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ABSTRACT: Diabetic kidney disease (DKD) is frequently accompanied by nutritional 

and inflammatory abnormalities that may not be reflected by glycated hemoglobin 

(HbA1c) alone. We evaluated immunonutritional status according to HbA1c category and 

examined whether HbA1c was independently associated with the Prognostic Nutritional 

Index (PNI) in adults with DKD. This cross-sectional study included 50 patients with type 

2 diabetes and DKD. PNI was calculated from serum albumin and total lymphocyte 

count. HbA1c was analyzed continuously and as <7% versus ≥7%. Group comparisons 

used the Mann–Whitney U test, independent-samples t-test, or Fisher’s exact test as 

appropriate. Multivariable linear regression assessed the association between HbA1c and 

PNI after adjustment for eGFR, age, sex, and diabetes duration. Overall, 82.0% of 

participants had HbA1c <7%, 80.0% had PNI ≤50, 50.0% had PNI ≤40, and 60.0% had 

hypoalbuminemia; 76.0% had G4–G5 CKD. Among participants with HbA1c <7%, 

82.9% had PNI ≤50 and 65.9% had hypoalbuminemia. PNI did not differ significantly 

between HbA1c groups (39.61 [34.45–48.16] vs 46.34 [36.36–51.36]; p=0.383), nor did 

serum albumin (3.33±0.72 vs 3.52±0.62 g/dL; p=0.462). HbA1c was not independently 

associated with PNI (B=−0.298, 95% CI −2.027 to 1.431; p=0.730). Immunonutritional 

vulnerability was common in this predominantly advanced-DKD cohort, including 

among patients with HbA1c <7%, supporting nutritional assessment alongside glycemic 

monitoring. 

 

1. INTRODUCTION 

Diabetic kidney disease (DKD) is a major complication of type 2 diabetes and is associated with substantial risks of kidney 

failure, cardiovascular disease, and premature mortality. Contemporary recommendations therefore emphasize comprehensive 

management integrating glycemic control with kidney and cardiovascular protection, lifestyle modification, and nutritional care 

[1,2]. Nutritional impairment is clinically relevant across the chronic kidney disease (CKD) spectrum. Protein-energy wasting 

has been associated with kidney failure and mortality in nondialysis CKD, while conventional anthropometric measures may 

incompletely characterize nutritional status, particularly in the presence of altered body composition and fluid imbalance [3-5]. 

The Prognostic Nutritional Index (PNI), calculated from serum albumin and total lymphocyte count, is a readily available 

composite marker of immunonutritional status. Among patients with type 2 diabetes and diabetic nephropathy, lower PNI has 

been associated with subsequent progression to end-stage kidney disease [6]. In broader CKD populations, lower PNI has also 
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been associated with all-cause and cardiovascular mortality [7-9]. However, PNI should be interpreted as a risk marker rather 

than a stand-alone diagnostic measure of malnutrition because serum albumin is influenced by inflammation and fluid status, 

while lymphocyte count reflects both immune and nutritional factors [5]. 

Glycated hemoglobin (HbA1c) remains central to diabetes monitoring, although its interpretation becomes less straightforward 

in CKD. CKD-related anemia and carbamylation may modify the relationship between HbA1c and renal outcomes [10], while 

continuous glucose monitoring studies have demonstrated poor agreement between HbA1c and glucose-derived metrics in 

patients with CKD and anemia [11]. Less is known about whether conventional HbA1c categories correspond to concurrent 

immunonutritional status in patients with DKD. Therefore, this study evaluated PNI and serum albumin according to HbA1c 

category and examined whether HbA1c was independently associated with PNI after accounting for kidney function and key 

clinical covariates. 

2. MATERIALS AND METHODS 

2.1 Study design and participants 

This study was a focused analysis of data from an observational cross-sectional study conducted at the Kidney-Hypertension 

Outpatient Clinic of Dr. Wahidin Sudirohusodo Hospital, Makassar, Indonesia, from May to June 2026. Consecutive sampling 

was used during the study period. Eligible participants were adults aged ≥18 years with type 2 diabetes mellitus and diabetic 

kidney disease (DKD) who agreed to participate and provided written informed consent. DKD status was based on the 

documented clinical diagnosis in the medical record. Patients with chronic liver disease, acute infection or inflammatory 

conditions, active malignancy, or incomplete study data were excluded. A total of 50 participants with complete data were 

included in the present analysis. For this manuscript, the analysis focused on the coexistence and association of glycemic status, 

represented by glycated hemoglobin (HbA1c), with immunonutritional status assessed using the Prognostic Nutritional Index 

(PNI) and serum albumin. 

2.2 Clinical and laboratory measurements 

Demographic and clinical information included age, sex, duration of diabetes mellitus, and kidney function. Body weight and 

height were measured during the study assessment, and body mass index (BMI) was calculated as weight in kilograms divided 

by height in meters squared. HbA1c, serum albumin, serum creatinine, hemoglobin, and routine hematologic parameters were 

obtained through the hospital laboratory according to standard operating procedures. The total lymphocyte count used for PNI 

calculation was obtained from routine hematologic data. The original study protocol included anthropometric assessment and 

laboratory measurement of HbA1c, serum albumin, and hematologic parameters. 

Estimated glomerular filtration rate (eGFR) was recorded as a continuous variable, and CKD G categories were classified 

according to KDIGO criteria as G1, ≥90; G2, 60–89; G3a, 45–59; G3b, 30–44; G4, 15–29; and G5, <15 mL/min/1.73 m². 

For descriptive analyses, advanced CKD was defined as eGFR <30 mL/min/1.73 m² (G4–G5). Urine albumin-to-creatinine 

ratio (UACR) was analyzed categorically as <30 or ≥30 mg/g. 

2.3 Glycemic and immunonutritional definitions 

HbA1c was analyzed both continuously and categorically, using <7% and ≥7% as a pragmatic analytical threshold for between-

group comparisons. This threshold was selected as a conventional glycemic benchmark to facilitate clinically interpretable 

comparisons and was not intended to represent an individualized glycemic target for all participants with DKD. 

PNI was calculated as: PNI = 10 × serum albumin (g/dL) + 0.005 × total lymphocyte count (cells/mm³). 

The continuous PNI value was the principal immunonutritional outcome, with higher values indicating a more favorable 

immunonutritional profile and lower values indicating greater immunonutritional vulnerability. For descriptive analyses, 

protocol-defined PNI thresholds were converted into mutually exclusive categories: normal (>50), low risk (>45–50), moderate 

risk (>40–45), and high risk (≤40). PNI ≤50 was additionally used to indicate any immunonutritional risk, whereas PNI ≤40 

represented high risk. These categories were used descriptively and should not be interpreted as universally validated diagnostic 

cutoffs for malnutrition in CKD. Serum albumin was analyzed continuously, and hypoalbuminemia was defined as serum 

albumin <3.5 g/dL. 
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2.4 Statistical analysis 

Statistical analyses were performed using IBM SPSS Statistics version 30 (IBM Corp., Armonk, NY, USA). Continuous variables 

were assessed for normality using the Shapiro–Wilk test and inspection of distributional plots. Normally distributed variables 

are presented as mean ± standard deviation, whereas non-normally distributed variables are presented as median with first and 

third quartiles (Q1–Q3). Categorical variables are reported as number and percentage. 

Because PNI was non-normally distributed within at least one HbA1c category, PNI distributions between participants with 

HbA1c <7% and ≥7% were compared using the Mann–Whitney U test; the exact two-sided p value was reported. Serum 

albumin was approximately normally distributed within both HbA1c groups and was compared using an independent-samples 

t-test after assessment of homogeneity of variance. Differences in the proportions of PNI ≤50, PNI ≤40, and hypoalbuminemia 

between HbA1c groups were evaluated using two-sided Fisher’s exact tests because of small expected cell counts. These were 

the inferential tests used for the between-group analyses reported in Table 2. 

A parsimonious multivariable linear regression model was fitted with continuous PNI as the dependent variable and continuous 

HbA1c as the main independent variable. The model was adjusted for eGFR, age, sex, and duration of diabetes mellitus, selected 

as clinically relevant potential confounders while limiting model complexity given the sample size. All variables were entered 

simultaneously; no automated variable-selection procedure was used. Results are reported as unstandardized regression 

coefficients (B) with 95% confidence intervals. Model assumptions were assessed using standardized residuals, residual 

normality testing and plots, residual-versus-predicted plots, and collinearity diagnostics using tolerance and variance inflation 

factors. Standardized residuals exceeding an absolute value of 3 were considered potentially influential observations. All 

statistical tests were two-sided, and p<0.05 was considered statistically significant. 

3. RESULTS AND DISCUSSION 

3.1 Participant characteristics 

A total of 50 patients with diabetic kidney disease were included, with complete data for all variables analyzed. The mean age 

was 54.80 ± 10.66 years, and 25 participants (50.0%) were male. Median duration of diabetes was 4.50 years (Q1–Q3, 2.00–

8.50), while median body mass index was 17.92 kg/m² (17.33–19.35). Median hemoglobin was 9.30 g/dL (8.30–10.53), and 

mean total lymphocyte count was 1572.21 ± 664.93 cells/mm³. 

Renal impairment was advanced in most participants. Median eGFR was 22.50 mL/min/1.73 m² (14.00–28.75), with 38 

participants (76.0%) classified as stage G4–G5 CKD. UACR was ≥30 mg/g in 48 participants (96.0%). Baseline characteristics 

are summarized in Table 1. 

Table 1. Clinical, renal, glycemic, and immunonutritional characteristics of participants (n=50) 

Characteristic Values 

Age, years 54.80 ± 10.66 

Male sex 25 (50.0) 

Duration of diabetes mellitus, years 4.50 (2.00–8.50) 

Body mass index, kg/m² 17.92 (17.33–19.35) 

Hemoglobin, g/dL 9.30 (8.30–10.53) 

Total lymphocyte count, cells/mm³ 1572.21 ± 664.93 

HbA1c, % 6.04 (5.58–6.72) 

HbA1c <7% 41 (82.0) 

Serum albumin, g/dL 3.36 ± 0.70 

Hypoalbuminemia (<3.5 g/dL) 30 (60.0) 
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Prognostic Nutritional Index 41.50 ± 8.63 

PNI category 
 

Normal (>50) 10 (20.0) 

Low risk (>45–50) 6 (12.0) 

Moderate risk (>40–45) 9 (18.0) 

High risk (≤40) 25 (50.0) 

Serum creatinine, mg/dL 2.85 (2.24–3.52) 

eGFR, mL/min/1.73 m² 22.50 (14.00–28.75) 

CKD stage 
 

G1 1 (2.0) 

G3a 5 (10.0) 

G3b 6 (12.0) 

G4 25 (50.0) 

G5 13 (26.0) 

UACR category  

UACR <30 mg/g 2 (4.0) 

UACR ≥30 mg/g 48 (96.0) 

Note: Data are presented as mean ± standard deviation, median (Q1–Q3), or n (%), as appropriate. CKD, chronic kidney 

disease; eGFR, estimated glomerular filtration rate; PNI, Prognostic Nutritional Index; Q1, first quartile; Q3, third quartile; 

UACR, urine albumin-to-creatinine ratio. 

3.2 Glycemic and immunonutritional profile 

Median HbA1c was 6.04% (5.58–6.72), and 41 participants (82.0%) had HbA1c <7%. In contrast, immunonutritional 

abnormalities were frequent: 30 participants (60.0%) had hypoalbuminemia, 40 (80.0%) had PNI ≤50, and 25 (50.0%) had PNI 

≤40. Thus, only 10 participants (20.0%) were classified as having normal PNI (>50). 

3.3 Immunonutritional profile according to HbA1c category 

Among participants with HbA1c <7%, 34 of 41 (82.9%) had PNI ≤50, 22 (53.7%) had PNI ≤40, and 27 (65.9%) had 

hypoalbuminemia. The corresponding proportions among participants with HbA1c ≥7% were 66.7%, 33.3%, and 33.3%, 

respectively. None of these categorical comparisons reached statistical significance. 

Median PNI was 39.61 (34.45–48.16) among participants with HbA1c <7% and 46.34 (36.36–51.36) among those with HbA1c 

≥7% (Mann–Whitney U=149.0; exact two-sided p=0.383). Mean serum albumin was also similar between groups (3.33 ± 0.72 

vs 3.52 ± 0.62 g/dL; p=0.462) (Table 2). 

Table 2. Immunonutritional profile according to HbA1c category 

Outcome HbA1c <7% (n=41) HbA1c ≥7% (n=9) p value 

Prognostic Nutritional Index 39.61 (34.45–48.16) 46.34 (36.36–51.36) 0.383ᵃ 

Serum albumin, g/dL 3.33 ± 0.72 3.52 ± 0.62 0.462ᵇ 

PNI ≤50 34 (82.9) 6 (66.7) 0.358ᶜ 
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PNI ≤40 22 (53.7) 3 (33.3) 0.463ᶜ 

Hypoalbuminemia (<3.5 g/dL) 27 (65.9) 3 (33.3) 0.130ᶜ 

Note: Data are presented as median (Q1–Q3), mean ± standard deviation, or n (%), as appropriate. ᵃMann–Whitney U test, 

exact two-sided p value. ᵇIndependent-samples t-test. ᶜFisher exact test, two-sided. PNI, Prognostic Nutritional Index. 

The distribution of PNI according to HbA1c category is shown in Figure 1. Although the median PNI was numerically lower 

among participants with HbA1c <7%, the between-group difference was not statistically significant. 

 

Figure 1. Distribution of Prognostic Nutritional Index according to HbA1c category. 

Boxes represent the interquartile range, horizontal lines indicate medians, and whiskers represent the distribution according to 

the boxplot rule. PNI distributions did not differ significantly between participants with HbA1c <7% and those with HbA1c 

≥7% (Mann–Whitney U=149.0; exact two-sided p=0.383). 

3.4 Multivariable analysis 

In multivariable linear regression, HbA1c was not independently associated with PNI after adjustment for eGFR, age, sex, and 

diabetes duration (B=−0.298; 95% CI, −2.027 to 1.431; p=0.730). eGFR was also not independently associated with PNI 

(B=0.107; 95% CI, −0.055 to 0.268; p=0.191), and none of the remaining covariates reached statistical significance. The overall 

model was not significant (R²=0.089; adjusted R²=−0.015; F[5,44]=0.856; p=0.518) (Table 3). 

Table 3. Multivariable linear regression of factors associated with Prognostic Nutritional Index 

Predictor B Standardized β 95% CI for B p value 

HbA1c, per 1% increase −0.298 −0.055 −2.027 to 1.431 0.730 

eGFR, per 1 mL/min/1.73 m² increase 0.107 0.220 −0.055 to 0.268 0.191 

Age, per year −0.027 −0.033 −0.289 to 0.235 0.838 

Female vs male −0.038 −0.002 −5.527 to 5.450 0.989 

Duration of diabetes mellitus, per year 0.360 0.172 −0.358 to 1.078 0.318 

Note: B represents the unstandardized regression coefficient. All predictors were entered simultaneously. Model R²=0.089; 

adjusted R²=−0.015; F(5,44)=0.856; p=0.518. No problematic multicollinearity was identified (VIF 1.21–1.40). Standardized 

residuals showed no marked departure from normality (Shapiro–Wilk p=0.083). CI, confidence interval; eGFR, estimated 

glomerular filtration rate; PNI, Prognostic Nutritional Index; VIF, variance inflation factor. 

3.5 Discussion 

This study identified a substantial burden of low Prognostic Nutritional Index (PNI) and hypoalbuminemia among patients 

with diabetic kidney disease (DKD), although most participants had HbA1c <7%. Four in five participants had PNI ≤50, half 
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had PNI ≤40, and 60% had hypoalbuminemia, while 76% had stage G4–G5 chronic kidney disease (CKD). Malnutrition is 

common across CKD populations; a meta-analysis of 61 observational studies estimated an overall prevalence of 42.7%, 

including 38.5% among patients not receiving dialysis [12]. Protein-energy wasting also becomes increasingly relevant in 

advanced kidney disease, where nutritional abnormalities may reflect reduced intake, catabolic stress, inflammation, and altered 

body composition rather than body mass index alone [3,13]. 

The high frequency of low PNI is clinically relevant because contemporary studies have consistently linked this index with 

adverse kidney and survival outcomes. Lower PNI has been associated with progression of diabetic nephropathy and mortality 

in populations with diabetes and CKD [6,8,14]. In a cohort of 6,099 adults with CKD, Zhang et al. [7] found that PNI provided 

the strongest mortality discrimination among several immunonutritional indices and identified a mortality-related threshold of 

approximately 51. More recently, Gohda et al. [15] reported that low PNI remained associated with kidney events after 

adjustment for clinical covariates and tumor necrosis factor receptor 2. Their lowest PNI quartile was ≤49.35, although patients 

with an estimated glomerular filtration rate (eGFR) <30 mL/min/1.73 m² were excluded. These findings support the clinical 

relevance of PNI values around 50, while also indicating that thresholds are population- and outcome-specific. Accordingly, 

the PNI ≤40 category used in the present study should be regarded as protocol-defined rather than as a universal CKD cutoff. 

A central finding was the frequent coexistence of HbA1c <7% with low PNI or hypoalbuminemia. Among participants with 

HbA1c <7%, 82.9% had PNI ≤50 and 65.9% had hypoalbuminemia. Nevertheless, neither continuous PNI nor serum albumin 

differed significantly according to HbA1c category, and HbA1c was not independently associated with PNI after adjustment 

for eGFR, age, sex, and diabetes duration. A recent longitudinal diabetes cohort likewise showed little difference in HbA1c 

between participants with lower and higher PNI values (7.3% vs 7.4%), although that population had substantially better 

baseline kidney function than the present cohort [15]. These observations support interpretation of the present findings as 

coexistence rather than statistical discordance or biological independence between glycemic and nutritional processes. 

Interpretation of HbA1c is particularly important in this cohort because kidney dysfunction was advanced and hemoglobin 

concentrations were low. CKD-related anemia, altered erythrocyte lifespan, and carbamylation may modify the clinical 

interpretation of HbA1c [10]. In moderate-to-advanced CKD, continuous glucose monitoring studies have shown that the 

relationship between HbA1c and glucose-derived indices weakens as kidney function declines, with the weakest agreement 

observed in stage G5 disease [16]. Reviews and expert consensus similarly indicate that the accuracy and precision of HbA1c 

decrease in advanced CKD and that continuous glucose monitoring may provide complementary information regarding glucose 

exposure and variability [17-19]. 

Accordingly, HbA1c <7% in this study should be considered a pragmatic analytical threshold rather than evidence that every 

participant had achieved an individualized glycemic target. Current Kidney Disease: Improving Global Outcomes 

recommendations generally support individualized HbA1c targets ranging from <6.5% to <8.0% among patients with diabetes 

and CKD not treated with dialysis, depending on comorbidity, hypoglycemia risk, CKD severity, and treatment burden [1,20]. 

Thus, the clinical implication is not that nutritional vulnerability occurs “despite adequate glycemic control,” but rather that a 

conventional HbA1c threshold does not fully characterize the nutritional and metabolic status of patients with DKD. 

The absence of an independent association between eGFR and PNI should also be interpreted cautiously. Nutritional 

deterioration in CKD is multifactorial. Han et al. [21] found that inadequate energy intake was strongly associated with protein-

energy wasting in nondialysis CKD, while low protein intake was associated with protein-energy wasting primarily when energy 

intake was also inadequate. Serum albumin is additionally influenced by inflammation and fluid status, while lymphocyte count 

reflects both immune and nutritional processes [5]. Because albumin is itself incorporated into the PNI formula, serum albumin 

and PNI in the present study should be regarded as overlapping rather than independent measures of immunonutritional status. 

From a clinical perspective, these findings support nutritional assessment alongside glycemic monitoring in patients with DKD. 

Low PNI or hypoalbuminemia may identify individuals who warrant more detailed nutritional evaluation, but neither measure 

should replace comprehensive assessment incorporating dietary intake, weight trajectory, muscle or body-composition 

assessment, and validated nutritional tools where appropriate [2,3,5]. Such a multidimensional approach is particularly important 

in advanced CKD, where fluid imbalance and systemic inflammation may complicate interpretation of isolated anthropometric 

and biochemical indicators. 
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This study has several limitations. Its single-center cross-sectional design and modest sample size limit precision, generalizability, 

and causal inference, while the predominance of stage G4–G5 CKD restricts extrapolation to earlier DKD. HbA1c and 

nutritional markers were measured at a single time point, continuous glucose monitoring-derived glucose exposure was 

unavailable, and factors affecting erythrocyte turnover were not comprehensively characterized. PNI cannot distinguish 

nutritional depletion from inflammation or altered immune status, and its mathematical dependence on serum albumin limits 

interpretation of PNI and albumin as separate biological outcomes. Finally, no longitudinal kidney or mortality outcomes were 

available. Prospective studies incorporating repeated nutritional assessment, contemporary glucose monitoring, inflammatory 

markers, and longitudinal clinical outcomes are therefore needed [18,19]. 

4. CONCLUSION 

Immunonutritional vulnerability was common among patients with diabetic kidney disease, including those with HbA1c <7%. 

Most participants had PNI ≤50, and hypoalbuminemia was also frequent in this predominantly advanced-CKD population. 

However, PNI and serum albumin did not differ significantly between HbA1c categories, and HbA1c was not independently 

associated with PNI after adjustment for eGFR, age, sex, and diabetes duration. These findings suggest that HbA1c alone does 

not capture concurrent immunonutritional status in DKD. Nutritional assessment should therefore complement glycemic 

monitoring, particularly in advanced CKD. Prospective studies incorporating repeated nutritional assessment, contemporary 

glucose monitoring, and longitudinal clinical outcomes are warranted. 
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