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Abstract: Type 2 diabetes mellitus (T2DM) is one of the most common chronic diseases worldwide, with no cure at
present. Vitamin D (VD) is a fat-soluble vitamin, which has been recognized as one of the major influencing factors of
T2DM. However, the specific relationship between T2DM and VD remains elusive. In this study, we analyzed the
correlation of VD with glucose-lipid metabolism and nutritional status in patients with newly diagnosed T2DM, so as to
understand the role of VD in T2DM more comprehensively. First, we compared the differences in VD (vitamin D3),
glucose-lipid metabolism and nutrient proteins between patients with T2DM and the healthy population and our patients
with T2DM had lower VD and nutrient proteins and higher glucose and lipids (P<0.05). By receiver operating
characteristic (ROC) curve analysis, it was seen that VD demonstrated an excellent assessment of the occurrence of
T2DM as well as prognostic progression. In addition, we found that VD was negatively correlated with fasting blood
glucose (FBG), glycosylated hemoglobin (HbAlc), triglyceride (TG) and total cholesterol (TC) in patients with T2DM
(P<0.05), whereas it was negatively correlated with nutrient protein were all positively correlated (P<0.05). These results
suggest that we can monitor the VD levels of T2DM patients in future clinical practice to assess their pathologic

progression, so as to intervene in a timely manner to ensure the health of the patients.

Keywords: Glucose-lipid metabolism, nutritional status, prognosis, type 2 diabetes mellitus, vitamin D.

Submitted on 30-07-2024 — Revised on 26-09-2024 — Accepted on 15-10-2024

INTRODUCTION

Diabetes mellitus (DM) remains one of the most common
chronic diseases worldwide, with an average incidence of
0.9 percent and 1 in 10 individuals (Harreiter & Roden,
2023). DM is a systemic metabolic disease characterized
by chronic hyperglycemia, typically presenting with
glucose-lipid metabolism disturbances, islet B cell
dysfunction and insulin resistance (Lovic et al., 2020).
Type 2 DM (T2DM) is the predominant type of DM,
accounting for approximately 95 percent (Tinajero &
Malik, 2021). At present, there is no clinical cure for
T2DM. After the occurrence of the disease, the human
body will be in a state of hyperglycemia for a long time,
causing a series of organ diseases, which will eventually
lead to various critical complications and endanger the
life safety of patients (Yan et al., 2022). As the global
aging issue becomes increasingly serious, the incidence of
T2DM is rising year by year. A thorough understanding of
the pathological mechanism of T2DM is still the key to its
future treatment.

Vitamin D (VD) is a fat-soluble vitamin that mainly
participates in calcium and phosphorus regulation and
promotes bone mineralization and remodeling, which is
closely related to bone metabolism. In recent years, many
studies have found that VD also has immunological
functions such as regulating immunity, relieving
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inflammation and preventing tumors (Pittas ez al., 2023).
In T2DM-associated research, clinical findings have
shown that insulin-resistant and obese individuals have
lower levels of VD compared to non-insulin resistant and
obese individuals (Manousaki et al., 2021), suggesting
that maintaining a normal level of VD may be beneficial
for preventing T2DM. Meanwhile, VD is an important
nutrient element in the human body, which is closely
related to the absorption and metabolism of nutritional
proteins (Bopape et al., 2023). Malnutrition, as one of the
recognized risk factors for T2DM, is not only involved in
the occurrence of T2DM, but also an inducement to
promote various complications of T2DM (Naik et al.,
2023). At present, some studies believe that VD
supplementation in the treatment of gestational T2DM can
improve the nutritional status of pregnant women and
newborns (Bouillon et al., 2022). Nonetheless, the exact
relationship between VD and T2DM has not yet been
fully demonstrated and neither VD supplementation
therapy nor VD testing regarding T2DM patients has
received clinical attention. We believe that an in-depth
understanding of the relationship between VD and T2DM
has important implications for both the diagnosis and
treatment of T2DM in the future.

Therefore, this study will analyze the correlation of VD
with glucose-lipid metabolism and nutritional status in
patients with T2DM, so as to understand the role of VD in
T2DM more comprehensively and provide new reference
and guidance for future diagnosis and treatment of T2DM.
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MATERIALS AND METHODS

Study participants

G*Power software was used to calculate the sample size
needed for this study. Calculated with independent
samples t-test, set parameters tail=one, effect size=0.5, o
err prob=0.05, power=0.8, ratio=1 and output=61. That is,
a minimum of 61 subjects were needed for this study.
Subsequently, T2DM patients who were hospitalized in
Shaoyang Central Hospital from September 2022 to
August 2023 were selected for retrospective analysis, and
after screening by inclusion and exclusion criteria, 64
T2DM patients were finally included. These T2DM
patients were used as the research group, their basic
information (e.g., age, gender, etc.) was counted and the
control group was screened by case-control matching
using SPSS software. We obtained a list of 64 healthy
people and after screening by inclusion exclusion criteria,
52 healthy medical check-ups were finally identified as
the control group. This study strictly followed the
Declaration of Helsinki, the Central Hospital of Shaoyang
Ethics Committee's approved the conduct of this study
(NO.2022-235).

Eligibility and exclusion criteria

Research group: newly diagnosed T2DM (NDT2DM)
(American Diabetes, 2011) patients by clinical diagnosis,
who completed VD and glucose-lipid metabolism tests in
our hospital, with complete medical records, were
selected. Patients with acute infection, acute
complications, a history of mental illness, or malignancy
and VD supplemental therapy present during the 3 months
prior to admission and during the 6 months after
admission were excluded. Control group: Those who had
a physical examination in our hospital, with no major
medical history in the past and normal physical
examination results were included. The exclusion criteria
were the same as the research group.

Methods

All subjects had 3mL of fasting venous blood collected in
a procoagulant tube on admission to the hospital, and the
serum was obtained by centrifugation (3000 rpm/min) for
10 min after standing for 30 min at room temperature.
Subsequently, the serum was divided into 3 portions and
the VD (vitamin D3) levels by a chemiluminescence
analyzer (BKI1100  Automatic = Chemiluminescent
Immunoassay Analyzer, BIOBASE), the measurement of
glucose-lipid metabolism indexes (fasting blood glucose
[FBG], glycosylated hemoglobin [HbAlc], triglyceride
[TG], total cholesterol [TC] and high/low-density
lipoprotein  cholesterol [HDL-C/LDL-C]) with an
automatic biochemical analyzer (BS-2000M Automatic
Biochemistry Analyzer, Myriad) and the quantification of
nutritional proteins (albumin [ALB], transferrin [TRF],
prealbumin [PA] and total protein [TP]) by colorimetry
(M5 Multifunction Enzyme Labeler, Spectra Max).

Prognostic follow-up

All NDT2DM patients were followed up for 6 months,
with regular reviews and telephone follow-ups to record
disease progression. During the follow-up period, any
T2DM-related complications are defined as disease
progression.

STATISTICAL ANALYSIS

SPSS24.0 software was used for statistical analysis.
Baseline data (gender, family history of disease, etc.)
were expressed as [n (%)] and chi-square tests were
carried out for between-group comparisons; The test
results of glycolipid metabolism and nutritional proteins
were expressed in the form of (y#s), and independent
sample t-tests were used for comparisons between groups.
The diagnostic value is analyzed using the Receiver
operating characteristic (ROC) curve and the cut-off value
(the threshold value for determining whether the test
result is abnormal) is confirmed by the Youden index and
the Area under curve (AUC) at the cut-off value is used as
the diagnostic value. . Correlation was analyzed by
Pearson correlation coefficients. A statistically significant
difference is indicated when P<0.05 and a highly
significant difference is indicated when P<0.001.

RESULTS

Comparison of clinical data

The age, sex, body mass index (BMI), family disease
history, eating habits, and other clinical data of the
research and control groups were compared, and no
statistically significant differences were found (P>0.05,
table 1), confirming comparability.

Comparison of VD

The inter-group comparison of VD revealed lower VD
levels in the research group compared to the control group
(P<0.001). According to ROC curve analysis, when
VD<14.48 ng/mL, the sensitivity and specificity for
diagnosing T2DM were 81.25% and 75.00%, respectively
(P<0.001), with an AUC of 0.814, indicating a good
diagnostic effect (fig. 1).

Comparison of glucose-lipid metabolism

The research group showed elevated FBG, HbAlc, TC,
and TG (P<0.001) but similar HLD-C and LDL-C levels
than the control group (P>0.05, fig. 2).

Relationship between VD and glucose-lipid metabolism
Pearson correlation coefficient analysis showed that VD
was negatively correlated with FBG, HbAlc, TC and TG
in the research group (P<0.001), that is, the lower the VD,
the higher the FBG, HbAlc, TC and TG (fig. 3).
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DISCUSSION

VD is generated by ultraviolet irradiation and is an
essential nutrient for the human body, which binds to VD-
binding proteins in the blood to be transported to the liver
and catalyzed by 25-hydroxylase to synthesize 25-
hydroxy vitamin D [25(OH)D] in vivo (Silva & Lazaretti-
Castro, 2022). 25(OH)D is the main storage form of VD
in the human body, which can reflect human VD levels.
Under normal physiological conditions, VD is an essential
substance for glucose to stimulate islet B cells to secrete
insulin and maintain normal serum glucose levels
(Saengsiwaritt et al., 2023). Clinical studies have found
that VD receptors (VDRs) are present on pancreatic f
cells, and the binding of active VD to VDRs promotes the
phosphorylation of tyrosine, an insulin receptor substrate,
thereby stimulating islet B cells to secrete insulin and
participate in the process of glucose metabolism in vivo
(Chattranukulchai Shantavasinkul & Nimitphong, 2022).
That is to say, VD deficiency can inhibit insulin secretion
by islet B cells, leading to T2DM, which reveals a major
link between the two.

In this study, the research group showed markedly
reduced VD, ALB, TRF, PA, and TP than the control

group, as well as elevated FBG, HbAlc, TC and TG,
consistent with the results of previous studies (Polat ef al.,
2022; Chen et al., 2023; Zhang et al., 2020). As is well
known, T2DM has two important pathological
mechanisms, namely insulin resistance and inadequate
insulin secretion (Ojo, 2019). The deficiency of VD can
induce insulin synthesis and secretion obstruction by
affecting insulin signal transduction pathways. Studies
have shown that VD deficiency can lead to impaired islet
secretion stimulated by glucose during hyperglycemic
clamp, decreased B cell proliferation, and reduced insulin
sensitivity, which eventually leads to glucose metabolism
imbalances in GK rats (Akhter ef al., 2024). It can be seen
that VD deficiencies can affect the insulin signal
transduction pathway, which leads to the obstruction of
insulin synthesis and secretion. Through correlation
analysis, we found a negative correlation between VD and
FBG, HbAlc, TC and TG in T2DM patients. This is
because adipose tissue can participate in the synthesis and
decomposition of part of VD by expressing VDRs and
VD metabolizing enzymes, with the function of storing
and releasing VD (Cojic et al., 2021). Obese individuals
have more adipose tissue than those with a normal BMI,
so the volume of distribution of VD increases accordingly.
Being a fat-soluble vitamin, VD is easy to retain in
adipose tissue, resulting in a decrease in the release of VD
into the blood and a corresponding decline in the
bioavailability of VD. A cross-sectional study showed a
negative correlation between serum 25(OH)D and TG
levels (Melguizo-Rodriguez et al., 2021), similar to our
findings. Conversely, VD can increase the expression of
the lipoprotein lipase (LPL) gene in adipose tissue and
muscle tissue. By activating LPL, the clearance rate of
lipoprotein particles in blood circulation is accelerated,
and the lipid structure is changed, thus reducing serum
triglyceride levels (Argano et al., 2023).

ALB, TRF, PA and TP are recognized as nutrient proteins
in the clinic and they represent the normal functioning
state of important organs of the body, such as the liver,
kidney, and blood (Hui et al., 2023). In the subsequent
analysis of nutritional status, VD in T2DM patients was
positively correlated with ALB, TRF, PA, and TP, which
shows that VD level is directly correlated with nutritional
status in T2DM patients. Clinically, it is believed that VD
affects the human body mainly in the following ways: (1)
promoting the absorption and transport of calcium and
phosphorus in the small intestine; (2) promoting the
reabsorption of calcium and phosphorus by renal tubules;
(3) maintaining the normal concentration of calcium and
phosphorus in the blood and promoting the normal growth
of bones and teeth (Contreras-Bolivar et al, 2021).
Therefore, an increase in VD levels usually indicates an
improvement in the patient's nutritional status. In studies
related to T2DM, it is clinically recognized metabolic
disorders of carbohydrates, proteins and fats will affect
the absorption and utilization of vitamins and minerals by
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the body, and adjusting the disturbances of the above-
mentioned nutrients will help T2DM patients to correct
metabolic  disorders and prevent complications
(Muszynski et al., 2022). Therefore, we believe that VD
may participate in the progression of T2DM by regulating
the balance of human nutritional proteins.

Prognostic follow-up further validated our view, that is,
patients with prognostic disease progression had
statistically lower VD than those without progression.
Moreover, VD showed excellent diagnostic effects on the
occurrence and prognosis of T2DM, suggesting that the
progression of T2DM can be judged by monitoring the
levels of VD in patients in the future, so as to adjust the
intervention strategy in time and ensure the health of
patients.

CONCLUSION

VD in T2DM patients is obviously related to glucose-lipid
metabolism and nutritional proteins and its decrease
indicates glucose-lipid metabolism abnormalities and
nutritional imbalance, which will eventually lead to
related complications. In future clinical practice, the
pathological progression of T2DM patients can be
evaluated by monitoring their VD levels to allow for
timely intervention to ensure their health. However, given
the single-center retrospective design, a small number of
cases, and short follow-up time, the statistical results may
be contingent. In the follow-up, we need to increase the
number of cases to improve the representativeness of the
research results. In addition, the relationship between
other vitamins and T2DM should be further explored to
provide a more comprehensive clinical reference.
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