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ABSTRACT

Introduction: Sepsis is one of the most prevalent causes of death among hospitalised patients. Individuals with sep-
sis-associated acute kidney injury (SAKI) have worse outcomes and are usually more seriously ill than sepsis-non-as-
sociated acute kidney injury (SnAKI). To determine acute kidney injury, it is crucial to estimate and rapidly identify 
the function of the static kidney to avoid a poorer prognosis. However, clinical investigations take longer time com-
pared to analysing vital signs that are accessible at the bedside. Therefore, this study aimed to investigate differences 
in serum creatinine and vital signs between patients with sepsis-associated acute kidney injury (SAKI) and those with 
sepsis-non-associated acute kidney injury (SnAKI). Materials and methods: This study was conducted on retrospec-
tive data on adults aged more than 18 years for 30 sepsis SAKI and 30 SnAKI patients from Hospital Universiti Sains 
Malaysia (HUSM) and analysed using multiple regression. Results: The findings show that the serum creatinine was 
significantly different between SAKI and SnAKI (p<0.05). The regression model on vital signs and creatinine for SAKI 
had better accuracy with a lower root mean square error (RMSE) (3.440) and higher R-squared (0.409) compared to 
SnAKI. Conclusion: Vital signs and creatinine both have the potential to increase the accuracy of SAKI. However, the 
model with vital signs only able to provide prediction within a shorter period. 
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INTRODUCTION

Acute kidney injury (AKI) is characterised by certain 
diagnostic criteria, including an elevation in creatinine 
levels of greater than 0.3 mg/dl over a 48-hour period, 
an increase in creatinine levels to more than 1.5 times 
the baseline value, or a decrease in urine volume to less 
than 0.5 ml/kg/h for a duration of 6 hours (1). Patients 
with AKI have higher risks of both short- and long-
term mortality, chronic renal disease, and significant 
healthcare resource use (2,3). According to a study,  
nearly half of all AKI cases are associated with sepsis, 
which may impair the outcome (4). Sepsis often results 

in the development of multiple organ dysfunction, 
with kidney involvement being a common occurrence 
(5). In the context of clinical operationalization, organ 
dysfunction can be indicated by the Sequential Organ 
Failure Assessment (SOFA) score by a minimum 
of 2 points (6).  In Malaysia, sepsis emerges as the 
predominant diagnosis resulting in admission to the 
intensive care unit (ICU) (7).  In the United States, the 
annual occurrence of sepsis ranged from 164,000 to 
660,000 cases as reported in previous studies (8). 

It was found that a significant proportion of individuals 
diagnosed with sepsis experience the development 
of AKI while being hospitalised, resulting in negative 
consequences for patient outcomes (9). Sepsis also plays 
an important role in affecting blood glucose outcomes 
(10).  In addition, a study conducted on patients with 
sepsis-associated AKI (SAKI) revealed that the presence 
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of AKI persisting for a duration exceeding 7 days was 
correlated with extended length of stay in the intensive 
care unit (ICU), utilisation of ventilators, and occurrence 
of cardiovascular failure (11).

AKI has been observed to significantly affect vital signs 
like blood pressure and pulse, as well as an increase in 
body temperature and breathing cycles. This evidence 
suggests that each of these indications can indicate 
crucial factors that should be taken into consideration 
during inpatient care (12). In the early phases of AKI, 
creatinine concentration is variable in addition to 
vital signs. Consequently, identifying the precise onset 
of sepsis is virtually impossible, making it difficult to 
implement an intervention to prevent AKI (13,14).

Until now, there has been a lack of consensus 
regarding the definition of SAKI (15). Features of SAKI 
are inadequately characterised, particularly in the 
pediatric population. These elements include clinical 
characterization, epidemiology, pathophysiology, the 
influence of resuscitative and fluid methods, the role of 
biomarkers in risk stratification, diagnosis, and therapy 
guidance (16).  Without a widely accepted definition,  
SAKI can be defined as a clinical syndrome that is 
defined by an abrupt decline in kidney function, as 
evidenced by elevated serum creatinine,  oliguria, or 
both, in the context of sepsis, and without any other 
significant explanatory factor (17) . Hence, it is crucial 
to identify the risk factors for SAKI in order to develop 
focused methods for its prevention and management. 
Therefore, this study aimed to investigate differences in 
serum creatinine and vital signs between patients with 
sepsis-associated acute kidney injury (SAKI) and those 
with sepsis-non-associated acute kidney injury (SnAKI). 

MATERIALS AND METHODS 

Study sample
The study sample comprised a retrospective cohort 
of individuals diagnosed with SAKI (n = 30) and 
SnAKI (n = 30) from the Intensive Care Unit (ICU) at 
Hospital Universiti Sains Malaysia (USM), Kubang 
Kerian, Kelantan, Malaysia. The dataset was obtained 
from October 2021 to March 2022. Patients with ICU 
admission less than 24 hours and patients less than 18 
years old were excluded. The acquired data included 
heart rate (HR), respiratory rate (RR), systolic blood 
pressure (SBP), diastolic blood pressure (DBP), Glasgow 
Coma Scale (GCS), mean arterial pressure (MAP), 
temperature, creatinine, urine output, partial pressure 
of oxygen (PaO

2
), fraction of inspired oxygen (FiO

2
), 

platelets, bilirubin, adrenaline, and noradrenaline 
intake. Carry forward approach was used to fill in the 
blanks of the missing data. 

Modelling method 
The statistical data was analysed using Matlab R2023b. 
The t-test was employed to assess the study, four multiple 

linear regression models were used to forecast the SOFA 
score using a set of variables, including vital signs only 
and vital signs with creatinine as follows:
•  SAKI (vital): This model used vital signs to predict 
SAKI based on the SOFA score.  
• SAKI (vital+creatinine): Dataset from SAKI was 
predicted based on the vital signs and creatinine.
•   SnAKI (vital): Dataset from SnAKI was used to predict 
the SOFA score based on vital signs. 
• SnAKI (vital+creatinine): Dataset from SnAKI was 
used to predict the SOFA score based on vital signs and 
creatinine. 

These predictor and response values were used to 
establish a general linear equation as follows: 
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where y is a dependent variable indicating the expected 
values of the SOFA score; χ1, χ2, χ3, and χn are 
independent variables; and β0 to βn are the regression 
coefficients.  Multiple linear regression is tested using 
the hypothesis (18) as below: 
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F-test in regression compares the fits of several linear 
models. When the p-value of the test obtained is smaller 
than the significance level, the null hypothesis (H

0
) is 

rejected, and at least one independent variable makes 
a meaningful contribution to the SOFA score. In order 
to evaluate and validate the prediction accuracy of 
the models, the SOFA score was predicted along with 
the coefficient of determination (R2), coefficient of 
determination (adjusted R2), and the root mean square 
error (RMSE), which were compared between similar 
cohorts. In general, the best model is one that has the 
lowest error values (RMSE) and highest values for R2 and 
adjusted R2 (19).

Research ethics 
This study has been approved by the Human Ethics 
Research Committee (HERC) of Universiti Sains 
Malaysia, prior to the commencement of data collection 
under ethics code  USM/JEPeM.16100402. 

RESULTS

Baseline characteristics of SAKI and SnAKI
Table I presents the baseline characteristics of a cohort 
comprised of 30 patients with SAKI and 30 patients with 
SnAKI. In total, there were eight male patients diagnosed 
with SAKI, accounting for 13.3% of the cases. Conversely, 
a higher proportion of male patients, with 16 individuals 
(26.7%), were diagnosed with SnAKI. All individuals 
included in the study were 18 years and older. The 
median age of patients diagnosed with SAKI was found to 
be 64 years, with an interquartile range (IQR) of 56 to 68 
years. Both cohorts had similar demographics in terms of 
median weight and height, with values of 70 kg and 160 
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cm, respectively. The results of the t-test indicated that 
there were no statistically significant changes observed 
in GCS, RR, and temperature between SAKI and SnAKI. 
Interestingly, there were significant differences observed 
in various physiological parameters between the two 
groups, specifically HR, SBP, DBP, and MAP at a 5% 
significance level, as displayed in Table I (p-value < 
0.05). Specifically, the median creatinine concentration 
in SAKI has exhibited a notable increase of over 50% 
compared to its levels in SnAKI. This study demonstrated 
a statistically significant difference in creatinine levels 
between SAKI and SnAKI (p-value < 0.05). 

Table I: Baseline Characteristics of Sepsis-as-
sociated Acute Kidney Injury (SAKI) and Sep-
sis-non-associated Acute Kidney Injury (SnAKI)  

Features (units) SAKI SnAKI p-value

No. of patients 30a 30

Gender 
Male 
Female

 
8 
22

 
16 
14

Age (years) 64 [56-68] 58 [40-66] 

Weight (kg) 70 [60-80] 70 [60-80] 

Height (cm) 160 [157-165] 160 [155-
165]

Glasgow Coma 
Scale

6 [2 – 15]   13 [2 – 15]   0.1100

Respiratory 
rate(breaths per 
minute)

19 [15 – 24} 20 [17 – 24] 0.1090

Heart rate (beats per 
minute)

86 [75-102] 95 [80 – 105] <0.0001*

Systolic blood pres-
sure (mmHg)

120 [112 – 
138]   

120 [108 – 
145]  

0.0024*

Diastolic blood 
pressure (mmHg)

60 [55 – 65]   62 [55 – 75] <0.0001*

Mean arterial pres-
sure (mmHg)

79 [75 – 89]   81 [55-98] 0.0001*

Temperature (Cel-
sius)

36.5 [36.0 
-37.0]

36.0 [36.0 – 
36.6]   

0.0639

Creatinine (umol/L) 173 [85-216] 82 [58 – 191]  <0.0001*

Data is presented in median [25th percentiles – 75th percentiles]. 
*  indicates statistical significance (p<0.05).

Regression model of SAKI 
Table II shows a significant model for SAKI using vital 
sign with F-test = 394 and p-value = 0. However, 
temperature in SAKI (Vital) shows an insignificant 
predictor variable. SAKI with vital signs and creatinine 
as shown in Table III, have also contributed to the 
significant model (F-test = 411, p-value < 0.05) with all 
significant predictor variables. 

Table II: Model Summary of Sepsis-associated AKI using 
Vital Signs 

Variable Coeffi-
cient

Standard 
error 

t-statistics  p-value F-test 
(p-val-
ue)

Model 
coeffi-
cient

14.368 0.4935 29.113 <0.001*

394 (0*)

Respira-
tory rate

0.0242 0.0082 2.9414 0.0032*

Heart 
rate

0.0061 0.0028 2.1350 0.0328*

Systolic 
blood 
pressure

-0.1046 0.0338 -3.0976 0.0020*

Diastolic 
blood 
pressure 

-0.2554 0.0675 -3.7854 0.0002*

Mean 
arterial 
pressure 

0.3416 0.1010 3.3801 0.0007*

Glasgow 
coma 
scale

-0.5144 0.0103 -49.8170 0*

Tem-
perature

-0.0038 0.0062 -0.6228 0.5335

*  indicates statistical significance (p<0.05).

Table III: Model Summary of Sepsis-associated AKI using 
Vital Signs and Creatinine

Variable Coeffi-
cient

Standard 
error 

t-statis-
tics 

p-value F-test 
(p-value)

Model 
coefficient

10.256 0.5267 19.4720 <0.001*

411(0*)

Respira-
tory 
rate

0.0305 0.0079 3.8391 <0.001*

Heart 
rate

0.0068 0.0027 2.4786 0.0132*

Systolic 
blood 
pressure

-0.0886 0.0327 -2.7125 0.0067*

Diastolic 
blood 
pressure 

-0.1921 0.0653 -2.9427 0.0033*

Mean 
arterial 
pressure 

0.2879 0.0976 2.9487 0.0032*

Glasgow 
coma 
scale

-0.4267 0.0111 -38.598 <0.001*

Tempera-
ture

-0.0012 0.0060 -0.2004 0.84116

Creatinine 0.0083 0.0005 18.3970 <0.001*
*  indicates statistical significance (p<0.05).
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Evaluation of model performance for SOFA prediction 
of SAKI and SnAKI
Table VI presents the evaluation of the model, focusing 
on the RMSE, R2 and adjusted R2. Vital variables in s 
SAKI (Vital + Creatinine) exhibit the lowest RMSE 
(3.440), relatively high R2 (0.409) and adjusted R2 
(0.408). Based on the findings of this study, it was 
observed that the variables HR, RR, SBP, DBP, MAP, 
GCS, and Creatinine collectively accounted for 40.9% 
of the variation in predicting the SOFA score whereas 
SAKI (vital) accounted for 3.560 for RMSE, 0.367 for 
R2 and 0.366 for adjusted R2. In the same table (Table 
VI), model with creatinine depicts lower RMSE value 
with SnAKI (Vital + Creatinine) shows the lowest RMSE 
(2.960), high R2 (0.381) and adjusted R2 (0.379) and 
SAKI (Vital+Creatinine) with 3.440 for RMSE, 0.409 R2 

and 0.408 adjusted R2.

Regression model of SnAKI 
Table IV revealed that all vital signs examined, including 
RR, HR, SBP, DBP, MAP, GCS, and temperature on SnAKI, 
exhibited a statistically significant association (F-test = 
157, p-value < 0.05). The findings of this investigation 
indicate a noteworthy correlation between vital signs 
and the ability to predict the SOFA score, particularly 
when creatinine was included in the predictive model 
as in Table V (F-test = 245, p-value = 0). 

Table IV: Model Summary of Sepsis-non-associated Acute 
Kidney Injury (SnAKI) using Vital Signs

Variable Coeffi-
cient

Standard 
error 

t- 
statistics  

p- 
value 

F-test 
(p-value)

Model 
coefficient

11.741 0.3692 31.8000 <0.001*

157 
(<0.001*)

Respira-
tory 
rate

0.0400 0.0110 3.6424 <0.001*

Heart 
rate

0.0086 0.0021 4.1735 <0.001*

Systolic 
blood 
pressure

-0.6841 0.3240 -2.1113 0.0438*

Diastolic 
blood 
pressure 

-1.3623 0.6480 -2.1024 0.0356*

Mean 
arterial 
pressure 

2.0399 0.9720 2.0987 0.0359*

Glasgow 
coma 
scale

-0.3761 0.0121 -31.132 <0.001*

Tempera-
ture

-0.0081 0.0036 -2.2709 0.0232*

*  indicates statistical significance (p<0.05).

Table V: Model Summary of Sepsis-non-associated Acute 
Kidney Injury (SnAKI) using Vital Signs and Creatinine

Variable Coeffi-
cient

Standard 
error 

t- 
statistics  

p- 
value 

F-test 
(p-val-
ue)

Model 
coefficient

10.2930 0.3419 30.105 <0.001*

245 (0*)

Respiratory 
rate

-0.0519 0.0107 -4.8706 <0.001*

Heart 
rate

0.0113 0.0019 6.0309 <0.001*

Systolic 
bloodpr 
essure

-0.6255 0.2958 -2.1145 0.0345*

Diastolic 
blood 
pressure 

-1.2450 0.5916 -2.1043 0.0354*

Mean 
arterial 
pressure 

1.8645 0.8874 -20.398 0.0357*

Glasgow 
coma 
scale

-0.2477 0.0121 -2.1726 <0.001*

Tempera-
ture

-0.0071 0.0032 -2.1726 0.0298*

Creatinine 0.0104 0.0004 25.2670 <0.001*
*  indicates statistical significance (p<0.05).

Table VI: Evaluation of SOFA prediction model of Sepsis-as-
sociated Acute Kidney Injury (SAKI) and Sepsis-non-associat-
ed Acute Kidney Injury (SnAKI)

Models
Root Mean Square 
Error (RMSE)

R-squared
Adjusted 
R-squared

SAKI (Vital) 3.560 0.367 0.366

SAKI (Vital + 
Creatinine)

3.440 0.409 0.408

SnAKI (Vital ) 3.240 0.257 0.255

SnAKI (Vital + 
Creatinine)

2.960 0.381 0.379

DISCUSSION

According to a study (20), a high body temperature 
should be seen as an adaptive strategy of the organism 
that occurs at the outset of the infection and constitutes 
a response of the healthy organism to the upcoming 
disease. However, the finding of this study is not in 
line with the previous studies, where Table I shows 
two cohorts have a median of 36.5 and 36.0 Celsius 
for SAKI and SnAKI, respectively, showing a normal 
body temperature. Apart from that, the temperature 
of SAKI and SnAKI displayed no significant difference 
between both cohorts, and these findings have resulted 
in contradictory results from a study (21). 

The creatinine level of SAKI was found to be 50% higher 
than SnAKI. Specifically, it was also found that a person 
with AKI will have a higher creatinine level compared 
to those without AKI (1) and this aligns with the results 
of this study, where creatinine levels were significantly 
different. It was supported by another study (22), where 
creatinine was found to be significantly different between 
SAKI and SnAKI (p-value < 0.05). However, the sample 
size of this study was limited due to the data availability 
during 6 months of study that satisfied the criteria. 

This study also produced four different significant model 
performances based on a linear regression model. Each 
model in a cohort with the existence of vital signs as well 
as creatinine increases the accuracy of the model. SAKI 
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(Vital + Creatinine) has a lower RMSE (3.440) and has 
better performance compared to SAKI (Vital), indicating 
3.37% differences. It also has a higher R2 (0.409) and 
explains a larger proportion, with a 40.9% variance in 
the SOFA score prediction that is explained by the RR, 
HR, SBP, DBP, MAP, GCS, temperature, and creatinine. 
With small value, poor predictor variable (coefficient 
= -0.0012)  and insignificant variable (p>0.05) for 
temperature, this variable may be removed to improve 
the model performance and lower the RMSE (23). 
However, in this study, when creatinine was added to 
the model, the adjusted R2 was higher at 0.408. Hence, 
vital signs with creatinine resulted in a better model for 
SAKI.

In SnAKI models, SnAKI (Vital + Creatinine) shows 
38.1% variance in the SOFA score prediction, which 
was explained by the RR, HR, SBP, DBP, MAP, GCS, 
temperature, and creatinine. This finding resulted in a 
larger proportion of the variance compared to SnAKI 
(Vital), with only 25.7%. SnAKI (Vital + Creatinine) has 
a model accuracy of 9.57% higher than SnAKI (Vital). 
Hence, vital signs with creatinine resulted in a better 
model for SnAKI.

These findings revealed that the existence of creatinine 
plays an important role in predicting SOFA among sepsis 
patients. However, creatinine is a late indicator of AKI in 
clinical practice, and might not be useful for treating SAKI 
patients. Furthermore, a previous study has indicated 
that the laboratory test is impracticable because it is not 
consistently measured (24). Postponing the initiation of 
treatment for sepsis worsens the prognosis for patients 
(25). To avoid a poorer prognosis for the disease study, 
specifically SAKI, the use of vital signs might be used to 
detect the onset of SAKI in a short period of time without 
the presence of creatinine. 

CONCLUSION

In summary, this study shows that creatinine significantly 
influences the clinical progression of SAKI. Although 
vital signs and creatinine can both enhance the precision 
of the SOFA score, the assessment of vital signs requires 
somewhat less time for the accurate diagnosis of the 
SOFA score compared to the measurement of creatinine. 
Future studies should include a larger sample size for 
better accuracy. 
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