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Implication for health policy/practice/research/medical education:
In this study, we found that urinary gamma-glutamyl transferase (GGT) showed no clinically meaningful or statistically significant 
ability to predict vancomycin-induced acute kidney injury (AKI), indicating that it should not be used as a standalone biomarker 
in this context and that clinicians should instead rely on established renal function indices, therapeutic drug monitoring, and 
more validated biomarkers when assessing nephrotoxicity risk and guiding vancomycin therapy.
Please cite this paper as: Futuhi F, Sahraei Z, Panahandeh SM, Zangi M, Hajiesmaeili M, Rashki Ghalehnoo S, Abbasi Z, 
Amirdosara M, Ahooie SMH. Urinary gamma-glutamyl transferase as a predictor of vancomycin-induced acute kidney injury; a 
prospective diagnostic and observational study. J Renal Inj Prev. 2026; x(x): e38726. doi: 10.34172/jrip.38726.

Introduction: Vancomycin is widely used for treating serious gram-positive infections; 
however, its clinical utility can be limited by nephrotoxicity. Early detection of vancomycin-
induced acute kidney injury (AKI) remains a clinical challenge, as traditional markers such as 
serum creatinine often rise only after significant renal damage has occurred. 
Objectives: Urinary gamma-glutamyl transferase (GGT), an early tubular injury biomarker, 
may provide a sensitive indicator for detecting nephrotoxicity before overt renal impairment 
develops.
Materials and Methods: This prospective observational study was conducted between 2023 
and 2024 at Loghman Hakim Hospital, Tehran, involving 14 patients receiving vancomycin 
who had no prior kidney disease. Demographic and clinical data were collected, and urinary 
GGT levels were measured on days 1, 3, and 6 after treatment initiation. The outcome was to 
compare urinary GGT levels between patients with and without AKI, to evaluate GGT as a 
potential biomarker for predicting vancomycin-associated AKI.
Results: The results demonstrated that urinary GGT in relation to the occurrence of 
vancomycin-induced AKI demonstrated no statistically significant associations across 
different time points of day 1, 3, and 3 after the administration of vancomycin. The area 
under the curve (AUC) values for predicting the occurrence of AKI were non-significant and 
were 0.633 on day 1, 0.556 on day 3, and 0.733 on day 6, respectively (P > 0.05). The optimal 
urinary GGT cut-off values for AKI occurrence were 31 on day 1, 33.5 on day 3, and 47.35 on 
day 6, yielding sensitivities of 40%, 60%, and 60% and specificities of 56%, 67%, and 67%, 
respectively, suggesting only modest discriminative ability of urinary GGT for AKI.
Conclusion: In conclusion, urinary GGT showed no clinically meaningful or statistically 
significant ability to predict vancomycin-induced AKI at any evaluated time point and 
therefore cannot be recommended as a reliable standalone biomarker in this setting.
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Introduction
Acute kidney injury (AKI) is a frequent complication in 
hospitalized adults, affecting over 20% of admissions and 
exceeding 50% among intensive care unit (ICU) patients 
(1,2). The AKI carries mortality rates up to 24% and, even 
in mild cases (3), may require renal replacement therapy, 
extend hospitalization, and impose substantial economic 
costs (4). Furthermore, this injury can cause permanent 
kidney damage, leading to chronic kidney disease 
(CKD) (5). Drug-induced nephropathy is a common yet 
preventable cause of AKI, accounting for approximately 
one-fifth of all AKI cases during hospitalization (6). 
Antibiotics, including aminoglycosides, glycopeptides, 
β‑lactams, sulfonamides, tetracyclines, fluoroquinolones, 
and polymyxin, are common causative agents of kidney 
injury, acting through mechanisms such as acute 
tubular necrosis, altered glomerular hemodynamics, 
acute interstitial nephritis, crystal nephropathy, and 
Fanconi syndrome (7). With the rising prevalence of 
methicillin‑resistant Staphylococcus aureus (MRSA), 
especially in hospital‑acquired infections, vancomycin has 
become a widely used antibiotic in hospitalized patients 
(8). Vancomycin‑induced nephrotoxicity, reported in 
5–43% of treated patients (9), results from proximal tubular 
injury driven by oxidative stress and non‑crystalline cast 
formation, underscoring the importance of early clinical 
detection (7).

According to Kidney Disease/Improving Global 
Outcomes (KDIGO) criteria, AKI is diagnosed by an 
increase in serum creatinine of ≥0.3 mg/dL within 48 
hours, or ≥1.5 times baseline within seven days, or by urine 
output <0.5 mL/kg/h for at least six hours (10). A false 
elevation in serum creatinine may result from increased 
protein intake, greater muscle mass, fasting, diabetic 
ketoacidosis, hemolysis, or the use of medications such as 
trimethoprim, cefazolin, cimetidine, and N‑acetylcysteine 
(11). Moreover, serum creatinine is a late indicator that 
elevates 24–36 hours after kidney injury, when the injury 
has already occurred, delaying early measures to prevent 
complications. This necessitates practical options for the 
timely diagnosis of AKI (12).

In recent years, several biomarkers have been proposed 
for the early detection of tubular injury, such as Liver-
type fatty acid-binding protein (L-FABP), Kidney injury 
molecule-1 (KIM-1), neutrophil gelatinase-associated 
lipocalin (NGAL), and interleukin-18 (IL-18) (12,13). 
These markers can be released into the urine and plasma 
after tubular injury before functional evidence, such as a 
creatinine rise, is observed (14). Urinary gamma‑glutamyl 
transferase (GGT), an enzyme integral to glutathione 
metabolism and oxidative stress defense, is localized to 
the brush border of proximal tubular epithelial cells, the 
principal site of vancomycin toxicity, from which it is 
released into the tubular lumen and subsequently detected 
in urine (15). The predictive utility of urinary GGT has 
been examined in conditions involving direct proximal 

tubular injury, including contrast‑induced nephropathy 
(15), drug‑related nephrotoxicity (16), and ischemic AKI 
(17). Although the predictive role of several biomarkers 
in vancomycin‑induced AKI has been explored, the utility 
of urinary GGT as an early predictor in humans remains 
uncertain; accordingly, this study sought to evaluate its 
diagnostic value as an early biomarker of AKI in ICU 
patients receiving vancomycin.

Objectives
This study aimed to evaluate the predictive value of 
urinary GGT levels for vancomycin-induced AKI in ICU 
patients by comparing biomarker concentrations between 
those who developed AKI and those who did not, and 
assessing diagnostic performance through receiver 
operating characteristic (ROC) curve analysis.

Materials and Methods
Study design and participants
This prospective diagnostic and observational study 
was conducted from February 2023 to January 2024 at 
Loghman Hakim Hospital in Tehran, Iran, enrolling ICU 
patients receiving vancomycin treatment. Adult patients 
lacking a history of AKI or CKD, who gave written 
informed consent, were enrolled and prospectively 
followed for vancomycin-associated AKI during their 
ICU stay.

Inclusion and exclusion criteria
Inclusion criteria included patients receiving vancomycin 
therapy who had no prior history of AKI or CKD, and 
who provided informed written consent (from patients 
or their legally authorized representatives) to participate. 
Exclusion criteria included unwilling patients to continue 
the study, those with incomplete clinical or laboratory data 
necessary for AKI assessment according to the KDIGO 
criteria. Patients were also excluded if they had received 
vancomycin treatment for less than the minimum duration 
required for meaningful evaluation of nephrotoxicity.

Data collection
In this study, written informed consent was obtained from 
all participants or their legally authorized representatives 
before enrollment, and data were collected from 14 ICU 
patients receiving vancomycin treatment, including 
demographic characteristics (age, gender, diabetes 
mellitus, and hypertension) and clinical outcomes such 
as the occurrence of AKI, which was defined according 
to the KDIGO criteria. Serial urinary GGT levels were 
measured on days 1, 3, and 6 post-vancomycin initiation 
to assess biomarker utility. All relevant information was 
extracted from medical records, laboratory reports, and 
patients’ interviews for analysis.

AKI definition according to KDIGO
The AKI was defined in accordance with the KDIGO. 
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criteria, which classify AKI based on an increase in serum 
creatinine of at least 0.3 mg/dL within 48 hours or a 1.5-
fold increase from baseline within seven days, and/or a 
reduction in urine output to less than 0.5 mL/kg/h for six 
hours or longer (10). 

Outcome measurement 
The primary outcome focused on comparing urinary GGT 
levels between patients who developed AKI and those 
who did not, to evaluate the association between GGT 
levels and vancomycin-induced AKI. This comparison 
aimed to determine whether urinary GGT could serve 
as an effective predictive biomarker for AKI by analyzing 
differences in GGT levels at various time points during 
treatment, assessing its diagnostic potential, and 
correlating with AKI occurrence in the study population.

Statistical analysis
Statistical analyses were conducted using SPSS version 
27 (IBM Corp., Armonk, NY, USA). The distribution 
of continuous variables was assessed using the Shapiro–
Wilk test, and homogeneity of variances was examined 
with Levene’s test. As both parametric and corresponding 
nonparametric tests yielded concordant results in terms 
of effect direction and comparable P values, parametric 
tests were chosen for reporting due to their superior 
statistical power and precision, including the independent 
samples T test for comparisons of continuous variables 
between AKI and non-AKI groups, the chi-square test 
for comparisons of categorical variables, binary logistic 
regression (univariate and multivariate) to estimate odds 
ratios and 95% confidence intervals for the association 
between urinary GGT and AKI, and ROC curve analysis 
to determine the diagnostic performance of urinary GGT 
and optimal cut-off values.

Results
This study included 14 patients with a mean age of 43.28 
years who were in the ICU and received vancomycin 

treatment. The majority were male, without diabetes 
mellitus, and without hypertension. The AKI occurred in 5 
patients (35.7%). The urinary GGT levels were monitored 
across several time points of day 1, 3, and 6, with values 
showing variation over the course of follow-up (Table 1).
In the comparative analysis of patients with and without 
AKI, most demographic and clinical variables did 
not show statistically significant differences. Gender 
distribution, presence of hypertension, and urinary GGT 
levels across the measured days were not significantly 
associated with AKI occurrence. Diabetes mellitus, 
however, approached statistical significance, being more 
common among patients with AKI. Age was the only 
variable that demonstrated a significant difference, with 
patients who developed AKI being older than those who 
did not (Table 2).

The analysis of urinary GGT in relation to the 
occurrence of vancomycin-induced AKI demonstrated no 
statistically significant associations across different time 
points. In the univariate logistic regression, urinary GGT 
measured on the first, third, and sixth days did not show a 
meaningful correlation with AKI risk. Similarly, when the 
models were adjusted for potential confounders such as 
age, gender, and underlying conditions, including diabetes 
and hypertension, the findings remained nonsignificant. 
Across both unadjusted and adjusted analyses, the odds 
ratios indicated no clear predictive value of urinary GGT 
for AKI (Table 3).

The results indicated that the diagnostic performance 
of urinary GGT as a biomarker for the occurrence of 
AKI at several time points of day 1, 3, and 3 after the 
administration of vancomycin, indicating only modest 
discrimination with wide uncertainty around the 
estimates. The table shows that the statistical significance 
of this marker is limited at all assessed times, reflecting 
inconsistency in its ability to reliably distinguish patients 
who develop AKI from those who do not. Despite the 
identification of specific thresholds for urinary GGT on 
different days, the associated diagnostic characteristics 

Table 1. Demographic characteristics and clinical features of included patients

Patient clinical-demographic characteristics Frequency Percent

Gender
Male 9 64.3

Female 5 35.7

Diabetes mellitus
Yes 4 28.6
No 10 71.4

Hypertension
Yes 6 42.9
No 8 57.1

Occurrence of AKI
Yes 5 35.7
No 9 64.3

Mean ± SD
Age (year) 43.28 ± 15.61

Urinary GGT (U/L; Mean ± SD)
Day 1 38.36 ± 26.15
Day 3 30.91 ± 17.09
Day 6 44.23 ± 25.36

AKI: Acute kidney injury; GGT: Gamma-glutamyl transferase; SD: Standard deviation.
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suggest that its clinical utility as a standalone test for early 
detection of AKI remains restricted (Table 4 and Figure 1).

Discussion
Our results indicated that urinary GGT did not 
demonstrate a significant or clinically useful capacity 
to predict vancomycin-induced AKI, indicating that 
it lacks reliability as a standalone biomarker for this 
condition. In contrast to our findings, Westhuyzen et al 
examined a comparable cohort of 26 critically ill ICU 
patients and demonstrated that urinary GGT possessed 
excellent discriminatory ability for predicting acute 
renal failure, with an AUC of 0.950. Notably, GGT 

elevation identified patients at risk 12 hours to 4 days 
before serum creatinine levels increased. In contrast, our 
study yielded only fair and statistically nonsignificant 
diagnostic accuracy. This divergence in findings may 
reflect differences in the underlying etiologies of AKI. 
Whereas Westhuyzen et al focused on acute renal failure 
secondary to sepsis and ischemia, our investigation 
centered on vancomycin‑induced nephrotoxicity. The 
pathophysiological mechanisms of vancomycin toxicity 
may provoke a distinct pattern or magnitude of GGT 
release compared with ischemic or septic injury, thereby 
accounting for the reduced predictive performance 
observed in our cohort (18). Similarly, in a study by 

Table 2. The distribution of demographic characteristics and clinical features of included patients according to the occurrence of AKI

Patient clinical-demographic characteristics
Occurrence of AKI

P value
No (n = 9) Yes (n= 5)

Gender n (%)
Male 5 (55.6) 4 (80)

0.360*

Female 4 (44.4) 1 (20)

Diabetes mellitus n (%)
Yes 1 (11.1) 3 (60)

0.052*

No 8 (88.9) 2 (40)

Hypertension n (%)
Yes 3 (33.3) 3 (60)

0.334*

No 6 (66.7) 2 (40)

Mean ± SD Mean ± SD P value

Age (year) 36.44 ± 13.97 55.60 ± 10.35 0.021**

Urinary GGT (U/L; Mean ± SD)

Day 1 34.90 ± 25.42 44.60 ± 29.24 0.528**

Day 3 29.40 ± 16.92 33.64 ± 19.04 0.650**

Day 6 37.63 ± 23.89 56.12 ± 25.96 0.203**

AKI: Acute kidney injury; GGT: Gamma-glutamyl transferase; SD: Standard deviation. 
*Chi-square, **Independent T-test.

Table 3. The correlation between urinary GGT and the occurrence of AKI using univariate and multivariate binary logistic regression

Urinary GGT (U/L)
Occurrence of AKI

P value OR 95% CI

Unadjusted

Day 1 0.495 1.01 0.97 – 1.06

Day 3 0.646 1.02 0.95 – 1.08

Day 6 0.190 1.03 0.98 – 1.08

Adjusted

Day 1 0.973 0.99 0.91 – 1.09

Day 3 0.820 0.93 0.54 – 1.61

Day 6 0.504 1.09 0.84 – 1.40

AKI: Acute kidney injury; GGT: Gamma-glutamyl transferase; OR: Odds ratio; CI: Confidence interval.

Table 4. Diagnostic value of urinary GGT in the diagnosis of AKI occurrence

Urinary GGT (U/L)
Occurrence of AKI

AUC ( 0-1 ) P value
95% CI

Cut Off (ng/mL) Sensitivity (%) Specificity (%)
Lower Upper

Day 1 0.633 0.424 0.327 0.939 31 40 56
Day 3 0.556 0.739 0.222 0.889 33.5 60 67
Day 6 0.733 0.162 0.450 1.00 47.35 60 67

AUC, Area under curve; CI: Confidence interval.
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Aygun et al, the results demonstrated that initial serum 
GGT levels were significantly correlated with the 
development of AKI in critically ill pediatric patients, 
and stated that GGT may serve as an early biomarker to 
identify children at risk for renal dysfunction (19). Davis 
et al found that urinary GGT levels increased rapidly 

Figure 1. Urinary GGT as a diagnostic marker of AKI occurrence using 
ROC curve analysis.

following ischemia‑reperfusion injury, correlating with 
early proximal tubular damage before serum creatinine 
changes were detectable; this supports urinary GGT as a 
sensitive biomarker for the early diagnosis of AKI (20). 
An animal study also indicated that cats with urethral 
obstruction exhibited elevated urinary GGT activity at 
presentation, consistent with early renal tubular damage 
and risk of AKI, supporting urinary GGT as a useful 
biomarker for detecting AKI in post‑renal obstruction 
(21). However, the inconsistency of urinary biomarkers 
in the specific context of vancomycin-associated injury 
is supported by recent prospective studies, which found 
that while markers like KIM-1 and NGAL demonstrated 
significant diagnostic accuracy, enzymatic markers often 
failed to show similar predictive reliability (12,13,22). In 
addition to the findings, Carvalho et al identified GGT 
as a significant diagnostic marker for chronic diabetic 
nephropathy with the AUC of 0.77 in 112 patients, 
whereas our study of vancomycin‑induced acute toxicity 
(AUC 0.73, n=14) did not reach statistical significance, 
likely reflecting both differing pathologies and limited 
sample size (23).

The limited predictive capacity of GGT observed in this 
study may be attributed to the distinct pathophysiology 
of vancomycin-induced nephrotoxicity in critically ill 
patients, where oxidative stress mechanisms may not trigger 
the same magnitude of brush-border enzymatic release as 
seen in direct ischemic or contrast-mediated injury (21). 
Since urinary GGT levels may also increase in hepatobiliary 
disease or certain tumors, relying on this marker alone for 
AKI detection—especially in critically ill ICU patients- 
can be misleading. Consequently, recent research has 
shifted toward more kidney-specific biomarkers, such 
as NGAL and KIM-1 (22,24-26). To improve diagnostic 
accuracy, recent studies advocate simultaneous detection 
of multiple interrelated biomarkers (e.g., GGT, alanine 
aminopeptidase, N‑acetyl‑β‑glucosaminidase) and the 
application of machine learning algorithms to identify 
complex biomarker patterns and predict AKI with high 
precision (27). Overall, the diagnostic performance data 
indicate that urinary GGT does not possess the necessary 
sensitivity or specificity to serve as a routine screening tool 
for vancomycin nephrotoxicity when used in isolation. 
Clinical monitoring should instead prioritize validated 
functional indices and multi-marker panels, as reliance on 
single enzymatic markers like GGT may lead to missed 
opportunities for early intervention. Our results indicated 
that urinary GGT did not demonstrate a significant or 
clinically useful capacity to predict vancomycin-induced 
AKI, indicating that it lacks reliability as a standalone 
biomarker for this condition
 
Conclusion
These findings indicate that urinary GGT does not 
provide meaningful predictive value for vancomycin-
induced AKI across the evaluated time points, as its 
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overall discriminative performance remained limited 
and statistically non-significant despite variation in 
test thresholds. Although different cutoff levels yielded 
modest sensitivities and specificities on successive days 
after vancomycin administration, these diagnostic 
characteristics are insufficient to support urinary GGT as 
a reliable standalone biomarker for the early detection of 
such nephrotoxicity in clinical practice. Consequently, the 
results suggest that urinary GGT should be interpreted 
with caution and, if used at all, only in conjunction with 
other established clinical indicators and more robust 
biomarkers of kidney injury.

Limitations of the study 
The primary limitation of this study is its small sample 
size of 14 ICU patients, which restricts statistical power 
and increases the risk of type II errors, potentially limiting 
the generalizability of urinary GGT as a biomarker 
for vancomycin-induced AKI. As a single-center 
observational study at Loghman Hakim Hospital, findings 
may not represent diverse populations or settings, with 
potential selection bias from exclusion criteria such as 
prior AKI, incomplete data, or short vancomycin duration. 
Additionally, unmeasured confounders like concomitant 
nephrotoxic drugs, exact vancomycin dosing, or serum 
levels were not fully detailed, alongside reliance on KDIGO 
criteria, which may delay AKI detection in critically ill 
patients. Larger, multicenter prospective trials are needed 
to validate these results.
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