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Abstract

Background: Acute kidney injury (AKI) is a common and life-threatening complication in critically ill patients
admitted to intensive care units (ICUs). Identifying reliable, early predictors of AKI and mortality is crucial for
timely intervention. Hypoalbuminemia and hyperuricemia are individually associated with poor outcomes in
ICU settings. The serum uric acid to albumin ratio (SUA/ALB) is an emerging composite biomarker reflecting
oxidative stress and nutritional status. This study evaluated the prognostic value of SUA/ALB in predicting AKI
development and in-hospital mortality.

Methods: A prospective observational study was conducted in the Department of General Medicine, S.C.B.
Medical College & Hospital, Cuttack, from July 23 to July 24. One hundred adult ICU patients were enrolled.
Serum uric acid and albumin levels were measured on day 1 of ICU admission, and the SUA/ALB ratio was
calculated. Patients were followed for development of AKI (as per KDIGO criteria) and all-cause in-hospital
mortality. Statistical analysis included chi-square test, independent t-test, Pearson correlation, and receiver
operating characteristic (ROC) curve analysis using SPSS software.

Results: Among 100 patients, 48% developed AKI and 32% died during hospitalization. The mean SUA/ALB
ratio was significantly higher in AKI patients (2.11+40.42) compared to non-AKI patients (1.53+0.31,
p<0.001). Non-survivors had a higher mean SUA/ALB ratio (2.19+0.38) than survivors (1.58+0.35,
p<0.001). The SUA/ALB ratio demonstrated strong predictive ability for AKI (AUC = 0.873) and mortality
(AUC =0.902).

Conclusion: The serum uric acid to albumin ratio is a promising, simple, and cost-effective biomarker for
predicting both AKI and mortality in ICU patients. Its use may facilitate early risk stratification and improve
clinical outcomes.
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Introduction

Acute Kidney Injury (AKI) is a common and The Kidney Disease: Improving Global Outcomes
serious complication in intensive care unit (ICU) (KDIGO) guidelines define AKI by a rapid rise in
patients, contributing substantially to morbidity, serum creatinine (=0.3 mg/dL within 48 hours or
prolonged hospitalization, increased healthcare >1.5% baseline) or reduced urine output (<0.5
costs, and mortality. mL/kg/h for >6 hours), staged into three severity

categories [2]. However, serum creatinine is a
delayed and nonspecific marker, influenced by
factors such as age, muscle mass, hydration, and
medications [3]. Consequently, there is a strong
interest in early, sensitive, and easily measurable
biomarkers for AKI detection before irreversible
damage occurs.

It is a dynamic clinical syndrome arising from the
interplay of ischemia, systemic inflammation, and
pre-existing organ dysfunction. Globally, AKI
affects 20-50% of ICU admissions, with even
higher rates in sepsis, shock, or multiorgan failure
cases [1]. In resource-limited settings, delayed
diagnosis and inadequate supportive care amplify
the mortality burden.
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AKI pathogenesis is multifactorial, involving
ischemia—reperfusion injury, inflammation, tubular
apoptosis, and microvascular dysfunction. Sepsis-
induced AKI—frequent in ICUs—combines direct
cellular injury with immune dysregulation [4].
Additional risk factors include nephrotoxic drugs,
hemodynamic instability, and comorbidities such as
diabetes, hypertension, and chronic kidney disease
[5]. While novel biomarkers like neutrophil
gelatinase-associated lipocalin (NGAL),
interleukin-18 (IL-18), cystatin C, and kidney
injury molecule-1 (KIM-1) show promise, their
high cost, limited availability, and lack of large-
scale validation hinder routine use [6].

Serum albumin is a widely available laboratory
parameter reflecting both nutritional status and
systemic inflammation. Hypoalbuminemia
contributes to capillary leak, reduced oncotic
pressure,  impaired drug  binding, and
immunosuppression, and has been independently
associated with AKI, prolonged ICU stay, and
mortality [7].

Serum uric acid (SUA), the end product of purine
metabolism, was historically linked to gout and
kidney stones, but its role as a pro-inflammatory,
pro-oxidative, and vasoconstrictive mediator is now
recognized. Elevated SUA levels promote
endothelial dysfunction, inhibit nitric oxide, induce
renal vasoconstriction, and activate the renin—
angiotensin—aldosterone system, thereby
predisposing to AKI [8-10]. SUA is also a
predictor of poor outcomes in cardiovascular
disease, heart failure, and sepsis.

The SUA-to-albumin ratio (SUA/ALB) integrates
two Dbiologically opposing processes: SUA as a
marker of oxidative stress and inflammation, and
albumin as a marker of nutrition and immune
competence. An elevated ratio may indicate
systemic metabolic derangement. Early evidence
suggests SUA/ALB is associated with adverse
outcomes in conditions such as liver cirrhosis,
acute coronary syndrome, and critical illness [11—
13]. Both SUA and albumin are part of routine
biochemistry panels, even in resource-limited
ICUs, making the SUA/ALB ratio a cost-effective,
easily accessible biomarker without additional
testing. However, its role in predicting AKI and
mortality in ICU patients remains underexplored,
especially in the Indian context. Existing studies
are often retrospective and underpowered,
underscoring the need for prospective, real-world
evaluations in diverse ICU populations.

Rationale for the Study: Given the high incidence
and grave prognosis of AKI among ICU patients,
and the need for early, inexpensive prognostic
markers, this study explores the predictive value of
the SUA/ALB ratio. By evaluating its association
with both the onset of AKI (as defined by KDIGO)
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and in-hospital mortality, this study aims to bridge
a significant knowledge gap and potentially
introduce a clinically relevant tool for risk
stratification in critical care settings.

Objectives of the Study

1. To estimate the incidence of AKI among ICU
patients based on KDIGO criteria

2. To evaluate the association of serum uric acid,
serum albumin, and the SUA/ALB ratio with
the development of AKI

3. To assess the predictive value of the
SUA/ALB ratio in determining in-hospital
mortality in ICU patients

4. To analyze the diagnostic accuracy (sensitivity,
specificity, ROC-AUC) of SUA/ALB ratio as a
biomarker for AKI and mortality

Materials and Methods

Study Type: This was a prospective observational
study designed to evaluate the predictive utility of
the serum uric acid to albumin ratio (SUA/ALB) in
determining the risk of acute kidney injury (AKI)
and in-hospital mortality among critically ill
patients admitted to the intensive care unit (ICU).

Study Design: A hospital-based, single-center,
longitudinal observational study was conducted.
Eligible patients were recruited consecutively, and
relevant clinical and laboratory data were collected
at ICU admission and followed until either hospital
discharge or in-hospital mortality.

Study Area: The study was conducted in the
Department of General Medicine at S.C.B. Medical
College and Hospital, located in Cuttack, Odisha. It
is a tertiary care teaching hospital and referral
center in eastern India, with a well-equipped multi-
specialty ICU.

Study Setting: Participants were enrolled from the
Medical ICU of S.C.B. Medical College, which
admits a wide range of critically ill patients
including those with sepsis, organ failure,
poisoning, trauma, and medical emergencies.

Study Duration: The study was carried out over a
period of one year, from July 23 to July 24.

Study Population: The study population consisted
of adult patients (aged >18 years) admitted to the
medical ICU during the study period, who fulfilled
the inclusion criteria and provided informed
consent (or via a legal guardian if unconscious).

Sample Size

A total of 100 ICU patients were enrolled based
on feasibility and prior studies that estimated the
AKI incidence in ICU settings.

This sample size was deemed adequate to detect a
clinically meaningful association between the
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SUA/ALB ratio and AKI/mortality with sufficient
statistical power.

Study Technique: Upon ICU admission, patients
underwent routine biochemical investigations,
including measurement of serum uric acid and
serum albumin within the first 24 hours. The
SUA/ALB ratio was calculated by dividing uric
acid (mg/dL) by albumin (g/dL). Patients were
monitored throughout their ICU stay for the
development of AKI (defined by KDIGO criteria)
and for in-hospital mortality outcomes.

Selection Criteria
Inclusion Criteria:

o Adult patients (=18 years) admitted to the
medical ICU.

e Availability of serum uric acid and albumin
measurements within 24 hours of ICU
admission.

o Consent obtained from patient or legally
authorized representative.

Exclusion Criteria:

e Known chronic kidney disease (CKD) stage 4
or 5.

o Patients on dialysis or renal replacement
therapy prior to ICU admission.

e Malignancy, autoimmune diseases, or
advanced liver disease (Child C cirrhosis).

e Use of wuric acid-lowering drugs (e.g.,
allopurinol) prior to admission.

o  Pregnancy.

Data Collection and Variables Measured:
Detailed clinical data, demographic information,
comorbidities, and presenting diagnoses were
recorded at admission. Laboratory investigations
were performed within the first 24 hours of ICU
admission.

Primary biochemical variables:

e Serum Uric Acid (mg/dL)

e Serum Albumin (g/dL)

e Serum Uric Acid to Albumin Ratio
(SUA/ALB), calculated by dividing serum uric
acid by serum albumin.

Additional clinical and laboratory parameters
included:

e Complete blood count, serum creatinine,
electrolytes

e Urinalysis, arterial blood gas (ABG), liver
function tests

e Urine output monitoring

o KDIGO staging for AKI assessment

Definitions

Acute Kidney Injury (AKI): Diagnosed and
staged based on KDIGO 2012 criteria:
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e Increase in serum creatinine by >0.3 mg/dL
within 48 hours or

e Increase to >1.5 times baseline within prior 7
days or

e Urine output <0.5 mL/kg/h for >6 hours.

« Hypoalbuminemia: Serum albumin <3.5 g/dL

o Hyperuricemia: Serum uric acid >7.0 mg/dL
in males, >6.0 mg/dL in females

e SUA/ALB Ratio Cut-off: Determined by
receiver operating characteristic  (ROC)
analysis

Outcome Measures
The two primary outcomes were:

1. Development of Acute Kidney Injury (AKI)
during ICU stay.

2. In-hospital mortality, defined as death during
the same admission.

Patients were followed daily for urine output,
clinical status, and laboratory markers until death
or discharge. All mortality events were verified and
recorded by ICU staff.

Statistical Analysis: Data were compiled in
Microsoft Excel and analyzed using IBM SPSS
Statistics for Windows, Version 25.0 (Armonk,
NY: IBM Corp). Continuous variables were
presented as mean + standard deviation (SD), while
categorical variables were expressed as frequencies
and percentages.

o Independent Student’s t-test was used to
compare means between AKI and non-AKI
groups, and survivor’s vs non-survivors.

o Chi-square test or Fisher’s exact test was
applied for categorical variables.

o Pearson’s correlation was used to assess the
relationship between SUA/ALB ratio and other
continuous variables.

o Receiver Operating Characteristic (ROC)
curve analysis was performed to evaluate the
predictive accuracy of SUA/ALB ratio for AKI
and mortality.

e The area under the curve (AUC), sensitivity,
specificity, and optimal cut-off points were
reported.

e A p-value of <0.05 was considered statistically
significant.

Ethical Consideration: The study protocol was
reviewed and approved by the Institutional Ethics
Committee of S.C.B. Medical College and
Hospital, Cuttack. Informed consent was obtained
from all patients or their legally authorized
representatives  before  enrollment.  Patient
confidentiality was maintained throughout the
study in accordance with the Declaration of
Helsinki.
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Results

Baseline  Characteristics: This  prospective
observational study was conducted on a cohort of
100 adult patients admitted to the Medical
Intensive Care Unit (ICU) of S.C.B. Medical
College and Hospital, Cuttack, Odisha, spanning a
duration of two years from October 2021 to
September 2023. The study population consisted
predominantly of males (n = 62), while females
accounted for 38% (n = 38), resulting in a male-to-
female ratio of approximately 1.6:1. The mean age
of the participants was 52.6 years with a standard
deviation of +14.8 years, indicating that the study
population largely comprised middle-aged and
older adults, a demographic inherently vulnerable
to critical illnesses.

The primary etiological factor necessitating ICU
admission was sepsis, responsible for 30% of all
admissions. This was followed by acute respiratory
distress syndrome (ARDS) and respiratory failure
in 22% of cases. Poisoning and toxicological
emergencies accounted for 18%, highlighting a
substantial burden of preventable, acute exposures
in the region. Neurological events such as
cerebrovascular accidents (CVAs), including
ischemic and hemorrhagic strokes, contributed to
14% of ICU admissions. Cardiac emergencies,
including acute myocardial infarction (MI) and life-
threatening arrhythmias, formed 12% of the total
admissions.

The duration of ICU stay varied based on clinical
condition, with a mean stay recorded at 8.2 + 3.7
days. Patients with multi-organ failure or
complicated sepsis tended to have prolonged ICU
stays, while those admitted for toxin ingestion or
transient cardiac arrhythmias had shorter stays.
This demographic and diagnostic distribution
reflects the typical case mix in a tertiary care ICU
in Eastern India and provides critical context for
interpreting the observed associations with acute
kidney injury (AKI) and mortality.

Incidence and Staging of Acute Kidney Injury
(AKI): Out of the total 100 ICU patients enrolled
in the study, 48 individuals (48%) progressed to
develop Acute Kidney Injury (AKI) during their
hospitalization, as defined by the KDIGO (Kidney
Disease: Improving Global Outcomes) clinical
criteria. The KDIGO staging system classifies AKI
based on changes in serum creatinine levels and
urine output, allowing a structured assessment of
renal impairment severity. The distribution of AKI
among these patients was as follows:

o Stage 1: 18 patients (37.5%), characterized by
a mild increase in serum creatinine or
reduction in urine output.
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o Stage 2: 16 patients (33.3%), indicating
moderate renal dysfunction with more
significant biochemical or clinical findings.

o Stage 3: 14 patients (29.2%), representing the
most severe renal impairment, with many
patients requiring renal replacement therapy
(RRT).

Among patients who developed AKI, the most
prevalent underlying clinical conditions were sepsis
and multi-organ dysfunction syndrome (MODS),
both of which are known to precipitate systemic
inflammation, hypotension, hypoperfusion, and
direct nephrotoxicity. These pathophysiological
mechanisms collectively contribute to renal tubular
injury and ischemic damage. Statistical analysis
using the Chi-square test revealed a highly
significant association between sepsis and AKI
development (p < 0.001), corroborating existing
literature that identifies sepsis as a dominant trigger
for AKI in critically ill patients.

This strong correlation highlights the importance of
early recognition and management of systemic
infections in the ICU to prevent renal deterioration.
The finding also underscores the critical need for
risk stratification tools and predictive markers—
like the SUA/ALB ratio—especially in septic
patients, to identify those at highest risk of renal
compromise and poor outcomes.

Serum Uric Acid, Serum Albumin, and
SUA/ALB Ratio: The mean serum uric acid
(SUA) levels among patients who developed AKI
were found to be markedly elevated, with a mean
value of 8.62 + 1.3 mg/dL. This contrasted
significantly with the mean SUA level in the non-
AKI group, which was recorded at 6.25 + 1.1
mg/dL. The difference between the two groups was
statistically significant, with a p-value of less than
0.001, indicating a strong correlation between
elevated SUA levels and the presence of AKI.

Inversely, serum albumin levels—recognized as a
marker of nutritional and inflammatory status—
were significantly lower in the AKI group,
averaging 2.81 + 0.44 g/dL, as compared to 3.53 +
0.41 g/dL in those who did not develop AKI. This
difference was also statistically significant (p <
0.001), reflecting a potential contributory role of
hypoalbuminemia in renal dysfunction. Lower
albumin levels may be linked to increased vascular
permeability, decreased oncotic pressure, and
heightened systemic inflammation—all of which
exacerbate renal insult in critically ill patients.

Derived from these two critical biochemical
parameters, the serum uric acid to albumin ratio
(SUA/ALB) emerged as a composite index.
Patients with AKI exhibited a considerably higher
mean SUA/ALB ratio (2.11 + 0.42) in comparison
to the non-AKI cohort (1.53 + 0.31), and this
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difference was again highly significant (p < 0.001).
This reinforces the clinical utility of the SUA/ALB
ratio as a predictive biomarker.

Taken together, these findings support the
hypothesis that a higher SUA/ALB ratio correlates
with deteriorating renal function and may serve as a
robust, easily accessible, and cost-effective early
indicator of AKI in ICU patients. This marker
could facilitate  timely intervention and
stratification of high-risk patients for closer
monitoring and renal-protective strategies.

SUA/ALB Ratio and In-Hospital Mortality:
Among the study cohort of 100 ICU patients, a
total of 32 individuals (32%) did not survive their
ICU admission, indicating a substantial in-hospital
mortality rate consistent with the severity of
underlying illnesses. Detailed analysis revealed that
the mean SUA/ALB ratio in non-survivors was
significantly elevated at 2.19 + 0.38, in comparison
to 1.58 + 0.35 in survivors. The difference was
statistically significant (p < 0.001), highlighting a
strong association between a higher SUA/ALB
ratio and adverse outcomes.

This finding suggests that patients who exhibit both
elevated serum uric acid levels and decreased
serum albumin concentrations—reflected by a high
SUA/ALB ratio—are at significantly increased risk
of mortality.

The SUA/ALB ratio may thus act as a surrogate
marker of the underlying metabolic, inflammatory,
and nutritional derangements contributing to poor
prognosis in critically ill patients.

Further stratified analysis showed that AKI was
disproportionately more prevalent among the non-
survivor group, and a stepwise increase in mortality
was observed with advancing KDIGO AKI stages.
Specifically, patients in Stage 3 AKI had the
highest mortality, emphasizing the cumulative
impact of renal dysfunction on survival outcomes.

These observations collectively reinforce the
prognostic utility of the SUA/ALB ratio—not only
as a biomarker of renal impairment but also as a
broader predictor of clinical deterioration and death
in the ICU setting. Thus, monitoring the SUA/ALB
ratio at ICU admission may provide clinicians with
an early warning signal for patients likely to
experience poor outcomes, thereby informing
triage, therapeutic aggressiveness, and the need for
intensive monitoring or renal support strategies.

Correlation Analysis: Pearson correlation analysis
was performed to assess the linear relationships
between the SUA/ALB ratio and other key clinical
and laboratory parameters relevant to patient
outcomes. The results demonstrated robust and
statistically significant correlations:
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e SUA/ALB ratio and serum creatinine: r =
0.642, p < 0.001. This positive correlation
implies that as the SUA/ALB ratio increases,
serum creatinine levels rise in tandem,
suggesting worsening renal function. Since
creatinine is a reliable indicator of glomerular
filtration, this finding reinforces the
association between elevated SUA/ALB ratios
and impaired kidney function.

e SUA/ALB ratio and serum albumin: r = -
0.590, p < 0.001. The inverse relationship
indicates that a higher SUA/ALB ratio is
significantly associated with lower serum
albumin levels. Given that hypoalbuminemia
reflects both poor nutritional status and
systemic  inflammation, this correlation
highlights the ratio’s sensitivity to the patient’s
overall physiological derangement.

o SUA/ALB ratio and in-hospital mortality: r =
0.633, p < 0.001. This strong positive
correlation shows that patients with higher
SUA/ALB ratios are more likely to succumb
during their ICU stay. The statistical strength
of this association underscores the utility of
this ratio as a prognostic biomarker for
mortality risk.

Together, these correlations affirm that the
SUA/ALB ratio captures a constellation of critical
pathophysiological processes—renal dysfunction,
systemic inflammation, and nutritional
compromise—that converge to influence clinical
outcomes in critically ill patients. Its multifaceted
nature makes it a valuable and accessible index for
both early risk stratification and outcome prediction
in the ICU setting.

ROC Curve Analysis for Predictive Utility:
Receiver Operating Characteristic (ROC) curve
analysis was conducted to evaluate the
discriminative power of the SUA/ALB ratio in
predicting both AKI development and in-hospital
mortality among ICU patients. The ROC curve
provides a graphical representation of the
sensitivity versus 1-specificity for various cutoff
points of the SUA/ALB ratio, and the Area under
the Curve (AUC) quantifies the overall diagnostic
accuracy.

Prediction of AKI:

e The AUC was calculated as 0.873 (95%
Confidence Interval [CI]: 0.80 — 0.94),
indicating excellent discriminatory ability.

o The optimal cutoff value for predicting AKI
was found to be 1.78.

e At this threshold, the sensitivity was 83.3%,
meaning the SUA/ALB ratio correctly
identified 83.3% of patients who developed
AKI.
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o The specificity was 79.2%, reflecting the test's
ability to accurately identify patients who did
not develop AKI.

o These findings highlight that the SUA/ALB
ratio is not only statistically robust but also
clinically effective in stratifying patients at risk
of renal deterioration.

Prediction of Mortality:

e The AUC for predicting in-hospital mortality
was even higher at 0.902 (95% CI: 0.85 —
0.96), signifying outstanding accuracy.

o The best cutoff value identified was 1.85.

e At this level, the sensitivity was 87.5%,
capturing the vast majority of patients who
succumbed during hospitalization.

e The specificity was 81.2%, suggesting low
rates of false positives among survivors.

e Such strong predictive values support the
utility of SUA/ALB ratio as a reliable
prognostic marker for early risk assessment of
mortality in critical care settings.

Together, these ROC analyses reinforce the
SUA/ALB ratio’s role as a powerful, inexpensive,
and easy-to-measure biomarker that can facilitate
timely clinical decision-making, improve patient
triage, and potentially guide interventions to reduce
the burden of AKI and mortality in ICU
populations.

The results of this study underscore the clinical
relevance of the SUA/ALB ratio in critically ill
patients admitted to the ICU.

As presented in Table 1, while there was no
statistically significant difference in age or gender
distribution between the AKI and non-AKI groups
(p > 0.05), the ICU stay was significantly
prolonged in AKI patients (9.4 + 3.1 days vs. 7.1 £
2.5 days, p < 0.001), suggesting a higher severity of
illness and increased resource utilization.

Table 2 reveals that patients who developed AKI
had markedly higher serum uric acid levels and
lower serum albumin concentrations, leading to
significantly elevated SUA/ALB ratios (2.11 + 0.42
vs. 1.53 £0.31; p <0.001). These findings reflect a
combined inflammatory and nutritional disturbance
associated with renal impairment.

Further analysis of KDIGO staging in Table 3
showed that Stage 1 AKI was the most prevalent
(37.5%), although all three stages were represented.
Importantly, patients in Stage 3 had the highest
mortality,  emphasizing  the  dose-response
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relationship between AKI severity and outcome.
Table 4 illustrates the correlation matrix, where the
SUA/ALB ratio exhibited a strong positive
correlation with serum creatinine (r = 0.642) and
mortality (r = 0.633), and a negative correlation
with albumin (r = -0.590), all highly significant (p
< 0.001). These associations support the index’s
role as a surrogate for systemic physiological
derangement.

Finally, Table 5 confirms the diagnostic and
prognostic utility of the SUA/ALB ratio through
ROC analysis. The AUC for AKI prediction was
0.873 and for mortality prediction was 0.902, both
demonstrating  excellent  performance.  The
sensitivity and specificity were over 79%,
affirming the ratio’s value as a simple, cost-
effective biomarker for early risk stratification in
ICU settings.

As illustrated in Figure 1, a box plot comparing the
SUA/ALB ratio between patients with and without
acute kidney injury (AKI) revealed a significantly
higher median ratio in the AKI group. The
interquartile range was also notably wider among
AKI patients, reflecting greater systemic variability
and metabolic stress. This supports the hypothesis
that an elevated SUA/ALB ratio is associated with
renal dysfunction and may be a robust biomarker
for early detection of AKI in ICU settings.

In Figure 2, a bar chart displays the distribution of
AKI severity based on the KDIGO staging system
among the 48 affected individuals. Stage 1 was the
most frequently observed, accounting for 37.5% of
cases, followed by Stage 2 (33.3%) and Stage 3
(29.2%). Despite being the least common, Stage 3
was associated with the highest mortality in
subsequent analyses, highlighting the prognostic
value of AKI staging in critically ill patients.

Figure 3 presents the Receiver Operating
Characteristic (ROC) curves for the SUA/ALB
ratio as a predictor of both AKI and in-hospital
mortality. The ROC curve for AKI prediction
demonstrated an Area under the Curve (AUC) of
0.873 with a cutoff value of 1.78, sensitivity of
83.3%, and specificity of 79.2%, indicating
excellent discriminative power. For mortality
prediction, the AUC was even higher at 0.902, with
a cutoff of 1.85, sensitivity of 87.5%, and
specificity of 81.2%. These findings affirm the
clinical utility of the SUA/ALB ratio as a reliable
and easily accessible prognostic tool in the ICU
setting.

Table 1: Baseline Demographic and Clinical Characteristics of Study Participants (n = 100)

Variable AKI Group (n =48) Non-AKI Group (n =52) p-value
Age (years) 54.1+13.7 512+153 0.32
Gender (Male/Female) 30/18 32/20 0.78

ICU Stay (days) 94+3.1 7.1+£25 <0.001
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Table 2: Comparison of Biochemical Parameters between AKI and Non-AKI Groups (n = 100)

Parameter AKI Group (n =48) Non-AKI Group (n =52) p-value
Serum Uric Acid (mg/dL) 8.62+1.3 6.25+1.1 <0.001
Serum Albumin (g/dL) 2.81 £0.44 3.53+£041 <0.001
SUA/ALB Ratio 2.11+0.42 1.53+£0.31 <0.001

Table 3: Distribution of AKI Cases According to KDIGO Staging (n = 48)

KDIGO Stage Number of Patients Percentage (%)
Stage | 18 37.5%
Stage 2 16 33.3%
Stage 3 14 29.2%

Table 4: Pearson Correlation between SUA/ALB Ratio and Clinical Parameters (n = 100)

Variables Correlated Correlation Coefficient (r) p-value
SUA/ALB Ratio vs. Creatinine 0.642 <0.001
SUA/ALB Ratio vs. Albumin -0.590 <0.001
SUA/ALB Ratio vs. Mortality 0.633 <0.001

Table S5: ROC Curve Analysis of SUA/ALB Ratio for Predicting AKI and In-Hospital Mortality (n = 100)

Qutcome AUC (95% CI) Cutoff Value Sensitivity (%) Specificity (%)
AKI 0.873 (0.80-0.94) 1.78 83.3 79.2
In-hospital Death 0.902 (0.85-0.96) 1.85 87.5 81.2

Figure 1: SUA/ALB Ratio in AKI vs Non-AKI Patients
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Figure 3: ROC Curves for SUA/ALB Ratio
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Discussion

This prospective observational study evaluated the
prognostic utility of the serum uric acid to albumin
(SUA/ALB) ratio among critically ill patients
admitted to the Intensive Care Unit (ICU), with a
specific focus on its role as an early predictor of
Acute Kidney Injury (AKI) and in-hospital
mortality. The findings demonstrate a strong and
clinically meaningful association between elevated
SUA/ALB ratios and adverse renal outcomes,
including progression to higher Kidney Disease:
Improving Global Outcomes (KDIGO) AKI stages
and increased mortality risk.

These results align with earlier investigations by
Yeter et al. (2019) [31] and Ozgur et al. (2021)
[32], which established the ratio’s capacity to
capture two critical pathophysiological dimensions:
inflammatory burden and nutritional status.
Elevated SUA reflects oxidative stress, endothelial
dysfunction, and microvascular injury, while
hypoalbuminemia signals systemic inflammation,
impaired  vascular integrity, and reduced
antioxidant capacity. The synergistic interplay of
these factors promotes renal ischemia, tubular
injury, and progression to multiorgan dysfunction.
In our study, the SUA/ALB ratio achieved
excellent predictive accuracy, with an area under
the ROC curve (AUC) of 0.873 for AKI and 0.902
for mortality, underscoring its discriminative
strength.

The incidence of AKI in our ICU population was
48%, consistent with the globally reported range of
30-60% among critically ill patients [1, 3, 7]. This
underscores AKI’s persistent burden and relevance
in critical care. Sepsis emerged as the predominant
etiological factor for AKI, which is in keeping with
existing literature [9, 11] and established
mechanisms involving hemodynamic instability,
endothelial damage, oxidative stress, and excessive
cytokine release. The strong statistical association
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between sepsis and AKI (p < 0.001) highlights the
importance of early sepsis recognition and
aggressive management to mitigate renal injury.

Serum wuric acid emerged as a significant
independent correlate of AKI. Its pathogenic role is
supported by studies demonstrating its capacity to
induce reactive oxygen species (ROS) generation,
inhibit nitric oxide synthesis, and impair
endothelial function [20, 25, 31, 32]. These
processes directly compromise renal perfusion and
promote tubular injury. Concurrently, serum
albumin levels were notably lower among AKI
patients, reinforcing hypoalbuminemia’s role as
both a marker and mediator of poor prognosis.
Beyond maintaining oncotic pressure, albumin
exerts anti-inflammatory and antioxidant effects,
scavenges free radicals, and facilitates drug
binding. Low albumin levels, therefore, indicate
both nutritional depletion and heightened systemic
inflammation, compounding renal vulnerability.
This observation is in agreement with Muroya et al.
(2018) [27] and Moresco et al. (2018) [29], who
demonstrated the aggravating impact of
hypoalbuminemia on ischemic and inflammatory
renal injury.

The SUA/ALB ratio effectively integrates these
two parameters, providing a composite measure of
oxidative stress and reduced anti-inflammatory
reserve. This dual-pathway representation likely
explains its superior predictive capacity compared
to SUA or albumin alone. Mechanistically, a high
SUA/ALB ratio reflects a pro-inflammatory state
coupled with diminished protective buffering,
facilitating renal ischemia, endothelial dysfunction,
and subsequent organ failure.

These insights echo earlier hypotheses by Kribben
et al. (2003) [22] and Brodsky et al. (2002) [23],
who emphasized the central roles of oxidative
injury and endothelial pathology in AKI
progression. From a clinical standpoint, the
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SUA/ALB ratio offers several advantages. Both
SUA and albumin are inexpensive, routinely
measured laboratory parameters, enabling rapid
calculation without additional testing costs. This
makes the ratio particularly appealing for resource-
limited settings where advanced biomarkers (e.g.,
NGAL, KIM-1, cystatin C) are often unavailable.
The ability to identify high-risk patients early can
support targeted interventions, optimize ICU
resource allocation, and potentially reduce
morbidity and mortality.

However, certain limitations must be
acknowledged. The single-center design restricts
the generalizability of results, and the observational
methodology precludes causal inference. SUA and
albumin levels were measured only once at
admission; serial measurements might have
captured dynamic changes and improved
prognostic accuracy. Potential confounders—such
as nephrotoxic drug exposure, cumulative fluid
balance, or coexisting hepatic dysfunction—were
not fully adjusted for and may have influenced
results.

Despite these constraints, the study provides
compelling evidence for the SUA/ALB ratio as a
practical and integrated prognostic marker in
critical illness. Its strong association with both AKI
incidence and mortality supports its inclusion in
ICU risk stratification frameworks.

Future multicenter studies with larger, more diverse
populations and longitudinal follow-up are
warranted to validate these findings, refine optimal
cutoff values, and explore incorporation into
decision-making algorithms. Furthermore, research
examining whether interventions that modify
SUA/ALB levels (e.g., uric acid-lowering therapy,
nutritional optimization) can improve outcomes
would be of significant clinical interest.

In conclusion, the SUA/ALB ratio encapsulates the
complex interplay between metabolic stress,
systemic inflammation, and nutritional status in
critically ill patients. By combining two readily
available biochemical parameters, it offers a cost-
effective, accessible, and clinically relevant tool for
early prediction of AKI and mortality in ICU
settings. Its adoption in clinical practice could
enhance early risk detection, facilitate timely
intervention, and ultimately improve patient
outcomes.

Conclusion

In this prospective observational study of critically
ill ICU patients, the serum uric acid to albumin
(SUA/ALB) ratio emerged as a simple, reliable,
and independent biomarker for predicting both
acute kidney injury (AKI) and in-hospital
mortality. Elevated SUA/ALB ratios were
significantly associated with worse outcomes,
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outperforming the predictive ability of uric acid or
albumin alone. The ratio demonstrated high
diagnostic accuracy with an AUC >0.87 for AKI
and >0.90 for mortality in ROC analysis. Given its
affordability, accessibility, and strong prognostic
performance, the SUA/ALB ratio can be
incorporated into routine ICU assessments to
facilitate early risk stratification and targeted
interventions. Future multicenter studies and long-
term outcome evaluations are warranted to validate
these findings and explore their integration into
clinical decision support systems.

Strengths included a prospective design, early
biomarker measurement within 24 hours, use of
standardized KDIGO criteria, real-world ICU
applicability, and robust statistical analysis.

Limitations were its single-center nature, modest
sample size (n=100), short in-hospital follow-up,
incomplete adjustment for potential confounders,
and possible overlap with undiagnosed CKD.

Clinically, the SUA/ALB ratio offers a low-cost,
widely available, non-invasive, and easily
repeatable metric for early ICU risk stratification,
especially valuable in resource-limited settings. It
enables targeted renal protective strategies, closer
fluid balance monitoring, and safer drug dosing.

Future research should focus on multicenter
validation, serial monitoring, and integration with
other biomarkers, predictive modeling using
machine learning, and interventional studies
targeting hyperuricemia or hypoalbuminemia.
Incorporating the SUA/ALB ratio into ICU
decision-support systems could enhance -early
detection, optimize resource allocation, and
ultimately improve patient outcomes.
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