Cholesterol Education
Program Expert Panel and Adult Treatment Panel III
(NCEP ATP III)** and (3) being willing to take part in this
research. Exclusion criteria included : (1) pregnancy,
(2) patients receiving vitamin D therapy, (3) patients with
severe infection or sepsis, (4) malabsorption syndrome,
(5) patients receiving phenytoin or phenobarbital
therapy, (6) chronic liver disease, (7) patients who had
undergone total thyroidectomy, (8) chronic renal failure,
and (9) malignancies. The level of vitamin D in the serum
was assessed using the ELISA method from blood
samples provided by the patients. Vitamin D is
categorized as sufficient for more than 30 ng/ml,

insufficient at 20 to 30 ng/mL, and deficient if less than
20 ng/m. The left ventricular geometry profile was
classified as normal or left ventricular hypertrophy
(LVH). LVH was defined as Increased left ventricle mass
(LVMI) >115 g/m? for males and >95 g/m? for females as
described by the American society of
Echocardiography.'

The metabolic syndrome status of each patient was
evaluated by six components modified from NCEP ATP
I (1) Waist circumference > 102 cm for male or > 88 cm
for female, (2) serum triglyceride >150 mg/dL, (3) HDL
<40 mg/dL for males and < 50 mg/dL for females,
(4) blood pressure > 130 / 85 mmHg, (5) fasting glucose >
110 mg/ dL and additional (6) obesity. Obesity was taken
to be present if BMI exceeded 25 kg/m?. For each patient,
anthropometric measurements, vitamin D levels, and
other laboratory tests were collected after the subjects
were categorized as having either normal or left
ventricular hypertrophy (LVH).

This research has been getting informed consent
from patients and the Ethical Clearance of Health
Research Ethics Committee of the Faculty of Medicine
Diponegoro University and has received permission
from the Director of the Kariadi Hospital. The number of
ethical approvals was 1193/EC/KEPK-RKDK/2022. To
reduce selection biases, information biases, and
confounding, inclusion and exclusion were strictly
imposed for each subject by at least two examiners. All
echocardiographic measurements were done by an
internal medicine specialist and cardiovascular
consultant, blinded to the results of the other tests.

RESULTS
The characteristics of the patient data we collected from
the outpatient ward of Kariadi Hospital from July to
October 2022 are presented in Table 1. We observed a
trend of decreasing vitamin D levels in patients with
LVH, with average level of 20.91 £ 6.56 ng/mL in those
with normal LV function and 19.98 £ 5.59 ng/mL in those
with LVH, although this difference was not statistically
significant (Fig. 1A). A comparison of the observed
frequencies of vitamin D deficiency among patients with
and without LVH revealed no significant deviation from
the expected frequencies (Fig. 1B).

We investigated whether vitamin D influences the
occurrence of metabolic syndrome. Our data showed that
the level of vitamin D varies between group of metabolic
syndromes, 22.10 + 0.50 ng/mL in patients with two
components, 19.30 + 2.67 ng/mL with three components,
21.76 + 8.57 ng/mL with four components, 19.97 + 5.23
ng/mL with five components, and 18.03 + 4.67 ng/mL
with six components. However, these differences were
not statistically significant either within or between
groups (Fig 1C). Additionally, the observed frequencies
of vitamin D deficiency among patients with metabolic
syndrome did not differ significantly (Fig 1D).
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Our analysis showed a statistically significant
association between the number of metabolic syndrome
components and the presence of LVH (Fig. 2A) (Mann
Whitney, p = 0.044). Patients with LVH showed a similar
median number of metabolic syndrome components
compared to those normal (median = four components in
both normal and the LVH group. However, the

distribution of metabolic syndrome components skewed
from two to five metabolic syndrome components in
normal group toward higher values of three to six
metabolic syndrome components in the LVH group.

To evaluate the contribution of individual
metabolic syndrome factors to the occurrence of LVH, we
analyzed six components of metabolic syndrome. Our

TABLE 1
Characteristics of Experimental Subject

Patient characteristics N Frequency Mean + SD/
(%) Median (min-max)
Age 54.42 +10.41
<60 years 28 73.68
>60 years 10 26.32
Gender
Male 30 78.95
Female 8 21.05
Vitamin D levels 20.44£6.19
Normal 1 2.63
Insufficiency 17 44.74
Deficiency 20 52.63
Left ventricle hypertrophy status
Normal 19 50.00
LVH 19 50.00
BMI 28.5 (18-52)
Waist circumference 99.53 +14.53
HDL 34.50 (11-120)
Triglyceride 168.50 (72-677)
Obesity status
BMI < 25 10 26.32
BMI 2> 25 28 73.68
Waist circumference status
<102 cm (male) or < 88 cm (female) 18 47.34
> 102 cm (male) or > 88 cm (female) 20 52.63
Diabetes status
No 16 42.11
Yes 22 57.89
Hypertension status
No 6 15.79
Yes 32 84.21
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TABLE 1
Continued....
Patient characteristics N Frequency Mean * SD/
(%) Median (min-max)
HDL status
> 40 mg/dL (male) or 2 50 mg/dL (female) 9 23.68
<40 mg/dL (male) or < 50 mg/dL (female) 29 76.32
Triglyceride status
<150 mg/dl 13 34.21
> 150 mg/dl 25 65.79

Normally distributed data is shown as Mean + SD, while Median (min—-max) is used for data with abnormal distribution.
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Figure 1. Influence of Vitamin D Levels and Status on Left Ventricular Hypertrophy. (1A) Comparison between serum vitamin
D levels between individuals with normal left ventricular structure and those with left ventricular hypertrophy (LVH). The data
are presented as the mean values with error bars indicating the standard error of the mean. The analysis shows no significant
difference (ns) in vitamin D levels between the two groups (independent t-test, p= 0.65). (1B) Chi square frequency data of
different vitamin D status categories (Normal, Insufficiency, Deficiency) in individuals with normal heart structure (blue bars)
and those with LVH (red bars) shows non-significant result (chi square, p=0.58). (1C) Comparison between serum vitamin D
levels betweenindividuals with the number of metabolic syndromes. The analysis shows no significant difference in vitamin D
levels between the two groups (one way ANOVA, p= 0.85) (1D) Chi square frequency data of different vitamin D status
categories (Normal, Insufficiency, Deficiency) in individuals with metabolic syndrome shows non-significant result (chi
square, p=0.81).
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Figure 2. Influence of Metabolic Syndrome Components on Left Ventricular Hypertrophy. (2A) Left panel compares the
number of metabolic syndrome components between individuals with normal heart structure and those with LVH. The data
are shown as the median number of factors with error bars representing max — min value. (Mann Whitney, p = 0.04 for 1-
tailed, p=0.09 for 2-tailed). The right panel further breaks down the distribution, showing how many people have 2, 3, 4, 5, or
6 factors of metabolic syndrome in both groups. Frequency of individuals with (2B) normal BMI and obesity group with BMI
225 (chisquare, p=0.14), (2C) normal and high waist circumferences (> 102 cm for males or > 88 cm for females)
(chisquare, p=0.52), (2D) diabetes status (chi square, p = 0.51), (2E) hypertension status (chi square, p = 0.37), (2F) Normal
versus low HDL status (< 40 mg/dL for males and < 50 mg/dL for females) (chi square, p = 0.70), and (2G) Triglyceride status

(chisquare, p=0.09) in both normal and LVH group.

data showed an increased proportion of patients with a
BMI 2 25 kg/m? in the LVH group, whereas individuals
with a BMI <25 kg/m?were more prevalent in the normal
ventricular function group (Fig. 2B). A similar trend was
observed for waist circumference. Patients with a normal
waist circumference were more commonly found in the
normal group, while those with a high waist
circumference (> 102 cm for males or > 88 cm for females)
were more frequent in the LVH group (Fig. 2C).

Additionally, diabetes was observed at a higher
frequency in the LVH group compared to the normal
group (Fig. 2D). However, we didn't find any differences
in hypertension status between normal and LVH groups
(Fig. 2E). Similarly, HDL levels (Low if < 40 mg/dL for
males and <50 mg/dL for females) did not differ between
normal or LVH group (Fig. 2F) Conversely, patients with
triglyceride levels > 150 mg/dL were more prevalent in
the LVH group (Fig. 2G). Despite these trends, none of the
individual metabolic syndrome factors were statistically
significantly associated with LVH.

DISCUSSION

Vitamin D deficiency is a prevalent health concern,
particularly among individuals with metabolic
syndrome. In our study, we hypothesized that lower
vitamin D levels in patients with metabolic syndrome
might be associated with an increased risk of LVH.
However, our findings indicate that low vitamin D levels
do not significantly contribute to the development of
LVH in these patients. Additionally, vitamin D levels
were not associated with the number of positive
metabolic syndrome components. Notably, our data
revealed that an increased number of metabolic
syndrome components is a significant risk factor for LVH,
emphasizing the critical role of metabolic syndrome
severity in cardiac remodeling.

Although our initial hypothesis suggested a
potential link between low vitamin D levels and the
incidence of LVH, our results did not show a statistically
significant association between the two. The mean serum
vitamin D level in patients with LVH was not
significantly different from those without LVH.
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Moreover, our data indicates that low vitamin D doesn't
have any effect on causing metabolic syndrome.
Indicating that there is no association of vitamin D levels
with LVH or metabolic syndrome. This aligns with
several previous studies where vitamin D deficiency
alone did not directly correlate with structural cardiac
despite its known role in cardiovascular health.!>® Our
study reveals that nearly all patients with metabolic
syndrome exhibited vitamin D levels below the sufficient
threshold. This finding is consistent with prior studies
that associate metabolic syndrome with reduced vitamin
D levels due to factors such as obesity, insulin resistance,
and inflammation, all of which are prevalent in this
population.+1718

Vitamin D has been postulated to influence LVH
through several mechanisms, including the regulation of
calcium homeostasis, modulation of the
reninangiotensinaldosterone system (RAAS), and direct
effects on cardiomyocytes. Experimental studies have
demonstrated that vitamin D metabolites can act on
cardiomyocytes, endothelial cells, and smooth vascular
muscle cells, suggesting a role in cardiovascular health.'
Specifically, vitamin D deficiency has been associated
with increased activity of the RAAS, leading to
hypertension and subsequent cardiac hypertrophy.?
Moreover, the presence of vitamin D receptors in left
ventricular cardiomyocytes indicates that vitamin D may
directly affect cardiac structure and function.?! Despite
these theoretical mechanisms, our study did not find a
significant association between vitamin D levels and
LVH, suggesting that vitamin D's role in cardiac
remodeling may be more complex or indirect than
previously thought.

The relationship between metabolic syndrome
and LVH is well-supported by the literature,>?>-** and
our findings reinforce the understanding that an
increased number of metabolic syndrome components
elevates the risk of LVH. Obesity, as a key component,
plays a significant role in this process through both
mechanical and metabolic mechanisms.5:1022
Additionally, adipose tissue in obesity is known to
secrete pro-inflammatory cytokines such as interleukin-6
(IL-6) and tumor necrosis factor-alpha (TNF-a),
contributing to systemic inflammation and oxidative
stress.” Although our data doesn't show direct
evaluation of lipid and inflammatory markers, our study
indicates that obesity increases the trend of LVH.

Another metabolic syndrome component, an
increase of waist circumference, is closely associated with
central obesity, insulin resistance and dyslipidemia,
which contribute to LVH.222? The presence of high
triglyceride levels promotes oxidative stress, which can
further damage the vascular endothelium,®*3! thereby
increasing vascular resistance and elevating cardiac
afterload. As a result, the heart undergoes hypertrophic
changes to cope with the increased workload. Although

our study did not show statistically significant
differences in triglyceride status between LVH and non-
LVH patients, the observed trend aligns with the
established understanding that hypertriglyceridemia is a
contributor to adverse cardiovascular outcomes
including LVH.3-3 Although our data didn't show the
association of individual factors of metabolic syndrome
to LVH, we could show that combination of these factors
isassociated with LVH.

A key limitation of our study is its cross-sectional
design, which prevents us from establishing causal
relationships between vitamin D deficiency, metabolic
syndrome components, and LVH. Additionally, we did
not include detailed inflammatory markers, lipid
profiles, or oxidative stress parameters, which could
provide deeper insights. The single-center population
limits the generalizability of our findings, and the lack of
longitudinal data prevents us from assessing how
changes in vitamin D levels or metabolic syndrome
severity influence LVH over time. Future studies with
diverse cohorts and longitudinal designs are needed to
address these gaps.

Given the scope of metabolic syndrome and its
profound impact on cardiovascular health, future
research should aim to explore the role of vitamin D in
larger sample, multi-center study. Investigating vitamin
D supplementation as an intervention in metabolic
syndrome populations, particularly in those with
established cardiovascular disease, could yield insights
into its therapeutic potential for preventing or mitigating
LVH progression. Additionally, controlling potential
confounders and exploring other biochemical markers
associated with metabolic syndrome might offer a more
comprehensive understanding of its relationship with
cardiovascular outcomes.

CONCLUSION

In conclusion, while our study did not find a direct
association between vitamin D levels and LVH, we
demonstrated that the cumulative burden of metabolic
syndrome components plays a significant role in the
development of LVH. This highlights the importance of
addressing metabolic syndrome holistically in managing
cardiovascular risk.
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