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Abstract
Background: Vitamin D deficiency and dyslipidemia are frequently observed in patients
with type 2 diabetes mellitus (DM) and may influence glycemic control and cardiovascular
risk. This study investigates the association between vitamin D status, glycemic markers, and
lipid profiles in DM patients in Tobruk, Libya.
Methods: A cross-sectional study was conducted among 167 participants (both diabetic and
non-diabetic). Serum vitamin D, fasting blood glucose (FBG), glycated hemoglobin (HbAlc),
and lipid profile parameters (LDL, HDL, total cholesterol, triglycerides) were measured.
Statistical analyses included a chi-square test, Pearson correlation, and regression models to
assess associations.
Results: Vitamin D deficiency was significantly more prevalent among females (84%) than
males (59%) (p = 0.023), and among older adults aged 51-78 years (84.9%) (p = 0.011).
Significant associations were found between vitamin D deficiency and diabetes diagnosis (p
= 0.0012), elevated FBG (p = 0.0038), and HbAlc (p = 0.014). Among lipid markers, only
LDL cholesterol showed a significant association with vitamin D status (p = 0.032). No
significant associations were found for total cholesterol (p = 0.149), HDL (p = 0.289), or
triglycerides (p = 0.903).
Conclusion: Vitamin D deficiency is highly prevalent among diabetic and older individuals
and is significantly associated with poor glycemic control. Elevated LDL cholesterol was the
only lipid parameter linked considerably to vitamin D deficiency. Further longitudinal studies
are recommended to explore the metabolic implications of vitamin D in DM.

Keywords: type 2 diabetes mellitus (DM), lipid profile, vitamin D, HbAlc, fasting blood
sugar (FBS).
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1. Introduction:
The International Diabetes Federation reports that diabetes mellitus (DM) affects roughly 537
million adults globally as of 2021. This chronic metabolic disorder has reached epidemic
levels. The projection for 2045 indicates that there will be more than 700 million people with
diabetes globally [1]. Type 2 diabetes mellitus (DM), which is responsible for more than 90%
of all diabetes cases, occurs mostly due to obesity and a sedentary lifestyle [2]. Chronic
hyperglycemia in diabetes gradually damages the cardiovascular and other organ systems [3].
Studies suggest that people with diabetes are two to four times more likely to develop
cardiovascular diseases (CVD) compared to non-diabetics [4,5]. Furthermore, cardiovascular
disease is the leading cause of mortality in diabetic patients. Atherosclerosis is accelerated by
factors such as dyslipidemia, chronic inflammation, endothelial dysfunction, and increased
CVD risk [6].
In diabetes, dyslipidemia—often called diabetic dyslipidemia—includes:

o Elevated triglycerides (TG).

o Reduced high-density lipoprotein (HDL), also called “good cholesterol”

o Increased dense small LDL or “bad cholesterol” [7,8]
While fasting blood sugar (FBS) and HbAlc remain the primary indicators of glycemic
control, the relationship between lipid profile disturbances and dysglycemia remains a topic
of controversy. Several studies suggest that low HDL and high triglycerides, although not
confirmed as predictive markers, are associated with insulin resistance and suboptimal
glycemic control [9]. Additionally, the term glucolipotoxicity describes how lipid
dysregulation contributes to the pathogenesis of diabetes [10]. This theory proposes that
increased triglycerides and free fatty acids impair insulin action, increase resistance, and

damage B-cell function, thereby worsening hyperglycemia [11].
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Despite these theoretical links, the correlation between glycemic status and lipid markers
varies across studies. Some consider LDL and total cholesterol more predictive of
cardiovascular risk than direct diabetes predictors, while others emphasize triglycerides as
contributors to metabolic dysfunction [6,8].

Given this uncertainty, the aim of the current study is to:

1. Assess the correlation between lipid markers and glycemic parameters (HbAlc, FBS).

2. Determine whether lipid markers are accurate predictors of diabetes.

3. Evaluate the cardiovascular risk profile of diabetic individuals. Enhancing understanding

of these associations can improve early metabolic risk detection and intervention.

2. Materials and Methods:
2.1 Study Design and Participants
This cross-sectional study was conducted between January and March 2023 among
individuals attending various public and private clinics in Tobruk City, Libya. A total of 167
participants were enrolled, including both diabetic and non-diabetic individuals, based on the
diagnostic criteria of the American Diabetes Association (ADA) [3].
2.2 Biochemical Analysis
Fasting venous blood samples were collected from participants. Laboratory assessments
followed standardized methods used in previous studies:

e HbAlc (%): Quantified by high-performance liquid chromatography (HPLC)

e Fasting blood glucose (mg/dL): Glucose oxidase-peroxidase method

e Vitamin D (ng/mL): Measured using ELISA-based immunoassay

o Total cholesterol and LDL (mg/dL): Enzymatic colorimetry assay

e HDL: Direct immunoinhibition technique
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o Triglycerides: Glycerol phosphate oxidase method.
2.3 Statistical Analysis.
Statistical analyses were performed using IBM SPSS version 25 (Armonk, NY, USA). The
study was powered at 95% to detect significant associations between vitamin D status and
glucose/lipid profiles based on the sample size. Categorical variables were described as
frequencies and percentages. Pearson’s chi-square test was used to assess associations
between categorical variables (e.g., vitamin D status vs. glycemic or lipid categories). A p-
value < 0.05 was considered statistically significant.
2.4 Ethical Considerations
Ethical approval was obtained from both private and public clinic administrations. Patient
confidentiality was ensured by assigning coded identifiers to de-identified medical records,

without any personal information.

3. The results:

3.1 Association Between Vitamin D Status and the Demographic Characteristics.

The demographic characteristics of the study population are summarized in Table 1. A total
of 167 participants were included in the analysis. Chi-square test (at p < 0.05) was used to
assess the association between vitamin D status (categorized as normal, insufficient, and

deficient) and demographic variables: age groups and gender.
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Table 1. Demographic characteristics of the study population and their association with

vitamin D status (N = 167).

Normal Vit D | Insufficient Vit-D | Deficient Vit-D
(Group 1) (Group 2) (Group 3)
Category P-Value
n=20 n=27 n=120
12 % 16 % 72 %
Gender 0.023
Male (N=80) 16 (20%) 17 (21%) 47 (59%)
Female (N=87) 4 (5%) 10 (11%) 73 (84%)
Age Category 0.011
15-30 (N=32) 9 (28.1%) 8 (25.0%) 15 (46.9%)
31-50 (N=62) 7 (11.3%) 14 (22.6%) 41 (66.1%)
51-78 (N=73) 3 (4.1%) 8 (11.0%) 62 (84.9%)

There were notable disparities in vitamin D status based on gender, as detailed in Table 1.

Among participants with normal vitamin D levels, males accounted for 20%, while females

accounted for only 5%. Similarly, in the insufficient group, 21% were males compared to

11% females. However, in the deficiency group, a significantly greater proportion of females

(84%) had vitamin D deficiency compared to males (59%). A statistically significant

association was found between gender and vitamin D status (p = 0.023), suggesting that

vitamin D deficiency is more prevalent among females than males. This difference may be

influenced by factors such as sun exposure, clothing habits, dietary differences, and hormonal

or physiological variations [12].

Similarly, age category showed a strong correlation with vitamin D status (p = 0.011).

Participants aged 15-30 years had the highest proportion of normal vitamin D levels (28.1%),
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while the 51-78 age group had the highest prevalence of vitamin D deficiency (84.9%). A
clear increasing trend in vitamin D deficiency was observed with age: older individuals were
more likely to be vitamin D deficient than younger ones. This pattern may be attributed to
aging-related changes such as reduced dietary intake, decreased skin synthesis of vitamin D,

and lower outdoor activity. These findings are visually summarized in Figure 1.
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Figure 1. Distribution of vitamin D status (normal, insufficient, deficient) among study
participants by gender (left) and age group (vight). A significantly higher prevalence of
vitamin D deficiency was observed in females compared to males (p = 0.023) and among
older participants compared to younger groups (p = 0.011). These findings suggest age and
gender are important factors associated with vitamin D deficiency in the study population (N

= 167).

3.2 Association Between Vitamin D Status and Diabetic Markers.

Table 2 presents the association between vitamin D status and key diabetic parameters,
including diabetes diagnosis, fasting blood glucose levels, and HbAlc categories. A
statistically significant association was found between vitamin D status and diabetes
diagnosis (p = 0.0012). Among individuals diagnosed with diabetes, vitamin D deficiency

was far more prevalent (60%) compared to those without diabetes (40%). Conversely, normal
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vitamin D levels were more frequently observed in non-diabetics (90%) than in diabetics
(10%).

A significant relationship was found between fasting blood glucose levels and vitamin D
status (p = 0.0038). Participants with normal glucose levels had the highest proportion of
normal vitamin D status (90%), while vitamin D deficiency was most prevalent among those
with diabetic-range glucose values (49%)

In terms of HbAlc levels, a significant association was also observed (p = 0.014). Vitamin D
deficiency increased with worsening HbAlc control, reaching 33% in the pre-diabetic group
and 40% in the diabetic group. No diabetic participants had normal vitamin D levels.

These findings suggest that vitamin D deficiency is associated with poor glycemic indicators,
confirming previously documented correlations between lower vitamin D status and poor
glycemic control [2,15,16].

Table 2: Association between vitamin D groups and the diabetes status of the patients

(N=167).

Normal Vit D Insufficient Vit-D Deficient Vit-D
Category p-value
(Group 1, n=20) (Group 2, n=27) (Group 3, n=120)

Diabetes status 0.0012
Diabetic 2 (10%) 10 (37%) 72 (60%)
Non-diabetic 18 (90%) 17 (63%) 48 (40%)
Fasting Blood
0.0038
Glucose

Normal (70-99
18 (90%) 14 (52%) 31 (26%)
mg/dl)

Pre-diabetic
2 (10%) 12 (44%) 30 (25%)
(100-125)
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Figure 2: Association between Vitamin D status and diabetic indicators. This composite

figure shows the distribution of Vitamin D status (normal, insufficient, and deficient)

concerning.: (A) diagnosis of diabetes mellitus, (B) fasting blood glucose levels, and (C)

HbAIc categories. Vitamin D deficiency was more prevalent among individuals with diabetes

and prediabetes. Statistically significant associations were observed for: diabetes status (p =

0.0012), fasting blood glucose (p = 0.0038), and HbAlc levels (p = 0.014).
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3.3 Association Between Vitamin D Status and Lipid Profile Indices.

According to Table 3, the relationship between vitamin D status and lipid profile indices,

total cholesterol, LDL, HDL (gender-specific), and triglycerides, was assessed across three

vitamin D groups: normal, insufficient, and deficient.

Table 3: Association between vitamin D groups and the lipid profile of the patients (N=167).

Normal (Group 1) | Insufficient (Group 2) | Deficient (Group 3)
Category p-value
n=20 n=27 n=120
Total Cholesterol (mg/dL) 0.149
Normal (<200) 6 (30%) 7 (26%) 13 (11%)
Borderline (200-239) 2 (10%) 1 (4%) 6 (5%)
High (>240) 12 (60%) 19 (70%) 101 (84%)
LDL (mg/dL) 0.032
Optimal (<100) 8 (40%) 10 (37%) 31 (26%)
Borderline (100-159) 4 (20%) 1 (4%) 6 (5%)
High (>160) 8 (40%) 16 (59%) 83 (69%)
HDL (mg/dL) 0.289
Normal (female) >50 8 (40%) 16(59%) 67(56%)
Low (female) <50 4 (20%) 2(8%) 11(9%)
Normal (male) >40 6 (30%) 6(22%) 22(18%)
Low (male) <40 2 (10%) 3(11%) 20(17%)
Triglycerides (mg/dL) 0.903
Normal (<150) 6 (30%) 7 (26%) 22 (18%)
Borderline (150-199) 2 (10%) 3 (11.1%) 17 (14%)
High (>200) 12 (60%) 17 (63.0%) 81 (68%)
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P-Values of Lipid Profile Categories vs. Vitamin D Status
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Figure 3: Bar chart showing the statistical significance (p-values) of associations between
Vitamin D status and lipid profile parameters (total cholesterol, LDL, HDL by gender, and
triglycerides). The dashed line represents the significance threshold (p = 0.05). Only LDL

showed a statistically significant association (p = 0.032).

A statistically significant association was observed between vitamin D status and LDL
cholesterol levels (p = 0.032). Among participants with high LDL levels (>160 mg/dL), the
majority (n = 83) were vitamin D deficient. In contrast, optimal LDL levels (<100 mg/dL)
were more common in the normal (n = 8) and insufficient (n = 10) vitamin D groups. This
indicates a trend toward higher LDL levels in individuals with lower vitamin D status. This
partial correlation is consistent with mixed results in recent meta-analyses describing variable
lipid outcomes following vitamin D supplementation [6,7,17]. However, other parameters
showed no statistically significant association between vitamin D status and total cholesterol
levels (p = 0.149). Although the majority of individuals with high total cholesterol (>240

mg/dL) were vitamin D deficient (n = 84%), this pattern did not reach statistical significance.
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Fewer individuals with normal vitamin D levels (n = 6) or insufficient vitamin D levels (n =
7) had total cholesterol in the normal range (<200 mg/dL). In addition, there was no
significant association between vitamin D status and HDL levels (p = 0.289). Both male and
female participants with normal HDL levels were distributed across all vitamin D categories.
While 67 females with normal HDL (>50 mg/dL) and 22 males with normal HDL (>40
mg/dL) were vitamin D deficient, these proportions were not statistically different from those
in the other vitamin D groups. Specifically, there was no statistically significant relationship
found between vitamin D status and triglyceride levels (p = 0.903). A large proportion of
individuals with high triglycerides (>200 mg/dL) were vitamin D deficient (n = 81), but
similar trends were observed across all vitamin D groups, with no significant differences
detected. These findings are in line with randomized controlled trials and observational
studies published between 2020 and 2022 that reported inconsistent effects of vitamin D

supplementation on lipid markers such as HDL, triglycerides, and total cholesterol [3,24].

4. Discussion:

This study highlights a high prevalence of vitamin D deficiency, particularly among females
and older adults, consistent with previous evidence linking deficiency to reduced dermal
synthesis, limited sun exposure, and lifestyle factors [12].

A significant association was observed between vitamin D deficiency and markers of
glycemic control, including diabetes status, elevated fasting glucose, and increased HbAlc.
These findings align with prior studies suggesting a relationship between low serum
25(OH)D and insulin resistance or risk of type 2 diabetes [13,14]. While vitamin D
supplementation has shown potential benefits in improving glycemic markers in deficient

individuals, its effect on insulin sensitivity remains uncertain [15,16].
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Regarding lipid profile, a significant association was found only with elevated LDL
cholesterol. This supports existing literature indicating that vitamin D deficiency may
contribute to dyslipidemia, particularly increased LDL levels [18,19]. Although
supplementation may offer modest lipid-lowering effects, results across studies remain
inconsistent [21-23].

No associations were observed with total cholesterol, HDL, or triglycerides, possibly due to

unaccounted confounders such as diet, genetic variation, or inflammation [12].

5. Conclusion:

This study demonstrates a significant association between vitamin D deficiency and both type
2 diabetes mellitus and elevated LDL cholesterol levels. Vitamin D-deficient individuals
showed higher rates of diabetes, impaired glycemic control, and dyslipidemia, particularly
elevated LDL. These findings highlight the potential role of vitamin D in glucose and lipid
metabolism. Routine screening and correction of vitamin D deficiency may aid in managing
metabolic risk factors. However, further randomized controlled trials are needed to clarify the

therapeutic impact of supplementation.

6. Study Recommendations:
o Prioritize HbAlc and fasting blood glucose (FBS) as reliable markers for diagnosing
and monitoring diabetes mellitus.
o Include LDL and triglyceride assessments routinely in diabetic patients to evaluate
cardiovascular risk.
o Consider LDL and triglycerides as secondary indicators of metabolic dysfunction,
especially in cases of insulin resistance or obesity.

o Screen vitamin D status in patients with diabetes or high metabolic risk;
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supplementation may be beneficial but requires further validation.
o Future research should integrate broader metabolic markers (e.g., BMI, insulin
resistance indices, inflammation) to better understand the interaction between

vitamin D, glycemic control, and lipid metabolism.

7. Study Limitations:

o The cross-sectional design limits causal inference; longitudinal or interventional
studies are needed to establish directionality.

o Key metabolic variables such as BMI, insulin resistance (e.g., HOMA-IR), and
inflammatory markers were not assessed, limiting the metabolic context.

o The study population was confined to Tobruk City, which may reduce

generalizability due to regional genetic, dietary, and lifestyle differences.

90



Tobruk University Journal for Medical Sciences ISSN No 27892093 Volume (6): Issue 1 June 2023

10.

Reference

International Diabetes Federation. IDF Diabetes Atlas. 10th ed. Brussels: IDF; 2021.

World Health Organization. Global Report on Diabetes. Geneva: WHO; 2016.

. American Diabetes Association. Standards of Medical Care in Diabetes—2022.

Diabetes Care. 2022;45(Suppl 1):S1-S100.

Kannel WB, McGee DL. Diabetes and cardiovascular disease: The Framingham study.
JAMA. 1979;241(19):2035-2038.

Buse JB, Ginsberg HN, Bakris GL, et al. Primary prevention of cardiovascular
diseases in people with diabetes mellitus. Circulation. 2007;115(1):114-126.

Wei Y, Wang S, Meng Y, Yu Q, Wang Q, Xu H, et al. Effects of vitamin D
supplementation on lipid profiles: An umbrella review. Int J Endocrinol Metab.
2020;18(3):€97205.

Zou Y, Guo B, Yu S, Wang D, Qiu L, Jiang Y. Effect of vitamin D supplementation
on glucose homeostasis and islet function in vitamin D-D-deficient diabetes and
prediabetes: A systematic review and meta-analysis. J Clin Biochem Nutr.
2021;69(3):229-237.

Mozaffari-Khosravi H, Mazloomi SR, Abbasalizadeh S, Hosseinzadeh M, Ghaleiha A,
Beyranvand M, et al. Vitamin D supplementation and lipid profile: A randomized
controlled trial. Clin Nutr. 2020;39(1):287-293.

Huang X, Zhang G, Zhang T, et al. Vitamin D and insulin resistance: A Mendelian
randomization study. Nutrients. 2021;13(4):1234.

Mousa A, Naderpoor N, de Courten MP, Teede H, Kellow N, Scragg R, de Courten B.
High-dose vitamin D with weight-loss diet: Effects on insulin resistance in obese

subjects. App! Physiol Nutr Metab. 2020;45(10):1092—-1098.

91



Tobruk University Journal for Medical Sciences ISSN No 27892093 Volume (6): Issue 1 June 2023

11.

12.

13.

14.

15

16.

17.

18.

19.

Hu Z, Xie J, Yang X, et al. Efficacy of vitamin D supplementation on lipid profile in
metabolic syndrome: RCT results. Front Nutr. 2024;11:1419747.

Chakhtoura M, El Hajj Fuleihan G. Vitamin D metabolism in the Middle East and
North Africa. Bone Reports. 2020;12:100281.

Jahanjoo F, Farshbaf-Khalili A, Shakouri SK, Dolatkhah N. Maternal and neonatal
metabolic outcomes of vitamin D supplementation in gestational diabetes: Systematic
review and meta-analysis. Ann Nutr Metab. 2021;73(2):145-159.

Saleem N, Rizvi NB, Elahi S. Prevalence of vitamin D deficiency and its association
with insulin resistance in obese women: A cross-sectional study. Biomed Res Int.

2021;2021:2259711.

. Gagnon C, Lu ZX, Magliano DJ, et al. Effects of vitamin D supplementation on

insulin sensitivity and secretion in prediabetes. J Clin Endocrinol Metab.
2022;107(1):230-240.

Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The effect of vitamin D
supplementation on peripheral insulin sensitivity: A meta-analysis. Diabetes Care.
2020;43(7):1659-1667.

Barbarawi M, Zayed Y, Barbarawi O, Bala A, Alabdouh A, Gakhal I, et al. Effect of
vitamin D supplementation on lipid profile: A systematic review and meta-analysis of
randomized controlled trials. Clin Nutr. 2020;39(11):3319-3328.

Kord-Varkaneh H, Salehi S, Zarezadeh M, Rahmani J, Clark CCT, Abdulazeem H, et
al. Effects of vitamin D supplementation on lipid profiles: A systematic review and
meta-analysis of randomized controlled trials. Curr Pharm Des. 2020;26(9):993—-1003.
Rajabi-Naeeni M, Dolatian M, Qorbani M, Vaezi AA. Omega-3 and vitamin D co-
supplementation: Effects on glycemic control and lipid profile in women with

prediabetes. Diabetol Metab Syndr. 2020;12:41.

92



Tobruk University Journal for Medical Sciences ISSN No 27892093 Volume (6): Issue 1 June 2023

20. Lu Q, Liang Q, Xi Y, et al. The effects of vitamin D supplementation on serum lipid

21.

22.

23

24.

profiles in people with type 2 diabetes: A systematic review and meta-analysis of
randomized controlled trials. Front Nutr. 2024;11:146372.

Herman GA, Sowers JR. Vitamin D and cardiovascular discase: A review of the
literature. Endocrinol Metab Clin North Am. 2021;50(3):615-634.

Mirhosseini N, Vatanparast H, Mazidi M, Kimball SM. Vitamin D supplementation,
glycemic control, and insulin resistance in DM: An umbrella meta-analysis. Eur J

Nutr. 2023;62(4):1343-1364.

. Pittas  AG, Dawson-Hughes B, Sheehan P, et al. Update on vitamin D

supplementation for cardiovascular and metabolic health: A consensus statement. Nat
Rev Endocrinol. 2022;18(12):712-728.

Dominguez LJ, Prieto D, Toledo E, et al. Dyslipidemia as a predictor of diabetes
complications: A longitudinal cohort study. J Clin Endocrinol Metab.

2021;106(4):e1502—¢1511.

93



