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ABSTRACT
Background and Objective: Vitamin D plays an important role in metabolic and renal health, and its
deficiency  has  been  linked  to  chronic  kidney  disease  (CKD).  This  study  evaluated  the  association
between vitamin D deficiency and renal impairment among metformin-treated patients with Type 2
Diabetes   Mellitus   (T2DM)   at   the   National   Referral   University   Hospital   of   N'Djamena,    Chad.
Materials and Methods: A cross-sectional study was conducted from April to June 2025 among 88 adults
with T2DM receiving metformin for at least six months. Serum 25-hydroxyvitamin D [25(OH)D], creatinine,
albumin,  glycated  hemoglobin  (HbA1c),  fasting  blood  glucose,  and  estimated  glomerular  filtration
rate (eGFR) were measured. Vitamin D deficiency was defined as 25(OH)D <20 ng/mL and renal
impairment as eGFR <60 mL/min/1.73 m2. Multivariate logistic regression identified factors associated with
renal impairment. Results: Vitamin D deficiency and renal impairment were present in 35.2% and 30.7%
of participants, respectively. Vitamin D-deficient patients had lower eGFR (p = 0.019), higher serum
creatinine (p = 0.015), and lower albumin (p = 0.025). Vitamin D deficiency independently predicted renal
impairment (AOR = 3.80, 95% CI: 1.40–10.20; p = 0.008), along with elevated HbA1c, fasting blood
glucose, hypoalbuminemia, and serum creatinine. Conclusion: Vitamin D deficiency is common among
metformin-treated patients with T2DM in Chad and is independently associated with renal impairment.
Routine vitamin D and renal function assessment may improve early identification of patients at risk of
diabetic kidney disease.
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INTRODUCTION
Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disorder characterized by persistent hyperglycemia
resulting from insulin resistance and progressive pancreatic β-cell dysfunction1. It represents one of the
most important public health challenges worldwide due to its increasing prevalence and its association
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with severe microvascular and macrovascular complications2. According to the International Diabetes
Federation3, approximately 537 mL adults were living with diabetes globally in 2021, and this number is
projected to rise to 783 mL by 2045. The burden of diabetes is increasing particularly rapidly in low- and
middle-income countries, including those in Sub-Saharan Africa, where urbanization, population growth,
physical inactivity, and changes in dietary habits are driving the epidemic4,5.

Among the chronic complications of T2DM, chronic kidney disease (CKD) is one of the most serious and
costly. Diabetic kidney disease affects approximately 30-40% of individuals with diabetes and is currently
the leading cause of end-stage renal disease worldwide6. The CKD substantially increases the risk of
cardiovascular disease, hospitalization, reduced quality of life, and premature mortality. In many African
countries, including Chad, the burden of diabetic nephropathy is compounded by limited access to early
screening, nephrology services, and renal replacement therapies, leading to delayed diagnosis and poor
clinical outcomes7. Consequently, the identification of modifiable risk factors associated with renal
impairment remains a major priority for improving diabetes management in resource-limited settings.

Vitamin D is a secosteroid hormone traditionally recognized for its role in calcium and phosphate
homeostasis and bone health. However, increasing evidence suggests that vitamin D also exerts important
effects on immune regulation, inflammation, cellular proliferation, and cardiovascular function8. Vitamin
D receptors are widely expressed in several tissues, including pancreatic β-cells, vascular endothelial cells,
and renal tissue, indicating broader physiological functions beyond skeletal metabolism. Emerging
research has demonstrated that vitamin D may influence insulin secretion, insulin sensitivity, and glucose
metabolism, suggesting a potential role in the pathogenesis and progression of T2DM9.

Vitamin D deficiency is highly prevalent among individuals with T2DM and has been associated with
adverse renal outcomes. Several mechanisms have been proposed to explain this relationship. Vitamin D
suppresses renin gene expression and modulates the renin–angiotensin-aldosterone system, a key
pathway involved in the development and progression of diabetic nephropathy10. In addition, vitamin D
exhibits anti-inflammatory and antifibrotic properties that may protect renal tissue from chronic injury.
Conversely, vitamin D deficiency may contribute to glomerular damage, increased albuminuria, and
progressive decline in renal function11. Furthermore, impaired kidney function itself reduces the conversion
of 25-hydroxyvitamin D to its biologically active form, creating a bidirectional relationship between vitamin
D deficiency and CKD12. 

Several studies conducted in Europe, Asia, and North America have reported significant associations
between low vitamin D levels and reduced renal function in diabetic populations13. However, evidence
from Sub-Saharan Africa remains limited despite the growing prevalence of diabetes and CKD in the
region. Environmental, nutritional, genetic, and socioeconomic factors may influence vitamin D status
differently across populations, making local data essential for informing clinical practice and public health
strategies14. In Chad, information regarding vitamin D deficiency and its potential relationship with renal
impairment among patients with T2DM is particularly scarce.

In addition, metformin remains the first-line pharmacological treatment for T2DM and is widely prescribed
in routine clinical practice. Some studies have suggested that metformin may influence vitamin D
metabolism and related biochemical pathways, although the underlying mechanisms remain incompletely
understood15. Understanding the interaction between vitamin D status and renal function in patients
receiving metformin may therefore provide valuable insights for optimizing diabetes management.

Given the high burden of diabetes and CKD and the limited evidence available in Central Africa, this study
aimed to evaluate the association between vitamin D deficiency and renal impairment among patients
with T2DM treated with metformin at the National Referral University Hospital of N'Djamena, Chad.
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MATERIALS AND METHODS
Study design and setting: A cross-sectional descriptive and analytical study was conducted between April
and June 2025 at the National Referral University Hospital of N’Djamena (CHURN), the main tertiary
healthcare center in Chad.

Ethical considerations: The study received administrative authorization from the National Referral
University Hospital of N'Djamena before data collection. The investigation was conducted in accordance
with the principles of the Declaration of Helsinki. All participants provided written informed consent before
inclusion in the study. Personal identifiers were removed from the dataset, and confidentiality was strictly
maintained.

Study population: Included in the present study were T2DM patients receiving metformin for at least six
months. Inclusion required a confirmed diagnosis and informed consent. Patients with non-diabetic kidney
diseases or recent vitamin D supplementation were excluded.

Sociodemographic and clinical data collection: Data, including age, sex, Body Mass Index (BMI),
duration of diabetes, hypertension status, and physical activity, were collected through structured
questionnaires and medical records. Biochemical analyses included fasting blood glucose, glycated
Hemoglobin (HbA1c), serum creatinine, albumin, urea, lipid profile, and hydroxy-Vitamin D (25-OH-D)
levels. Blood samples were obtained after 12 hrs of fasting.

Definitions: Vitamin D deficiency: 25-OH-D <20 ng/mL16; eGFR calculated using CKD-EPI equation17; Renal
impairment: eGFR <60mL/min/1.73 m2 18.

Statistical analysis: Data were analyzed using SPSS version 26. Continuous variables were expressed as
Mean±Standard Deviation or median (IQR), and categorical variables as percentages. Associations were
assessed using Chi-square, Student’s t-test, or Mann-Whitney test as appropriate. Multivariate logistic
regression was used to identify independent predictors, adjusting for confounders. Statistical significance
was set at p<0.05.

RESULTS
Sociodemographic characteristics of the study population: The distribution of patients according to
sex and age group is presented in Fig. 1. A total of 88 patients with T2DM treated with metformin were
included in the study. The mean age was 56.8±10.3 years, and males represented 60.2% of the study
population. 

Table 1 shows the distribution of patients according to educational level and monthly income. Vitamin D
deficiency was observed in 35.2% of participants, while 31.8% presented vitamin D insufficiency and 33.0%
had normal vitamin D levels. Overall, more than two-thirds (67.0%) had suboptimal vitamin D status. Most
participants had attained at least primary education, with secondary education being the most frequent
category (30.7%). Regarding monthly income, 60.3% reported earnings below 100,000 FCFA per month
shown in Table 2.

Clinical  characteristics  of  the  study  population:  The  clinical  characteristics  of  the  study 
population are depicted in Table 3. Sedentary lifestyle was reported by 28.4% of participants. More than
half of the patients (58.0%) had diabetes duration of 10 years or less, while hypertension was present in
43.2% of the study population. Most patients (81.8%) received metformin in combination with other
antidiabetic medications, and regular medical follow-up every 3-6 months was reported by 46.6% of
participants.
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Fig. 1: Distribution of patients according to sex and age group
The study population in Fig. 1 was predominantly male (60.2%). The most represented age group was 40-59 years (44.3%),
followed by patients aged 60 years and above (42.0%), while only 13.6% were younger than 40 years

Table 1: Distribution of patients according to vitamin D status
Vitamin D status Sample size (n) Frequency (%)
Deficiency 31 35.2
Insufficiency 28 31.8
Normal 29 33.0

Table 2: Distribution of patients according to educational level and monthly income
Category Number (n) Frequency (%)
Educational level
No formal education 18 20.5 
Primary 26 29.5 
Secondary 27 30.7 
University 17 19.3 
Monthly income (FCFA)
<50 000 24 27.3 
50 000-100 000 29 33.0 
100 000-250 000 22 25.0 
>250 000 13 14.7 

Table 3: Distribution of patients according to physical activity, duration of diabetes, hypertension, renal history, treatment, and
medical follow-up

Category Number (n) Frequency (%)
Physical activity
Sedentary 25 28.4 
Light 23 26.1 
Moderate 22 25.0 
Intense 18 20.5 
Duration of diabetes (in years)
=10 51 58.0 
>10 37 42.0 
Hypertension
Yes 38 43.2 
No 50 56.8 
Renal history
Yes 17 19.3 
No 71 80.7 
Antidiabetic treatment
Metformin alone 16 18.2
Metformin+others 72 81.8 
Frequency of medical follow up
Monthly 23 26.1 
every 3-6 month 41 46.6 
Once a year 15 17.0 
Only if symptom occur 9 10.2
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Fig. 2: Distribution of patients according to body mass index

Table 4: Distribution of patients according to biological parameters
Category Modality Number (n) Frequency (%)
Creatinine Normal 41 46.6 

Elevated 47 53.4 
Estimated eGFR (CKD-EPI) Normal ($60 mL/min/1.73m²) 61 69.3 

Reduced (<60 mL/min/1.73m²) 27 30.7 
Urea Normal 43 48.9 

Elevated 45 51.1 
Serum albumin Normal ($35 g/L) 45 51.1 

Low (<35 g/L) 43 48.9 
Fasting blood glucose Normal (<1.26 g/L) 43 48.9 

Elevated ($1.26 g/L) 45 51.1 
HbA1c <6.5 % 32 36.4 

$6.5 % 56 63.6 
Total Cholesterol Normal 66 75.0 

Elevated 22 25.0 
LDL-cholesterol Normal 59 67.0 

Elevated 29 33.0 
HDL-cholesterol Normal 57 64.8 

Low 31 35.2 
Triglycerides Normal 65 73.9 

Elevated 23 26.1 
Vitamin D (25(OH)D) Deficiency(<20 ng/mL) 31 35.2 

Insufficient and normal ($20 ng/mL) 57 64.8 

The distribution of patients according to Body Mass Index (BMI) is shown in Fig. 2. Obesity was the most
common BMI category, affecting 36.4% of participants, followed by normal weight (28.4%), overweight
(23.9%), and underweight (11.4%).

Biological characteristics of the study population: The biological and metabolic characteristics of the
participants are summarized in Table 4. Abnormal renal biomarkers were common among participants.
Elevated serum creatinine and urea levels were observed in 53.4 and 51.1% of patients, respectively. Renal
impairment (eGFR <60 mL/min/1.73 m2) affected 30.7% of participants. Nearly half of the patients had low
serum albumin levels (48.9%). Poor glycemic control was also frequent, with 63.6% presenting HbA1c
values $6.5%. Vitamin D deficiency was identified in 35.2% of the study population.

Renal function profile of participants: The distribution of participants according to renal function and
KDIGO classification is reported in Table 5. Among the 88 participants, 27 (30.7%) presented renal
impairment, whereas 61 (69.3%) had normal renal function. Among patients with renal impairment, KDIGO
stage 3a was the most frequent category (59.3%), followed by stage 3b (25.9%) and stage 4 (14.8%). No
participant was classified as stage 5.
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Table 5: Renal status and KDIGO classification of participants
Variable Category Number (n)  Frequency (%)
Renal status (n = 88) Normal renal function 61 69.3

Renal impairment 27 30.7
KDIGO stage (n = 27) Stage 3a (45-59 mL/min/1.73 m²) 16 59.3

Stage 3b (30-44 mL/min/1.73 m²) 7 25.9
Stage 4 (15-29 mL/min/1.73 m²) 4 14.8
Stage 5 (<15 mL/min/1.73 m²) 0 0.0

Table 6: Comparison of renal parameters according to vitamin D status
Vitamin D deficiency Vitamin D insufficiency Normal vitamin D

Parameter (n = 31) (n = 28) (n = 29) Statistical test p-value
eGFR (mL/min/1.73 m2) 52.8±13.7 63.1±13.7 70.3±12.6 F = 4.12 0.019
Creatinine (mg/L) 12.6±2.5 11.9±2.2 10.7±1.9 H = 8.44 0.015
Urea (g/L) 0.44±0.09 0.43±0.10 0.42±0.08 F = 0.88 0.419
Albumin (g/L) 33.8±3.5 35.1±3.2 36.4±2.9 F = 3.87 0.025

Table 7: Association between vitamin D deficiency and renal markers
Renal Biomarker Deficiency (n = 31) Insufficiency (n = 57) Total (n = 88) χ² p-value
eGFR
Abnormal (<60 mL/min/1.73 m2) 24 (77.4) 3 (5.3) 27 (30.7) 28.90 <0.001
Normal ($60 mL/min/1.73 m2) 7 (22.6) 54 (94.7) 61 (69.3)
Creatinine
Elevated 25 (80.6) 22 (38.6) 47 (53.4) 7.64 0.006
Normal 6 (19.4) 35 (61.4) 41 (46.6)
Urea
Elevated 16 (51.6) 29 (50.9) 45 (51.1) 0.38 0.537
Normal 15 (48.4) 28 (49.1) 43 (48.9)
Albumin
Low (<35 g/L) 22 (71.0) 21 (36.8) 43 (48.9) 6.78 0.009
Normal ($35 g/L) 9 (29.0) 36 (63.2) 45 (51.1)

Association between vitamin D status and renal parameters: Table 6 compares renal function
parameters across different vitamin D status categories. Patients with vitamin D deficiency had significantly
lower eGFR values compared with patients with insufficient or normal vitamin D levels (p = 0.019). Serum
creatinine concentrations were significantly higher among vitamin D-deficient participants (p = 0.015),
whereas serum albumin concentrations were significantly lower (p = 0.025). No significant difference was
observed for serum urea levels (p = 0.419).

The associations between vitamin D deficiency and renal biomarkers are detailed in Table 7. Vitamin D
deficiency  was  significantly  associated  with  abnormal  eGFR  (p<0.001),  elevated  serum  creatinine
(p = 0.006), and low serum albumin levels (p = 0.009). No significant association was observed between
vitamin D deficiency and serum urea levels (p = 0.537).

Factors associated with vitamin D deficiency: Independent predictors of vitamin D deficiency identified
through multivariable analysis are presented in Table 8. Female sex, obesity, and sedentary lifestyle were
independently associated with vitamin D deficiency. Women were nearly three times more likely to present
vitamin D deficiency than men (OR = 2.78; p = 0.031). Obesity (OR = 3.80; p = 0.019) and sedentary
lifestyle (OR = 5.20; p = 0.018) were also significantly associated with vitamin D deficiency.

Factors associated with renal impairment: Table 9 presents the independent factors associated with
renal impairment in the study population. Multivariate logistic regression analysis identified vitamin D
deficiency as an independent factor associated with renal impairment (AOR = 3.80; 95% CI: 1.40-10.20;
p = 0.008).  Other  factors  independently  associated  with  renal  impairment  included  elevated  HbA1c
(AOR = 2.75; p =  0.025),  elevated  fasting  blood  glucose  (AOR  =  2.90;  p  =  0.031),  hypoalbuminemia
(AOR = 2.65; p = 0.038), and elevated serum creatinine (AOR = 5.50; p<0.001).
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Table 8: Multivariate analysis of sociodemographic and clinical factors associated with vitamin D deficiency
Factors OR CI 95 % p-value
Female 2.78 1.10-7.00 0.031 
age$60 years 1.45 0.45-4.60 0.529
Level of education 2.40 0.85-6.78 0.094
Income<100 000 FCFA 1.15 0.45-2.89 0.780
Duration of diabetes >10 years 1.40 0.59-3.30 0.450
BMI (obesity) 3.80 1.25-11.60 0.019 
Sedentary activity 5.20 1.30-20.80 0.018 
CI: Confidence interval OR: Odds Ratio

Table 9: Multivariate analysis of factors associated with renal impairment
Variable Modality (vs Ref) Adjusted OR  (IC 95 %) p-value
Vitamin D deficiency Yes vs No 3.80 (1.40-10.20) 0.008
Glycated hemoglobin $6.5% vs <6.5% 2.75 (1.10-6.90) 0.025
Glycemia High vs Normal 2.90 (1.10-7.60) 0.031
Albumin Low vs Normal 2.65 (1.05-6.80) 0.038
Creatinine Abnormal vs Normal 5.50 (2.00-15.20) <0.001
CI: Confidence interval

DISCUSSION
This study investigated the association between vitamin D status and renal function among patients with
Type 2 Diabetes Mellitus (T2DM) receiving metformin therapy at the National Referral University Hospital
of N'Djamena, Chad. The findings revealed a high prevalence of vitamin D deficiency (35.2%) and renal
impairment (30.7%), emphasizing the substantial burden of metabolic and renal complications in this
population. Furthermore, vitamin D deficiency was independently associated with renal impairment after
adjustment for potential confounding factors, suggesting that low vitamin D status may represent an
important marker of kidney dysfunction among patients with T2DM.

The prevalence of vitamin D deficiency observed in this study is consistent with previous reports indicating
that vitamin D insufficiency is highly prevalent among individuals with diabetes19. Vitamin D deficiency has
been reported in 30-80% of patients with T2DM worldwide, depending on the population studied and the
diagnostic thresholds used20,21. Several factors may explain this high prevalence, including obesity,
sedentary lifestyle, reduced sun exposure, chronic inflammation, aging, and altered vitamin D
metabolism22. In the present study, obesity and sedentary lifestyle were independently associated with
vitamin D deficiency, supporting previous observations that excess adiposity may reduce the bioavailability
of vitamin D through sequestration in adipose tissue23. Similarly, reduced outdoor physical activity may
decrease cutaneous vitamin D synthesis, particularly among urban populations.

One of the most important findings of this study was the strong association between vitamin D deficiency
and impaired renal function. Patients with vitamin D deficiency exhibited significantly lower estimated
glomerular filtration rate (eGFR) values and higher serum creatinine concentrations compared with those
with sufficient vitamin D levels. Moreover, multivariable logistic regression analysis demonstrated that
vitamin D deficiency increased the odds of renal impairment by nearly fourfold. These findings are
consistent with previous studies showing that reduced serum 25-hydroxyvitamin D concentrations are
associated with declining kidney function and increased risk of diabetic kidney disease24,25.

Several biological mechanisms may explain this relationship. Vitamin D suppresses renin gene expression
and modulates the renin-angiotensin-aldosterone system, which plays a central role in the development
and progression of diabetic nephropathy26. Vitamin D also possesses anti-inflammatory and antifibrotic
properties that may help limit glomerular injury and tubulointerstitial fibrosis. Experimental studies have
demonstrated that vitamin D receptor activation can reduce oxidative stress, inhibit inflammatory cytokine
production, and attenuate renal fibrosis, thereby preserving kidney function27. Conversely, vitamin D
deficiency may promote chronic inflammation, endothelial dysfunction, and activation of profibrotic
pathways, accelerating renal damage28.
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Another important finding was the significant association between poor glycemic control and renal
impairment. Elevated HbA1c and fasting blood glucose levels were independently associated with reduced
renal function. Chronic hyperglycemia contributes to diabetic kidney disease through several mechanisms,
including advanced glycation end-product formation, oxidative stress, endothelial dysfunction, and
activation of inflammatory pathways29. The association observed in the present study is consistent with
findings from large prospective studies demonstrating that inadequate glycemic control is a major
determinant of CKD progression among patients with diabetes30. These results highlight the importance
of maintaining optimal glycemic control to reduce the risk of renal complications.

Hypoalbuminemia was also independently associated with renal impairment. Reduced serum albumin
levels may reflect chronic inflammation, malnutrition, or urinary protein losses resulting from glomerular
damage. Previous studies have shown that hypoalbuminemia is associated with adverse renal outcomes
and increased mortality among patients with CKD31. Likewise, elevated serum creatinine was the strongest
predictor of renal impairment identified in the present study. This finding was expected, given that serum
creatinine remains one of the most widely used biomarkers of kidney function and forms the basis for
eGFR estimation32.

The present findings have important clinical implications. In resource-limited settings such as Chad,
routine assessment of vitamin D status is not commonly integrated into diabetes care. However, the
observed association between vitamin D deficiency and renal impairment suggests that vitamin D
screening may help identify patients at increased risk of diabetic kidney disease. Although current
evidence does not support universal vitamin D supplementation solely for CKD prevention, correction of
vitamin D deficiency may contribute to improved metabolic and renal health in selected patients31. Further
randomized controlled trials are required to determine whether vitamin D supplementation can slow renal
function decline among African patients with T2DM.

This study has some limitations. First, its cross-sectional design precludes conclusions regarding causality.
Second, the relatively small sample size may limit the generalizability of the findings. Third, albuminuria,
an important marker of diabetic kidney disease, was not assessed. Information regarding dietary vitamin
D intake, sunlight exposure, seasonal variation, and inflammatory biomarkers was also unavailable.
Nevertheless, the study provides valuable data from a region where information on vitamin D status and
diabetic kidney disease remains scarce. Despite these limitations, the present study contributes to the
growing body of evidence linking vitamin D deficiency to renal impairment in patients with T2DM. The
findings underscore the need for early detection of vitamin D deficiency and comprehensive monitoring
of renal function among diabetic patients in Sub-Saharan Africa. Future longitudinal studies involving
larger populations are needed to clarify the causal pathways linking vitamin D status and kidney function
and to evaluate the potential benefits of vitamin D-based interventions in preventing diabetic kidney
disease.

CONCLUSION
Vitamin D deficiency and renal impairment were highly prevalent among patients with Type 2 Diabetes
Mellitus in N'Djamena, Chad. Vitamin D deficiency was independently associated with renal impairment,
together with poor glycemic control, hypoalbuminemia, and elevated serum creatinine. These findings
highlight the importance of monitoring vitamin D status and renal function in diabetic patients. Further
prospective studies are needed to clarify causal relationships and evaluate potential benefits of vitamin
D supplementation.

SIGNIFICANCE STATEMENT
Vitamin D deficiency is common among metformin-treated patients with Type 2 Diabetes Mellitus (T2DM)
in Chad and is independently associated with renal impairment. Patients with vitamin D deficiency had
lower estimated glomerular filtration rate, higher serum creatinine, and lower serum albumin levels. These
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findings suggest that vitamin D deficiency may serve as a useful marker of diabetic kidney disease in
resource-limited settings. Routine assessment of vitamin D status alongside renal function may facilitate
earlier identification of patients at increased risk of chronic kidney disease.
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