
European Journal of Therapeutics
pISSN: 2564-7784
eISSN: 2564-7040

Eur J Ther. 2026;32(3):366–375.
https://doi.org/10.58600/eurjther3081

Original Research

366

ABSTRACT
Objective: Glycated hemoglobin (HbA1c) reflects long-term glycemic exposure; 
however, its relationship with renal function in non-diabetic adults has not been clearly 
defined. This study aimed to investigate the association between HbA1c levels and 
estimated glomerular filtration rate (eGFR) in a non-diabetic adult population.
Methods: This retrospective cross-sectional study included 197 non-diabetic adults 
attending the internal medicine outpatient clinic of Gaziantep University Şahinbey 
Research and Practice Hospital. The estimated glomerular filtration rate was calculated 
from serum creatinine, and HbA1c levels were evaluated as both continuous and 
categorical variables. Associations between HbA1c and eGFR were analyzed using 
correlation and linear regression analyses with adjustment for age, sex, hypertension, 
and fasting plasma glucose.
Results: HbA1c levels were inversely correlated with eGFR (Spearman ρ = -0.237, p 
< 0.001). In univariate analysis, each 1% increase in HbA1c was associated with a 9.8 
mL / min / 1.73 m² decrease in eGFR. Although this association was attenuated after 
adjustment for age, HbA1c remained independently associated with eGFR in the fully 
adjusted multivariable model (β = -4.31, p = 0.042). Median eGFR values decreased across 
HbA1c categories, with the lowest values observed in participants with prediabetes.
Conclusion: Higher HbA1c levels were independently associated with lower eGFR 
in non-diabetic adults. These findings suggest that HbA1c may reflect early renal 
vulnerability even below diagnostic thresholds for diabetes mellitus, warranting further 
investigation in prospective longitudinal studies.
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Main Points

•	 HbA1c levels were inversely associated with estimated 
glomerular filtration rate in non-diabetic adults.

•	 The association between HbA1c and renal function 
remained significant after adjustment for age, sex, 
hypertension, and fasting glucose.

•	 Estimated glomerular filtration rate decreased 
progressively across HbA1c categories, with the lowest 
values observed in individuals with prediabetes.

•	 HbA1c may provide complementary information on 
renal function in non-diabetic individuals in routine 
clinical practice.

INTRODUCTION
Chronic kidney disease (CKD) is a major global health problem, 
affecting more than 10% of the adult population worldwide and 
substantially increasing cardiovascular morbidity and mortality 
[1,2]. Importantly, early-stage renal dysfunction often progresses 
silently and is frequently detected only after substantial loss of 
renal function has occurred. This clinical reality underscores 
the need to identify subtle metabolic markers that may signal 
early renal vulnerability before overt disease becomes apparent 
[3]. In this context, routinely measured metabolic indicators may 
offer an opportunity to recognize individuals at risk even in the 
absence of established kidney disease.

Glycated hemoglobin (HbA1c) is widely used as a standardized 
marker of long-term glycemic exposure and is central to the 
diagnosis and monitoring of diabetes mellitus. However, 
growing evidence suggests that HbA1c reflects not only glucose 
metabolism but also broader metabolic and vascular processes, 
including insulin resistance, oxidative stress, and low-grade 
inflammation, even in individuals without diagnosed diabetes 
[4,5]. These mechanisms are closely linked to microvascular 
dysfunction, which plays a critical role in the pathogenesis of 
early renal impairment [6].

While the association between hyperglycemia and kidney 
disease is well established in diabetic populations, the clinical 
significance of HbA1c levels within the non-diabetic range 
remains less clear. Several recent population-based studies have 
reported inverse associations between HbA1c and estimated 
glomerular filtration rate (eGFR) in individuals without diabetes, 

suggesting that higher HbA1c levels—even below diagnostic 
thresholds—may be linked to subtle reductions in renal 
function [7–9]. However, these findings have been inconsistent 
across studies, and the extent to which such associations are 
independent of age, blood pressure, and fasting glucose remains 
debated.

Age, in particular, represents a major confounding factor 
in studies examining renal function, as eGFR declines 
physiologically with advancing age and is also positively 
associated with HbA1c levels in the general population [10]. 
Similarly, hypertension and fasting plasma glucose are well-
known determinants of renal function and may obscure or 
attenuate the independent contribution of HbA1c. Therefore, 
careful multivariable adjustment is essential to determine 
whether HbA1c provides information beyond established renal 
and cardiometabolic risk factors in non-diabetic adults.

Clarifying this relationship is clinically relevant, as HbA1c is an 
inexpensive, widely available, and standardized biomarker that 
is already measured routinely in everyday clinical practice. In 
many non-diabetic individuals, HbA1c values fall within ranges 
that are generally considered reassuring and therefore receive 
little clinical attention. If HbA1c is independently associated 
with renal function even within these ranges, it may represent an 
underrecognized signal of early renal vulnerability and support 
more proactive metabolic and renal monitoring strategies before 
overt disease develops.

Therefore, the present study aimed to investigate the association 
between HbA1c levels and renal function, assessed by eGFR, in 
a cohort of non-diabetic adults using a cross-sectional design, 
with particular emphasis on evaluating whether this association 
persists after adjustment for age, sex, hypertension, and fasting 
plasma glucose.

MATERIALS AND METHODS
Study Design 
This study was designed as a retrospective, observational, 
cross-sectional analysis conducted at Gaziantep University 
Şahinbey Research and Practice Hospital and approved by the 
Gaziantep University Non-Interventional Clinical Research 
Ethics Committee (Decision No: 2026/99, Date: 2026–02–04). 
Electronic medical records of adult patients who attended the 
internal medicine outpatient clinic between September 2025 and 
December 2025 were reviewed. The study evaluated routinely 
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collected clinical and laboratory data, and no additional 
diagnostic or interventional procedures were performed as part 
of the research.

Study Population
Adult individuals aged 18–65 years without a diagnosis of 
diabetes mellitus were eligible for inclusion. Patients were 
included if measurements of glycated hemoglobin (HbA1c) 
and serum creatinine were available and obtained during the 
same clinical visit. Exclusion criteria were as follows: known 
diabetes mellitus or use of antidiabetic medications, previously 
diagnosed chronic kidney disease (eGFR < 60 mL / min / 
1.73 m²), acute kidney injury at presentation, active infection 
or inflammatory disease, malignancy, pregnancy or lactation, 
systemic corticosteroid use, endocrine disorders affecting 
HbA1c levels, and missing essential demographic or laboratory 
data.

Clinical and Laboratory Assessments
Demographic data, including age and sex, were obtained from 
patient records. Hypertension status was determined based on 
documented medical history or antihypertensive medication 
use. When available, systolic and diastolic blood pressure 
measurements recorded during the outpatient visit were 
documented.

Laboratory parameters extracted from the hospital information 
system included fasting plasma glucose, HbA1c, serum 
creatinine, low-density lipoprotein cholesterol, triglycerides, 
C-reactive protein, and alanine aminotransferase. All laboratory 
measurements were performed in the central biochemistry 
laboratory using standardized routine methods.

Assessment of Glycemic Status
HbA1c levels were expressed as percentages (%) and analyzed 
both as a continuous variable and as categorical groups. 
Participants were classified into three HbA1c categories: normal 
(< 5.4%), high-normal (5.4–5.6%), and prediabetes (≥5.7%), in 
accordance with established clinical thresholds. 

Assessment of Renal Function
Renal function was assessed using estimated glomerular 
filtration rate (eGFR), calculated from serum creatinine 
values using the 2021 Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) creatinine equation, as recommended 
by current guidelines [3]. eGFR was expressed as mL / min / 

1.73 m² and analyzed as a continuous outcome variable. Reduced 
renal function was defined as an eGFR < 90 mL / min / 1.73 m² 
for descriptive analyses.

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics 
software. The distribution of continuous variables was assessed 
using the Shapiro-Wilk test. Normally distributed variables 
are presented as mean ± standard deviation, whereas non-
normally distributed variables are expressed as median and 
interquartile range. Categorical variables are reported as counts 
and percentages.

Comparisons across HbA1c categories were performed using 
one-way analysis of variance or the Kruskal–Wallis test for 
continuous variables, as appropriate, and chi-square or Fisher’s 
exact tests for categorical variables. Correlations between 
HbA1c levels and eGFR were evaluated using Spearman’s rank 
correlation coefficient. Pearson and Kendall correlation analyses 
were conducted for confirmation.

To assess the independent association between HbA1c and 
eGFR, linear regression analyses were performed. Sequential 
multivariable models were constructed with stepwise adjustment 
for age, sex, hypertension status, and fasting plasma glucose. 
Model assumptions were evaluated prior to analysis. A two-
sided p-value < 0.050 was considered statistically significant.

RESULTS
Study Population Characteristics
A total of 197 non-diabetic adults were included in the final 
analysis. The mean age of the study population was 46.8 ± 13.1 
years, and 129 participants (65.5%) were female. Hypertension 
was present in 126 individuals (64.0%). The mean HbA1c level 
was 5.30 ± 0.50%, and the median estimated glomerular filtration 
rate (eGFR) was 103.0 (interquartile range [IQR]: 92.0–114.0) 
mL / min / 1.73 m².

Based on HbA1c levels, 104 participants (52.8%) were classified 
as having normal HbA1c (< 5.4%), 52 (26.4%) as high-
normal HbA1c (5.4–5.6%), and 41 (20.8%) as meeting criteria 
for prediabetes (≥ 5.7%). Baseline demographic, clinical, 
and laboratory characteristics of the study population are 
summarized in Table 1.
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Table 1. Demographic and Clinical Characteristics of Non-
Diabetic Participants (N = 197)

Variable Value

Age, years, mean ± SD 46.8 ± 13.1

Sex, n (%)

   Male 68 (34.5)

   Female 129 (65.5)

Hypertension, n (%) 126 (64.0)

Systolic BP, mmHg, median (IQR) 128.0 (119.0–140.0)

Diastolic BP, mmHg, mean ± SD 76.9 ± 10.2

Fasting glucose, mg / dL, mean ± SD 93.6 ± 14.7

HbA1c, %, mean ± SD 5.30 ± 0.50

HbA1c category, n (%)

   Normal (< 5.4%) 104 (52.8)

   High-normal (5.4–5.6%) 52 (26.4)

   Prediabetes (≥ 5.7%) 41 (20.8)

Triglycerides, mg / dL, median (IQR) 132.0 (94.0–183.8)

LDL cholesterol, mg / dL, mean ± SD 134.3 ± 30.9

Creatinine, mg / dL, mean ± SD 0.8 ± 0.14
eGFR, mL / min / 1.73 m², median 
(IQR)

103.0 (92.0–114.0)

CRP, mg / L, median (IQR) 3.0 (1.3–5.9)

ALT, U / L, median (IQR) 20.0 (15.0–29.0)

Data are presented as mean ± SD for normally distributed variables 
and median (IQR) for non-normally distributed variables. Categorical 
variables are reported as n (%). BP, blood pressure; HbA1c, glycated 
hemoglobin; LDL, low-density lipoprotein; eGFR, estimated glomerular 
filtration rate; CRP, C-reactive protein; ALT, alanine aminotransferase; 
SD, standard deviation; IQR, interquartile range.

Characteristics According to HbA1c Category 
Clinical characteristics stratified by HbA1c category are 
presented in Table 2. Participants with higher HbA1c levels 
were significantly older (median age: 43.0 vs 50.0 vs 52.0 years 
for normal, high-normal, and prediabetes groups, respectively; 
p < 0.001) and had higher fasting glucose levels (p < 0.001). 
There was a statistically significant difference in eGFR across 
HbA1c categories (Kruskal-Wallis H = 6.495, p = 0.039), with 
median eGFR values of 106.0, 103.0, and 99.0 mL / min / 1.73m² 
for normal, high-normal, and prediabetes groups, respectively. 
No significant differences were observed in sex distribution, 
hypertension prevalence, blood pressure, or inflammatory 
markers across HbA1c categories.

Correlation Analysis
HbA1c showed a significant inverse correlation with eGFR 
(Spearman ρ = -0.237, 95% CI: -0.365 to -0.101, p < 0.001). This 
correlation was confirmed by Pearson correlation coefficient (r  
= -0.266, p < 0.001) and Kendall’s tau-b (τ = -0.162, p = 0.001). 
Among other clinical variables, age showed the strongest 
correlation with eGFR (ρ = -0.703, p < 0.001), followed by 
creatinine (ρ = -0.629, p < 0.001). Systolic blood pressure (ρ = 
-0.168, p = 0.019) and fasting glucose (ρ = -0.195, p = 0.006) were 
also significantly correlated with eGFR. Importantly, HbA1c was 
positively correlated with age (ρ = 0.294, p < 0.001) and fasting 
glucose (ρ = 0.335, p < 0.001) (Table 3).

Linear Regression Analysis 
In univariate linear regression, HbA1c was significantly 
associated with eGFR (β = -9.82, 95% CI: -14.85 to -4.79, p < 
0.001), indicating that each 1% increase in HbA1c was associated 
with a 9.8 mL / min / 1.73m² lower eGFR. This model explained 
7.1% of the variance in eGFR (R² = 0.071). Age was the strongest 
univariate predictor of eGFR (β = -0.95 per year, p < 0.001, R² = 
0.456).

In multivariate analysis, the association between HbA1c and 
eGFR was attenuated but remained statistically significant after 
sequential adjustment for potential confounders. After adjustment 
for age alone, the coefficient decreased substantially (β = -4.06, 
p = 0.044), indicating that age is a major confounder. In the fully 
adjusted model including age, sex, hypertension, and fasting 
glucose, HbA1c remained independently associated with eGFR 
(β = -4.31, 95% CI: -8.47 to -0.15, p = 0.042). The fully adjusted 
model explained 48.3% of the variance in eGFR (Table 4).

Post-hoc Comparisons and Subgroup Analyses
Post-hoc pairwise comparisons revealed that participants with 
prediabetes had significantly lower eGFR compared to those with 
normal HbA1c (mean difference: 8.2 mL / min / 1.73m², Mann-
Whitney U = 2690, p = 0.014). The differences between normal 
and high-normal groups (p = 0.181) and between high-normal 
and prediabetes groups (p = 0.244) did not reach statistical 
significance after Bonferroni correction (α = 0.017).

Subgroup analyses demonstrated that the inverse correlation 
between HbA1c and eGFR was consistent across most 
subgroups. The correlation was significant in females (ρ = 
-0.293, p < 0.001) but not in males (ρ = -0.159, p = 0.194). The 
correlation was also significant in participants with hypertension 
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Table 2. Clinical Characteristics According to HbA1c Category

Variable
Normal 
(< 5.4%)
(n = 104)

High-normal
(5.4–5.6%)

(n = 52)

Prediabetes
(≥ 5.7%)
(n = 41)

p

Male sex, n (%) 38 (36.5) 15 (28.8) 15 (36.6) 0.605

Hypertension, n (%) 62 (59.6) 35 (67.3) 29 (70.7) 0.383

Age, years 43 (33–54) 50 (45–58) 52 (46–59) <0.001

Systolic BP, mmHg 128 (117–136) 128 (120–139) 129 (121–143) 0.386

Diastolic BP, mmHg 76 (69–83) 75 (70–81) 76 (70–86) 0.716

Fasting glucose, mg / dL 89 (82–96) 91 (85–105) 102 (88–107) <0.001

Triglycerides, mg / dL 125 (84–174) 134 (94–194) 144 (106–173) 0.255

Creatinine, mg / dL 0.7 (0.6–0.8) 0.7 (0.6–0.8) 0.8 (0.6–0.9) 0.654

eGFR, mL / min / 1.73m² 106 (94–116) 103 (92–110) 99 (90–107) 0.039

CRP, mg / L 3.0 (1.1–5.6) 3.0 (1.9–5.7) 3.0 (1.6–6.8) 0.750

ALT, U / L 21 (15–28) 21 (16–32) 20 (15–24) 0.553

Data are presented as median (interquartile range) or n (%). Continuous variables were compared using the Kruskal–Wallis test; categorical 
variables were compared using the chi-square test. eGFR was calculated using the 2021 CKD-EPI creatinine equation. Bold p values denote 
statistical significance (p < 0.05). BP, blood pressure; eGFR, estimated glomerular filtration rate; CRP, C-reactive protein; ALT, alanine 

aminotransferase.

Table 3. Correlation Between HbA1c, eGFR, and Clinical Variables

Variable Spearman ρ 95% CI p

Correlations with eGFR

HbA1c -0.237 -0.365 to -0.101 <0.001

Age -0.703 -0.767 to -0.624 <0.001

Systolic BP -0.168 -0.300 to -0.028 0.019

Fasting glucose -0.195 -0.326 to -0.056 0.006

Creatinine -0.629 -0.707 to -0.537 <0.001

CRP 0.000 -0.142 to +0.142 0.998

Correlations with HbA1c

Age +0.294 +0.161 to +0.417 <0.001

Fasting glucose +0.335 +0.205 to +0.454 <0.001

eGFR -0.237 -0.365 to -0.101 <0.001

Abbreviations: eGFR, estimated glomerular filtration rate; BP, blood pressure; CRP, C-reactive protein; CI, confidence interval.

(ρ = -0.259, p = 0.003) and in both fasting glucose subgroups. 
No significant interactions were observed (all p for interaction  
>  0.1), suggesting the HbA1c-eGFR relationship is consistent 
across subgroups (Table 5).

The prevalence of reduced eGFR ( < 90 mL / min / 1.73m²) was 
17.3% in the normal HbA1c group, 23.1% in the high-normal 

group, and 24.4% in the prediabetes group. Although the odds 
of reduced eGFR were numerically higher in the high-normal 
(OR = 1.43, 95% CI: 0.63-3.26) and prediabetes (OR = 1.54, 
95% CI: 0.64-3.70) groups compared to the normal group, these 
differences did not reach statistical significance (chi-square for 
trend: p = 0.536).
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Table 4. Linear Regression Analysis of Factors Associated with eGFR

Model β (95% CI) p value R²
Univariate Analysis
HbA1c (per 1%) -9.82 (-14.85, -4.79) <0.001 0.071
Age (per year) -0.95 (-1.10, -0.80) <0.001 0.456
Systolic BP (per mmHg) -0.20 (-0.37, -0.04) 0.018 0.028
Fasting glucose (per mg/dL) -0.22 (-0.39, -0.04) 0.016 0.030
Multivariate Analysis (HbA1c coefficient)
Model 1: Unadjusted -10.00 (-15.06, -4.93) <0.001 0.073
Model 2: + Age -4.06 (-8.01, -0.10) 0.044 0.471
Model 3: + Age, sex -4.23 (-8.16, -0.30) 0.035 0.481
Model 4: + Age, sex, HT -4.20 (-8.13, -0.26) 0.037 0.483
Model 5: + Age, sex, HT, glucose -4.31 (-8.47, -0.15) 0.042 0.483

Dependent variable: eGFR (mL/min/1.73m²). β coefficients represent the change in eGFR per unit increase in the predictor variable. R² values 
refer to the adjusted coefficient of determination for each model. The slight difference in the unadjusted HbA1c coefficient between univariate 
analysis and Model 1 reflects the difference in the number of participants included due to the availability of covariates in sequential models. BP, 
blood pressure; CI, confidence interval; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; HT, hypertension.

Table 5. Post-hoc Comparisons and Subgroup Analyses

Post-hoc Pairwise Comparisons

Comparison Mean Diff U p value Effect r
Normal vs High-normal +5.1 3060 0.181 0.107
Normal vs Prediabetes +8.2 2690 0.014* 0.203
High-normal vs Prediabetes +3.1 1217 0.244 0.121
Subgroup Analyses (HbA1c-eGFR Correlation)
Subgroup n ρ p value p int.
< 50 years 111 -0.086 0.367
≥ 50 years 86 -0.099 0.366 0.127
Male 68 -0.159 0.194
Female 129 -0.293 <0.001 0.583
With hypertension 126 -0.259 0.003
Without hypertension 71 -0.196 0.102 0.394
Fasting glucose < 100 mg/dL 139 -0.177 0.037
Fasting glucose ≥100 mg/dL 58 -0.284 0.031 0.215
eGFR by HbA1c Category
HbA1c Category n Mean ± SD Median IQR
Normal (< 5.4%) 104 104.9±16.9 106.0 93.8-116.0
High-normal (5.4-5.6%) 52 99.8±19.2 103.0 92.0-110.2
Prediabetes (≥ 5.7%) 41 96.7±20.2 99.0 90.0-107.0

Post-hoc pairwise comparisons were performed using the Mann–Whitney U test with Bonferroni correction (adjusted significance threshold: p 
< 0.017 [0.05/3]). Mean Diff represents the difference in arithmetic means and is reported for descriptive purposes; group comparisons were 
based on the Mann–Whitney U test. *Statistically significant after Bonferroni correction. U, Mann–Whitney U statistic; Effect r, rank-biserial 
correlation coefficient; ρ, Spearman rank correlation coefficient; p int., p value for interaction; SD, standard deviation; IQR, interquartile range; 
eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin.
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DISCUSSION
In this retrospective cross-sectional study of non-diabetic adults, 
higher HbA1c levels were independently associated with lower 
estimated glomerular filtration rate (eGFR) after adjustment for 
major demographic and cardiometabolic factors. Although the 
effect size was modest and attenuated after age adjustment, the 
persistence of the association suggests that HbA1c may reflect 
biological processes relevant to renal function beyond fasting 
glucose alone.

HbA1c represents cumulative glycemic exposure over several 
months and may capture subtle metabolic stress not reflected 
by single fasting glucose measurements [11,12]. Experimental 
and clinical evidence indicate that prolonged exposure to mildly 
elevated glucose levels can promote oxidative stress, endothelial 
dysfunction, and low-grade inflammation, which contribute to 
microvascular injury at the glomerular level, even before the 
onset of overt diabetes mellitus [13,14]. This provides biological 
plausibility for an association between HbA1c and renal function 
within the non-diabetic range. HbA1c integrates glycemic 
exposure over several months and is less influenced by short-
term variability or acute physiological fluctuations than fasting 
plasma glucose. As a result, HbA1c may better reflect chronic 
metabolic stress relevant to microvascular tissues, including the 
renal glomerulus. This distinction may partially account for the 
persistent independent association between HbA1c and eGFR 
even after adjustment for fasting glucose in the present analysis.
The association observed in the present study was more evident 
when renal function was analyzed as a continuous variable 
rather than as a dichotomous outcome. This finding is consistent 
with methodological studies emphasizing that estimated GFR 
is less precise at higher levels of kidney function and that early 
renal changes may manifest as subtle shifts within the normal 
or high-normal eGFR range [15,16]. Consequently, the lack of a 
statistically significant association with reduced eGFR (< 90 mL 
/ min / 1.73 m²) should not be interpreted as the absence of early 
renal involvement.

The graded decrease in eGFR across HbA1c categories further 
supports a potential dose–response relationship, with the most 
pronounced difference observed between individuals with 
normal HbA1c and those meeting criteria for prediabetes. Recent 
meta-analyses and cohort studies have reported that prediabetes 
is associated with an increased risk of incident chronic kidney 
disease, although effect sizes are modest and heterogeneity is 
substantial [17]. Our findings are concordant with this literature, 

while highlighting that cross-sectional associations likely reflect 
early functional variation rather than established kidney disease.
Age was the strongest determinant of eGFR and substantially 
attenuated the association between HbA1c and renal function 
after adjustment. This is expected, as age-related decline 
in kidney function and age-associated changes in glycemic 
regulation are well established [18]. However, the persistence 
of an independent association after age adjustment suggests 
that HbA1c may provide incremental information beyond 
chronological aging alone.

Subgroup analyses indicated that the inverse association 
between HbA1c and eGFR was more apparent among female 
participants and individuals with hypertension, although 
no statistically significant interaction terms were detected. 
Hypertension is a major contributor to renal microvascular 
damage and may amplify the renal effects of metabolic stress 
[19,20]. These findings should be considered exploratory and 
hypothesis-generating. In routine clinical practice, HbA1c 
values below the diagnostic threshold for diabetes are often not 
considered relevant to renal assessment. The present findings 
suggest that this assumption may overlook subtle associations 
between cumulative glycemic exposure and kidney function in 
non-diabetic adults. This perspective does not imply causality 
but highlights a potential clinical blind spot in early metabolic 
risk evaluation. 

Taken together, the present findings should be interpreted as 
evidence of an association rather than causation. Higher HbA1c 
levels were associated with lower eGFR in non-diabetic adults, 
suggesting that cumulative glycemic exposure may be linked to 
early renal vulnerability even below diagnostic thresholds for 
diabetes mellitus. Although causality cannot be inferred, these 
results indicate that HbA1c—a routinely measured biomarker—
may provide complementary information regarding renal 
function in non-diabetic individuals and warrant further 
investigation in prospective longitudinal studies.

Limitations
Several limitations of this study should be considered. First, 
the retrospective and cross-sectional design does not allow 
conclusions about causality or the temporal relationship between 
HbA1c levels and renal function. The observed associations, 
therefore, reflect correlations at a single time point rather than 
longitudinal changes.
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Second, renal function was assessed using the estimated 
glomerular filtration rate derived from serum creatinine rather 
than direct measurement. Although eGFR is widely used in 
clinical practice, it may be influenced by factors such as muscle 
mass and may be less precise at higher levels of kidney function.
Third, albuminuria and other markers of kidney damage were 
not available. As current definitions of chronic kidney disease 
rely on both eGFR and markers of kidney injury, the absence 
of albuminuria data limits a more comprehensive evaluation of 
renal status. Fourth, anthropometric measurements (e.g., body 
mass index, waist circumference), smoking status, and the use 
of nephrotoxic medications were not available in the dataset 
and could not be included in the multivariable model. The 
absence of these variables, particularly BMI as a recognized 
determinant of both HbA1c and eGFR, may have contributed 
to residual confounding. In addition, the study population was 
recruited from an internal medicine outpatient clinic, where 
patients with chronic conditions such as hypertension may be 
overrepresented compared to the general population. This is 
reflected in the relatively high prevalence of hypertension (64%) 
observed in the study cohort. As a result, the findings may not be 
fully generalizable to unselected community-based populations, 
and the observed associations should be interpreted within this 
clinical context.

Finally, this was a single-center study, which may limit the 
generalizability of the findings to other populations or healthcare 
settings. 

Despite these limitations, the study provides useful insight 
into the relationship between HbA1c and renal function in a 
non-diabetic adult population and highlights areas for future 
prospective research.

CONCLUSIONS
In this retrospective cross-sectional study of non-diabetic 
adults, higher HbA1c levels were independently associated 
with lower estimated glomerular filtration rate after adjustment 
for major demographic and cardiometabolic factors. Although 
the observed effect size was modest, the persistence of this 
association suggests that HbA1c may reflect early renal 
vulnerability even below diagnostic thresholds for diabetes 
mellitus.

These findings indicate that HbA1c, a routinely measured and 
inexpensive biomarker, may provide complementary information 

regarding renal function in non-diabetic individuals. Prospective 
longitudinal studies are needed to clarify the temporal nature of 
this association and to determine whether HbA1c can contribute 
to early identification of individuals at risk for renal function 
decline.
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