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Abstract

Vitamin D plays a role in glucose metabolism and insulin regulation. This study aimed to assess the association between vi-
tamin D levels and the triglyceride-glucose (TyG) index, a surrogate marker of insulin resistance (IR), in Algerian adults with
type 2 diabetes mellitus (T2DM). In this cross-sectional study, 105 patients with type 2 diabetes mellitus (T2DM) were evalu-
ated. Clinical and biochemical data were collected, including fasting glucose, lipid profile, glycated hemoglobin (HbAlc), and
25-hydroxyvitamin D [25(OH)D] levels. The TyG index was calculated. Associations were analyzed using Spearman correla-
tion and binary logistic regression. Patients with vitamin D deficiency exhibited significantly higher levels of fasting glucose
and glycated hemoglobin, with P values of 0.015 and 0.013, respectively. A negative correlation was observed between vita-
min D and the TyG index (r=—0.237; P=0.015). Vitamin D >20 ng/mL was associated with a lower risk of elevated TyG index
(OR=0.246; 95% CI: 0.080-0.752; P=0.014). Low vitamin D levels were significantly associated with higher TyG index values

in T2D patients, suggesting a potential link between vitamin D deficiency and IR in this population.
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Introduction

Vitamin D, also known as the D-hormone, plays a
crucial role in calcium metabolism and affects several
physiological systems. Low vitamin D levels have been
associated with an increased risk of insulin resistance
(IR) in individuals with type 2 diabetes mellitus (T2DM)
and metabolic syndrome [1]. This hormone exerts its
biological effects by binding to the vitamin D receptor
(VDR), a nuclear receptor expressed in various tissues,
including pancreatic B-cells. Upon activation, VDR
regulates gene expression involved in glucose trans-
port and insulin secretion. This process is indirect-

ly regulated through the modulation of intracellular
calcium concentrations, which, in turn, affect the ex-
pression of voltage-gated calcium channels, thereby
facilitating the mobilization and exocytosis of insulin
vesicles [2, 3].

Insulin resistance is most commonly assessed using
the Homeostatic Model Assessment of Insulin Resist-
ance (HOMA-IR)index [4]. A study conducted in patients
with type 2 diabetes mellitus reported an inverse associ-
ation between vitamin D deficiency and the HOMA-IR
values, suggesting a potential link between vitamin D
status and insulin sensitivity [5]. Most recently, the tri-
glyceride-glucose (TyG) index has emerged as a novel
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surrogate marker for evaluating IR in diabetic popula-
tions [6, 7]. Compared to the HOMA-IR index, the TyG
index has demonstrated a stronger ability to predict the
prevalence and incidence of T2DM [8]. Interestingly, a
high TyG index has also been identified as a potential
risk factor for VDD, particularly among men [9].

The association between the TyG index and vita-
min D has been studied in diverse populations, includ-
ing cohorts from China, India and Europe [10]. How-
ever, this relationship has yet to be studied in North
African populations, where ethnicity, dietary habits,
sun exposure, and cultural clothing practices may in-
fluence vitamin D status [11]. In Algeria, a large pro-
portion of adults have either developed the disease or
are at high risk, due in part to high rates of obesity and
sedentary lifestyles [12]. In this context, the present
study aims to explore, for the first time, the association
between vitamin D levels and the TyG index in indi-
viduals with type 2 diabetes mellitus (T2DM) from the
Tlemcen region in northwest Algeria.

Material and methods

Study design and patients

This observational cross-sectional study includ-
ed 105 adult patients with confirmed type 2 diabetes
(T2DM), recruited between January and June 2024
from Dr. Tidjani Damerdji University Hospital in Tle-
mecen, Algeria. A healthcare provider made the diagno-
sis of T2DM according to the American Diabetes Asso-
ciation criteria [13].

Patients were excluded if they had major comor-
bidities, type 1 diabetes mellitus or other types of di-
abetes mellitus, pregnancy, malignant tumor, auto-
immune disease, a body mass index (BMI) >35 kg/m?,
or advanced diabetes-related complications. Ethical
approval was obtained from the scientific council of
the faculty and the university ethics and deontology
committee. The study was conducted in accordance
with the Declaration of Helsinki, and all participants
provided written informed consent.

Sociodemographic and clinical data were obtained
from standardized questionnaires and medical re-
cords. These included age, sex, weight, height, medical
history, and current antidiabetic treatment history of
patients receiving oral agents (metformin), insulin or
a combination of insulin and metformin (mixed). How-
ever, detailed information on drug dosage, treatment
duration, and adherence was not available.
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BMI was subsequently calculated as weight (kg)
divided by the square of height (m?) and classified into
normal (BMI <25 kg/m?), overweight (25 kg/m? <BMI
<30 kg/m?), and obesity (30 kg/m? <BMI <35 kg/m?
categories.

Blood Samples

Fasting blood samples were drawn in the morning
after 12 12-hour overnight fast. Serum separation was
performed within 30 minutes of collection to minimize
glycolysis, although the tubes used did not contain gly-
colysis inhibitors. The serum collected in plain tubes
was used to measure fasting blood glucose (FBG), urea,
creatinine, cholesterol, High-Density Lipoproteins
Cholesterol (HDL-C), Low-Density Lipoproteins Cho-
lesterol (LDL-C), and triglycerides (TG) using standard
enzymatic assays (Roche Cobas 6000 ¢ 501, Mannheim,
Germany).

Vitamin D levels were measured in plasma obtained
from heparinized blood, which was then centrifuged at
3000 rpm for 5 to 10 minutes. A radioimmunoassay us-
ing monoclonal antibodies specific to 25(0H)D,/D3 was
performed (Wizard 2480 Gamma Counter). VDD was
defined as plasma 25(0H)D <20 ng/mL, while values
>20 ng/mL were considered non-deficient [14]. HbAlc
was measured in whole blood collected in EDTA tubes
using the Tosoh HLC-723GX automated glycohemoglo-
bin analyzer.

The TyG index was calculated using the following
formula [7]:

TyG indice = In [ fasting TG (mg/dL) X FBG(mg/dL)/2]

TG - Triglyceride; FBG- fasting Blood Glucose.

Statistical analysis

Statistical analysis was performed using SPSS soft-
ware (Statistical Package for the Social Sciences) ver-
sion 26 (IBM Corporation, USA) and GraphPad Prism
8 (CA, USA). For continuous variables, normality of
the data was assessed using the Kolmogorov-Smirnov
test. Data following a normal distribution were ex-
pressed as mean+Standard Deviation (SD) (X+o), and
non-normally distributed data were presented as me-
dian (Q1-Q3). Categorical variables were expressed as
percentages. Student’s t-test or the Mann-Whitney U
test was used for comparing two continuous variables,
and the chi-square test was applied for categorical data.

As there is no universally accepted threshold for
the TyG index to define IR [15], the TyG index values
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were categorized into quartiles. Q1 was defined as the
reference category. Analysis of variance (ANOVA) was
used to compare mean vitamin D levels across TyG
quartiles, followed by Tukey’s post hoc test for pair-
wise comparisons. Correlations between variables
were assessed using Spearman’s rank correlation for
non-normally distributed data, and Pearson’s corre-
lation for normally distributed variables. To identify
independent predictors of a high TyG index, binary
logistic regression analysis was performed. The TyG
index was dichotomized into two groups: <Ql (refer-
ence group) and >QI. Variables with a p-value <0.2 in
univariate analysis were included in the multivariate
model [15]. Results were presented as odds ratios (OR)
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with 95% confidence intervals (CI). Model adequacy
was assessed using a goodness-of-fit test.

A p-value<0.05 was considered statistically sig-
nificant. Significance levels were reported as follows:
* - P<0.05; ** - P<0.01; *** - P<0.001.

Results

Sociodemographic
and clinical characteristics

The study included 105 patients with type 2 diabe-
tes mellitus (T2DM) from northwest Algeria. The mean

Table 1: Anthropometric, clinical and biochemical characteristics of the study population based on vitamin D levels.

Variables All (n=105) No VDD (n=62) VDD (n=43) P-value
Age (years)? 58.50+14.25 60.35+15.23 55.81+12.39 0.096
Gender female, n (%) 71(67.61) 42 (67.7) 29 (67.4) 0.974
BMI (kg/m?)? 25.26+4.44 25.47+4.30 24.95+4.66 0.561
BMI groups n (%)

Normal 51 (48.60) 30 (48.40) 21 (48.80)

Overweight 38 (36.20) 22 (35.50) 16 (37.20) 0.856

Obesity 16 (15.20) 10 (16.10) 6 (14)
Treatment n (%)

Metformin 52 (49.5) 31(50) 21 (48.8)

Insulin 17 (16.2) 10 (16.1) 7(16.3) 0.993

Mixed 36 (34.3) 21(33.9) 15 (34.9)
VitD (ng/mL)® 23.24 (12.15-34.70)  32.07 (25.87-39.57)  10.90 (8.43-15.40) 0.0001
FBG (g/L)® 1.48 (1.07-2.43) 1.37 (1.04-1.90) 1.89 (1.16-2.78) 0.015
HbAlc (%)® 6.60 (6.02-7.28) 6.30 (5.97-7.02) 6.9 (6.3-7.5) 0.013
Hypertension, n (%) 30 (28.6) 14 (22.6) 16 (37.2) 0.103
Index TyG® 9.22+0.70 9.14+0.69 9.34+0.69 0.149
Cholesterol (g/L)® 1.86 (1.65-2.13) 1.88+0.43 1.98+0.50 0.284
TG (g/L)® 1.23 (0.93-1.76) 1.26 (0.95-1.75) 1.26 (0.95-1.75) 0.779
HDL-C (g/L)® 0.52 (0.40-0.70) 052 (0.43-0.80) 0.49 (0.35-0.61) 0.131
LDL-C (g/L)® 0.82 (0.50-1.07) 0.89 (0.48-1.09) 0.73 (0.50-1.02) 0.388
Urea (g/L)" 0.30 (0.22-0.37) 0.28 (0.22-0.36) 0.31(0.22-0.39) 0.836
Creatinine (mg/L)? 8.70+2.49 8.79+2.51 8.64+2.49 0.689

Note: VDD - hypovitaminosis D; VitD - vitamin D; FBG - fasting blood glucose. ? — Values following a normal dis-
tribution were expressed as meanz+standard deviation; ® - The non-parametric values were expressed as median
(Q1-Q3). Comparisons of quantitative variables between the VitD<20 ng/ml and >20 ng/ml groups were analysed
using the Student (t) test or the Mann-Whitney test for a non-normal distribution. Qualitative variables were ana-

lyzed using the Chi-square test.
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age was 58.5+14.25 years, and 67.6% of participants
were female. The average BMI was 25.26+4.44 kg/m?,
corresponding to the overweight category. The medi-
an vitamin D concentration was within the reference
range, while the mean TyG index was 9.22+0.70. Bio-
chemical markers such as fasting blood glucose (FBG)
and HbAlc exceeded recommended thresholds. Simi-
larly, elevated triglycerides and total cholesterol levels
were observed in the overall population, while other
parameters remained within normal limits (Table 1).

Patients with VDD showed significantly higher
FBG and HbAlc values compared to those without de-
ficiency (P=0.015 and P=0.013, respectively). Median
25(0OH)D levels were markedly lower in the VDD group
(10.90 vs. 32.07 ng/mL, P<0.0001). No significant differ-
ences were observed between the two groups in terms
of age, gender distribution, BMI, TyG index, lipid pro-
file (cholesterol, triglycerides, HDL-C, LDL-C), kidney
function markers (urea, creatinine), or prevalence of
hypertension. The distribution of antidiabetic treat-
ments was also comparable (P=0.993) (Table 1).

TyG index analysis

The TyG index was analyzed across relevant sub-
groups. Female participants exhibited significantly
higher TyG index values compared to males (9.43+0.65

+
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vs. 9.12+0.69; P=0.027). A significant difference in TyG
valueswasalsoobservedacrossBMIcategories(P=0.039),
with the highest index recorded among individuals
classified as obese (Figure 1).

To further explore the relationship between the
TyG index and vitamin D status, patients were strat-
ified into quartiles based on TyG index values. The
analysis of variance (ANOVA) showed a significant dif-
ference in plasma 25(0H)D levels across TyG quartiles
(P=0.007) (Table 2).

Post-hoc Tukey test classified Ql into a distinct
statistical subgroup A, while Q2, Q3, and Q4 formed
subgroup B. Participants in Q1 (lowest TyG values)
had the highest mean vitamin D levels ([VitD]=31.52+
12.80 ng/mL).

Association analysis

Correlation results are presented in Table 3. This
revealed a significant inverse association between vi-
tamin D levels and the TyG index (r=-0.237; P=0.015).
Vitamin D levels were also negatively correlated with
both fasting blood glucose (r=-0.327; P<0.001) and
HbAlc (r=-0.260; P=0.007). In contrast, the TyG index
was positively associated with BMI (r=0.255, P=0.009),
HbAlc (r=0.422), and cholesterol (r=0.369), with P val-
ues < 0.0001. No significant correlations were observed
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Figure 1: Comparison of mean TyG index according to gender (a) and BMI status (b). Student’s t-test and ANOVA

were performed, respectively (* - P<0.05).
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Table 2: Distribution of vitamin D levels according to TyG Index quartiles.
Q1 (<8.74)
31.52+12.80

Q2[8.75-9.26]
21.70+12.40

Q3[9.27-9.72]
21.67+10.46

Q4(29.73)
22.74+12.38

Index TyG quartile
Vit D (ng/mL)

between vitamin D and other lipid parameters (HDL-C,
LDL-C, and TG).

Multivariate analysis

P-value

0.007

Table 4 presents the results of the binary logistic re-

Gender-stratified correlation
hetween vitamin D and TYG index

gression, using Q1 (the lowest TyG quartile) as the ref-
erence category. The unadjusted results showed that

patients with vitamin D levels <20 ng/mL had a higher

Among female participants, vitamin D levels were
significantly and inversely correlated with the TyG
index (r=-0.281; P=0.013). No significant association
was observed in male participants (r=-0.147; P=0.408)
(Figure 2).

Table 3: Correlation matrix between clinical and biochemical variables.

Variables Age Cholesterol HDL-C LDL-C TG FBG HbalC
r
Age
P
r -0.147
Cholesterol
0.139
r -0.150 -0.050
HDL-C
P 0.137 0.624
r -0.137 0.319** -0.107
LDL-C
P 0.177 0.001 0.290
r 0.147 0.312** -0.044  0.022
TG
P 0.135 0.001 0.664 0.829
r 0.013 0.261** -0.225 0.073 0.147
FBG
P 0.893 0.008 0.024*  0.473 0.133
r 0.145 0.069 -0.110 -0.107 0.157  0.494***
HbalC
P 0.139 0.493 0.277 0.293 0.111 <0.001
r 0.095 0.369*** -0.181 0.065  0.730*** 0.747*** 0.422***
TyG index
P 0.3 <0.001 0.071 0.523 <0.001 <0.001  <0.001
r 0.109 -0.134 0.176 -0.017 -0.052 -0.327  -0.260**
VitD
P 0.267 0.180 0.080 0.865 0.595  0.001**  0.007
r -0.056 0.127 -0.143  0.280**  0.195* 0.166 0.019
BMI
P 0.569 0.203 0.156 0.005 0.047 0.091 0.848

TyG
index

0.255**
0.009

-0.237*
0.015

risk of having a TyG index >Q], with an OR=3.159; 95%
CI (1.150 - 8.675; P=0.026). This association remained
significant after adjusting for potential confounders,
including gender, cholesterol, creatinine, and BMI,
with an OR of 4.065 (95% CI, 1.329 -12.520; P=0.014).

VitD

-0.104
0.293

Note: The Spearman correlation test was used to assess the relationship between Vit D and HbAlc, glycemia, TG,
LDL-C, HDL-C, and cholesterol. The Pearson correlation test was applied to examine the relationship between the

TyG index and age and BMI. (* - P<0.05; ** - P<0.01; *** - P<0.001).
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Figure 2: Correlation between vitamin D and TyG index in men (a) using Pearson correlation and in women (b)

using Spearman correlation.

Table 5 supports the adequacy of the logistic re-
gression model. The goodness-of-fit was confirmed by
multiple tests, including Pearson’s chi-square, the sum
of squared residuals, the Hosmer-Lemeshow test, and
both of Brown’s methods (general and symmetric al-
ternatives), all of which yielded non-significant results
(P>0.05).

Discussion

The variability in reported vitamin D levels across
studies may partly be attributed to differences in
threshold definitions, as there is currently no univer-
sally accepted cut-off for vitamin D deficiency or insuf-

ficiency [16]. Most studies, however, adopt a threshold
of <20 ng/mL to define vitamin D deficiency [17]. In our
study, 41% of patients with T2DM had vitamin D levels
below 20 ng/ml. This finding is particularly striking,
given that Algeria is a sun-rich country, suggesting that
other contributing factors, such as limited sun expo-
sure, clothing style, dietary habits, age,and gender, may
significantly influence vitamin D status [18]. A recent
meta-analysis conducted in the MENA (Middle East and
North Africa) region reported an alarming prevalence
of hypovitaminosis D (<20-25 ng/mL) among T2DM pa-
tients, ranging from 37% to 96% across countries. For
instance, in Bahrain, adults had the lowest mean vita-
min D level of only 13 ng/mL, while in Morocco, 69% pa-
tients had vitamin D levels below 20 ng/mL. Similarly,

Table 4: Binary logistic regression models: factors associated with a low TyG Index (<Ql).

Predictive Unadjusted Adjusted model
Variable OR (95% IC) P-value OR (95% IC) P-value
<20 ng/mL 3.159 (1.150-8.675) 0.026 4.065 (1.329-12.520) 0.014
Vitamin D
>20 ng/mL Reference Reference
Female - - 3.825 (1.048-13.958) 0.042
Gender
Male - - Reference
Cholesterol - - 3.023 (0.863-10.591) 0.084
Creatinine - - 0.741 (0.574-0.958) 0.022
BMI - - 1.158 (1.012-1.325) 0.033

Note: Adjusted model: adjustment for VitD (< and =20 ng/ml), gender, cholesterol, creatinine, and BMI.
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Table 5: Adjustment adequacy tests.

Methode k-squire
Pearson 116.340
Sum of the difference squares 98.059
Hosmer-Lemeshow 5.520
Brown:

General alternative 3.240
Symmetrical alternative 2.618

Note: DF - degree of freedom.

a study in Egypt demonstrated that 76.2% of diabetic
patients without metabolic syndrome were vitamin D
deficient (<20 ng/mL) [17].

The association between VDD and T2DM has re-
ceived growing attention in recent years, although
the underlying mechanisms remain incompletely un-
derstood. A recent systematic review highlighted an
inverse correlation between vitamin D levels and gly-
cemic control, as well as a positive association between
VDD and the pathogenesis of T2DM [19]. This may be
explained by the vitamin D’s effect on improving in-
sulin sensitivity, which involves enhancing GLUT-4
expression and reducing the production of pro-inflam-
matory cytokines. Type 2 diabetes mellitus (T2DM) is
characterized by a chronic inflammatory state, which
plays a crucial role in the onset and progression of in-
sulin resistance (IR). This low-grade inflammation is
driven by the overactivation of the innate immune sys-
tem, resulting in an increased production of cytokines,
such as TNF-a and IL-6. These mediators disrupt insu-
lin signaling by interfering with insulin receptor sub-
strate-1 (IRS-1) pathways and inducing oxidative stress
in key metabolic tissues, including the liver, skeletal
muscle, and adipose tissue [20].

Several studies have demonstrated that elevat-
ed TyG index levels are positively associated with the
risk of type 2 diabetes mellitus (T2DM), cardiovascu-
lar disease, and metabolic syndrome [21, 22]. Du et al.
reported a strong correlation between the TyG index
and HOMA-IR, suggesting that the TyG index may
serve as a more relevant marker of IR than traditional
lipid-based indices such as the visceral adiposity index
[23]. Furthermore, due to its superior sensitivity com-
pared to HOMA-IR, the TyG index offers a simple and
accessible alternative in developing countries com-
pared to the euglycemic-hyperinsulinemic clamp test,
which remains the “gold standard” but is both com-
plex and costly [8, 24]. In our study, vitamin D levels

© 2025 The Authors
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DF P-value

99 0.112

99 0.508
8 0.701
2 0.198
1 0.106

were negatively correlated with FBG, HbAlc, and the
TyG index. These findings suggest a potential role for
vitamin D in modulating metabolic imbalances, par-
ticularly those related to IR. Additionally, post-hoc
Tukey analysis revealed that the first quartile of the
TyG index was associated with the highest vitamin D
concentrations. These results reinforce the association
between VDD and the TyG index, consistent with pre-
vious studies [9].

Interestingly, we observed that the TyG index was
significantly higher in women compared to men, sug-
gesting a possible sex related difference in IR. This
finding aligns with previous work by Zhao et al., who
demonstrated more pronounced insulin resistance in
women [25]. However, another study found the oppo-
site pattern, with the association observed only in men
[9]. This discrepancy could be partially explained by
hormonal differences, particularly the role of estrogens
such as estradiol (E2), which enhances insulin sensitiv-
ity by increasing glucose uptake in muscle via GLUT-4
and suppressing hepatic gluconeogenesis [26-28].

Another important factor associated with the TyG
index in our study was BMI. Patients with a BMI above
normal levels had significantly higher TyG index val-
ues (P=0.020). This may reflect the effect of increased
circulating free fatty acids in individuals with excess
adiposity, which promote hepatic gluconeogenesis and
interfere with insulin signaling, ultimately contribut-
ing to impaired glucose metabolism [29].

VDD is also known to impair pancreatic B-cell
function, thereby enhancing the risk of IR and met-
abolic syndrome [1]. Our findings (Table 4) support
this hypothesis, as vitamin D levels <20 ng/mL were
associated with significantly higher TyG index levels
(OR=3.159; 95% CI (1.150 - 8.675; P=0.026). This sug-
gests that vitamin D sufficiency may play a protective
role against IR, as reflected by index TyG values. At the
same time, several large-scale observational studies in
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the U.S. have shown that even modest increases in vi-
tamin D levels are correlated with improvements in IR
and inflammatory markers [30]. Interventional stud-
ies have yielded mixed results. For example, high-dose
vitamin D3 supplementation did not significantly im-
prove insulin sensitivity or secretion in T2DM patients
with baseline VDD [31, 32]. However, emerging evi-
dence suggests that combining vitamin D supplemen-
tation with L-cysteine may offer better outcomes. This
combination may enhance glutathione production and
modulate genes involved in vitamin D metabolism, po-
tentially improving IR more effectively than vitamin D
alone [33].

One important limitation of our study is the ab-
sence of detailed data on antidiabetic therapies. Al-
though most patients received oral agents such as met-
formin, sulfonylureas, or DPP-4 inhibitors, we did not
assess dosage, duration, or adherence. These factors
may influence glucose and lipid parameters, poten-
tially confounding the observed associations between
vitamin D and the TyG index. Additionally, a small
proportion of patients were treated with insulin, ei-
ther alone or in combination with oral agents. Future
studies should consider stratified analyses or exclusion
criteria to address this issue more robustly.

Conclusion

This cross-sectional study demonstrates a signifi-
cant inverse association between vitamin D levels and
insulin resistance, as measured by the TyG index, in
Algerian adults with type 2 diabetes mellitus. These
results reinforce the potential value of integrating vita-
min D status assessment and the TyG index calculation
into clinical practice for the metabolic management of
type 2 diabetes mellitus (T2DM). Addressing hypovita-
minosis D may represent a complementary, modifiable
factor in the broader strategy to reduce the burden of
insulin resistance and its associated complications.

Further research is needed to evaluate whether vi-
tamin D supplementation, in combination with other
agents, could offer clinical benefits in improving in-
sulin sensitivity and overall metabolic control in this
population.
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