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Introduction

Type 2 diabetes mellitus (T2DM) is a long term metabolizing sit-
uation that poses a health concern on a scale and impacts numerous
people from various backgrounds (Motala et al., 2022). It is mainly
identified by the body’s resistance to insulin action and high blood
sugar levels due to the dysfunction of beta cells over time. The rising
occurrence of T2DM s largely linked to lifestyle elements, such as
eating habits, lack of activity and being overweight or obese, along-
side factors related to genetic inheritance (Nadhiya et al., 2024). Ty-
ing it all together is the fact that T2DM has been associated with is-
sues such as heart disease and kidney problems. These factors add to
the health risks and fatality rates (Samant et al., 2025). Dealing with
T2DM usually requires changes in lifestyle habits along, with medi-
cations and regular monitoring of blood sugar levels (Williams et al.,
2022). Despite the progress made in diabetes management methods
today, maintaining blood sugar levels continues to pose difficulties for
people. This has prompted researchers to delve into elements that
might impact how the body processes glucose and responds to insu-
lin. As a result there is an increasing curiosity regarding the im-
portance of vitamins in understanding the development of diabetes
(Abed et al., 2024). People widely recognize vitamin D as a fat solu-
ble vitamin that is essential for preserving the balance of calcium and
phosphate in the body to support healthy bones. Recent findings indi-
cate that vitamin D also plays a part in regulating metabolic functions
such as glucose balance and insulin activity (Argano et al., 2023). The
existence of vitamin D receptors (known as VDR), in beta cells and
insulin responsive tissues suggests a link between vitamin D levels
and metabolic indicators associated with diabetes. Research from
both intervention studies has hinted at the effects of sufficient vitamin
D levels in boosting insulin secretion and sensitivity while decreasing
overall inflammation — all essential factors, in managing diabetes
effectively (Pienkowska et al., 2023). This research is focused on how
vitamin D level correlated with the glycemic markers in people with
type 2 diabetes.

Materials and methods

The Medical Ethics Committee at the University of Mosul Col-
lege of Medicine approved the study. The research complied with the

Declaration of Helsinki's rules for studies with human subjects.
The study's objectives and methods were explained to participants
prior to their participation.

A case-control study was conducted between October 2024 and
January 2025 with 160 participants aged between 35 and 60 years
recruited for the study from Ibn Sina Teaching Hospital and Al Wafaa
Center for Diabetes Management. The participants were divided into
two groups, for the study population analysis; Case group: included
80 people with type 2 diabetes and the control comprised of 80 per-
sons who were evidently healthy and had no medical conditions.

Inclusion criteria for cases: diagnosis of type 2 diabetes has been
confirmed, regardless of how it has been present. The age group falls
within the range of 35 to 60 years old. The individuals involved in the
study agreed in writing to take part in the research project.

Exclusion criteria for cases: type 1 diabetes mellitus; type 2 dia-
betes mellitus on insulin treatment; Having liver, kidney, thyroid or
parathyroid diseases; current use of vitamin D supplements; taking
medications that impact the way vitamin D works in the body such, as
corticosteroids or hormonal treatments that can affect bone strength;
Pregnant women.

The controls were similar in age and gender to the cases, had no
issues with their liver, kidneys, thyroid or parathyroid glands. They
did not use any vitamin D supplements.

Data was collected by conducting interviews before gathering
samples. Anthropometric assessments involved analyzing factors
such, as body mass index (BMI) weight measurements and height
details. Fasting blood samples were taken for testing purposes. Each
individual had 7 mL of blood taken and distributed into three different
tubes for further analysis. Four milliliters of blood were carefully
placed into a tube with a gel that separates the serum from the rest of
the blood components after clotting for half an hour at room tempera-
ture and spinning at 3000 rotations per minute for 10 minutes in a
centrifuge machine. The resulting serum was divided into tubes, kept
frozen at 20 °C for testing vitamin D levels along with PTH calcium
and phosphate. Two mL of blood was put into an (EDTA) test tube,
for measurement of HbAlc. One ml was put in to a sodium fluoride /
potassium oxalate tube to obtain plasma that separated after centrifu-
gation and was stored frozen at —20 °C, used for plasma glucose as-
sessment. The Cobas ¢ 311 analyzer was used to measure vitamin D
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levels, fasting plasma glucose, hemoglobin Alc, PTH, calcium levels
and phosphate level.

The data gathered was analysed using SPSS. The T-test was con-
ducted to compare the means + standard deviation (SD) between the
case and control groups for the studied parameters (significant at P <
0.05). The relationship between vitamin D levels, calcium, phosphate,
and parathyroid hormone and FPG and HbAlc was examined using
the Pearson correlation test.

Results

The data in Table 1 stands the mean + (SD) values of the bio-
chemical parameters in the studied groups. A substantial difference
was observed among the two groups for all parameters.

Vitamin D in the case group (6.86 + 2.3 ng/mL) was substantially
lower than that in the control group (32.3 + 12.14 ng/mL).

Fasting plasma glucose (FPG) level was considerably higher in
the case group (167.6 £ 40.4 mg/dL) than in the control group (81.3 =
13.6 mg/dL).

HbAIc levels in the case group (10.8 + 2.1%) were considerably
higher than in the control group (5.6 £ 0.6%), indicating poor glyce-
mic control in diabetic individuals.

Parathyroid hormone (PTH) levels were significantly elevated in
the case group (81.1 + 14.4 pg/mL) compared to the control (34.8 +
10.7 pg/mL).

The serum calcium level was considerably reduced in the case
group (9.23 £ 0.72 mg/dL) compared to the control group (9.93 +
0.37 mg/dL).

Phosphate levels were considerably lower in the case group
(2.53 + 0.74 mg/dL) compared to the control (4.26 + 0.58 mg/dL).
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Table 1

Values of the studied parameters in the diabetes mellitus (DM)
and control groups

Parameters Group 1 (case) n=80 Group 2 (control) n=80 P-value
Vitamin D, ng/mL 6.86 +2.30 323+12.14 <0.001
FPG, mg/dL 167.6 +404 813+13.6 <0.001
HbAlc, % 10.78 £2.09 5.55+059 <0.001
PTH, pg/mL 811+144 348+10.7 <0.001
Calcium, mg/dL 9.23+0.72 9.93+0.37 <0.001
Phosphate, mg/dL 253+0.74 3.88+0.84 <0.001

The correlation analysis in Table 2 shows the relationships bet-
ween vitamin D levels (ng/ml) with HbAlc (%) and fasting plasma
glucose (FPG, mg/dL) among the studied groups:

— Vitamin D and HbAc: an inverse relationship between vitamin
D levels and HbAlc (r =—0.724, P = 0.038), which is statistically sig-
nificant in the T2DM group (Table 2, Fig. 1) but there is non-signifi-
cant inverse correlation in the control group (r = -0.863, P = 0.07,
Table 2);

— Vitamin D and FPG: a statistically inverse link between vitamin
D and fasting plasma glucose levels (r =-0.580, P = <0.001, Table 2,
Fig. 1) and non-significant inverse relation in the control group (r =—
0.754, P = 0.06).

Table 2
Relation between vitamin D with HbAlc
and fasting plasma glucose (FPG)

T2DM group 1 Control group 2
Glucose r probability r probability
HbAlc, % -0.724 0.038 -0.863 0.07
FPG, mg/dL —-0.580 <0.001 —-0.754 0.06
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Fig. 1. Linear regression analysis of vitamin D with Hbalc and fasting plasma glucose (FPG) in the case group

Table 3 presents the correlation between the calcium levels with
HbAlc and FPG:

— HbAlc and calcium had a negative connection in the T2DM
group (r =-0.753, P = 0.0062, Table 4, Fig. 2); the control group also
has a significant and inverse connection (r = -0.828, P = <0.001,
Table 4);

— Calcium and FPG: in the T2DM group, there was a significant
negative connection (r = -0.0813, P = 0.007) between calcium and
fasting plasma glucose (Table 4, Fig. 2); in the control group, the
association is likewise significant and inverse (Table 4).

Table 3
The association between calcium with Hbalc and FPG

Table 4 and Figure 3 recorded the correlation of the phosphate
levels with HbAlc and FPG:

— phosphate levels and HbAlc in the T2DM group showed a
strong negative connection (r =—0.870, P = <0.001, Table 5, Fig. 3) in
the case group; also an inverse connection were seen in the control
group (r =—0.666, P = <0.001);

— phosphate and FPG: there is a significant negative association
between fasting plasma glucose and phosphate levels in the T2DM
group (r =-0.710, P = <0.001, Table 5, Fig. 3).

Table 4
Relationship between phosphate level with Hbalc
and fasting plasma glucose (FPG)

T2DM group 1 Control group 1 T2DM group 1 (n=80) Control group 1 (n = 80)

Glucose " probability " probability Glucose r probability r probability
HbAlc, % -0.753 0.0062 -0.828 <0.001 HbAlc -0.870 <0.001 —0.666 <0.001
FPG, mg/dL -0.717 0.0070 —0.659 <0.001 FPG -0.710 <0.001 -0510 <0.001
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Fig. 3. Linear regression analysis of the phosphate level with Hbalc and fasting plasma glucose (FPG) in the case group

Table 5 and Figure 4 presents the correlation between the para-
thyroid hormone with HbAlc and FPG:

— parathyroid hormone level and HbAlc in the T2DM group ex-
hibit a substantial direct connection with HbAlc (r = 0.476, P =
<0.001, Table 6) in the case group, but in the control group displayed
non-significant direct correlation with HbAlc (r = 0.197, P = 0.08);

— there is a significant positive relationship between fasting plas-
ma glucose and parathyroid hormone levels in the T2DM group (r =
0.443, P = <0.001, Table 6); Table 6 shows a non-significant direct
relation in the control as well (r = 0.206, P = 0.067).
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Table 5
Connection between parathyroid hormone with Hbalc
and fasting plasma glucose (FPG)
T2DM group 1 (n = 80) Control group 1 (n = 80)
Glucose r probability r Probability
HbAlc 0.476 <0.001 0.197 0.080
FPG 0.443 <0.001 0.206 0.067
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Fig. 4. Linear regression analysis of the parathyroid hormone with Hbalc and fasting plasma glucose (FPG) in the case group
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Discussion

According to the study's findings, persons with type 2 diabetes
mellitus (T2DM) have notable biochemical changes when compared
to healthy controls, especially when it comes to vitamin D levels and
indicators of bone metabolism and glycemic management.

A marked vitamin D deficiency was observed in diabetic group,
with serum 25(OH)D levels considerably lower than those in the con-
trol (6.86 + 2.3 vs. 32.3 + 12.14 ng/mL; P < 0.05). This result aligns
with several previous reports suggesting that vitamin D deficiency is
prevailing among people with T2DM and may contribute to insulin
resistance, impairment f-cell function, and systematic inflammation
(Kayaniyil et al., 2010; Pittas et al., 2023). The underlying mecha-
nisms may involve the character of vitamin D in modulating insulin
secretion through its receptor expression in pancreatic 3-cells and its
influence on calcium flux, which is crucial for insulin exocytosis
(Mendes et al., 2022).

Consistent with the diagnostic features of T2DM, FPG and
HbAlc levels were significantly higher in the diabetic patients. Ele-
vated HbAlc levels (10.78 + 2.09%) indicate chronic hyperglycemia
and poor glycemic control, which has deleterious effects on various
tissues, including the bone. Hyperglycemia promotes oxidative stress
and glycation of collagen in bone matrix, reducing bone strength and
increasing the risk of fractures (Vestergaard et al., 2007). Importantly,
parathyroid hormone (PTH) levels were significantly elevated in the
T2DM group (81.12 + 14.43 pg/mL), possibly as a compensatory
response to hypovitaminosis D and reduced calcium levels. Elevated
PTH is known to increase bone turnover which, when unbalanced by
vitamin D and calcium, can result in bone resorption and osteoporosis
(Cheng et al., 2022). Correspondingly, serum calcium levels were lo-
wer in the diabetic group than in controls. Hypocalcemia in T2DM
may be multifactorial, stemming from poor intestinal absorption due
to low vitamin D levels, renal losses, or altered PTH activity. The dis-
ruption in calcium homeostasis further supports the notion of compro-
mised bone metabolism in diabetic patients(Tinawi et al., 2022). Ad-
ditionally the diabetic group showed a decrease, in serum phosphate
levels compared to the control group. Phosphorus plays a role in bone
mineralization along with calcium and vitamin D. The low phospho-
rus levels could be due to excretion of phosphates, through the kid-
neys, which is often observed in kidney disease, or it could be linked
to phosphaturia mediated by parathyroid hormone (PTH)
(Akimbekov et al., 2022). When all the findings are taken into con-
sideration, it is evident that there is a link between vitamin D defi-
ciency and problems controlling blood sugar levels as well as abnor-
malities in bone health in people with type 2 diabetes. These patients
may be at risk of bone disorders such as osteoporosis or osteomalacia
due to the significant alterations in the balance of calcium and phos-
phorus and the elevated levels of PTH. It is possible to improve bone
strength by routinely measuring vitamin D levels and quickly correct-
ing any shortages with supplements, which also assists in better blood
sugar control and the avoidance of diabetic complications. (Fuentes-
Barria et al., 2025).

The results suggest that vitamin D could impact how the body
handles glucose levels and insulin sensitiveness in individuals with
type 2 diabetes. The findings show a link between the serum levels of
calcium and both HbAlc and fasting plasma glucose observed in both
the T2DM group and the control group. Calcium levels were inverse-
ly related to HBA1c and fasting glucose levels in the studied groups,
suggest a potential role of calcium in regulating glucose even in non-
diabetic individuals (Rawat et al., 2023). The results suggest that
calcium balance is connected to how the body regulates sugar grade
by affecting insulin liberation and the function of B cells. Problems
with maintaining calcium levels could play a part in causing issues,
with how the body processes glucose and in the development of dia-
betes (Campbell & Newgard, 2021; Weiser et al., 2021).

The present study demonstrates a significant inverse correlation
between serum phosphate levels and both glycemic control indicators
— HbAlc and fasting plasma glucose (FPG) — in both T2DM patients
and healthy controls, as shown in Table 5 and Figure 3. These fin-
dings align with emerging evidence that disturbances in phosphate
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homeostasis may be linked to glucose metabolism and diabetes path-
ophysiology. In the T2DM group, phosphate levels exhibited a strong
negative correlation with HbAlc (r = 0.870, P < 0.001) and FPG (r =
0.710, P < 0.001), indicating that lower phosphate concentrations are
associated with poorer glycemic control. Similar, though slightly
weaker, inverse correlations were also observed in the control group
(r = 0.666 for HbAlc and r = —0.510 for FPG; P < 0.001 for both).
These associations suggest that phosphate depletion may not only be
a consequence of hyperglycemia but could also contribute to impaired
glucose regulation.

Hypophosphatemia is a known complication in individuals with
poorly controlled diabetes and has been attributed to several mecha-
nisms, including increased urinary phosphate loss due to osmotic
diuresis and insulin deficiency or resistance affecting renal phosphate
handling. Furthermore, phosphate plays a vital role in glucose metab-
olism, particularly in ATP generation and glycolysis, processes that
are essential for proper cellular glucose utilization (Palacios, 2006).
Therefore, low phosphate availability may impair glucose uptake and
metabolism, exacerbating hyperglycemia.

The observed correlations in the control group, though less pro-
nounced, still support the broader physiological relationship between
phosphate status and glycemic parameters. These findings emphasize
the potential value of monitoring phosphate levels not only in patients
with T2DM but also in individuals at risk of metabolic dysregulation.
Moreover, chronic low phosphate levels may have implications for
long-term diabetes complications, as phosphate imbalances have been
linked to cardiovascular disease, insulin resistance, and bone mineral
disorders, which are common comorbidities in diabetic patients
(Kalantar-Zadeh et al., 2010).

Conclusion

Vitamin D levels were linked to glycemic control in individuals
with type 2 diabetes, and they seemed to be lower in these patients
than in the control group. These results may have therapeutic signifi-
cance because careful vitamin D treatment may help individuals with
type 2 diabetes handle blood sugar level.

We would like to express my gratitude to the University of Mosul, College of
Medicine, for their assistance in finishing this research work and to thanks
every person or institution that played a role in completing this study.
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