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Introduction

Diabetes mellitus (DM) is a group of metabolic
diseases with the characteristics of hyperglycemia that
occurs due to abnormalities in insulin secretion, insulin
action, or both. Insulin resistance in muscle and liver
cells, as well as pancreatic beta cell failure, have been
in the central damage
pathophysiology of type 2 DM. Other organs that are
also involved in type 2 DM are adipose tissue (increased
lipolysis), gastrointestinal (incretin deficiency), alpha
(hyperglucagonemia),
(increased glucose absorption), and muscles (insulin
resistance), which also play a role in causing impaired

known to be involved

pancreatic  cells

glucose tolerance (Soelistijo, 2019).
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Abstract: Diabetes mellitus (DM) is a metabolic disorder characterized by
hyperglycemia due to impaired insulin secretion or action. DM patients may
develop diabetic nephropathy (ND), marked by decreased glomerular
filtration rate (eGFR), also influenced by hypertension. Vitamin D in its active
form, 25-hydroxyvitamin D (25(OH)D), regulates insulin secretion and
supports pancreatic beta cell survival. The relationship between 25(OH)D,
HbAlc, and ND needs evaluation to predict ND earlier. To analyze the
correlation between 25(OH)D and HbA1lc levels with ND measured by eGFR
in DM patients at Diponegoro National Hospital, Semarang. A cross-sectional
study of 82 DM patients. 25(OH)D levels were measured by Fluorescent
Immunoassay (FIA) and HbAlc by High-Performance Liquid
Chromatography (HPLC). eGFR was calculated from creatinine using the
CKD-EPI formula. Data analysis used Pearson and regression tests (p<0.25). A
weak positive correlation was found between HbAlc and eGFR (p=0.002,
r=0.307) and a very weak negative correlation between 25(OH)D and eGFR
(p=0.147, r=-0.117). The combined influence of HbAlc, 25(OH)D, and blood
pressure yielded R?=0.21. Higher HbAlc increases eGFR, while lower
25(OH)D also associates with higher eGFR. eGFR is influenced by HbAlc,
25(OH)D, and blood pressure by 21%, with other factors explaining the
remainder.

Keywords: 25(OH)D; Diabetic nephropathy; eGFR; HbAlc

DM is the direct cause of death out of 1.5 million
deaths in the world in 2019 and 48% of these deaths are
due to a diagnosis of DM before the age of 70. The death
rate from DM increased by 13% in low-income countries.
(WHO, 2023)The report on the results of Basic Health
Research (Riskesdas) in 2018 showed an increase in the
prevalence of DM to 8.5% or around 20.4 million people
in Indonesia diagnosed with DM. The increase is in line
with the increase in obesity which is one of the risk
factors for diabetes (Soelistijo, 2019).

DM complications are divided into microvascular
and macrovascular complications. Microvascular
complications include neuropathy, nephropathy, and
retinopathy, while macrovascular complications include
cardiovascular disease, stroke, and peripheral artery

kidneys
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disease (Papatheodorou et al., 2018). Research shows
that about 30-40% of DM patients will develope diabetic
nephropathy. The exact cause is not yet known for sure,
but it is likely caused by insulin resistance, genetics,
hyperglycemia, and autoimmune processes (Varghese,
2023).

Diabetic nephropathy is the most common cause of
chronic kidney failure that requires kidney replacement
therapy. Examinations that can be done to determine the
presence of ND are by examining albuminuria and
estimating the glomerular filtration rate (eGFR).
Pathological changes in the kidneys are irreversible if
albuminuria has occurred and eGFR decreased (<60
mL/min/1.73 m?) which can later develop into chronic
kidney failure. Chronic kidney failure in patients with
DM is closely related to increased cardiovascular risk
and poor prognosis (Powers, 2022).

The difference in diabetic nephropathy that occurs
in type 1 DM and type 2 DM is in albuminuria which can
be found when the diagnosis of type 2 DM is established.
This shows that long asymptomatic periods and
hypertension often play a role in the occurrence of
albuminuria and decreased glomerular filtration rate.
Albuminuria in type 2 DM needs to be considered as it
can occur due to secondary factors, including
hypertension, congestive heart failure, prostate disease,
or infection (Powers, 2022).

Vitamin D in active form 25-hydroxyvitamin D
(25(OH)D) or calcidiol is a good indicator in knowing the
status of vitamin D. There are two types of vitamin D,
namely vitamin D3 (cholecalciferol) and Vitamin D2
(calciferol). Vitamin D3 undergoes two hydroxylation
processes in the body for activation. First, the
hydroxylation process occurs in the liver and converts
vitamin D into 25-hydroxyvitamin D, often known as
calcidiol is one of the active forms or metabolites of
vitamin D. The second process occurs mainly in the
kidney and forms an active physiological 1,25-
dihydroxyvitamin D, also known as calcitriol (Molina,
2023).

Vitamin D can improve beta cell survival by way of
inactivation of nuclear factor-«B (NF-xb) and the effects
of cytokines. Vitamin D can also affect insulin resistance
indirectly through the renin-angiotensin-aldosterone
system (RAAS). Angiotensin II inhibits the action of
insulin in vascular muscle and skeletal muscle tissue
leading to impaired glucose uptake. Vitamin D
suppresses the formation of local pancreatic renin and
RAAS (Delrue et al., 2022; Huang et al., 2023).

Vitamin D deficiency is an independent risk factor
for the incidence of DM. Vitamin D deficiency has been
shown to have an association with impaired insulin
secretion in rat pancreatic beta cells. In contrast, insulin
secretion mediated by glucose improved after vitamin D
supplementation (Huang et al., 2023).
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A previous study by Pinky et al. (2023) found that
there was a relationship between HbAlc levels of = 7%
and ureum and creatinine levels in DM patients which is
a sign of diabetic nephropathy (Pinky, 2023). However,
the research conducted by Tarawifa, et al. (2020)
obtained the results that there was no significant
relationship between HbAlc levels and the risk of
diabetic nephropathy assessed with microalbuminuria
(Tarawifa et al., 2020). Studies that analyze the
relationship between HbAlc as glycemic control and
vitamin D levels in diabetic nephropathy have not been
widely conducted (Ali et al., 2019; Felicio et al., 2021;
Xiao et al., 2016). Examined the relationship between
vitamin D status and albuminuria in type 2 DM patients
with the results that there was no significant relationship
between vitamin D deficiency and albuminuria (Indra et
al., 2017). From the results of previous studies, the
results were different from one another, so researchers
were interested in assessing the relationship between
25(0OH)D and HbAlc levels and diabetic nephropathy
based on eGFR values.

Method

This study is analytical observational research
using a cross-sectional approach. The research was
conducted in February - April 2024 at the Diponegoro
National Hospital Semarang. The inclusion criteria in
this study were >18-year-old DM patients who perform
routine tests at the hospital, willing to participate in the
study, and signed the informed consent form. The
exclusion criteria of this study are patients who have
experienced kidney failure or taken vitamin D
supplements before the study. The research subjects
were taken by consecutive sampling with a total of 82
subjects. This research has received ethical clearance
approval from the Health Research Ethics Commission,
Faculty of Medicine, Diponegoro University with No:
122/EC/KEPK/FK-UNDIP/IV/2024.

The research was conducted in several stages. First,
ethical clearance approval and administrative permits
were obtained before subject recruitment. Second,
subjects who met the inclusion and exclusion criteria
were recruited consecutively and asked to sign the
informed consent form. Third, data collection was
performed, including patient characteristics, laboratory
examinations of 25(OH)D, HbAlc, and creatinine levels
for eGFR calculation. Finally, all collected data were
processed and analyzed statistically.

The level of 25(OH)D was checked using the
Fluorescence Immunoassay (FIA) method. HbAlc levels
were measured using the NGSP (National
Glycohemoglobin Standardization Program) High-
Performance Liquid Chromatography (HPLC) method.

The eGFR value was obtained by manual calculation of
261
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creatinine levels using the CKD-Epi (Chronic Kidney
Disease Epidemiology Collaboration Formula) formula.
The statistical analysis was performed using IBM
SPSS 22 software. The data were analyzed using the
Pearson test and continued with the regression test. P
value <0.25 was considered statistically significant.

Result and Discussion

Baseline Characteristics of Study Subjects

A total of 82 adult patients with diabetes mellitus
(DM) were enrolled. Mean eGFR was 73.88 = 22.15
ml/min/1.73 m? (median 76, range 32-129). Mean
HbAlc was 8.17 £ 2.01% (median 7.95, range 5.0-14.1),
indicating overall poor glycemic control in the sample.
Mean systolic and diastolic blood pressures were 134.84
+ 17.83 mmHg and 83.41 + 7.07 mmHg, respectively.
Mean serum 25(OH)D level was 14.49 + 7.96 ng/mL
(median 13.34, range 4.54-36.46), consistent with
vitamin D deficiency (<20 ng/mL).

Table 1. Baseline Subject Characteristic

Variable (n=82) Mean (+ SD) (Min yﬁ/ilig
eGFR (ml/min/1.73 m2) 73.88 +22.15 76.00 (32 - 129)
HbAlc level (%) 817 +£2.01 7.95 (5.0 - 14.1)
Systolic blood pressure 134.84+£17.83  131.5 (110 - 234)
(mmHg)

Diastolic blood pressure 83.41+7.07 80 (70 - 104)
(mmHg)

25(OH)D level (ng/ml) 14.49 £7.96 13.34 (4.54 - 36.46)

Distribution of Biochemical Parameters

HbAlc: min 5.0% — max 14.1% (mean 8.17 £2.01%).
25(0OH)D: mean 14.49 £ 7.96 ng/mL (deficient range).
eGFR (CKD-EPI): min 32 — max 129 ml/min/1.73 m?
(mean 73.88 £ 22.15).

Correlation Analysis with eGFR
Pearson correlation results (n = 82):
HbA1lc: r =0.307, p = 0.002 (weak positive correlation).

Systolic BP: r = 0.220, p = 0.023 (weak positive
correlation).

Diastolic BP: r = 0.146, p = 0.095 (weak positive, not
statistically strong).

25(OH)D: r = -0.117, p = 0.147 (very weak negative
correlation).

Table 2. Relationship between Biochemical and Clinical
Parameters with eGFR

Variable (n = 82) p r
HbAlc 0.002 0.307
Systolic blood pressure 0.023 0.220
Diabolic blood pressure 0.095 0.146
Up to 25(0H)D 0.147 0117

p <0.25 is considered statistically significant
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Multivariable Linear Regression
All variables with p < 0.25 entered into linear
regression. The final model:

eGFR = -11.700 + 4,236 (HbA1c) + 0,301 (systole) + 0,237
(diastole) + (-0,647)(25(OH)D level)

Model R? = 0.21, indicating these variables explain
21% of the variance in eGFR; 79% remains unexplained
by the model.

Subject Characteristics and Clinical Profile

This study involved 82 adult DM patients with an
average eGFR of 73.88 = 2215 ml/min/1.73 m?
reflecting mild-to-moderate decline in renal function.
The mean HbAlc value of 8.17 = 2.01% indicates poor
glycemic control, consistent with the fact that many DM
patients in clinical practice often fail to achieve optimal
glycemic targets. The average vitamin D level was 14.49
* 7.96 ng/mL, which is categorized as deficiency (<20
ng/mL), showing that vitamin D insufficiency is a
common problem among DM patients. These findings
align with previous studies by Li et al. (2020), who
reported lower 25(OH)D levels in DM patients
compared to non-DM individuals. The coexistence of
poor glycemic control, hypertension, and vitamin D
deficiency illustrates a complex interplay of metabolic
and vascular disturbances that contribute to the
progression of diabetic kidney disease (DKD).

Vitamin D deficiency is widely prevalent among
patients with type 2 diabetes mellitus (T2DM), with
studies reporting rates ranging from 63.5% to 91.1%
worldwide(Anyanwu et al., 2020). A 2023 cross-sectional
study in India found that 74.14% of T2DM patients were
deficient, while a 2024 study in Saudi Arabia reported an
even higher prevalence of 83.7%, both showing strong
associations with obesity, poor glycemic control, and
elevated HbAlc levels(Alzahrani et al., 2024; Vijay et al.,
2023). A pooled global analysis further estimated the
prevalence at around 64.2%, underscoring the global
burden of vitamin D deficiency in T2DM (Taderegew et
al., 2023). This global burden highlights the importance
of evaluating vitamin D status alongside other metabolic
factors, particularly glycemic control, which remains
suboptimal in many populations.

Poor glycemic control, reflected by elevated HbAlc
levels, remains highly prevalent in low and middle-
income countries (LMICs), with studies showing that
more than half of T2DM patients fail to achieve HbAlc
<7% (Adjei et al., 2025; Taderegew et al., 2023).
Socioeconomic barriers such as limited healthcare
access, low education, financial hardship, and treatment
inertia are major contributors, with rural residence
further exacerbating disparities (Adjei et al., 2025;
Gomes et al., 2022; Mehrabbeik et al.,, 2024). Other
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predictors include longer diabetes duration, inadequate
disease knowledge, and complications, while mental
health factors like depression play a less consistent role
(Kamruzzaman et al, 2025; Nguyen et al, 2025).
Together, persistent poor glycemic control and vitamin
D deficiency contribute to a constellation of baseline risk
factors that accelerate diabetic nephropathy progression.

Baseline characteristics play an important role in
predicting the risk of diabetic nephropathy (DN) among
patients with diabetes mellitus. Poor glycemic control,
hypertension, longer diabetes duration, albuminuria,
reduced baseline eGFR, and older age have consistently
been reported as major predictors of DN progression
(Baek et al., 2021; Natesan & Kim, 2021; Radcliffe et al.,
2017; Yokoyama et al., 1998). Additional risk factors such
as male sex, obesity, smoking, genetic predisposition,
and the presence of other microvascular complications
(e.g., retinopathy) further contribute to the likelihood of
DN development (Lépez-Revuelta et al., 2014; Natesan
& Kim, 2021).

Association of HbAlc with eGFR

The present study found a weak positive
relationship between HbAlc and eGFR (p=0.002;
r=0.307). This suggests that higher HbAlc is correlated
with relatively preserved eGFR in this cohort, which
may appear paradoxical but has also been reported in
previous studies. Akazawa et al. (2022) demonstrated a
similar positive correlation, proposing that in the early
stages of diabetic nephropathy, hyperfiltration occurs as
a compensatory mechanism, thus elevating eGFR
despite poor glycemic control. Over time, persistent
hyperglycemia leads to glomerular damage, proteinuria,
and subsequent decline in eGFR . Other studies, such as
by Aniskurlillah (2019), also support the association
between HbAlc and renal function in DM patients.
Mechanistically, chronic hyperglycemia promotes the
accumulation of advanced glycation end products
(AGEs), oxidative stress, and activation of profibrotic
pathways, = which  eventually  impair  renal
hemodynamics and structure (Agarwal, 2021). This
highlights the importance of understanding
hyperfiltration as a transitional stage between early
preserved eGFR and subsequent decline.

Hyperfiltration, an early renal abnormality in
diabetic nephropathy, is strongly influenced by
glycemic status. Elevated HbAlc has been shown to
independently increase the risk of hyperfiltration, with
acute hyperglycemia directly modulating renal
hemodynamics, while early intensive glycemic control
may normalize GFR and delay DN progression (Hu et
al., 2015; Maclsaac et al., 2017; Rout P, 2025; Troya et al.,
2016). Moreover, HbAlc variability even at acceptable
mean levels emerges as an additional predictor of faster
eGFR decline, underscoring the importance of both
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long-term control and glucose stability (Lee et al., 2020).
These findings are consistent with evidence that HbAlc
variability strongly predicts adverse renal outcomes.

Elevated HbAlc levels and greater HbAlc
variability are strong predictors of accelerated kidney
function decline and progression to ESRD in patients
with diabetes (Arnold et al., 2024; C.-L. Lee et al., 2013,
2020; Xu et al., 2022). Notably, even in individuals
achieving HbAlc <7%, fluctuations in HbAlc remain
independently associated with faster renal deterioration,
underscoring the need to target both average glycemic
levels and stability for optimal renal outcomes (C.-L. Lee
et al., 2020; M.-Y. Lee et al., 2018). This association has
been consistently validated in longitudinal cohorts and
meta-analyses.

Longitudinal studies consistently demonstrate that
both elevated HbAlc and greater HbAlc variability
predict accelerated decline in kidney function among
patients with T2DM, independent of baseline eGFR (C.-
L. Lee et al., 2013, 2020; Okawa et al., 2023). Meta-
analyses further confirm that mean HbAlc and its
fluctuations are robust predictors of earlier eGFR decline
and progression to ESRD, underscoring the clinical
importance of maintaining both optimal glycemic levels
and stability (Habte-Asres et al., 2022; Y. Zhu et al,,
2025).

Association of Blood Pressure with eGFR

This study demonstrated a significant association
between systolic blood pressure and eGFR (p=0.023;
r=0.220), whereas the association with diastolic blood
pressure was weaker and not statistically significant
(p=0.095; r=0.146). This finding is consistent with
(Truscello et al., 2023), who emphasized the stronger role
of systolic compared to diastolic blood pressure in
predicting renal function decline in diabetic kidney
disease. Elevated systolic blood pressure contributes to
glomerular hypertension, endothelial dysfunction, and
activation of the renin-angiotensin-aldosterone system
(RAAS). Angiotensin II further exacerbates renal injury
through induction of fibrosis, oxidative stress, and pro-
inflammatory cytokines (Qaz et al., 2022). The weaker
role of diastolic pressure may reflect its less direct
impact on glomerular hemodynamics compared to
systolic load. Effective blood pressure control,
particularly systolic pressure, is therefore crucial in
slowing down renal decline in DM patients.

Systolic blood pressure (SBP) has been consistently
identified as a dominant predictor of diabetic
nephropathy (DN) progression, where persistent
elevations above 125-130 mmHg markedly increase the
risk of renal decline, ESRD, and mortality (Alwakeel et
al., 2011; Bakris, 2003; Hata et al., 2023; Kitagawa et al.,
2022; Leehey et al., 2005a; Stojceva-Taneva et al., 2007).
Evidence from large cohort studies and clinical trials
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further supports guideline recommendations to
maintain SBP <130/80 mmHg, although excessively low
targets (<120 mmHg) may pose cardiovascular risks,
highlighting the need for individualized blood pressure
management in DN (Grassi et al., 2016; Okada et al.,
2013; Van Buren & Toto, 2011).

RAAS activation drives glomerular injury and
fibrosis in diabetic nephropathy, while ACE inhibitors
and ARBs remain the cornerstone of therapy, with
emerging adjuncts such as SGLT2 inhibitors and GLP-1
receptor agonists showing synergistic renoprotection
despite safety concerns (Alsalemi et al., 2022; Chawla,
2010; Elendu et al., 2023; Leoncini et al., 2020; Rout P,
2025; Ruggenenti et al., 2010; Zhao et al., 2025).

Blood pressure (BP) control is a cornerstone of
managing diabetic nephropathy, with most guidelines
recommending a target of <130/80 mmHg to reduce
proteinuria, slow kidney disease progression, and lower
cardiovascular risk (Sternlicht & Bakris, 2016; Tomlinson
et al., 2003, Van Buren & Toto, 2011). Evidence from
landmark trials such as IDNT and RENAAL supports
this threshold, though excessively aggressive control
(<120 mmHg) has been linked to adverse cardiovascular
outcomes, indicating a U- or J-shaped relationship
between BP and prognosis (Bakris, 2003; Leehey et al.,
2005b; Van Buren & Toto, 2011). Recent reviews
emphasize the need for individualized targets based on
age, comorbidities, and hypotension risk, while
highlighting the role of RAAS inhibitors and
combination therapies in achieving optimal outcomes
(Leehey et al., 2005; Park et al., 2024; Sternlicht & Bakris,
2016; Tomlinson et al., 2003).

Taken together, these findings highlight the pivotal
role of systolic blood pressure in determining renal
outcomes among patients with diabetes, suggesting that
optimal management of hemodynamic load is as crucial
as glycemic control in preserving kidney function. This
interrelationship warrants further exploration alongside
other metabolic and hormonal factors such as vitamin D
status, which may exert additional influence on eGFR
trajectories.

Association of 25(OH)D with eGFR

The analysis revealed a weak negative relationship
between vitamin D levels and eGFR (p=0.147; r=-0.117),
which contrasts with several previous studies. X. Zhu et
al. (2021) reported a weak positive association between
25(0OH)D and eGFR in Chinese DM patients, while (Li &
Li, 2020) found that lower vitamin D levels correlated
with decreased renal function. The discrepancy in this
study may be due to the relatively small sample size,
confounding factors such as sun exposure and dietary
intake, or the possibility of reverse causality in patients
with early nephropathy. Biologically, vitamin D plays a
protective role in diabetic nephropathy through
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inhibition of pro-inflammatory cytokines (IL-1, IL-6, IL-
18), regulation of pancreatic beta-cell function and
insulin secretion, as well as suppression of RAAS
activity (Huang et al., 2023; Xuan et al., 2023). Vitamin D
deficiency in DM patients can also result from loss of
vitamin D-binding protein (VDBP) due to proteinuria,
leading to impaired reabsorption in the proximal
tubules. Despite the negative correlation observed in this
study, the deficiency status of 25(OH)D in almost all
subjects highlights the clinical importance of monitoring
and potentially correcting vitamin D levels in DM
patients. Beyond the present findings, accumulating
evidence has consistently demonstrated that vitamin D
deficiency contributes to DN progression.

Vitamin D deficiency has been consistently linked
to the progression of diabetic nephropathy (DN), with
lower serum levels observed in patients as the disease
advances and meta-analyses confirming an increased
risk of nephropathy (OR 1.80) (Dean et al., 2023;
Derakhshanian et al., 2015). Mechanistically, deficiency
exacerbates proteinuria and renal injury through
activation of the renin-angiotensin  system,
inflammation, oxidative stress, and fibrosis (Delrue et
al., 2022b; Derakhshanian et al., 2019; Momeni et al.,
2016; Souza et al., 2023). While several trials indicate that
vitamin D supplementation may reduce proteinuria and
slow renal decline, results remain inconsistent,
underscoring the need for larger and long-term studies
to establish therapeutic efficacy (de Oliveira e Silva
Ullmann et al, 2023; Momeni et al., 2016). These
protective effects are largely mediated through
suppression of the RAAS.

Vitamin D exerts renoprotective effects partly
through suppression of the RAAS, where activation of
the vitamin D receptor inhibits renin transcription and
reduces angiotensin Il and aldosterone levels, thereby
limiting vasoconstriction, fibrosis, and hypertension
(Ajabshir et al., 2014; Forman et al., 2010; Jia et al., 2022;
Santoro et al., 2015). Experimental and epidemiological
studies consistently demonstrate that vitamin D
deficiency promotes RAAS overactivation, leading to
glomerular injury, inflammation, and cardiovascular
complications (Ajabshir et al., 2014; Jia et al., 2022;
Santoro et al., 2015). By modulating RAAS activity,
vitamin D may protect against renal inflammation and
fibrosis, highlighting its therapeutic potential in diabetic
nephropathy and hypertensive kidney disease (Koroshi
& Idrizi, 2011).

Elevated wurinary vitamin D-binding protein
(VDBP) is strongly correlated with albuminuria and
tubular injury in diabetic nephropathy (DN) (Fawzy &
Abu AlSel, 2018; Maghbooli et al., 2022; Tian et al., 2014),
while reduced serum VDBP, partly due to urinary loss,
is linked to microalbuminuria, eGFR decline, and
diabetic retinopathy (Blanton et al., 2011; Maghbooli et
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al., 2022). Emerging evidence suggests urinary VDBP
may serve as a sensitive early biomarker for DN
progression (Chen et al., 2023; Fawzy & Abu AlSel,
2018), and its loss may impair vitamin D transport,
thereby  exacerbating RAAS  activation and
inflammatory pathways in kidney damage (Emini
Sadiku, 2025; Maghbooli et al., 2022). In addition, VDBP
clearance ratios provide valuable information for
detecting subclinical tubular injury before overt renal
function decline (Semnani-Azad et al., 2024).

Implications and Limitations

The present findings suggest that HbAlc, systolic
blood pressure, and vitamin D status are interrelated
factors influencing renal function in DM patients.
Although the regression model explained 21% of the
variation in eGFR, the remaining 79% indicates that
other determinants such as duration of DM, proteinuria,
lipid abnormalities, and genetic predisposition also play
crucial roles. The study has several limitations: it used a
cross-sectional design, included a relatively small single-
center sample (n=82), and lacked adjustment for
confounding factors such as diet, sun exposure, and
physical activity, which affect vitamin D status.
Furthermore, renal function was assessed only by eGFR
without additional biomarkers (e.g., albuminuria,
VDBP), and HbAlc was measured at a single time point,
not accounting for glycemic variability. Given these
limitations, future multicenter longitudinal studies with
larger sample sizes and broader biomarker assessment
are warranted to validate these associations and
evaluate the potential benefit of vitamin D
supplementation in preventing diabetic nephropathy
progression.

Conclusion

An increase in the HbAlc value results as an
increase in the eGFR value, but the lower the 25(OH)D
level, the higher the eGFR value will be. The eGFR value
was influenced by the value of HbAlc, 25(OH)D levels,
systolic and diastolic blood pressure of 21%, while the
rest was influenced by other variables.

References

Adjei, S. K., Adjei, P., & Nkrumah, P. A. (2025). Poor
Glycemic Control and Its Predictors Among Type
2 Diabetes Patients: Insights From a Single-Centre
Retrospective Study in Ghana. Health Science
Reports, 8(3). https:/ /doi.org/10.1002/hsr2.70558

Agarwal, R. (2021). Pathogenesis of Diabetic
Nephropathy. ADA Clinical Compendia, 2021(1), 2-
7. https:/ /doi.org/10.2337 /db20211-2

October 2025, Volume 11, Issue 10, 260-269

Ajabshir, S., Asif, A., & Nayer, A. (2014). The effects of
vitamin D on the renin-angiotensin system. Journal
of Nephropathology, 3(2), 41-43.
https:/ /doi.org/10.12860/jnp.2014.09

Akazawa, S., Sadashima, E., Sera, Y., & Koga, N. (2022).
Decline in the estimated glomerular filtration rate
(eGFR) following metabolic control and its
relationship with baseline eGFR in type 2 diabetes
with microalbuminuria or macroalbuminuria.
Diabetology  International, 13(1), 148-159.
https:/ /doi.org/10.1007 /s13340-021-00517-2

Ali, M. I, Fawaz, L. A, Sedik, E. E,, Nour, Z. A, &
Elsayed, R. M. (2019). Vitamin D status in diabetic
patients (type 2) and its relation to glycemic control
&amp; diabetic nephropathy. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews, 13(3), 1971~
1973. https:/ /doi.org/10.1016/j.dsx.2019.04.040

Alsalemi, N., Sadowski, C. A., Elftouh, N., Louis, M.,
Kilpatrick, K., Houle, S. K. D., & Lafrance, J.-P.
(2022). The effect of renin-angiotensin-aldosterone
system inhibitors on continuous and binary kidney
outcomes in subgroups of patients with diabetes: a
meta-analysis of randomized clinical trials. BMC
Nephrology, 23(1), 161.
https:/ /doi.org/10.1186/s12882-022-02763-1

Alwakeel, J. S., Isnani, A. C., Alsuwaida, A., AlHarbi, A.,
Shaikh, S. A., AlMohaya, S., & Al Ghonaim, M.
(2011). Factors affecting the progression of diabetic
nephropathy and its complications: A single-center
experience in Saudi Arabia. Annals of Saudi
Medicine, 31(3), 236-242.
https://doi.org/10.4103/0256-4947.81528

Alzahrani, S. H., Baig, M., Yaghmour, K. A, & Al
Muammar, S. (2024). Determinants of Vitamin D
deficiency among type 2 diabetes mellitus patients:
A retrospective study. Medicine, 103(8), e37291.
https:/ /doi.org/10.1097/MD.0000000000037291

Anyanwu, A., Olopade, O., Onung, S, Odeniyi, I,
Coker, H., Fasanmade, O., & Ohwovoriole, A.
(2020). Serum Vitamin D Levels in Persons with
Type 2 Diabetes Mellitus in Lagos, Nigeria.
International Journal of Diabetes and Clinical Research,
7(4). https://doi.org/10.23937/2377-
3634/1410133

Arnold, F., Kappes, J., Rottmann, F. A., Westermann, L.,
& Welte, T. (2024). HbAlc-dependent projection of
long-term renal outcomes. Journal of Internal
Medicine, 295(2), 206-215.
https:/ /doi.org/10.1111/joim.13736

Baek, J. H., Lee, W.]., Lee, B.-W., Kim, S. K., Kim, G, Jin,
S.-M., & Kim, J. H. (2021). Age at Diagnosis and the
Risk of Diabetic Nephropathy in Young Patients
with Type 1 Diabetes Mellitus. Diabetes &
Metabolism Journal, 45(1), 46-54.
https://doi.org/10.4093 /dmj.2019.0134

265



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Bakris, G. L. (2003). Effects of Blood Pressure Level on
Progression of Diabetic
Nephropathy&lt;subtitle&gt;Results From the
RENAAL Study&lt;/subtitle&gt;  Archives of
Internal Medicine, 163(13), 1555.
https:/ /doi.org/10.1001/archinte.163.13.1555

Blanton, D., Han, Z., Bierschenk, L., Linga-Reddy, M. V.
P., Wang, H., Clare-Salzler, M., Haller, M., Schatz,
D., Myhr, C,, She, J.-X., Wasserfall, C., & Atkinson,
M. (2011). Reduced Serum Vitamin D-Binding
Protein Levels Are Associated With Type 1
Diabetes. Diabetes, 60(10), 2566-2570.
https://doi.org/10.2337/db11-0576

Chawla, T. (2010). Role of the renin angiotensin system
in diabetic nephropathy. World Journal of Diabetes,
1(5), 141. https:/ / doi.org/10.4239/wijd.v1.i5.141

Chen, H., Ni, L., & Wu, X. (2023). Performance of urinary
vitamin D-binding protein in diabetic kidney
disease: a meta-analysis. Renal Failure, 45(2).
https:/ /doi.org/10.1080/0886022X.2023.2256415

de Oliveira e Silva Ullmann, T., Ramalho, B. J., Laurindo,
L. F., Tofano, R. J., Rubira, C. J., Guiguer, E. L.,
Barbalho, S. M., Flato, U. A. P., Sloan, K. P., &
Araujo, A. C. (2023). Effects of Vitamin D
Supplementation in Diabetic Kidney Disease: A
Systematic Review. Journal of Renal Nutrition, 33(5),
618-628. https://doi.org/10.1053/j.jrn.2023.05.006

Dean, Y. E., Elawady, S. S., Shi, W., Salem, A. A,
Chotwatanapong, A., Ashraf, H., Reddi, T., Dundj,
P. O. R., Habash, W. Y., Habash, M. Y., Ahmed, S.,
Samir, H. M., Elsayed, A., Arora, A., Arora, A,
Elsayed, A., Mady, T., Tanas, Y., Hazimeh, Y., ...
Aiash, H. (2023). Progression of diabetic
nephropathy and vitamin D serum levels: A
pooled analysis of 7722 patients. Endocrinology,
Diabetes & Metabolism, 6(6).
https://doi.org/10.1002/edm?2.453

Delrue, C., Speeckaert, R., Delanghe, J. R., & Speeckaert,
M. M. (2022a). The Role of Vitamin D in Diabetic
Nephropathy: A  Translational  Approach.
International Journal of Molecular Sciences, 23(2), 807.
https:/ /doi.org/10.3390/ijms23020807

Delrue, C., Speeckaert, R., Delanghe, J. R., & Speeckaert,
M. M. (2022b). The Role of Vitamin D in Diabetic
Nephropathy: A Translational =~ Approach.
International Journal of Molecular Sciences, 23(2), 807.
https:/ /doi.org/10.3390/ijms23020807

Derakhshanian, H., Djazayery, A., Javanbakht, M. H.,
Eshraghian, M. R., Mirshafiey, A., Zarei, M.,
Alvandi, E., Djalali, E., & Djalali, M. (2019). The
Effect of Vitamin D on Cellular Pathways of
Diabetic Nephropathy. Reports of Biochemistry &
Molecular Biology, 7(2), 217-222. Retrieved from
https:/ /pmc.ncbi.nlm.nih.gov/articles/PMC6374
056/

October 2025, Volume 11, Issue 10, 260-269

Derakhshanian, H., Shab-Bidar, S., Speakman, J. R,,
Nadimi, H., & Djafarian, K. (2015). Vitamin D and
diabetic nephropathy: A systematic review and
meta-analysis.  Nutrition, 31(10), 1189-1194.
https:/ /doi.org/10.1016/j.nut.2015.04.009

Elendu, C., John Okah, M., Fiemotongha, K. D. J,
Adeyemo, B. I, Bassey, B. N., Omeludike, E. K., &
Obidigbo, B. (2023). Comprehensive
advancements in the prevention and treatment of
diabetic nephropathy: A narrative review.
Medicine, 102(40), e35397.
https:/ /doi.org/10.1097 /MD.0000000000035397

Emini Sadiku, M. (2025). Impact of vitamin D and
vitamin D receptor activator in diabetic
nephropathy. Frontiers in Clinical Diabetes and
Healthcare, 6.
https:/ /doi.org/10.3389/fcdhc.2025.1537336

Fawzy, M. S., & Abu AlSel, B. T. (2018). Assessment of
Vitamin D-Binding Protein and Early Prediction of
Nephropathy in Type 2 Saudi Diabetic Patients.
Journal  of Diabetes  Research, 2018, 1-13.
https://doi.org/10.1155/2018 /8517929

Felicio, J. S., de Rider Britto, H. A., Cortez, P. C., de Souza
Resende, F., de Lemos, M. N., de Moraes, L. V., de
Aquino, V. T., de Souza Parente, F., de Queiroz, N.
N. M., Abrahio Neto, J. F., de Alcantara, A. L., da
Silva, W. M., de Souza Neto, N. J. K., Freire Piani,
P.P., deSouza, I. J. A.,Silva, L. de S. D., de Oliveira,
M. C. N. I, Said, N. M., Nascimento de Lemos, G.,

. Felicio, K. M. (2021). Association Between
25(OH)Vitamin D, HbAlc and Albuminuria in
Diabetes Mellitus: Data From a Population-Based
Study (VIDAMAZON). Frontiers in Endocrinology,
12. https:/ /doi.org/10.3389/fendo.2021.723502

Forman, J. P., Williams, J. S., & Fisher, N. D. L. (2010).
Plasma 25-Hydroxyvitamin D and Regulation of

the Renin-Angiotensin System in Humans.
Hypertension, 55(5), 1283-1288.
https://doi.org/10.1161/HYPERTENSIONAHA.
109.148619

Gomes, M. B, Tang, F., Chen, H., Cid-Ruzafa, J., Fenici,
P., Khunti, K., Rathmann, W., Shestakova, M. V.,
Surmont, F., Watada, H., Medina, J., Shimomura, I.,
Saraiva, G. L., Cooper, A., & Nicolucci, A. (2022).
Socioeconomic Factors Associated With Glycemic
Measurement and Poor HbAlc Control in People
With Type 2 Diabetes: The Global DISCOVER
Study. Frontiers ~ in  Endocrinology, 13.
https:/ /doi.org/10.3389/fendo0.2022.831676

Grassi, G., Mancia, G., & Nilsson, P. M. (2016). Specific
Blood Pressure Targets for Patients With Diabetic
Nephropathy? Diabetes Care, 39(Supplement_2),
$228-5233. https:/ /doi.org/10.2337 / dcS15-3020

Habte-Asres, H. H., Murrells, T., Nitsch, D., Wheeler, D.
C., & Forbes, A. (2022). Glycaemic variability and

266



Jurnal Penelitian Pendidikan IPA (JPPIPA)

progression of chronic kidney disease in people
with diabetes and comorbid kidney disease:
Retrospective cohort study. Diabetes Research and
Clinical Practice, 193, 110117.
https:/ /doi.org/10.1016/j.diabres.2022.110117
Hata, S., Ushigome, E., Hosomi, Y., Yoshimura, T,

Takegami, M. Kitagawa, N., Tanaka, T,
Hasegawa, G., Ohnishi, M., Tsunoda, S,
Ushigome, H., Asano, M. Hamaguchi, M,

Yamazaki, M., & Fukui, M. (2023). Impact of
continued high blood pressure on the progression
of diabetic nephropathy after 10 years:
KAMOGAWA-HBP study. Hypertension Research,
46(3), 565-574. https://doi.org/10.1038/s41440-
022-01136-3

Hu, W., Hao, H., Yu, W., Wu, X,, & Zhou, H. (2015).
Association of elevated glycosylated hemoglobin
Alc with hyperfiltration in a middle-aged and
elderly Chinese population with prediabetes or
newly diagnosed diabetes: a cross-sectional study.
BMC Endocrine Disorders, 15(1), 47.
https:/ /doi.org/10.1186/s12902-015-0043-0

Huang, H.-Y., Lin, T.-W., Hong, Z.-X,, & Lim, L.-M.
(2023). Vitamin D and Diabetic Kidney Disease.
International Journal of Molecular Sciences, 24(4),
3751. https:/ /doi.org/10.3390/ijms24043751

Indra, T. A, Lydia, A., Purnamasari, D., & Setiati, S.
(2017). Asosiasi antara Status Vitamin D 25(Oh)D
dengan Albuminuria pada Pasien Diabetes Melitus
Tipe 2. Jurnal Penyakit Dalam Indonesia, 4(1), 16.
https:/ /doi.org/10.7454 /jpdi.v4i1.108

Jia, J., Tao, X,, Tian, Z., Liu, J., Ye, X., & Zhan, Y. (2022).
Vitamin D receptor deficiency increases systolic
blood  pressure by  upregulating  the
renin-angiotensin  system and autophagy.
Experimental and Therapeutic Medicine, 23(4), 314.
https:/ /doi.org/10.3892/etm.2022.11243

Kamruzzaman, M., Horowitz, M., Rahman, M. S,
Deshmukh, H., Jones, K. L., & Marathe, C. S. (2025).
Glycemic control is worse in rural compared to
urban type 2 diabetes in Bangladesh, irrespective
of food security status. Journal of Diabetes
Investigation, 16(6), 1112-1118.
https://doi.org/10.1111/jdi.70015

Kitagawa, N., Ushigome, E., Kitagawa, N., Ushigome,
H., Yokota, I, Nakanishi, N., Hamaguchi, M.,
Asano, M., Yamazaki, M., & Fukui, M. (2022).
Diabetic nephropathy ameliorated in patients with
normal home blood pressure compared to those
with isolated high home systolic blood pressure: A
5-year prospective cohort study among patients
with type 2 diabetes mellitus. Diabetes and Vascular
Disease Research, 19(3).
https://doi.org/10.1177/14791641221098193

October 2025, Volume 11, Issue 10, 260-269

Koroshi, A., & Idrizi, A. (2011). Renoprotective effects of
Vitamin D and renin-angiotensin system.
Hippokratia, 15(4), 308-311. Retrieved from
https:/ /pmc.ncbi.nlm.nih.gov/articles/ PMC3876
844/

Lee, C.-L., Chen, C.-H., Wu, M.-]., & Tsai, S.-F. (2020).
The variability of glycated hemoglobin is
associated with renal function decline in patients
with type 2 diabetes. Therapeutic Advances in
Chronic Disease, 11.
https:/ /doi.org/10.1177 /2040622319898370

Lee, C.-L., Li, T.-C,, Lin, S.-Y.,, Wang, ].-S.,, Lee, 1.-T,,
Tseng, L.-N., Song, Y.-M., Tsai, S.-F., & Sheu, W.
H.-H. (2013). Dynamic and Dual Effects of
Glycated Hemoglobin on Estimated Glomerular
Filtration Rate in Type 2 Diabetic Outpatients.
American  Journal of Nephrology, 38(1), 19-26.
https:/ /doi.org/10.1159/000351803

Lee, M.-Y., Huang, J.-C., Chen, S.-C., Chiou, H.-Y. C, &
Wu, P.-Y. (2018). Association of HbA1C Variability
and Renal Progression in Patients with Type 2
Diabetes with Chronic Kidney Disease Stages 3-4.
International Journal of Molecular Sciences, 19(12),
4116. https:/ /doi.org/10.3390/ijms19124116

Leehey, D. J., Kramer, H. J., Daoud, T. M., Chatha, M. P.,
& Isreb, M. A. (2005a). Progression of kidney
disease in type 2 diabetes - beyond blood pressure
control: an observational study. BMC Nephrology,
6(1), 8. https:/ /doi.org/10.1186/1471-2369-6-8

Leoncini, G., Viazzi, F., De Cosmo, S., Russo, G., Fioretto,
P., & Pontremoli, R. (2020). Blood pressure
reduction and RAAS inhibition in diabetic kidney
disease: therapeutic potentials and limitations.
Journal ~ of  Nephrology,  33(5),  949-963.
https:/ /doi.org/10.1007 /s40620-020-00803-3

Li, M., & Li, Y. (2020). Prevalence and influencing factors
of vitamin D deficiency in chronic kidney disease:
A cross-sectional study. Int. Journal of Clinical
Pharmacology and Therapeutics, 58(11), 595-600.
https:/ /doi.org/10.5414/CP203737

Loépez-Revuelta, K., Galdo, P. P., Stanescu, R., Parejo, L.,
Guerrero, C., & Pérez-Ferndndez, E. (2014). Silent
diabetic nephropathy. World Journal of Nephrology,
3(1), 6-15. https://doi.org/10.5527 /wijn.v3.i1.6

Maclsaac, R. J., Jerums, G., & Ekinci, E. I. (2017). Effects
of glycaemic management on diabetic kidney
disease. World Journal of Diabetes, 8(5), 172.
https:/ /doi.org/10.4239/wjd.v8.i5.172

Maghbooli, Z., Ebrahimi Meimand, S., Malek Hosseini,
A.-A., & Shirvani, A. (2022). Alterations in
circulating levels of vitamin D binding protein,
total and bioavailability of vitamin D in diabetic
retinopathy patients. BMC Endocrine Disorders,
22(1), 169. https://doi.org/10.1186/s12902-022-
01084-6

267



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Mehrabbeik, A., Tofighi, D., Khalilzadeh, S. H., Azizi, R,,
Namiranian, N., & Azad, F. (2024). Factors
Associated with Achieving HbAlc Targets in
Patients with Type 2 Diabetes. Jundishapur Journal
of Chronic Disease Care, 13(4).
https://doi.org/10.5812/jjcdc-147903

Molina, P. E. (2023). Parathyroid gland and Ca2+ and PO4-
requlation (6th ed). McGraw Hill.

Momeni, A., Mirhosseini, M., Kabiri, M., & Kheiri, S.
(2016). Impact of vitamin D therapy on decreasing
of proteinuria in type 2 diabetic patients. Journal of
Nephropathology, 6(1), 10-14.
https://doi.org/10.15171/jnp.2017.03

Natesan, V., & Kim, S.-]. (2021). Diabetic Nephropathy -
a Review of Risk Factors, Progression, Mechanism,
and Dietary Management. Biomolecules &
Therapeutics, 29(4), 365-372.
https://doi.org/10.4062/biomolther.2020.204

Nguyen, K. A., Daniel, M., Zhao, Y., Sekgala, D.,
Kallakuri, S., Hill, J., Joshi, R., Kengne, A. P., &
Peer, N. (2025). Association of depression with
glycaemic control in people living with diabetes in
low- and middle-income countries: a systematic
review and meta-analysis. BM]J Global Health, 10(7),
e018939.  https://doi.org/10.1136/bmjgh-2025-
018939

Okada, H., Fukui, M., Tanaka, M., Matsumoto, S., Iwase,
H., Kobayashi, K., Asano, M., Yamazaki, M.,
Hasegawa, G., & Nakamura, N. (2013). A
difference in systolic blood pressure between arms
is a novel predictor of the development and
progression of diabetic nephropathy in patients
with type 2 diabetes. Atherosclerosis, 230(2), 198~
201.
https:/ /doi.org/10.1016/j.atherosclerosis.2013.07.
040

Okawa, Y., Suzuki, E., Mitsuhashi, T., Tsuda, T., &
Yorifuji, T. (2023). A  population-based
longitudinal study on glycated hemoglobin levels
and new-onset chronic kidney disease among non-
diabetic Japanese adults. Scientific Reports, 13(1),
13770. https:/ /doi.org/10.1038 /s41598-023-40300-
8

Papatheodorou, K., Banach, M., Bekiari, E., Rizzo, M., &
Edmonds, M. (2018). Complications of Diabetes
2017. Journal of Diabetes Research, 2018, 1-4.
https://doi.org/10.1155/2018 /3086167

Park, C. H., Hong, S.]., Kim, S. G, Shin, S. J., Kim, D. K,,
Lee, J. P.,,Han,S. Y., Lee, S, Won, J. C.,, Kang, Y. S.,
Park, J., Han, B.-G., Na, K.-R., Hur, K. Y., Kim, Y.-
J., Park, S., & Yoo, T.-H. (2024). Blood pressure
control in diabetic kidney disease: a post-hoc
analysis of the FANTASTIC trial. Clinical
Hypertension, 30(1).
https:/ /doi.org/10.1186/s40885-024-00280-x

October 2025, Volume 11, Issue 10, 260-269

Pinky, A. A., Zulfian, Z., Syuhada, S., & Pebriani, U.
(2023). Hubungan Kadar HbAlc 27% dengan
Kadar Ureum dan Kreatinin pada Penderita
Diabetes Mellitus Tipe 2 di Rumah Sakit Pertamina
Bintang Amin Bandar Lampung. Jurnal Ilmu
Kedokteran Dan Kesehatan, 10(10), 3032-3038.
Retrieved from https:/ /shorturl.at/jjZjq

Qaz, M., Sawaf, H., Ismail, J., Qazi, H., & Vachharajani,
T. (2022). Pathophysiology of Diabetic Kidney
Disease. EM] Nephrology, 102-113.
https:/ /doi.org/10.33590/ emjnephrol /22-00060

Radcliffe, N. J., Seah, J., Clarke, M., Maclsaac, R. J.,
Jerums, G., & Ekinci, E. I. (2017). Clinical predictive
factors in diabetic kidney disease progression.
Journal of Diabetes Investigation, 8(1), 6-18.
https://doi.org/10.1111/jdi.12533

Rout P, J. I (2025). Diabetic Nephropathy. StatPearls
Publishing.

Ruggenenti, P., Cravedi, P., & Remuzzi, G. (2010). The
RAAS in the pathogenesis and treatment of
diabetic nephropathy. Nature Reviews Nephrology,
6(6), 319-330.
https:/ /doi.org/10.1038 /nrneph.2010.58

Santoro, D., Caccamo, D., Lucisano, S., Buemi, M,
Sebekova, K., Teta, D., & De Nicola, L. (2015).
Interplay of Vitamin D, Erythropoiesis, and the
Renin-Angiotensin ~ System. BioMed Research
International, 2015, 1-11.
https://doi.org/10.1155/2015/145828

Semnani-Azad, Z., Wang, W. Z. N., Cole, D. E. C,
Johnston, L. W., Wong, B. Y. L., Fu, L., Retnakaran,
R., Harris, S. B.,, & Hanley, A. J. (2024). Urinary
Vitamin D Binding Protein: A Marker of Kidney
Tubular Dysfunction in Patients at Risk for Type 2
Diabetes. Journal of the Endocrine Society, 8(3).
https://doi.org/10.1210/jendso/bvae014

Souza, C.S., Deluque, A. L., Oliveira, B. M., Maciel, A. L.
D., Giovanini, C., Boer, P. A., de Paula, F. J. A,,
Costa, R. S., Franscecato, H. D. C., de Almeida, L.
F., & Coimbra, T. M. (2023). Vitamin D deficiency
contributes to the diabetic kidney disease
progression via increase ZEB1/ZEB2 expressions.
Nutrition & Diabetes, 13(1), 9.
https:/ /doi.org/10.1038/s41387-023-00238-2

Sternlicht, H., & Bakris, G. L. (2016). Management of
Hypertension in Diabetic Nephropathy: How Low
Should We Go? Blood Purification, 41(1-3), 139-143.
https:/ /doi.org/10.1159/000441264

Stojceva-Taneva, O., Selim, G., Stojkovski, L. &
Ivanovski, N. (2007). Hypertension and
progression of nephropathy in diabetic and non-

diabetic chronic kidney disease patients.
Hippokratia, 11(2), 72-76. Retrieved from
https:/ /pmc.ncbi.nlm.nih.gov/articles/PMC2464
275/

268



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Taderegew, M. M., Woldeamanuel, G. G., Wondie, A,
Getawey, A., Abegaz, A. N., & Adane, F. (2023).
Vitamin D deficiency and its associated factors
among patients with type 2 diabetes mellitus: a
systematic review and meta-analysis. BMJ Open,
13(10), e075607.
https:/ /doi.org/10.1136 /bmjopen-2023-075607

Tarawifa, S., Bonar, S. B., & Sitepu, I. (2020). Hubungan
Kadar Hbalc Dengan Resiko Nefropati
Diabetikum Pada Pasien DM Tipe 2 Di RSUD H.
Abdul Manap Kota Jambi. Jurnal Ilmu Kedokteran
Dan Kesehatan, 7(2).
https://doi.org/10.33024/jikk.v7i2.2755

Tian, X.-Q., Zhao, L.-M,, Ge, ].-P., Zhang, Y., & Xu, Y.-C.
(2014). Elevated urinary level of vitamin D-binding

protein as a novel biomarker for diabetic
nephropathy.  Experimental —and  Therapeutic
Medicine, 7(2), 411-416.

https://doi.org/10.3892/etm.2013.1426

Tomlinson, J. W., Owen, K. R., & Close, C. F. (2003).
Treating Hypertension in Diabetic Nephropathy.
Diabetes Care, 26(6), 1802-1805.
https:/ /doi.org/10.2337 / diacare.26.6.1802

Troya, M.-I,, Bonet, J., Salinas, 1., Torres, F., Bonal, J.,
Sanmarti, A., & Romero, R. (2016). Early intensive
treatment improves outcomes in patients with
glomerular hyperfiltration and type 2 diabetes.
Medicina Clinica (English Edition), 146(2), 55-60.
https://doi.org/10.1016/j.medcle.2015.05.048

Truscello, L., Nobre, D., Sabaratnam, V., Bonny, O,
Wuerzner, G., Burnier, M., Fakhouri, F., Pruijm,
M., & Zanchi, A. (2023). Blood pressure and
vascular determinants of glomerular filtration rate
decline in diabetic kidney disease. Frontiers in
Cardiovascular Medicine, 10.
https://doi.org/10.3389/fcvm.2023.1230227

Van Buren, P. N., & Toto, R. (2011). Hypertension in

Diabetic Nephropathy: Epidemiology,
Mechanisms, and Management. Advances in
Chronic Kidney Disease, 18(1), 28-41.

https://doi.org/10.1053 /j.ackd.2010.10.003

Vijay, G. S., Ghonge, S., Vajjala, S. M., & Palal, D. (2023).
Prevalence of Vitamin D Deficiency in Type 2
Diabetes Mellitus Patients: A Cross-Sectional

Study. Cureus.
https:/ /doi.org/10.7759/ cureus.38952
WHO. (2023). Diabetes. Retrieved from

https:/ /www.who.int/news-room/fact-
sheets/detail / diabetes.

Xiao, X., Wang, Y., Hou, Y., Han, F,, Ren, J., & Hu, Z.
(2016). Vitamin D deficiency and related risk
factors in patients with diabetic nephropathy.
Journal of International Medical Research, 44(3), 673~
684. https:/ /doi.org/10.1177/0300060515593765

October 2025, Volume 11, Issue 10, 260-269

Xu, J., Xue, Y., Chen, Q., Han, X., Cai, M., Tian, J., Jin, S.,
& Lu, H. (2022). Identifying Distinct Risk
Thresholds of Glycated Hemoglobin and Systolic
Blood Pressure for Rapid Albuminuria Progression
in Type 2 Diabetes from NHANES (1999-2018).
Frontiers in Medicine, 9.
https:/ /doi.org/10.3389/fmed.2022.928825

Xuan, S., Jin, Z., Zhe, W., Huai-en, B., Chun-ying, T.,
Dong-jun, W., Yuan-yuan, G., & Hong-wu, W.
(2023). A systematic review and meta-analysis of
randomized control trials of vitamin D
supplementation in diabetic nephropathy.
International Journal of Diabetes in Developing
Countries, 43(1), 4-11.
https://doi.org/10.1007 /s13410-022-01108-w

Yokoyama, H., Okudaira, M., Otani, T., Watanabe, C,,
Takaike, H., Miuira, J., Yamada, H., Mutou, K.,
Satou, A., Uchigata, Y., & Iwamoto, Y. (1998). High
Incidence of Diabetic Nephropathy in Early-Onset
Japanese NIDDM Patients: Risk analysis. Diabetes
Care, 21(7), 1080-1085.
https:/ /doi.org/10.2337 / diacare.21.7.1080

Zhao, M., Cao, Y., & Ma, L. (2025). New insights in the
treatment of DKD: recent advances and future
prospects.  BMC  Nephrology,  26(1), 72
https:/ /doi.org/10.1186/5s12882-025-03953-3

Zhu, X., Zhou, Y., Hong, S, Xue, Y., & Cui, Y. (2021).
Correlation between Serum Bone Turnover
Markers and Estimated Glomerular Filtration Rate
in Chinese Patients with Diabetes. Disease Markers,
2021, 1-5. https:/ /doi.org/10.1155/2021/6731218

Zhu, Y., Jun, M., Fletcher, R. A., Arnott, C.,, Neuen, B. L.,
& Kotwal, S. S. (2025). Variability in
<scp>HbAlc</scp> and the risk of major clinical
outcomes in type 2 diabetes with chronic kidney
disease: ~ Post hoc analysis from the
<scp>CREDENCE</scp> trial. Diabetes, Obesity
and Metabolism, 27(6), 3531-3535.
https://doi.org/10.1111/dom.16363

269



