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ABSTRACT

Kidney dysfunction is a significant clinical condition which can lead to serious renal impairment, dialysis or renal
replacement therapy. The purpose of this study was to assess the clinical, renal-function, and dialysis-related factors;
and to determine factors associated with dialysis requirement and renal dysfunction in kidney disease patients. A
quantitative, retrospective, secondary data, analytical design was used with a combined dataset of 4,304 records from
two cohorts related to kidney disease. Descriptive statistics, independent-samples t-tests, chi-square tests, Pearson
correlation analysis, and binary logistic regression (when appropriate) were used for the demographic, clinical, renal-
function and dialysis-related variables. The clinical cohort of dialysis patients had significant renal dysfunction with
high levels of serum creatinine and urea, low levels of urine output, and a significant number of severe disease patients.
Within the kidney-risk group, 31 patients started dialysis and 2,273 did not. Patients who required dialysis had
significantly lower GFR than patients who did not require dialysis (8.33 £ 3.31 vs. 69.78 = 23.78, p < 0.001). The other
factors that were significant were the presence of chronic kidney disease (p < 0.001) and dialysis (p < 0.001), but not
age, creatinine, BUN, urine output, diabetes, or hypertension. The results show that GFR was the best renal-function
predictor for dialysis. Longitudinal studies with outcomes specific to AKI and with RRT-discontinuation outcomes are
warranted.

Keywords: Kidney disease; Dialysis requirement; Glomerular filtration rate; Renal dysfunction; Renal replacement

therapy.

1. Introduction

Kidney dysfunction is a significant clinical issue that
causes significant morbidity and mortality, length of
stay and increased healthcare burden. Rapid changes in
renal function can cause problems with fluid and
electrolyte status, acid—base balance, and excretion of
metabolic waste products. In severe cases, renal
replacement therapy (RRT) may be needed to help the
patient while the kidneys are recovering. Hence,
appropriate selection and management of RRT is
important in patients with significant renal impairment,
especially in critically ill populations. The current
clinical guidelines highlight the importance of
considering the kidney function, metabolic
abnormalities, fluid status, hemodynamic condition and
the overall clinical picture before starting and managing
RRT [1]. Likewise, the provision of RRT must be
tailored to the individual as the necessary treatment
approach could differ significantly depending on the
severity of the disease, underlying comorbidities, and
the level of kidney dysfunction [2].

Renal function recovery is a dynamic process and can
be different for everyone depending on the severity and
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cause of renal injury, the renal function prior to the
injury, any other diseases, and complications that may
occur during treatment. Serum creatinine, blood urea
nitrogen or urea, glomerular filtration rate, urine output
and electrolyte level are common parameters to assess
renal status and renal function changes. Recovery from
acute kidney injury varies from immediate recovery of
renal function to ongoing renal support needs for a
prolonged period [3]. The likelihood of native renal
recovery is especially relevant for patients on RRT as
recovery may lead to a reduction or even safe
termination of dialysis support [4].

It is clinically difficult to determine when renal
replacement therapy is no longer required. No single
parameter is agreed upon to identify readiness for RRT
discontinuation, and many clinicians use a mix of
parameters, including urine output, serum creatinine
trends, metabolic stability, fluid balance and overall
clinical improvement. Based on the current evidence,
biochemical recovery and patient's ability to maintain
adequate renal function without being on RRT should
be considered as part of deciding on RRT



discontinuation. Thus, the decision to discontinue
kidney replacement therapy needs to be carefully
considered to prevent weaning too early or continuing
treatment unnecessarily [5]. Clinical decision making
also includes assessment of the stability of kidney
function following treatment reduction, as well as
determining if further treatment for the kidneys is likely
to be needed [6,7]

Extended RRT exposure to continuous RRT may lead to
greater burden of treatment and is a risk factor for
vascular access problems, anticoagulation problems,
electrolyte disorders, drug clearance, and longer
intensive care management. Thus, it is crucial to
identify patients with adequate renal function recovery
because of the need to reduce treatment exposure [8].
Concurrently, the initiation and management of RRT
can impact the outcome in various clinical populations
and should therefore be assessed in the context of
patient-specific clinical and renal factors when choosing
treatment initiation [9,10].

There is thus a growing body of evidence that has
increasingly shifted the focus on reliable clinical
indicators that can assist decision making for renal
recovery and for liberation from RRT. There is
consensus among experts that the liberation process
should be directed by a comprehensive assessment of
renal recovery, and not by relying on a single
biochemical marker [11]. Assessment of clinical
characteristics, comorbidities, renal function indices and
dialysis-related parameters routinely available on
clinical examination would be useful to understand
dialysis requirement and renal dysfunction in this
context. This could help to assess kidney patients at a
more personal level and better understand the factors
behind a patient's need for kidney support.

Objectives

1. To describe the clinical, renal-function, and dialysis-
related characteristics of the study population.

2. To examine the association of clinical factors and
renal-function parameters with dialysis requirement
and renal dysfunction.

3. To determine the major clinical and renal predictors
associated with  dialysis requirement using
regression analysis.

2. Materials and Methods

2.1 Study Design

A quantitative, retrospective, secondary-data analysis
design was used in this study to analyse the factors of
clinical and renal function that relate to dialysis and
renal dysfunction on patients with kidney disease.
Analysis was conducted exclusively on an existing,
combined data set and no recruitment, interventions or
primary patient information was collected.

2.2 Data Source and Study Population

Using a second dataset that was combined for the study,
4304 patient records and 32 variables were used. The
dataset was created by merging two datasets involving
kidney-related characteristics, one with detailed clinical
and dialysis-related characteristics [12], and the other
with renal-function and dialysis-requirement
information [13]. A variable was kept identifying the

31 Kidneys

DocnigHuubKa cratra / Research article
record as coming from one of the two data sets. Subjects
included those with kidney-function, clinical and/or
dialysis data.

2.3 Data Integration and Variable Harmonization
The two datasets were merged before analysis using
similar variables that were related to similar clinical or
renal characteristics. Values such as age, diabetes,
hypertension, creatinine and urine output were
harmonized to a common name and format. Not all
variables were directly equivalent, for example, blood
urea nitrogen (BUN) and urea; these were kept as
separate variables to prevent inappropriate conversion
or assumptions. Records from one source dataset were
not artificially imputed into records from the other
source dataset where the variables were not shared.

2.4 Study Variables

Demographic variables were age and sex. Clinical
characteristics were diabetes, hypertension, pre-dialysis
blood pressure, during dialysis blood pressure, post
dialysis blood pressure, heart rate, disease severity and
cause of kidney failure. Renal-function parameters were
serum creatinine, urea, blood urea nitrogen, glomerular
filtration rate, urine output, potassium, hemoglobin,
hematocrit and albumin. Dialysis-related characteristics
included: dialysis duration, dialysis frequency, dialysate
composition, type of vascular access, dialysis type,
Kt/V, urea reduction ratio, dialysis dry weight, fluid
removal rate and dialysis requirement. One of the
combined components also had information on chronic
kidney disease status.

2.5 Outcome Measures

For analytical assessment the primary outcome was
dialysis need (variable Dialysis_Needed in the dataset).
Renal-function indicators, such as serum creatinine,
blood urea nitrogen/urea, and glomerular filtration rate
and urine output were used to assess renal function.
These factors were deemed to be significant
determinants of the severity of the renal impairment and
need for renal support.

2.6 Data Quality and Handling of Missing Values
Prior to the statistical analysis, the merged dataset was
checked for duplicated records, implausible values, data
type errors, and completeness and consistency. Some of
the variables in the original source data only existed in
one of the data sets, and thus structurally missing values
were known to occur after integration. Such missing
values were not regarded as random loss of
measurement and the missing values were not
artificially imputed. Variables in only one source dataset
were thus analysed using only the portion of the records
with the suitable variables available.

2.7 Statistical Analysis

Data on demographic, clinical, renal-function and
dialysis-related characteristics of the study population
were summarized using descriptive statistics. The
continuous variables were summarised using mean and
standard deviation and categorical variables using
frequencies and percentages. Independent-samples t-
tests were used (where appropriate) to compare
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continuous renal-function parameters between relevant
patient groups. The associations of categorical clinical
characteristics with dialysis requirement were examined
using chi-square tests. Pearson correlation analysis was
used to assess the relationships between continuous
renal-function and clinical parameters such as
creatinine, glomerular filtration rate, blood urea nitrogen
or urea, urine output and other appropriate continuous
parameters. Where possible, the outcome of dialysis
requirement was used to determine clinical and renal-
function factors associated with dialysis requirement by
binary logistic regression analysis. Independent
predictors included relevant demographic, comorbidity
and renal-function variables. The regression results
were presented as regression coefficients, odds ratios,
95% confidence intervals and the p-values. A p-value of
< 0.05 (two-sided) was used to determine statistical
significance.
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2.8 Ethical Considerations
The study relied solely on secondary, de-identified data
and there was no direct contact with individuals.
Analytical data did not contain any personally
identifiable =~ patient  information. = To  ensure
confidentiality and proper secondary data use, data were
only used for research and statistical analysis purposes.

3. Results

3.1 Overall Characteristics of the Study Population
A total of 4304 records were captured (2000 in the
dialysis clinical cohort and 2304 from the kidney-risk
cohort). The mean age of the overall population was
53.60 + 20.66 years, ranging from 18 to 90 years. The
mean serum creatinine concentration was 3.21 + 2.77
and urine output was 934.40 + 574.95 mL/day. There
were 1,913 (44.4%) diabetics while 50.0% of the total
population suffered from hypertension. Table 1 shows
the general demographic and renal parameters.

Table 1. Overall Demographic and Renal Characteristics of the Combined Study Population

Variable Result

Total sample 4,304

Age, years 53.60 +£20.66
Age range, years 18-90
Creatinine 321+£2.77
Urine output, mL/day 934.40 £ 574.95

Diabetes, n (%)

1,913 (44.4%)

No diabetes, n (%)

2,391 (55.6%)

Hypertension, n (%)

2,152 (50.0%)

No hypertension, n (%)

2,152 (50.0%)

Values are presented as mean + standard deviation or frequency (%), as appropriate.

3.2 Clinical and Dialysis Characteristics

Among the 2,000 patients in the dialysis clinical cohort, detailed information on dialysis-related characteristics was
available. The mean age was 52.97 + 20.81 years, and the mean body weight was 84.53 & 20.25 kg. Females represented
51.1% of this cohort. The mean concentration of serum creatinine was 5.40 = 2.61 and mean concentration of serum urea
was 57.49 + 24.68. Mean urine output was 502.64 + 290.42 mL/day. The mean dialysis time was 4.02 + 0.58 hours and
mean dialysis sessions 1.98 + 0.82 per week. Mean Kt/V was 1.50 + 0.29, and mean urea reduction ratio was 70.00 +
2.90%. The mean fluid removal rate was 348.79 + 85.82 mL/hour. Other clinical and dialysis parameters are given in

Table 2.
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Table 2. Clinical, Renal, and Dialysis Characteristics of the Dialysis Clinical Cohort

Variable Mean + SD
Age, years 52.97 +£20.81
Weight, kg 84.53 £ 20.25
Creatinine 540+2.61
Urea 57.49 + 24.68
Potassium 4.50+0.58
Hemoglobin 11.48+2.03
Hematocrit 37.58+£4.30
Albumin 4.00 £ 0.58
Pre-dialysis blood pressure 140.34 +£23.47

During-dialysis blood pressure

125.49 £20.02

Post-dialysis blood pressure

109.47 +£17.49

Heart rate 79.87+11.42
Dialysis duration, hours 4.02+0.58
Dialysis frequency/week 1.98 £0.82
KV 1.50£0.29
URR, % 70.00 = 2.90
Urine output, mL/day 502.64 +290.42
Dry weight, kg 79.80 +20.22

Fluid removal rate, mL/hour

348.79 £ 85.82

Disease severity was predominantly classified as severe, affecting 1,455 of 2,000 patients (72.8%), compared with 483
(24.2%) classified as moderate and 62 (3.1%) as mild. The distribution of disease severity is presented in Figure 1.
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Figure 1. Distribution of Disease Severity in the Dialysis Clinical Cohort

3.3 Distribution of Categorical Dialysis Characteristics
Among the 2,000 patients in the dialysis clinical cohort, 1,021 (51.1%) were female and 979 (49.0%) were male.
Diabetes was documented in 976 (48.8%), while hypertension was present in 1,004 (50.2%). Other causes (33.8%) and
hypertension (33.7%) and diabetes (32.6%) were the next most common recorded causes of kidney failure. Catheter
access was used in 678 patients (33.9%), fistula access in 671 (33.6%), and graft access in 651 (32.6%). There was a
higher percentage of use of high-flux dialyzers than low-flux dialyzers. The results of these are summarized in Table 3.

Table 3. Categorical Characteristics of the Dialysis Clinical Cohort

Characteristic Category n (%)
Gender Female 1,021 (51.1)
Male 979 (49.0)
Diabetes Yes 976 (48.8)
No 1,024 (51.2)
Hypertension Yes 1,004 (50.2)
No 996 (49.8)
Kidney failure cause Diabetes 651 (32.6)
Hypertension 674 (33.7)
Other 675 (33.8)
Vascular access Catheter 678 (33.9)
Fistula 671 (33.6)
Graft 651 (32.6)
Dialyzer type High flux 1,020 (51.0)
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Low flux 980 (49.0)
Disease severity Mild 62 (3.1)

Moderate 483 (24.2)

Severe 1,455 (72.8)

3.4 Renal Function and Dialysis Requirement
Dialysis-requirement status was available for the 2,304 patients in the kidney-risk cohort. Of these, 31 patients (1.3%)
required dialysis, whereas 2,273 (98.7%) did not. The distribution is illustrated in Figure 2.

2000 A

1500 -

1000 A

Number of patients

500 -

2273 (98.7%)

No

31 (1.3%)

Yes

Dialysis needed

Figure 2. Distribution of Dialysis Requirement in the Kidney-Risk Cohort

As shown in Table 4, patients requiring dialysis had a markedly lower mean GFR than patients not requiring dialysis
(8.33 £3.31 vs. 69.78 + 23.78, p < 0.001). In contrast, age, serum creatinine, BUN, and urine output did not differ
significantly between the two groups.

Table 4. Comparison of Clinical and Renal Parameters According to Dialysis Requirement

Variable Dialysis Not Needed (n =2,273) Dialysis Needed (n =31) t-value p-value
Age, years 54.20 +20.48 51.23+£23.19 0.71 0.483
Creatinine 1.30+£0.79 1.42+0.94 -0.71 0.485
BUN 18.83 £10.53 17.37 + 8.94 0.91 0.371
GFR 69.78 £23.78 8.33+3.31 79.15 <0.001
Urine output, mL/day 1310.98 + 490.67 1177.65 + 571.96 1.29 0.206

Values are mean + standard deviation. Welch independent-samples t-test was used.

The large separation in GFR between groups is also clearly demonstrated in Figure 3. All patients requiring dialysis had
a GFR between 5.0 and 14.9, whereas patients who did not require dialysis had GFR values ranging from 15.4 to 120.0.
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Figure 3. Glomerular Filtration Rate According to Dialysis Requirement

3.5 Association of Clinical Characteristics with Dialysis Requirement

The results of the categorical associations with dialysis requirement are shown in Table 5. However, dialysis requirement
was not significantly associated with diabetes (y*> = 0.49, p = 0.486). Likewise, no statistical significance was found
between hypertension (¥*> = 2.04, p = 0.154). However, CKD status was significantly associated with the need for
dialysis (y*> = 28.39, p < 0.001). Thirty-one patients who needed dialysis were considered as CKD, and no dialysis were
seen in patients with no CKD.

Table 5. Association Between Clinical Characteristics and Dialysis Requirement

Variable Category Dialysis Not Needed, n Dialysis Needed, n e p-value

Diabetes No 1,351 16 0.49 0.486
Yes 922 15

Hypertension No 1,136 20 2.04 0.154
Yes 1,137 11

CKD status No 1,132 0 28.39 <0.001
Yes 1,141 31

3.6 Correlation Among Renal Function Parameters

Pearson correlation analysis showed generally weak relationships among the available continuous renal-function
variables in the kidney-risk cohort. Creatinine demonstrated a weak negative correlation with GFR (r = -0.061), while
urine output had minimal correlations with creatinine (r = 0.020), BUN (r = -0.026), and GFR (r = 0.008). Age was also
weakly correlated with all measured renal indicators. The correlation matrix is presented in Table 6.

36 Kidneys Vol. 15, No. 3, 2026
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Table 6. Pearson Correlation Matrix of Clinical and Renal Function Parameters

Variable Age Creatinine BUN GFR Urine Qutput
Age 1.000 -0.020 -0.006 -0.012 -0.037
Creatinine -0.020 1.000 -0.013 -0.061 0.020

BUN -0.006 -0.013 1.000 -0.006 -0.026

GFR -0.012 -0.061 -0.006 1.000 0.008

Urine output -0.037 0.020 -0.026 0.008 1.000

3.7 Regression Model Assessment

An initial multivariable binary logistic regression
analysis was considered with predictors of dialysis
requirement including age, diabetes, hypertension,
creatinine, BUN, GFR, and urine output. The result
revealed however that there was complete separation
based on GFR: all dialysis patients had a GFR lower
than 15 and none of the patients with a GFR higher than
15 required dialysis. However, conventional maximum
likelihood logistic regression provided unstable and un-
interpretative adjusted odds ratios. As such, these
regression coefficients were not presented as substantive
results, because they were not reliable. This dataset is
more statistically appropriate represented in a group
comparison as shown in Table 4.

In general, the results showed that the dialysis clinical
cohort had numerous treatment characteristics of
dialysis and significant renal dysfunction. In the kidney-
risk group dialysis was a rare occurrence and was
strongly differentiated by a significant decrease in GFR
and presence of CKD. No significant difference was
found in diabetes, hypertension, serum creatinine, BUN,
age and urine output between the groups by dialysis
requirement in this data set. So GFR was the best
discriminator of renal function observed as shown in
Table 4 and Figure 3.

4. Discussion

This study aimed at the clinical, renal function and
dialysis-related characteristics of a pool of patients with
kidney disease and to identify risk factors for dialysis
outcome and renal dysfunction. These results indicated
that the dialysis clinical cohort had significant renal
function impairment with high serum creatinine and
urea levels and a high percentage of severe disease, as
well as a decreased urine output. Dialysis requirement
was rare but was highly associated with significantly
lower GFR and chronic kidney disease in the kidney-
risk cohort. This data adds to the overall evidence that
renal recovery and the need for ongoing renal support
are best assessed by combining measurements of
kidney-function markers with clinical status than a
single characteristic alone [14].

Of the renal-function variables assessed, GFR was the
most evident distinction between patients who did and
did not need dialysis. The loss of GFR was the best
discriminator in the available data set, and all patients
who needed dialysis had significantly decreased GFR
values. The same applies to the importance of markers
of renal function when assessing readiness to stop renal
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replacement therapy and native kidney function
recovery [15]. Renal-function measures have also been
incorporated into clinical prediction models for
predicting successful RRT discontinuation in acute
kidney injury [16]. The good separation seen in the
present analysis thus further supports the clinical
relevance of considering the filtration capacity when
assessing the requirement of renal support.

There was no significant difference in the values of
serum creatinine, BUN, and urine output based on
dialysis requirement in the kidney-risk cohort. The
results of the study indicate that in certain patient
groups, individual biochemical markers may not reflect
the need for treatment. Data from critically ill
populations suggest that a combination of clinical and
kidney-function factors is required for successful
transition from continuous renal replacement therapy.
Likewise, large database analyses have found that renal
+ clinical parameters may help to better identify patients
who will successfully discontinue CRRT [17]. There is
also suggestive evidence that dynamic renal recovery
measures should be used instead of a single renal
measure at the time of treatment re-evaluation [18].

This data should be viewed with caution as there were
no important relationships between  diabetes,
hypertension and dialysis status. Various factors
contributing to successful RRT discontinuation such as
urine output, kidney-function recovery, haemodynamic
stability and illness severity have been identified
through meta-analytic evidence [19]. Functional tests,
including the furosemide stress test, have also shown
promise in predicting patients who have enough renal
recovery to discontinue CRRT [20]. Similarly, urine
output and recovery of renal function have been shown
to be important factors of successful continuous kidney
replacement therapy liberation [21] in the paediatric
population.

Forecasting weaning success with RRT is still
complicated because the decision for treatment depends
on the clinical situation, the level of treatment and the
time to renal recovery. In attempts to better inform
discontinuation, risk-prediction models have been used
to incorporate multiple variables [22] and studies in
children and young adults have shown that clinical
characteristics are also associated with successful
liberation [23] Potential markers will also help to better
evaluate renal recovery other than using standard
parameters like creatinine and urine output [20].
Recovery patterns following CRRT have also been
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identified as potentially being identifiable via a
combination of clinical and laboratory variables in the
predictive modelling studies [24].

Urine output, renal function and treatment-related
factors are all found to be relevant in terms of successful
weaning from CRRT [25]. Decision-support models
have also shown promise in combining various clinical
parameters for determining the appropriateness of
discontinuing continuous renal replacement therapy
(CRRT) [26], and other prediction methods have also
aimed to identify patients who are more likely to be able
to stop RRT [27]. However, the results of the present
analyses should be considered about the secondary-data
design and the two independently structured cohorts.
Further, there was no direct data on actual AKI nor on
successful RRT withdrawal. Hence, the present results
should be viewed as factors associated with dialysis
dependency and renal dysfunction and not as a direct
predictor of RRT liberation. This restriction is
especially crucial as populations with severe AKI could
show varying treatment and mortality profiles
depending on underlying disease and clinical context
[28].

5. Conclusion

Kidney disease patients were assessed in relation to
clinical, renal-function and dialysis-related
characteristics and factors associated with dialysis
requirement and renal function were evaluated in a
combined sample. Results showed that the dialysis
clinical cohort showed a significant degree of renal
impairment, with high levels of both creatinine and
urea, low urine output, and a high percentage of severe
disease. Dialysis requirement was relatively rare in the
kidney-risk group but was strongly associated with
glomerular filtration rate and chronic kidney disease.
Out of the available renal-function measures, GFR was
the best discriminator between those who needed
dialysis and those who did not. Age, serum creatinine,
BUN, urine output, diabetes and hypertension were not
significantly different independently between dialysis
requirement groups in the analysed cohort, however.
These results suggest that it is essential to assess several
renal and clinical parameters together instead of a single
biochemical parameter. The study also highlights the
clinical importance of regular evaluation of renal
function to identify those who have a higher demand for
renal support. However, the secondary-data design,
structural differences between the two sources of data
and the lack of direct measures of confirmed acute
kidney injury and successful RRT discontinuation
should be considered when interpreting these findings.
Future research with longitudinal AKI-specific
databases with well-defined RRT withdrawal and renal
recovery outcomes is needed to identify reliable
predictors of successful RRT liberation.
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