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Abstract

Background: Osteoarthritis (OA) is a prevalent degenerative joint disorder increasingly associated with
systemic comorbidities, particularly cardiovascular disease. Vitamin D deficiency is common in OA patients
and may contribute to adverse cardiovascular outcomes through metabolic and inflammatory mechanisms.

Aim of the study: To evaluate the association between serum vitamin D levels and cardiovascular risk in
patients with osteoarthritis.

Methods: This cross-sectional study included 110 patients with clinically and radiologically confirmed OA.
Serum 25(0H)D levels were categorized as deficient (<20 ng/mL) or sufficient (e$20 ng/mL). Cardiovascular
risk was assessed using lipid profile, blood pressure, and fasting blood glucose. OA severity was graded using
the Kellgren—Lawrence system. Statistical analysis was performed using SPSS version 26.0, with p<0.05
considered significant.

Result: Vitamin D deficiency was found in 48.18% of participants. Deficient patients had significantly higher
total cholesterol (224.6 = 36.5 vs 197.8 + 34.2 mg/dL, p<0.001), LDL (145.3 £ 30.7 vs 120.5 £+ 28.9 mg/dL,
P<0.001), triglycerides (192.1 £ 42.8 vs 162.3 + 40.5 mg/dL, p=0.001), and systolic BP (144.2 + 17.6 vs 133.5
+ 18.1 mmHg, p=0.003), along with lower HDL levels (38.6 £ 7.9 vs 43.8 £ 8.2 mg/dL, p=0.002). High
cardiovascular risk was more prevalent among deficient patients (49.06% vs 26.32%, p=0.01). Severe OA
was also significantly associated with vitamin D deficiency (69.81% vs 47.37%, p=0.02). Multivariable analysis
showed vitamin D deficiency independently predicted high cardiovascular risk (AOR 2.9, 95% CI 1.4-6.1,
p=0.004).

Conclusion: Vitamin D deficiency is significantly associated with increased cardiovascular risk and greater
disease severity in osteoarthritis patients, highlighting the importance of integrated clinical evaluation and
management.
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Introduction

Osteoarthritis (OA) is a chronic, progressive degenerative
joint disorder characterized by the breakdown of articular
cartilage, subchondral bone remodeling, synovial
inflammation, and gradual loss of joint function.! It is the
most prevalent form of arthritis worldwide, affecting an
estimated 7.6% of the global population, and represents a

major cause of pain, disability, and reduced quality of life,
particularly among the aging population.” With increasing
life expectancy and the global rise in obesity and sedentary
lifestyles, the burden of osteoarthritis is steadily increasing,
posing significant challenges to healthcare systems,
especially in developing countries.? Traditionally,
osteoarthritis has been considered a localized
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musculoskeletal condition; however, contemporary
research increasingly supports its systemic nature [4]. OA
is now recognized as being associated with chronic low-
grade inflammation and metabolic dysregulation, which
may contribute to the development of comorbid conditions
beyond the joints.>® Among these, cardiovascular disease
(CVD) has gained considerable attention due to its high
prevalence and major contribution to morbidity and
mortality in patients with osteoarthritis.” Individuals with
OA are at an increased risk of cardiovascular events,
including ischaemic heart disease, hypertension, and
stroke. This association may be explained by shared risk
factors such as aging, obesity, physical inactivity, insulin
resistance, and systemic inflammatory pathways.5-10
Vitamin D, a secosteroid hormone primarily involved in
calcium-phosphate homeostasis and bone metabolism, has
also been implicated in various non-skeletal physiological
processes, including immune regulation, inflammation
modulation, and cardiovascular function.!!> 12 Vitamin D
receptors are widely distributed in multiple tissues,
including vascular smooth muscle cells, endothelial cells,
and cardiomyocytes, suggesting its potential role in
cardiovascular health. Deficiency of vitamin D is highly
prevalent globally and has been associated with several
adverse health outcomes, including hypertension,
endothelial dysfunction, arterial stiffness, atherosclerosis,
and increased cardiovascular morbidity and mortality.'3
In patients with osteoarthritis, vitamin D deficiency is
frequently observed due to multiple factors such as reduced
mobility, decreased outdoor activity, limited sun exposure,
aging-related skin changes, and possible dietary
insufficiency.!# Additionally, chronic pain and functional
limitation may further contribute to sedentary behavior,
thereby exacerbating vitamin D deficiency.!® Low serum
vitamin D levels may be associated with increased severity
of osteoarthritis symptoms, reduced muscle strength, and
impaired physical performance, all of which may indirectly
influence cardiovascular risk.'® Despite growing interest
in the relationship between vitamin D status and
cardiovascular health, evidence specifically addressing its
association with cardiovascular risk in patients with
osteoarthritis remains limited and inconsistent. Given this
background, there is a clear need to explore the relationship
between serum vitamin D levels and cardiovascular risk
in patients with osteoarthritis. Therefore, the present study
aims to evaluate the association of serum vitamin D levels
with cardiovascular risk in patients with osteoarthritis, with
the objective of contributing to a more comprehensive and
integrated approach to patient management.
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Methodology & Materials

This study was a cross-sectional observational study
conducted among patients diagnosed with osteoarthritis
(OA). The study was carried out in the Department of
laboratory Medicine and Department of Orthopedic
Surgery, Bangladesh Medical University, Dhaka,
Bangladesh, from January 2024 to December 2024. A total
of 110 patients with clinically and radiologically confirmed
osteoarthritis were included in the study.

Inclusion Criteria:
e Adults aged ¢”18 years

» Radiological confirmation of osteoarthritis

» Patients with symptomatic osteoarthritis for at least 3
months

e Individuals not currently enrolled in any other
interventional clinical study

Exclusion Criteria:
» Patients receiving vitamin D supplementation within
the last 6 months

* Individuals with chronic kidney disease, liver disease,
malignancy, or endocrine disorders affecting vitamin
D metabolism

» Patients on lipid-lowering or steroid therapy

e Pregnant or lactating women

Ethical Considerations

The study protocol was approved by the institutional ethics
committee. Written informed consent was obtained from
all participants prior to data collection, and confidentiality
was maintained throughout the study.

Data Collection

Data were collected using a structured, pretested
questionnaire along with detailed clinical examination and
laboratory investigations. Sociodemographic information,
including age and gender, as well as lifestyle factors such
as smoking status, were recorded. Clinical parameters
including body mass index (BMI) and the presence of
comorbid conditions such as hypertension and diabetes
mellitus were documented. Osteoarthritis-related
information was obtained by recording the affected joint,
duration of disease, and severity, which was assessed using
the Kellgren—Lawrence grading system and categorized
into mild (Grade I-II) and severe (Grade I1I-1V).

For biochemical analysis, fasting venous blood samples
were collected after an overnight fast to measure serum
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25-hydroxyvitamin D [25(OH)D] levels, lipid profile
parameters (total cholesterol, low-density lipoprotein
[LDL], high-density lipoprotein [HDL], and triglycerides),
and fasting blood glucose. Vitamin D status was
categorized as deficient (<20 ng/mL) or sufficient (e”20
ng/mL). Blood pressure was measured using a standard
sphygmomanometer, with both systolic and diastolic
values recorded, and the average of two readings was used
for analysis. Cardiovascular risk was assessed based on
combined clinical and biochemical parameters, including
lipid profile, blood pressure, and glucose levels, and
participants were subsequently classified into low,
moderate, or high cardiovascular risk categories.

Statistical Analysis

Data were analyzed using SPSS version 26.0. Continuous
variables were expressed as mean + standard deviation
(SD), while categorical variables were presented as
frequencies and percentages. Differences in mean values
between vitamin D deficient and sufficient groups were
assessed using the independent t-test. Associations
between categorical variables were evaluated using the
chi-square test. Furthermore, multivariable logistic
regression analysis was performed to identify independent
predictors of high cardiovascular risk, adjusting for
potential confounders. A p-value of less than 0.05 was
considered statistically significant.

Result

The majority of patients were aged 50-60 years and above
60 years (38.18% each), while 23.64% were younger than
50 years. Females constituted a higher proportion of the
study population (60.0%). Most participants were
overweight (43.64%), followed by obese (31.82%) and
normal weight (24.55%). Hypertension was present in
53.64% of patients and 41.82% had diabetes mellitus.
Additionally, 28.18% of participants were current smokers
(Table 1). Knee osteoarthritis was the most common type
(64.55%), followed by hip (21.82%) and hand
osteoarthritis (13.64%). Most patients had a disease
duration of 5-10 years (40.0%). Grade III was the most
common severity level (34.55%), with Grade Il accounting
for 30.0%, Grade IV for 23.64%, and Grade I being the
least frequent at 11.82% (Table II). Nearly half (48.18%)
of the study participants were found to have deficient
Vitamin D levels (Figure 1). Participants showed a mean
total cholesterol of 210.5 + 38.6 mg/dL, LDL 132.4 +
32.1 mg/dL, HDL 41.2 + 8.5 mg/dL, triglycerides 176.8
+45.2 mg/dL, systolic BP 138.7 + 18.3 mmHg, diastolic
BP 86.5 £ 10.7 mmHg, and fasting blood glucose 6.8 =
1.9 mmol/L (Table III). Participants with vitamin D
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deficiency demonstrated a significantly worse
cardiovascular risk profile compared to those with
sufficient vitamin D levels, showing higher total
cholesterol (224.6 + 36.5 vs 197.8 = 34.2 mg/dL,
p<0.001), LDL (145.3 + 30.7 vs 120.5 = 28.9 mg/dL,
p<0.001), triglycerides (192.1 +42.8 vs 162.3 £40.5 mg/
dL, p=0.001), and systolic BP (144.2 + 17.6 vs 133.5 +
18.1 mmHg, p=0.003), along with lower HDL levels (38.6
+7.9 vs 43.8 + 8.2 mg/dL, p=0.002) (Table IV). Vitamin
D deficiency was significantly associated with a higher
cardiovascular risk burden, where nearly half of deficient
participants (49.06%) were in the high-risk category
compared to 26.32% in the sufficient group, while low-
risk status was more common among those with sufficient
vitamin D (38.60% vs 16.98%; p=0.01) (Table V). Severe
OA (Grade III-1V) was more prevalent in the vitamin D—
deficient group (69.81%) than in the sufficient group
(47.37%), whereas mild disease was more frequent among
those with adequate vitamin D levels (52.63% vs 30.19%;
p=0.02) (Table VI). Multivariable logistic regression
analysis identified vitamin D deficiency (AOR: 2.9, 95%
CI: 1.4-6.1, p=0.004), severe OA (AOR: 2.5, 95% CI:
1.2-5.1,p=0.01), age >60 years (AOR: 2.2,95% CI: 1.1-
4.5, p=0.03), obesity (AOR: 2.4, 95% CI: 1.2-5.0,
p=0.01), and hypertension (AOR: 3.1, 95% CI: 1.5-6.4,
p=0.002) as significant independent predictors of high
cardiovascular risk (Table VII).

Table-I
Baseline characteristics of study participants (n=110)

Variable Frequency (n) Percentage (%)
Age (years)

<50 26 23.64
50-60 42 38.18
>60 42 38.18
Gender

Male 44 40.00
Female 66 60.00
BMI (kg/m?)

Normal (<25) 27 24.55
Overweight (25-29.9) 48 43.64
Obese (¢30) 35 31.82
Co-morbidity

Hypertension 59 53.64
Diabetes Mellitus 46 41.82
Smoking Status

Current smoker 31 28.18
Non-smoker 79 71.82
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Table-I1 Table-II1
Osteoarthritis characteristics of respondents (n=110) Cardiovascular risk profile
Variable Frequency (n) Percentage (%) Variable Mean + SD
Type of OA
Total Cholesterol L 210.5 + 38.
Knee 71 64.55 otal Cholesterol (mg/dL) 0.5 £38.6
Hip 24 21.82 LDL Cholesterol (mg/dL) 132.4 +32.1
Hand 15 13.64
Duration of OA (years) HDL Cholesterol (mg/dL) 141.2+8.5
<5 39 35.45 . .
Trigl L 176.8 £45.2
510 44 40.00 riglycerides (mg/dL) 76.8 £45
>10 27 24.55 Systolic BP (mmHg) 138.7+18.3
Severity (Kellgren—Lawrence Grade)
Grade 1 13 11.82 Diastolic BP (mmHg) 86.5 £10.7
Grade 11 33 30.00 .
Fasting Bl 1 /L 8+1.
Grade 111 33 3455 asting Blood Glucose (mmol/L) 6.8 9
Grade IV 26 23.64
Vitamin D Level (%) Table'IV
S Association between vitamin d status and
ufficient
(230 ng/mL) cardiovascular risk factors
51.82
Variable Deficient Sufficient  p-value
(Mean + SD)  (Mean = SD)
Total Cholesterol (mg/dL) 224.6 £36.5 197.8 £34.2 <0.001
LDL (mg/dL) 1453 £307  120.5+28.9  <0.001
L Deficient
(<20 ng/mL) HDL (mg/dL) 38.6+79 438 +8.2 0.002
48.18
Triglycerides (mg/dL) 1921 +428  162.3+405  0.001
Figure 1: Serum Vitamin D status among population Systolic BP (mmHg) 14422176 1335+181 0.003
(n=110)
Table-V
Cardiovascular risk categories by Vitamin D status
Cardiovascular Risk Level Deficient (n=53) Sufficient (n=57) p-value
n % n %
Low Risk 9 16.98 22 38.60 0.01
Moderate Risk 18 33.96 20 35.09
High Risk 26 49.06 15 26.32
Table-VI
Association of Vitamin D status with osteoarthritis severity
OA Severity Deficient (n=53) Sufficient (n=57) p-value
n % n %
Mild (Grade I-11) 16 30.19 30 52.63 0.02
Severe (Grade I1I-1V) 37 69.81 27 47.37
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Table-VII

Multivariable logistic regression for high cardiovascular risk
Variable Adjusted Odds Ratio (AOR) 95% CI p-value
Vitamin D Deficiency 2.9 1.4-6.1 0.004
Severe OA (Grade III-1V) 2.5 1.2-5.1 0.01
Age >60 years 2.2 1.1-4.5 0.03
Obesity 2.4 1.2-5.0 0.01
Hypertension 3.1 1.5-6.4 0.002a
Discussion Swailem et al., who reported a high prevalence of vitamin

Patients with osteoarthritis frequently exhibit altered serum
vitamin D levels, and accumulating evidence suggests that
vitamin D deficiency may be linked with an increased
cardiovascular risk profile, potentially through its effects
on inflammatory pathways, endothelial function, and
metabolic regulation [17]. This study evaluated the
association between serum vitamin D levels and
cardiovascular risk among patients with osteoarthritis
(OA), focusing on metabolic risk clustering, OA severity,
and vitamin D status. In this study, 23.64% of participants
were aged <50 years, while 38.18% were in the 50-60
years group and 38.18% were aged >60 years. Females
constituted 60.00% and males 40.00% of the study
population. Regarding BMI, 24.55% were normal weight,
43.64% were overweight, and 31.82% were obese.
Hypertension was present in 53.64% and diabetes mellitus
in 41.82% of participants, while 28.18% were current
smokers. These findings are consistent with previous
epidemiological evidence showing that OA predominantly
affects older individuals and females, with a strong
association with overweight, obesity, and cardiometabolic
comorbidities. Cross et al. & Yang et al. reported that OA
prevalence increases with age and is strongly linked with
obesity and metabolic disorders [18, 19]. Similarly,
Dickson et al. highlighted obesity as a central shared risk
factor between OA and cardiovascular disease due to
systemic inflammation and metabolic dysfunction,
supporting the pattern observed in this study [20]. Knee
OA was the most common type (64.55%), followed by
hip OA (21.82%) and hand OA (13.64%). Regarding
duration of disease, 35.45% had OA for <5 years, 40.00%
for 5-10 years, and 24.55% for >10 years. In terms of
radiological severity, 11.82% had Grade I, 30.00% Grade
11, 34.55% Grade III, and 23.64% Grade IV OA. These
findings are consistent with Qiao et al. & Swailem et al.
who reported knee OA as the most prevalent form of
osteoarthritis globally [21,22]. In this study, 48.18% of
participants were vitamin D deficient, while 51.82% had
sufficient vitamin D levels. This finding aligns with
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D insufficiency among patients with osteoarthritis [22].
The mean lipid and metabolic parameters in this study
showed elevated total cholesterol (210.5 + 38.6 mg/dL),
LDL cholesterol (132.4 + 32.1 mg/dL), reduced HDL
cholesterol (41.2 = 8.5 mg/dL), elevated triglycerides
(176.8 = 45.2 mg/dL), increased systolic blood pressure
(138.7 = 18.3 mmHg), diastolic blood pressure (86.5 +
10.7 mmHg), and fasting blood glucose (6.8 = 1.9 mmol/
L). These findings are consistent with Ren et al., who
reported that patients with OA frequently exhibit features
of metabolic syndrome, including dyslipidemia,
hypertension, and impaired glucose metabolism [23].
Vitamin D—deficient patients had significantly higher total
cholesterol (224.6 + 36.5 mg/dL) compared to those with
sufficient levels (197.8 + 34.2 mg/dL) (p<0.001). LDL
cholesterol was higher in the deficient group (145.3 £30.7
mg/dL) compared to the sufficient group (120.5 + 28.9
mg/dL) (p<0.001). HDL cholesterol was lower in the
deficient group (38.6 £ 7.9 mg/dL) than in the sufficient
group (43.8 £ 8.2 mg/dL) (p=0.002). Triglycerides were
higher in vitamin D—deficient patients (192.1 +42.8 mg/
dL) compared to sufficient patients (162.3 =40.5 mg/dL)
(p=0.001). Systolic blood pressure was also higher in
deficient individuals (144.2 + 17.6 mmHg) compared to
sufficient individuals (133.5 + 18.1 mmHg) (p=0.003).
These results are supported by Wang et al., who
demonstrated inverse associations between serum
25(OH)D levels and cardiovascular risk factors, including
lipid abnormalities and hypertension [24]. Among vitamin
D—deficient patients, 16.98% had low cardiovascular risk,
33.96% had moderate risk, and 49.06% had high
cardiovascular risk. In contrast, among vitamin D—
sufficient patients, 38.60% had low risk, 35.09% had
moderate risk, and 26.32% had high risk (p=0.01). These
findings are in agreement with Giovannucci et al., who
reported that low vitamin D status is associated with a
higher incidence of cardiovascular events in longitudinal
cohort analysis [25]. Among vitamin D—deficient patients,
30.19% had mild OA (Grade I-II), while 69.81% had
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severe OA (Grade III-1V). In contrast, among vitamin D—
sufficient patients, 52.63% had mild OA and 47.37% had
severe OA (p=0.02). These findings are consistent with
Zhang et al., who reported that lower vitamin D levels are
associated with greater radiographic progression of knee
OA [26]. Similarly, Zheng et al. found that vitamin D
insufficiency is linked with increased OA severity and
worse clinical outcomes, supporting the structural
association observed in this study [27]. In multivariable
analysis, vitamin D deficiency was independently
associated with high cardiovascular risk (AOR 2.9, 95%
CI 1.4-6.1, p=0.004). Severe OA (Grade III-1V) (AOR
2.5,95% CI 1.2-5.1, p=0.01), age >60 years (AOR 2.2,
95% CI 1.1-4.5,p=0.03), obesity (AOR 2.4,95% CI 1.2—
5.0, p=0.01), and hypertension (AOR 3.1, 95% CI 1.5—
6.4, p=0.002) were also significant predictors. These
findings are consistent with Wang et al., who reported that
vitamin D deficiency independently predicts
cardiovascular disease after adjusting for traditional risk
factors [24]. Pilz et al. also demonstrated that low vitamin
D levels are associated with increased cardiovascular
mortality independent of obesity and hypertension,
supporting the robustness of the adjusted model in this
study [28].

Limitations of the study: This study has several limitations.
Its cross-sectional design limits the ability to establish
causal relationships between vitamin D deficiency and
cardiovascular risk. The sample size (n=110) was
relatively small and derived from a single center, which
may restrict generalizability. Seasonal variation in vitamin
D levels and dietary intake were not assessed. Additionally,
residual confounding factors such as physical activity and
sun exposure could not be fully controlled. Longitudinal,
multicenter studies are needed to confirm these findings.

Conclusion

This study demonstrates a significant association between
serum vitamin D deficiency and increased cardiovascular
risk among patients with osteoarthritis. Individuals with
deficient vitamin D levels exhibited significantly higher
total cholesterol (224.6 =36.5 mg/dL vs 197.8 +£34.2 mg/
dL), LDL (145.3 + 30.7 mg/dL vs 120.5 + 28.9 mg/dL),
triglycerides (192.1 + 42.8 mg/dL vs 162.3 + 40.5 mg/
dL), and systolic blood pressure (144.2 = 17.6 mmHg vs
133.5+ 18.1 mmHg), along with lower HDL levels (38.6
+ 7.9 mg/dL vs 43.8 £+ 8.2 mg/dL). Vitamin D deficiency
independently predicted high cardiovascular risk (AOR
2.9, 95% CI 1.4-6.1, p=0.004). These findings highlight
the importance of assessing vitamin D status in
osteoarthritis patients to improve comprehensive
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cardiovascular risk management.
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