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Abstract

Vitamin D deficiency increases the risk of developing diabetes, dyslipidemia, and other chronic diseases. We aimed to investiga)
the relationship between vitamin D deficiency, glycemic levels, and lipid profiles in individuals with prediabetes and nondiabetes.
This observational cross-sectional study was conducted on 249 adults who were divided into 2 groups based on the American
Diabetes Association classification: nondiabetics and prediabetics. The serum vitamin D levels, lipid profiles, fasting blood
glucose levels, hemoglobin Alc levels, fasting insulin levels, and insulin resistance (IR) were evaluated. The prevalence of
vitamin D deficiency in all participants was 30.9%, and mean vitamin D levels were significantly [P = .0004] lower in prediabetics,
who were more common in females. Furthermore, prediabetics had significantly higher serum triglycerides [P = .0006], and
significantly lower serum high-density lipoprotein levels [P = .0148] than those nondiabetics. Serum cholesterol and low-density
lipoprotein levels did not differ significantly between the 2 groups. 31.4% of all participants were overweight and 40.2% were
obese. Furthermore, there was a strong correlation between vitamin D levels and IR and body mass indices > 25 in prediabetics
[r=-0.92] [P < .001]. Finally, vitamin D levels had a significant inverse relationship with glycemic parameters and IR, particularly
in obese participants, but there was no significant relationship with lipid profile. In conclusion, vitamin D deficiency is common in
females, regardless of whether they are prediabetics, but is more prevalent in prediabetics. Vitamin D deficiency is associated
with high triglycerides and low high-density lipoprotein levels, but there were no significant changes in total cholesterol or
low-density lipoprotein levels. Furthermore, vitamin D levels were negatively correlated with both fasting blood glucose and
hemoglobin A1c levels, and its deficiency was strongly associated with IR especially in obese patients despite there being no
significant correlation with blood lipids.

Abbreviations: BMI = body mass index, FBG = fasting blood glucose, HDL = high-density lipoprotein, HOMA-IR = Homeostatic
Model Assessment-Insulin Resistance, IR = insulin resistance, LDL = low-density lipoprotein, TG = triglycerides, VDR = vitamin D
receptors.
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differentiation, protects numerous tissues from oxidative dam-
age, plays a role in immunity and metabolism, and controls the
expression of numerous genes. Vitamin D binds to the vitamin
D receptors (VDR), a subclass of nuclear receptors found in
nearly all of the body cells and required for the regulation of a
variety of biological processes. Vitamin D deficiency has been
suggested to alter the VDR, resulting in multiple organ dys-
function.B! In contrast, VDR is highly expressed in pancreatic

1. Introduction

Vitamin D deficiency (<20ng/mL) is a global health problem
that affects people of all ethnicities and ages. Despite Saudi
Arabia sunny weather, approximately 60% of Saudis of all
ages are vitamin D deficient.!!! In contrast, the prevalence of
acute and chronic illnesses such as diabetes, thyroid disor-
ders, cardiovascular diseases, and cancer is increasing in this
population.?! In addition to calcium metabolism and bone

mineralization, vitamin D regulates cell proliferation and
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B-cells, indicating the importance of vitamin D in regulating
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insulin production. Moreover, numerous studies have linked
vitamin D deficiency to B-cell dysfunction and insulin resis-
tance (IR) in type 2 diabetes.*’! Therefore, the global increase
in vitamin D deficiency may be related to the increasing preva-
lence of type 2 diabetes.

Prediabetes is becoming increasingly common in adults
worldwide. It is estimated that one-third of US adults are at
risk for type 2 diabetes (i.e., have prediabetes), as they have
fasting blood glucose (FBG) or glycated hemoglobin [hemo-
globin-Alc (HbA1c)] levels higher than normal, but below
the diabetic threshold.!®! Furthermore, it is estimated that one-
fourth of the Saudi population around the age of 30 has pre-
diabetes, and 10% develop type 2 diabetes each year.!”! People
with prediabetes are more likely to develop diabetic complica-
tions, such as diabetic retinopathy, nephropathy, neuropathy,
and cardiovascular diseases.!®! Furthermore, recent clinical trials
have found that vitamin D supplements may help prediabetics
avoid the development of diabetes. As a result, the early detec-
tion and intervention of prediabetes can reduce the incidence
of diabetes and its complications.”!?! On the other hand, IR, a
strong predictor of prediabetes, has been linked to glucose intol-
erance, obesity, dyslipidemia, cardiovascular disease, and can-
cer.’ A growing body of evidence suggests that IR is a complex
metabolic disorder with multiple pathophysiological mecha-
nisms."!l Defective insulin receptors or post-receptors compro-
mise hormonal signal transduction mechanisms, resulting in IR.
Furthermore, the IR phenomenon can be tissue- or organ-spe-
cific. Clinical studies have demonstrated a link between IR and
vitamin D deficiency.!"?!

Dyslipidemia (abnormal lipid profile levels) is a health issue
worldwide in adults, especially in those with unhealthy life-
styles, obesity, and postmenopausal women. Individuals with
dyslipidemia are at high risk of developing hypertension, ath-
erosclerosis, and cardiovascular disorders.[" The relationship
between vitamin D deficiency and serum lipid levels has become
a research topic worldwide. Several studies have linked vitamin
D deficiency to dyslipidemia, and vitamin D supplementation
may improve lipid profiles in these populations.!'!s! However,
the link between IR and dyslipidemia has been supported by
substantial evidence. IR has been linked to changes in lipid and
lipoprotein metabolism, leading to atherogenic dyslipidemia
and increased risk of cardiovascular disease.'®’ Furthermore,
numerous studies have found a link between diabetes, particu-
larly type 2, and dyslipidemia,['!8] whereas other studies have
found a link between prediabetes and dyslipidemia.!"”!

This study aimed to investigate the relationship between vita-
min D levels, glycemic status, IR, and lipid profiles in a predia-
betic versus nondiabetic Saudi population.

2. Patients and methods

The authors certify that the research was conducted in accor-
dance with the principles of the Declaration of Helsinki and
in compliance with the local regulatory requirements. The
Prince Sattam bin Abdulaziz University Standing Committee
of Bioethical Research [SCBR] approved this study (approval
number: SCBR-053-2022) and all participants provided written
informed consent to participate in the study.

An observational cross-sectional study was conducted on 249
adults who were enrolled at the University Hospital for routine
checkups on general conditions such as blood glucose, lipid pro-
file, and vitamin D levels between June 2022 and June 2023. The
patients were divided into 2 groups based on the classification
of the American Diabetes Association the Nondiabetic group,
with FBG < 5.5 mmol/L or HbAlc < 5.7%, and the prediabe-
tes group with FBG level of > 5.5 and <7 mmol/L or HbAlc
levels of > 5.7% and < 6.5%.2") The body weight, height, age,
and medical history of all the patients were collected from their
medical records. Furthermore, family history, education level,
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lifestyle factors such as physical activity and smoking status, as
well as dietary factors, calcium intake, and vitamin D supple-
ments, were reported.

The collected cases were then subjected to complete history
taking, clinical examination, and laboratory tests including rou-
tine laboratory investigations such as complete blood count, and
liver, renal, and thyroid function [free T3, free T4, and thyroid
stimulating hormone] tests. After a 10-hour fast, blood samples
were collected from all participants and divided into 2 aliquots.
The first was mixed with 2mg/mL Ethylene Diamine Tetra
Acetic acid to assess complete blood count (CBC) and HbAlc
levels. The second was centrifuged for 15 minutes at 3000 rpm
after clotting for 30 minutes at 25°C. The sera were divided
into aliquots and stored at —20°C until they were used to test
25-hydroxyvitamin D, lipid profile, thyroid function tests, fast-
ing insulin, and FBG levels.

Serum 25-hydroxyvitamin D and fasting insulin levels
were measured using a Chemiluminescent Immunoassay
[Roche COBAS €411, Roche Diagnostics GmbH, Mannheim,
Germany]. In addition, lipid profiles [Low-Density Lipoprotein
(LDL), High-Density Lipoprotein (HDL), Triglycerides (TG),
and Total Cholesterol (TC)] and FBG were also measured
using enzymatic and colorimetric methods [Roche COBAS
c311, Roche Diagnostics GmbH, Mannheim, Germany].
The HbAlc levels were measured using an immunoturbidi-
metric assay. IR was estimated using the Homeostatic Model
Assessment-IR [HOMA-IR] equation. HOMA-IR, in gen-
eral, has a cutoff value of 2, and a higher value indicates IR.
HOMA-IR = [fasting glucose in mmol/L x fasting insulin in
mlIU/mL/22.5].121:22]

Exclusion criteria: Patients with abnormal thyroid functions,
liver and/or kidney disease, autoimmune diseases, malignancy,
metabolic diseases, or hemoglobin variants were excluded from
this study. Furthermore, individuals taking vitamin D supple-
ments or lipid-lowering therapy and pregnant women were also
excluded.

Statistical analysis: The results were statistically analyzed
using the computer database GraphPad Prism software [version
9.1.1]. Unpaired Student’s # test and Pearson correlation analy-
sis were used to compare the data. Statistical significance was set
at P < 0.05, and the results are presented as the mean = standard
deviation.

3. Result

3.1. Population characteristics

This study included 249 individuals: 140 women and 109 men,
including 145 nondiabetics (62 men and 83 women) and 104
prediabetics (47 men and 57 women). A comparison of all the
measured parameters in prediabetics and nondiabetics is sum-
marized in Table 1 and Figure 1.

3.2. Vitamin D status in the study population:

Vitamin D deficiency [<20 ng/mL] was found in 30.9% of all par-
ticipants, with females more affected [64 %] than males [36%].
The mean vitamin D level was significantly lower [P =.0004]
in the prediabetics. Furthermore, the percentage of vitamin D
deficiency in prediabetics was 38.5% [40 cases: 24 females and
16 males], significantly higher than that in nondiabetics 25.5%
[37 cases: 26 females and 11 males].

3.3. Lipid profile status in the study population

Furthermore, the serum TG level was significantly higher
[P =.0006], but the serum HDL level was significantly lower
[P =.0148] in prediabetics than in nondiabetics. However, the
serum cholesterol and LDL levels did not differ significantly
between the 2 groups (Table 1).
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3.4. Correlation between vitamin D levels and the tested
parameters

There was a significant negative correlation between vita-
min D levels and both HbAlc and FBG levels [r=-0.21,
r=-0.23] [P =.008, P =.0003] (Table 2). Furthermore, this
significant negative correlation was found in both males
[r=-0.31, r=-0.25] [P=.001, P=.009] and females
[r=-0.2, r=-0.21] [P =.017, P =.012] (Table 3). In con-
trast, no significant relationship was found between vitamin
D levels and lipid profile parameters [cholesterol, LDL, HDL,
and TG levels] (Table 2).

A comparison of the vitamin D levels and lipid profiles in
nondiabetics and prediabetes.

Nondiabetics Prediabetes P

Parameters (n =145) (n=104) value
Mean vitamin D levels 30.28 + 12.51 2486 +10.59  .004**
(ng/mL) + SD
Percentage of Vit. D deficiency of 30.9% (n = 249)
all participants Females (64%): Males (36%)
Percentage of Vit. D deficiency 25.5% (n=37) 38.5% (n = 40)
Females: 26 Females: 24
(31.3%) (42.1%)
Males: 11 (17.7%)  Males: 16 (34%)
Serum Cholesterol (mmol/l) + SD 4.95+0.94 4.95+0.88 99"
Serum HDL (mmol/l) + SD 144 +0.38 1.33+0.33 .015*
Serum LDL (mmol/l) = SD 3.05+0.84 3.06 +0.85 .948*
Serum TG (mmol/l) + SD 1.011 + 0.46 1.28 +0.74 .006™*

Table 1 demonstrates that the mean vitamin D levels in prediabetes (24.86 + 10.59) were
significantly lower (P < .0004) than in nondiabetics (30.28 + 12.51). The serum TG level was
significantly higher (P < .0006), but the serum HDL level was significantly lower (P < .0148) in
prediabetes compared to non-diabetics. In contrast, the serum cholesterol and LDL levels did not
differ significantly between the 2 groups.

LDL = low-density lipoprotein, P value = probability value, SD = standard deviation, TG = triglycerides.
* = Non-significant (NS)

** = significant values (S).

www.md-journal.com

3.5. Body mass index (BMI) and fasting insulin levels in
prediabetes and non-diabetes

According to our findings, the mean BMI of male participants
[28.8 + 5.6] was non-significantly higher than that of female
participants [28.4 = 5.2]. Furthermore, 31.4% of all partici-
pants were overweight [BMI < 30 and > 25], and 40.2% were
obese [BMI > 30]. On the other hand, 77.9% of prediabetics
had a BMI of 2 25, which was slightly higher than in nondiabet-
ics [66.2% with a BMI of > 25].

The mean fasting insulin level in prediabetics [16.3 = 11.1
mlIU/mL] was significantly higher than in nondiabetics
[8.7 £ 6.1 mIU/mL] [P < .0001]. When we examined IR in both
groups and its relationship to glycemic status, we found that
85.2% of prediabetics with BMI >25 had HOMA -IR > 2,
which was significantly higher than the [27%] nondiabetics
[P <.0001].

Furthermore, 89.4% of prediabetics had IR, which was sig-
nificantly higher than the 19.3% of nondiabetics [P <.0001].
Despite having a BMI of > 25, 27% of the nondiabetics had
HOMA-IR > 2 and normal FBG and HbA1c (Table 4).

3.6. Correlation between fasting insulin levels, IR, and
vitamin D levels

Furthermore, there was a significant negative correlation between
vitamin D levels and fasting insulin levels among prediabetics
[r = -0.85] [P <.001], but not among nondiabetics [r = -0.15]
[P =.07]. When investigating the relationship between vita-
min D status and IR according to BMI, we noticed that there
was a strong correlation between vitamin D levels and cases
of IR [HOMA-IR > 2 and BMI > 25] in prediabetics [r = =0.92;
P <.001], and a mild correlation in nondiabetics [r=-0.19;
P =.022]. In contrast, no correlation was found between cases
in either group with HOMA-IR > 2 and BMI <25 [r=-0.17;
P=.63]and [r=-0.11; P = .67] (Table 5).

4. Discussion

The prevalence of vitamin D deficiency, prediabetes, and diabe-
tes is increasing worldwide, including in Saudi Arabia. Vitamin
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Figure 1. Shows that prediabetics had significantly lower vitamin D levels (24.86 + 10.59) than nondiabetics (30.28 + 12.51). Serum TG levels were significantly
higher in prediabetics, but serum HDL levels were significantly lower. Serum cholesterol and LDL levels, on the other hand, did not differ significantly between
the 2 groups. HDL = high-density lipoprotein, LDL = low-density lipoprotein, TG = triglycerides.
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The correlations between vitamin D levels and FBG, HbA1c, and
lipid profiles in all participants.
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Comparison between BMI and insulin resistance status in both
nondiabetics and prediabetics.

Parameters Pearson r Pvalue
Vitamin D & HbA1c -0.21 .008**
Vitamin D & FBG -0.23 .003**
Vitamin D & Cholesterol -0.01 .851*
Vitamin D & HDL 0.12 .059*
Vitamin D & LDL -0.05 455*
Vitamin D &TG -0.07 257"

Table 2 shows the correlation between vitamin D levels and the tested parameters (HbA1c, FBG,
cholesterol, HDL, LDL, and TG levels) in all participants. There was a significant negative correlation
between vitamin D, FBG, and HbA1c levels. There was no significant relationship between the
vitamin D levels and lipid profiles (cholesterol, LDL, HDL, and TG).

FBG = fasting blood glucose, LDL = low-density lipoprotein, TG = triglycerides.

* = Non-significant correlation

** = significant negative correlation.

Correlation analysis between vitamin D levels and FBG and
HbA1c in all participants based on gender.

Parameters Number of cases Pearson r Pvalue
Females Vitamin D & FBG 140 -0.2 017
Males Vitamin D & FBG 109 -0.31 .001*
Females Vitamin D & HbA1c 140 -0.21 012**
Males Vitamin D & HbA1c 109 -0.25 .009**

Table 3 shows the correlation between vitamin D levels (ng/mL) and HbA1c% and FBG (mmol/l)
in all participants, where both males and females had a significant negative correlation between
vitamin D levels and FBG and HbA1c levels.

FBG = fasting blood glucose.

** = Significant negative correlation.

D deficiency is a risk factor for diabetes and dyslipidemia.l'¥

Our study revealed that 30.9% of participants were vitamin
D deficient, with females being more affected, which was con-
sistent with a previous study among Saudis.*’! AlFaris et al?*
stated that vitamin D deficiency is a common health problem
in Middle Eastern countries, with females being more affected.
However, traditional female clothing in Saudi Arabia, diet, edu-
cation level, and lifestyle may be predisposing factors for vita-
min D deficiency.*!

Furthermore, there was a significant [P =.0004] reduction
in the main levels of vitamin D in pre-diabetics compared to
non-diabetics. However, several studies have investigated the
vitamin D levels in patients with diabetes and prediabetes. Gao
et al?®! found a significant relationship between low vitamin D
levels and increased risk of prediabetes. In addition, Bhatt et
al?”! reported that lower vitamin D levels are associated with
higher FBG levels in Asian Indian women with prediabetes.
Furthermore, the National Health and Nutrition Examination
Survey [2001-2006] found that vitamin D levels in patients with
prediabetes and diabetes were significantly lower than those in
individuals with normal blood sugar levels.”*! In another study,
vitamin D deficiency was associated with poor glycemic control
in patients with type 2 diabetes,?!! implying that vitamin D defi-
ciency contributes to the onset and progression of IR and type
2 diabetes.*”!

However, in our study, we found a significant negative cor-
relation between vitamin D levels and both HbA1c and FBG
levels [P = .008 and P = .0003 respectively]. This study found
that vitamin D deficiency affected the glycemic parameters in
both diabetic and prediabetic patients. In addition, other stud-
ies have found an inverse relationship between vitamin D levels
and both FBG and HbA1¢ levels in study participants.*®l Tang
et al®! reported that vitamin D supplementation significantly

Nondiabetics

Prediabetics (n = 104) (n = 145)
BMI < 25 22.1% (23 patients) 33.8% (49)
BMI > 25 77.9% (81) 66.2% (96)
Fasting insulin (mIU/mL) Mean + SD 16.3 111 mU/mL 8.7 6.1 mlU/mL

(P<.0001

HOMA-IR < 2 10.6% (11) 80.7% (117)
HOMA-IR > 2 89.4% (93) 19.3% (28)
HOMA-IR > 2 & BMI > 25 85.2% (69) 27% (26)

BMI = body mass index, HOMA-IR = Homeostatic Model Assessment-Insulin Resistance.

Correlation analysis between vitamin D levels and insulin
resistance according to BMI in both Nondiabetic and prediabetic
groups.

Prediabetics (104) Nondiabetics (145)

Correlation between fasting insulin
levels and vitamin D levels

Correlation between patients with
HOMA-IR > 2 values with BMI > 25
and their vitamin D levels

Correlation between cases with
HOMA-IR > 2 values with BMI < 25

and vitamin D levels
BMI = body mass index, HOMA-IR = Homeostatic Model Assessment-Insulin Resistance.

Pearsonr (r=—0.85) Pearsonr (r=-0.15)
Pvalue (P< .001) Pvalue (P=.07)
Pearsonr (r=-0.92) Pearsonr (r=-0.19)
Pvalue (P< .001) Pvalue (P=.022)

Pearsonr (r=-0.17) Pearsonr (r=-0.11)
Pvalue (P=.63) Pvalue (P=.67)

reduced FBG levels in nondiabetic patients. However, another
study reported that vitamin D supplementation did not affect
FBG control, IR, or type 2 diabetes in nondiabetics.**3! In
contrast, IR was improved in individuals with type 2 diabetes
and vitamin D levels > 30 ng/mL."** Vitamin D improves insu-
lin secretion by stimulating the VDR in pancreatic beta cells.’!
In addition, vitamin D can indirectly improve insulin secretion
by normalizing extracellular calcium levels and maintaining
normal intracellular calcium influx.¢! Furthermore, vitamin
D can improve insulin sensitivity by increasing the expression
of insulin receptors and promoting the expression of peroxi-
some proliferator-activated receptor [PPAR], a nuclear recep-
tor involved in lipid and glucose metabolism.3”!

In the current study, we investigated IR and vitamin D defi-
ciency in both groups based on BMI and their relationship with
glycemic status. Our results revealed a significant relation-
ship between IR, vitamin D deficiency, and BMI > 25 in both
groups, with prediabetics having a higher significance than
nondiabetics. However, the relationship between vitamin D
deficiency and IR, metabolic syndrome, diabetes, and impaired
beta cell function, has been established. This correlation var-
ies depending on the race of the population.¥ Furthermore,
vitamin D deficiency has been linked to prediabetes, being
overweight, or being obese.*’! Moreover, in a large meta-anal-
ysis, vitamin D deficiency was linked to increased BMI in dia-
betics and nondiabetics.*”! Taken together, our findings are
consistent with those of previous studies on the relationship
between vitamin D deficiency, IR, and BMI in prediabetics and
nondiabetics.!>4]

Our results showed that the prevalence of dyslipidemia
was more common in patients with prediabetes. However,
prediabetics had significantly lower HDL [P =.014] and
higher TG [P = .0006] levels than nondiabetics. In contrast,
the serum cholesterol and LDL levels in our study showed
no significant differences between prediabetics and nondi-
abetics. Furthermore, no correlation was found between
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vitamin D levels and lipid profile fractions [TC, TG, LDL,
and HDL] in any of the participants. This result was con-
sistent with previous studies.!"**!1 In addition, Wang et al4?!
reported that a decrease in the level of vitamin D was asso-
ciated with higher levels of TG and lower levels of HDL in
males than in females. Ponda et al*! reported that vitamin
D deficiency [<20ng/mL] is associated with an abnormal
lipid profile, with lower TC, TG, and LDL levels, but higher
HDL levels.

Vitamin D deficiency may result in IR, which could affect
lipoprotein metabolism resulting in increased TG and reduced
HDL levels.P¥l In contrast, studies have shown that vitamin
D can improve dyslipidemia by stimulating calcium absorp-
tion in the small intestine, thus lowering both TG production
and saturated fatty acids absorption.*¥ Furthermore, VDR
overexpression reduces lipid catabolism, promotes lipogen-
esis pathways, and improves adipocyte differentiation and
proliferation.*!

Moreover, improving vitamin D levels to normal lev-
els [230ng/mL] failed to improve TG and LDL levels.!*!
Furthermore, AlAnouti et al*” conducted a comprehensive
systematic review and meta-analysis of the effects of vitamin
D supplementation on dyslipidemia in patients with metabolic
syndrome. The study concluded that vitamin D supplementa-
tion did not affect dyslipidemia in the study population. In
contrast, another study reported that vitamin D supplemen-
tation can improve type 2 diabetes and its complications
including dyslipidemia.“8! However, whether vitamin D defi-
ciency affects lipid profile fractions is controversial, because
multiple factors, such as age, sex, physical activity, seasonal
variation, and diabetes may play a role. In addition, lipopro-
tein and plasma lipid levels vary with the season, with higher
concentrations of TC and LDL observed in winter, and lower
concentrations in summer.!*”!

5. Conclusion

Vitamin D deficiency is common in females, regardless of
whether they are prediabetics, but it is more prevalent in
patients with prediabetes. Vitamin D deficiency was associated
with high TG and low HDL levels, but there were no signifi-
cant changes in TC or LDL levels. Furthermore, vitamin D lev-
els are negatively correlated with both FBG and HbAl¢ levels,
and its deficiency is strongly associated with IR, especially in
obese patients, despite the lack of significant correlation with
blood lipids.

Limitation of the study: The study is limited by its small sam-
ple size.
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