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ABSTRACT

Background: Acute kidney injury (AKI) accounts for 32–77% of  
mortality in intensive care unit (ICU) patients in Indonesia and increases 
the risk of  death up to eightfold at Dr. Sardjito General Hospital. Patient 
outcomes are greatly influenced by early detection, but diagnosis still 
relies on serum creatinine, which only increases after severe kidney 
damage. Proteinuria has the potential to be an early predictor of  AKI 
with simple, inexpensive, and rarely studied tests.
Objective: To assess proteinuria as a predictor of  AKI in ICU patients at 
Dr. Sardjito General Hospital, Yogyakarta.
Subject and Methods: This prospective cohort study involved ICU patients 
who met the inclusion and exclusion criteria and were grouped based on 
proteinuria status. Data analysis was performed univariately (descriptive 
tables), bivariately (Chi-square/Fisher's Exact and Mann-Whitney tests), 
and multivariate (logistic regression) for variables with p < 0.25 at the 
bivariate stage. Model validation was performed using receiver operating 
characteristic (ROC) curve analysis to assess discriminatory ability and 
Hosmer–Lemeshow testing for model calibration.
Result: Of  the 187 patients screened, 151 patients met the criteria (median 
age 52 years; 47.7% male). Proteinuria was found in 51.7% of  patients, 
with a AKI incidence of  10.6%. Bivariate analysis showed a significant 
association between proteinuria and AKI (19.2% vs. 1.4%; RR 14.04; 
p<0.001). In addition, male gender (18.1% vs. 3.8%; RR 4.76; p=0.004) 
and a history of  heart disease (33.3% vs. 8.1%; RR 4.12; p=0.011) were 
also associated with the occurrence of  AKI. Conversely, an APACHE II 
score ≥17 only showed a trend toward an increased incidence of  AKI 
(19.2% vs. 8.8%; p=0.155), but this was not statistically significant. Age, 
hypertension, and diabetes mellitus were not statistically significant. 
Multivariate analysis confirmed proteinuria as an independent predictor 
of  AKI (OR 20.02; 95% CI: 1.32–304.52; p=0.031). The ROC curve yielded 
an AUC of  0.782 (p=0.001) with a sensitivity of  93.8% and specificity of  
53.3%, PPV of  19.2% and NPV of  98.6%. The Hosmer–Lemeshow test 
indicated good model calibration (p=0.225). In addition, patients with 
proteinuria more often required vasopressors (34.6% vs. 12.3%; p=0.001), 
while diuretic use was more common in the group without proteinuria 
(19.2% vs. 5.1%; p=0.008). 
Conclusion: Proteinuria is a moderate predictor of  acute kidney injury 
(AKI) in ICU patients at Dr. Sardjito General Hospital. Absence of  
proteinuria may serve as a strong indicator for ruling out the risk of  AKI
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INTRODUCTION
Acute kidney injury (AKI) is a global health 

problem that affects more than 10 million people 
worldwide each year. This condition is defined 
as a significant decline in kidney function within 
less than seven days, with criteria established 
by KDIGO (Kidney Disease: Improving Global 
Outcomes) including an increase in serum 
creatinine ≥0.3 mg/dL within 48 hours, an 
increase of ≥1.5 times the baseline value within 
seven days, or a decrease in urine output <0.5 
ml/kg/hour for six hours.1 The incidence of 
AKI in intensive care units (ICUs) is reported 
to reach 30–60%, with mortality ranging from 
50–80%, and contributes to increased ICU 
length of stay.2,3 In Indonesia, a study at Dr. 
Sardjito General Hospital showed that AKI is 
an important predictor of ICU patient mortality 
with a relative risk of 8.0 (p<0.05).2,3

Early detection of AKI is crucial in improving 
patient clinical outcomes. AKI diagnosis 
currently relies on serum creatinine levels, but 
this test is less sensitive because it is influenced 
by various non-renal factors (age, muscle 
mass, hydration status, dietary intake) and 
only increases after significant kidney damage 
has occurred.4,5 Meanwhile, in subclinical AKI, 
structural damage may occur even though 
serum creatinine levels remain within normal 
limits due to the presence of tubular functional 
reserve (TFR).6

Proteinuria is one parameter that reflects 
the integrity of the glomerular filtration barrier. 
Under normal conditions, urinary protein 
excretion is <150 mg/24 hours, equivalent 
to a negative or 1+ dipstick urine test result. 
Several studies have shown that proteinuria 
is associated with an increased risk of CKD 
and the need for renal replacement therapy.7-9 
Preoperative proteinuria is associated with 
postoperative CKD (OR 1.74; 95% CI 1.45–2.09), 
the need for renal replacement therapy (OR 1.70; 
95% CI 1.25–2.32), and severe AKI (OR 3.24; 95% 
CI 1.42–7.38).7 Similarly, dipstick proteinuria ≥30 
g/100 mL was found to increase the risk of AKI 
requiring dialysis (aOR 2.79).8

Other parameters such as urine output 
and various renal biomarkers (e.g., NGAL, IL-
18, KIM-1, cystatin C) have also been studied, 

but their sensitivity and specificity have not 
been consistent, in addition to requiring high 
costs and complex laboratory methods.5 In 
contrast, proteinuria testing is relatively simple, 
inexpensive, and easy to implement in ICU 
facilities, including in Indonesia.10,11

To date, several studies at Dr. Sardjito 
General Hospital have evaluated mortality 
in patients with acute kidney injury in the 
ICU, but no studies have specifically assessed 
proteinuria as a predictor of acute kidney injury 
in this population. Therefore, this study was 
conducted to assess proteinuria as a predictor of 
acute kidney injury in ICU patients at Dr. Sardjito 
General Hospital, Yogyakarta.

METHODS
This study is a prospective cohort study 

based on primary data conducted at the ICU 
of Dr. Sardjito General Hospital, Yogyakarta. 
Recruitment was carried out using consecutive 
sampling in 2025 after obtaining ethical approval 
from the Research Ethics Committee of the 
Faculty of Medicine, Public Health, and Nursing, 
Gadjah Mada University, as well as research 
permission from the Education and Training 
Unit of Dr. Sardjito General Hospital. The study 
population consisted of all ICU patients, while 
the accessible population included those who 
met the inclusion criteria: aged 18–75 years and 
without exclusion criteria such as a history of 
autoimmune disease, pregnancy, or palliative 
status.12 Patients who died within 48 hours, 
had anuria at ICU admission, or presented 
with serum creatinine levels >1.2 mg/dL upon 
admission were excluded.

The minimum sample size was calculated 
using Fleiss formula based on the proportion of 
acute kidney injury (AKI) in patients with and 
without proteinuria.13,14 The calculation showed 
a minimum requirement of 112 patients, with 
an additional 20% dropout rate, resulting in 
a total minimum sample size of 135 patients. 
All patients underwent urine protein testing 
upon admission to the ICU using photometric 
urinalysis with a fully automated urine chemistry 
analyzer.15 Proteinuria was determined if the 
urinalysis results showed ≥1+ protein. Serum 
creatinine levels were checked at 48 hours and 
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7 days after admission, or when the patient was 
discharged from the ICU if the length of stay was 
<7 days.16

The main variables in this study were 
proteinuria as an independent variable and AKI 
occurrence as a dependent variable, defined as 
an increase in serum creatinine levels >1.2 mg/dL 
within 48 hours–7 days or an increase >0.3 mg/
dL compared to baseline values.17 Confounding 
variables analysed included age, hypertension, 
diabetes mellitus, and heart disease. Urine 
collection was performed using an aseptic 
non-touch technique,18,19 while venous blood 
collection for creatinine testing was performed 
according to laboratory standards.20

Data were analyzed using SPSS version 
26. Categorical variables were presented as 
frequencies and percentages, while numerical 
data were expressed as median (minimum–
maximum). The association between 
proteinuria and AKI was analyzed using the Chi-
square test and relative risk (RR) calculation, 
while Fisher’s Exact test and Mann-Whitney 
test were applied as appropriate according to 
data distribution and type. Variables with p 
< 0.25 in the bivariate analysis were included 
in logistic regression models to control for 
confounders, and results were reported as odds 
ratios (OR) with 95% confidence intervals (CI). 
Statistical significance was defined as p < 0.05. 
Model validation was conducted using receiver 
operating characteristic (ROC) curve analysis to 
assess discriminative ability and the Hosmer–
Lemeshow test for calibration.

RESULTS
	 This study was conducted among 

patients admitted to the Intensive Care Unit 
(ICU) of Dr. Sardjito General Hospital during the 
study period. Of the 187 patients screened, 36 
were excluded for not meeting the study criteria, 
due to age ineligibility, incomplete laboratory 
data, a history of autoimmune disease, or death 
within 48 hours of ICU admission. Thus, 151 
patients were included in the final analysis. The 
baseline characteristics of the study population 
showed a median age of 52 years (range 17–
75), with 47.7% males and 52.3% females. The 
median body mass index (BMI) was 22.2 kg/

m² (range 12.7–35.16), which fell within the 
normal category. Most patients were classified 
as ASA II (46.9%) and ASA III (46.9%), reflecting 
moderate to severe clinical status. The most 
common comorbidities were hypertension 
(28.5%), diabetes mellitus (12.6%), and heart 
disease (9.9%). Based on the APACHE II score, 
the majority of patients (82.8%) had a score 
<17 (low risk), while 17.2% were categorized 
as high risk (≥17). Nearly all patients received 
mechanical ventilation (96%), approximately 
one-fourth required vasopressors (23.8%), 
and 11.9% received diuretics. ICU mortality 
was 9.9%. Urinalysis revealed proteinuria in 
51.7% of patients, distributed as 1+ (31.1%), 
2+ (17.9%), and 3+ (2.6%). Acute kidney injury 
(AKI) was identified in 10.6% of patients. These 
findings indicate that proteinuria was relatively 
common among critically ill patients and may 
be associated with worse clinical outcomes. 

Bivariate analysis showed that patients 
with proteinuria had a significantly higher 
risk of developing AKI compared with those 
without proteinuria (19.2% vs 1.4%; p < 0.001). 
The relative risk (RR) was 14.04 (95% CI: 1.90–
103.62), confirming that proteinuria increased 
the risk of AKI by approximately 14-fold.

Other clinical variables were also analysed 
for potential associations with AKI. Male sex 
was significantly associated with AKI (18.1% vs 
3.8% in females; p = 0.004; RR = 4.76). A history 
of heart disease was also associated with higher 
AKI incidence (33.3% vs 8.1%; p = 0.011; RR = 
4.12). Meanwhile, APACHE II score ≥17 showed 
a trend toward increased AKI occurrence (19.2% 
vs 8.8%), but the association was not statistically 
significant (p = 0.155). Other variables, such 
as age, hypertension, and diabetes mellitus, 
showed no significant association with AKI.

Multivariate logistic regression analysis 
demonstrated that proteinuria remained 
an independent predictor of AKI (OR 20.02; 
95% CI: 1.32–304.52; p = 0.031), even after 
controlling for other variables. In contrast, male 
sex, history of heart disease, APACHE II score 
≥17, and age were not significant predictors.

Validation of the prediction model 
demonstrated that proteinuria had a reasonably 
good discriminatory ability in predicting AKI. 
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Median (min-max) n (%)

Age 52 (17-75)

Gender Male 72 (47.7%)

Female 79 (52.3%)

Weight 56 (9-105)

Height 160 (140-187)

BMI 22.2 (12.7-35.16)

ASA status 1 3 (2.3%)

2 61 (46.9%)

3 61 (46.9%)

4 5 (3.8%)

Hypertension Yes 43 (28.5%)

No 108 (71.5%)

Heart Disease Yes 15 (9.9%)

No 136 (90.1%)

Diabetes Yes 19 (12.6%)

No 132 (87.4%)

Total Apache II Score ≥17 26 (17.2%)

<17 125 (82.8%)

Ventilator Yes 145 (96%)

No 6 (4%)

Vasopressor Yes 36 (23.8%)

No 115 (76.2%)

Diuretics Yes 18 (11.9%)

No 133 (88.1%)

Dyspnea Yes 5 (3.3%)

No 146 (96.7%)

Proteinuria Negative	 73 (48.3%)

1+ 47 (31.1%)

2+ 27 (17.9%)

	
3+

4 (2.6%)

AKI Yes 16 (10.6%)

No 135 (89.4%)

Table 1. Characteristics of Subjects

Table 2. Bivariate Analysis of Proteinuria with AKI

AKI No AKI P RR CI 95%

Proteinuri Yes 15 (19.2%) 63 (80.8%) <0.001* 14.04 1.90-103.62

No 1 (1.4%) 72 (98.6%)
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ROC curve analysis yielded an AUC of 0.782 
(95% CI: 0.68–0.88; p=0.001), indicating 
moderate discriminative ability. The optimal 
cutoff was determined at proteinuria ≥1+, with 
a sensitivity of 93.8% and a specificity of 53.3%. 
Furthermore, predictive value analysis showed 

a negative predictive value (NPV) of 98.63%, 
suggesting that the absence of proteinuria can 
reliably exclude the risk of AKI in ICU patients. 
In contrast, the positive predictive value 
(PPV) was only 19.23%, indicating that not all 
patients with proteinuria ≥1+ progressed to 

AKI NO AKI p RR
CI 95%

Age  
56.5 (23-75) 52 (17-74)

0.147   
Gender Male

13 (18.1%) 59 (81.9%)
0.004* 4.76 1.41-16.01

Female
3 (3.8%) 76 (96.2%)

Hypertension
Yes 6 (14%) 37 (86%) 0.393$ 1.51 0.58-3.89

No 10 (9.3%) 98 (90.7%)
Heart Disease

Yes 5 (33.3%) 10 (66.7%) 0.011*$ 4.12 1.65-10.27

No 11 (8.1%) 125 (91.9%)
Diabetes

Yes 2 (10.5%) 17 (89.5%) 1.000$ 0.99 0.24-4.03

No 14 (10.6%) 118 (89.4%)

Total APACHE II 
Score

≥17 5 (19.2%) 21 (80.8%) 0.155$ 2.47 0.78-7.83
<17

11 (8.8%) 114 (91.2%)

Table 3. Bivariate Analysis of Confounding Variables with AKI

Table 4. Logistic Regression Test
95% C.I

P OR Lower Upper

Proteinuria .031* 20.015 1.316 304.518

Age .787 .992 .935 1.053

Male Gender .181 4.772 .484 47.081

Heart Disease .083 7.084 .776 64.673

Total APACHE II 
score

.170 5.281 .490 56.866

(≥17)

Figure 1. ROC Curve and Hosmer-Lemeshow Calibration Test
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AKI. Calibration testing using the Hosmer–
Lemeshow test produced a p-value of 0.225, 
demonstrating good agreement between the 
predicted probability of AKI and the actual 
observed events in the study population.

Additional outcome analysis showed 
that vasopressor use was more frequent in 
patients with proteinuria compared to those 
without proteinuria (34.6% vs 12.3%; p = 0.001). 
Conversely, diuretic use was higher among 
patients without proteinuria (19.2% vs 5.1%; p 
= 0.008). Mortality tended to be higher in the 
proteinuria group (14.1% vs 5.5%), although this 
difference did not reach statistical significance 
(p = 0.077).

DISCUSSION
 Acute kidney injury (AKI) is defined as a 

rapid decline in renal function over hours to days, 
characterized by elevated serum creatinine 
levels, reduced glomerular filtration rate (GFR), 
or decreased urine output. In ICU patients, AKI is 
associated with high morbidity and mortality, as 
well as prolonged hospital stays and increased 
healthcare costs.2,3 Currently, AKI diagnosis still 
largely depends on serum creatinine, which 
typically rises only after approximately 50% 
of renal function is lost.4,5 This delay hampers 
timely diagnosis and management. In this 
context, proteinuria may serve as a useful 
predictive biomarker.7,8,12

The study confirmed that proteinuria is an 
independent predictor of AKI in ICU patients. 

Logistic regression analysis demonstrated that 
patients with proteinuria had nearly a 20-fold 
higher likelihood of developing AKI compared 
to those without proteinuria. Furthermore, 
ROC curve analysis showed an AUC of 0.782, 
indicating moderate discriminative ability. With 
high sensitivity (93.8%) and a strong negative 
predictive value (NPV) of 98.63%, the absence 
of proteinuria serves as a reliable indicator 
to rule out AKI risk in ICU patients. This has 
important clinical implications, as this simple 
test may help exclude low-risk patients, allowing 
interventions to be more effectively focused on 
those at higher risk.

However, the specificity (53.3%) and 
positive predictive value (PPV) (19.23%) were 
relatively low, indicating that the presence of 
proteinuria alone is not sufficient to confirm 
AKI. This explains why the majority of patients 
with proteinuria in this study did not develop 
AKI (80.8%). This phenomenon is consistent 
with the concept of subclinical AKI, a condition 
in which structural kidney injury occurs even 
though creatinine levels and GFR remain normal 
due to tubular functional reserve. Recent 
studies have reported that 15–20% of patients 
who do not meet AKI criteria based on serum 
creatinine still experience acute tubular injury, 
which is associated with poor clinical outcomes. 
Furthermore, proteinuria in ICU patients is 
heterogeneous; in some cases, it may be 
transient due to non-renal systemic stress, and 
the intensity of proteinuria also plays a critical 

Proteinuria Sensitivity 1 - Specificity Youden 
index

0 1.000 1.000 0.000

1 0.938 0.467 0.471

2 0.563 0.163 0.400

3 0.000 0.030 -0.030

Table 5. Youden Index Table

Tabel 6. Other Outcome

Ventilator Vasopressor Diuretic Dyspnea Death

Proteinuria 76 (97.4%) 27 (34.6%) 4 (5.1%) 5 (6.4%) 11 (14.1%)

Negative 69 (94.5%) 9 (12.3%) 14 (19.2%) 0 (0%) 4 (5.5%)

P 0.430$ 0.001* 0.008* 0.059$ 0.077

DOI: 10.22146/jka.v12i3.25676

Proteinuria as a Predictor of  Acute Kidney Injury in Intensive 
Care Unit Patients at Dr. Sardjito Hospital



e-ISSN 2354-6514 132              

Volume 12 No 3 2025 August

role, with moderate–severe proteinuria (≥2+) 
being more strongly associated with AKI than 
mild proteinuria.6,10,11,12, 21

These findings are consistent with previous 
studies reporting a significant association 
between proteinuria and AKI. Preoperative 
proteinuria has been shown to increase the 
risk of postoperative AKI in both cardiovascular 
and non-cardiovascular surgeries.7 A similar 
association was reported in hospitalized 
COVID-19 patients.17 In patients with severe 
burns, proteinuria was demonstrated to be a 
significant risk factor for AKI.12 Furthermore, 
proteinuria and hematuria were associated with 
both AKI and mortality in critically ill patients.13 

Pathophysiologically, proteinuria in critically 
ill patients reflects glomerular endothelial 
damage, systemic inflammatory activation, 
and renal microcirculatory dysfunction. These 
mechanisms precede the decline in GFR or rise 
in serum creatinine, explaining why proteinuria 
emerges earlier as a predictive biomarker.8,9

The incidence of AKI in this study was 10.6%, 
with mortality being higher in the proteinuria 
group, although not statistically significant. 
These findings are consistent with a study at 
Cipto Mangunkusumo Hospital (RSCM), which 
reported an AKI prevalence of 12.25% with 
32.59% mortality,22 and a study at Hasan Sadikin 
General Hospital, Bandung, which found an AKI 
prevalence of 41.2% with 77% mortality among 
septic ICU patients.23 A multicenter study in the 
United States also reported similar rates, with 
hospital-acquired AKI at 13.6% and community-
acquired AKI at 9.2%.24

In this study, male sex and a history of heart 
disease were significantly associated with AKI in 
bivariate analysis, but these associations were 
lost in multivariate analysis. This suggests that 
proteinuria was a more robust predictor than 
other clinical variables. Nevertheless, biological 
plausibility supports sex differences in renal 
vulnerability, with estrogen exerting protective 
effects, while heart disease may worsen renal 
perfusion through cardiorenal interactions.25

Proteinuria was also associated with other 
clinical outcomes. Patients with proteinuria 
required vasopressors more frequently, 
suggesting greater hemodynamic instability, 

whereas diuretic use was higher in the non-
proteinuria group. Mortality was higher 
among patients with proteinuria, although not 
statistically significant. These results align with 
previous literature indicating that proteinuria 
is associated with increased need for intensive 
interventions and poorer prognosis in critically 
ill patients.26  This study has some limitations, 
proteinuria assessment was semi-quantitative 
using dipstick urinalysis, which may affect 
accuracy. Future studies should employ 
quantitative methods to enhance measurement 
precision.

 
CONCLUSION

Proteinuria is a moderate predictor of acute 
kidney injury (AKI) in ICU patients at Dr. Sardjito 
General Hospital. Absence of proteinuria may 
serve as a strong indicator for ruling out the risk 
of AKI.

RECOMMENDATION
Proteinuria testing is simple and easy to 

perform; therefore, it should be considered 
as part of routine screening in the ICU for 
early detection of AKI risk. Future studies 
are encouraged to employ quantitative 
measurement methods.
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