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Abstract: Objective: To examine the relationship between cognitive impairment and body composition indicators
in chronic kidney disease (CKD) patients post-hemodialysis. Methods: This retrospective study included 110 CKD
patients admitted to Beijing Luhe Hospital, Capital Medical University between January 2019 and January 2023.
General clinical data and body composition indicators were compared between patients with and without cogni-
tive impairment. Multiple logistic regression and ROC curve analysis were used to identify influencing factors and
to develop a predictive model. Results: Cognitive impairment occurred in 50% of the patients post-hemodialysis.
No significant differences were found in demographics, disease duration, comorbidities, or hemodialysis duration
between the groups (all P > 0.05). However, significant differences were observed in body mass index (BMI) (P <
0.001), lean body mass index (LTI) (P = 0.007), fat tissue index (FTI) (P = 0.024), and total body water (TBW) (P <
0.001). Multiple logistic regression identified TBW (OR 4.900, 95% CI 3.062-7.511, P < 0.001), the TBW/extracel-
lular water (ECW) ratio (OR 7.244, 95% Cl 5.092-8.7613, P = 0.016), and the ECW/body cell mass (BCM) ratio (OR
6.720, 95% Cl 4.564-8.692, P = 0.030) as independent risk factors for cognitive impairment post-hemodialysis.
ROC analysis confirmed their predictive capacity, with AUC values of 0.840, 0.840, and 0.850 respectively. A predic-
tive model incorporating these indicators was developed, showing good calibration (Hosmer-Lemeshow test, P =
0.912) and discrimination (C-index 0.974, 95% Cl 0.952-0.997). Conclusion: Total body water, the TBW/ECW ratio,
and the ECW/BCM ratio are independently associated with cognitive impairment in CKD patients post-hemodialysis.
Body composition analysis serves as a valuable tool for predicting cognitive impairment in this population, guiding
clinicians in assessing cognitive function and planning interventions for these patients.
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Introduction stone intervention for CKD, plays a crucial role

in maintaining electrolyte and acid-base bal-

Chronic kidney disease (CKD) is emerging as
a significant global health challenge, with
steadily increasing prevalence rates. The Wor-
Id Health Organization estimates that CKD
affects over 50 million individuals worldwide
[1]. Characterized by a gradual decline in renal
function, CKD impairs the effective elimination
of waste products and excess water from the
body, severely compromising patients’ quality
of life and increasing the risk of cardiovascular
events and mortality. Hemodialysis, a corner-

ance by mechanically removing metabolic wa-
ste and excess fluid [2]. However, despite its
essential role, hemodialysis has several dra-
wbacks.

Recent studies have highlighted an increased
risk of cognitive dysfunction following hemodi-
alysis compared to individuals with CKD who do
not undergo this treatment [3, 4]. Prolonged
hemodialysis can lead to the accumulation of
cerebral toxins, resulting in electrolyte imbal-
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ances, cognitive decline, deficits in concentra-
tion, and delayed reaction times. Cognitive fun-
ction is critical in determining the outcomes
of hemodialysis and its associated complica-
tions [5, 6]. Cognitive impairment, which lies
between dementia and normal aging, poses a
heightened risk of progressing to dementia as
organ function declines, especially in elderly
patients. Early detection and intervention are
vital to mitigate the substantial impact on
patients’ quality of life.

Cognitive impairment, affecting essential facul-
ties such as thinking, memory, and decision-
making, significantly compromises patients’
overall well-being. Studies consistently show a
higher incidence of cognitive impairment fol-
lowing hemodialysis compared to CKD patients
managed conservatively without dialysis [7, 8].
In a comprehensive study involving CKD pa-
tients, over 30% reported cognitive impairment
symptoms after hemodialysis sessions [9].
Moreover, cognitive impairment is associated
with reduced long-term survival rates and an
increased occurrence of cardiovascular events.
Thus, preventing cognitive impairment in CKD
patients post-hemodialysis is of paramount
clinical importance.

In individuals with kidney disease, significant
changes in body composition analysis parame-
ters are observed. Patients often show decreas-
es in both body mass index (BMI) and lean
tissue index (LTI) [10]. Additionally, an increase
in fat tissue index (FTI) may be intricately link-
ed to the patient’s inflammatory status. Con-
currently, alterations in total body water (TBW)
and body cell mass (BCM) are closely associat-
ed with declining renal function [11]. These
fluctuations in indicators reflect the physical
condition and metabolic irregularities typical of
CKD patients. Moreover, research has high-
lighted the connection between body composi-
tion parameters and clinical outcomes in CKD
[12]. For instance, a study of CKD patients
revealed a strong association between BMI,
LTI, and survival rates [13]. Similarly, other
studies have shown the relevance of the TBW/
extracellular water (ECW) and ECW/BCM ratios
to the inflammatory and nutritional status of
patients [14]. Collectively, these findings under-
score the importance of body composition
analysis in assessing and managing CKD.
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The correlation between body composition pa-
rameters and cognitive function is also notable.
An increase in FT may be associated with cog-
nitive decline, while abnormal changes in TBW,
BCM, TBW/ECW, ECW/BCM, and ECW are link-
ed to cognitive impairment. Existing studies
further support this relationship [15, 16]. For
example, research on elderly individuals has
shown a significant association between BMI,
LTI, and cognitive function [17]. Another study
emphasized the importance of TBW/ECW and
ECW/BCM ratios in cognitive decline [18].
These findings highlight the utility of body com-
position analysis in assessing and predicting
cognitive function in individuals with CKD.

This study aims to explore the connection
between cognitive impairment following hemo-
dialysis in CKD patients and body composition
parameters. The nomogram model, a widely
used predictive tool in medical research, inte-
grates various prognostic variables to provide
a numerical probability of a specific clinical
event, aligning with biological and clinical inte-
gration models to aid clinical decision-making.
However, a tailored predictive model for cogni-
tive impairment following hemodialysis in CKD
patients is lacking. Therefore, this investigation
examines the determinants of cognitive impair-
ment post-hemodialysis and develops a predic-
tive model to provide insights for clinical treat-
ment and nursing practices.

Materials and methods

Study population and inclusion/exclusion cri-
teria

This retrospective study involved 110 patients
diagnosed with CKD, admitted to Beijing Luhe
Hospital, Capital Medical University, between
January 2019 and January 2023. Patients were
divided into two groups based on their cogni-
tive function as assessed by the Chinese
version of the Montreal Cognitive Assessment:
55 patients with cognitive impairment (score <
26) and 55 patients without cognitive impair-
ment (score > 26). The inclusion criteria were
as follows: 1. A confirmed diagnosis of CKD. 2.
Undergoing hemodialysis for over 6 months. 3.
Age over 18 years. 4. Availability of comprehen-
sive clinical records. Exclusion criteria included:
1. Individuals with severe psychiatric disorders.
2. Patients diagnosed with malignancies. 3.
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Those with neurodegenerative disorders such
as Parkinson’s disease. 4. Chronic alcohol de-
pendence. 5. Patients with visual or auditory
impairments. Approval for this research was
obtained from the Ethics Committee of Beijing
Luhe Hospital, Capital Medical University.

Methods

Data collection: Data collected at the time of
patient admission included age, gender, dis-
ease duration, hypertension, diabetes, eco-
nomic status, creatinine (Cr), blood urea nitro-
gen (BUN), serum albumin (ALB), hemoglobin
(Hb), triglycerides (TG), total cholesterol (TC),
and dialysis duration. A team of specialized
healthcare professionals conducted data col-
lection using pre-designed forms derived from
the electronic medical record system. The data
collection process adhered strictly to research
ethics and regulations, ensuring the accuracy
and integrity of the data.

Dialysis procedure: Prior to dialysis, an arte-
riovenous access was established to divert
blood to the dialyzer for purification. All patients
underwent standard bicarbonate hemodialysis
with a blood flow rate of 245 mL/min and a
dialysate flow rate of 500 mL/min. Each dialy-
sis session lasted approximately 240 minutes.

Collection of body composition analysis indica-
tors: The following body composition analysis
indicators were collected: BMI: Calculated by
measuring the patient’s height and weight,
expressed in kg/m?2. LTI: Calculated based on
the measurement of lean body mass (exclud-
ing fat tissue), expressed in kg/m2. FTI: Cal-
culated based on the measurement of fat tis-
sue weight, expressed in kg/m2. TBW: Measured
using bioelectrical impedance analysis or other
methods to determine total body water con-
tent, expressed in liters (L). BCM: Measured
using bioelectrical impedance analysis or other
methods to determine BCM, expressed in kilo-
grams (kg). TBW/ECW Ratio: Calculated by di-
viding TBW by ECW. ECW/BCM Ratio: Calculat-
ed by dividing ECW by BCM. ECW: Measured
using specialized body composition analysis
instruments.

All the above indicators were measured using
bioelectrical impedance analysis instruments.

Cognitive function assessment

The Chinese version of the Montreal Cognitive
Assessment was used to assess the cognitive
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function of the patients. The total possible
score was 30 points, with a score of > 26 points
considered indicative of normal cognitive func-
tion. The cognitive function assessment was
conducted after a minimum of six months of
hemodialysis treatment.

Statistical analysis

Means, standard deviations, and quartile rang-
es were calculated for all continuous variables,
while frequency counts and percentages were
calculated for categorical variables. For contin-
uous variables that followed a normal distribu-
tion, independent sample t-tests or one-way
analysis of variance (ANOVA) were used. For
continuous variables that did not follow a nor-
mal distribution, Mann-Whitney U tests were
applied. Chi-square or Fisher’s exact test was
used for analyzing categorical variables.

In the univariate logistic regression analysis,
variables with a p-value of less than 0.1 were
included in the final multivariate analysis.
Based on the results of the multivariate logistic
regression, a nomogram was constructed using
the rms package in R software. The discrimina-
tory performance of the nomogram was evalu-
ated using the c-index, an alternative measure
of the area under the ROC curve. Model calibra-
tion was assessed with the Hosmer-Lemeshow
goodness-of-fit test, where non-significant val-
ues indicated good model calibration. A calibra-
tion plot was generated to visually assess the
agreement between predicted and actual risks.

Internal validation and calibration of the model
were performed using 1,000 bootstrap resam-
ples. Decision curve analysis (DCA) was con-
ducted using the rmda package to determine
the clinical utility of the nomogram in predicting
cognitive impairment risk. DCA helps quantify
the net benefit of the predictive model in clini-
cal decision-making.

In addition to standard statistical tests, a no-
mogram was developed to predict the risk of
cognitive impairment in CKD patients post-
hemodialysis. The nomogram was based on
multivariable logistic regression analysis, incor-
porating variables identified as significant pre-
dictors. The calibration of the nomogram was
performed using the bootstrap resampling
method, and its discrimination ability was eval-
uated using the C-statistic (area under the ROC
curve, AUC). Finally, the clinical utility of the
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Figure 1. Research process diagram. Montreal Cognitive Assessment
(MoCA), body mass index (BMI), lean body mass index (LTI), fat weight index

(FTI), total body water (TBW).

nomogram was assessed by calculating the net
benefit at various risk thresholds using DCA.
This comprehensive evaluation ensures that
the nomogram not only predicts cognitive
impairment risk accurately but also holds prac-
tical value in clinical settings. All analyses were
performed using R version 3.6.3 and SPSS ver-
sion 26.0 for Mac. Statistical significance was
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: Exclude patients not meeting criteria )

The average age of the cohort
was 65.21 years, with 71
male patients, representing
64.5% of the total. Cognitive
impairment was observed in
50 patients post-hemodialy-
sis, accounting for 45.5% of
the cohort. Comprehensive
patient details are provided in
Table 1.

Comparison of general clini-
cal data

The study enrolled 110 pa-
tients with CKD, who were
stratified into two groups ba-
sed on the presence of cogni-
tive impairment post-hemodi-
alysis. There were no statisti-
cally significant differences
between the groups in terms
of age, gender distribution,
disease duration, presence of
hypertension or diabetes, so-
cioeconomic status, Cr, BUN,
ALB, Hb, TG, TC levels, and
dialysis duration (all P >
0.05). Detailed comparative
data are presented in Table
2.

Comparison of body com-
position analysis indicators
between the two groups

The differences in body com-
position analysis indicators
between the two groups are
shown in Table 3. Significant
differences were observed between the two
groups across several characteristics. The BMI
of the group without cognitive impairment was
23.124 + 1.1122 kg/m?, significantly higher
than the 22.076 + 1.113 kg/m? in the group
with cognitive impairment (P < 0.001). The lean
tissue index (LTl) was 13.15 + 2.2151 kg/m? in
the group without cognitive impairment, com-
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Table 1. Basic clinical information of included patients

ment (P < 0.001). The ECW/BCM ratio

Characteristics Overall

in the group without cognitive impair-

Age (years), mean * sd 65.209 + 5.1919

Gender [(%)], n (%)

ment was 1.0149 + 0.27491 L/kg, sig-
nificantly lower than the 1.4149 +
0.26648 L/kg in the group with cogni-

Male 71 (64.5%) tive impairment (P < 0.001).
Female 39 (35.5%)
Disease duration (years), mean #* sd 4.525 + 0.55478 Multivariable logistic regression analy-

Hypertension [(%)], n (%)

sis of factors influencing cognitive

Yes 50 (45.5%) impairment
No 60 (54.5%) Cognitive impairment was used as the
Diabetes [(%)], n (%) dependent variable, and the factors
Yes 38 (34.5%) identified through univariate analysis
No 72 (65.5%) (BMI, LTI, FTI, TBW, BCM, TBW/ECW,
Economic status [(%)], n (%) ECW/BC_M) were use_d "?‘S '”depen'
Good 56 (50.9%) dent varlables for multlvarlable logistic
regression analysis. The results, pre-
Poor 54 (49.1%) sented in Table 4, indicate that TBW,
Cr (umol/L), mean + sd 41.245 + 6.2137 TBW/ECW, and ECW/BCM are indepen-
BUN (mmol/L), mean + sd 22.545 + 3.1063 dent risk factors for cognitive impair-
ALB (g/L), mean + sd 40.215 + 2.5458 ment in patients with CKD after hemo-
Hb (g/L), mean + sd 102.54 + 11.524 dialysis (all P < 0.05).
TG (mmol/L), mean * sd 2.8845 + 0.54959 ROC analysis of body composition
TC (mmol/L), mean  sd 6.2155 + 0.53607 analysis indicators for predicting cog-
Dialysis time (months), mean + sd 28.215 + 4.2081 nitive impairment after hemodialysis in
Cognitive impairment, n (%) patients with CKD
Group without cognitive impairment 55 (50%) .
Group with cognitive impairment 55 (50%) ROC curve analysis was performed on

Economic status, creatinine (Cr), blood urea nitrogen (BUN), serum

albumin (ALB), hemoglobin (Hb), triglycerides (TG), total cholesterol (TC).

pared to 11.949 + 2.3794 kg/m? in the group
with cognitive impairment (P = 0.007). For the
fat tissue index (FTI), the group without cogni-
tive impairment had a value of 10.355 %
2.1112 kg/m?, higher than the 9.5455 +
1.5514 kg/m? in the group with cognitive
impairment (P = 0.024).

In terms of TBW, the average value in the group
without cognitive impairment was 2.5055 +
0.54515 L, significantly lower than the 4.1055
+ 1.0573 L in the group with cognitive impair-
ment (P < 0.001). There was no significant
difference in ECW between the two groups
(P = 0.109). The BCM was 14.615 + 2.5544
kg in the group without cognitive impairment,
significantly higher than the 12.216 + 2.5528
kg in the group with cognitive impairment (P <
0.001). The TBW/ECW ratio in the group
without cognitive impairment was 0.21491 +
0.093212, significantly lower than the 0.34836
+ 0.097273 in the group with cognitive impair-
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the significant quantitative variables
(BMI, LTI, FTI, TBW, BCM, TBW/ECW,
ECW/BCM) to predict cognitive impair-
ment after hemodialysis in patients
with CKD. The results showed that the area
under the ROC curve (AUC) was 0.741, 0.635,
0.639, 0.840, 0.783, 0.840, and 0.85, respec-
tively (Figure 2).

Construction of risk prediction line chart mod-
el for cognitive impairment after hemodialysis
in patients with CKD

Based on the three independent risk factors
identified through multivariable logistic re-
gression, a predictive model for cognitive im-
pairment after hemodialysis was constructed
(Figure 3). These three independent predictors
were assigned scores ranging from O to 100,
and the total score was then converted into an
individual probability of developing cognitive
impairment after hemodialysis.

Validation of the line chart model

Internal validation was performed using the
bootstrapping technique with 1,000 samples.
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Table 2. Comparison of general clinical data

Group without cognitive

Group with cognitive

Characteristics impairment impairment P value
N 55 55
Age (years), mean * sd 65.691 + 5.4734 64.727 + 4.8969 0.333
Gender [(%)], n (%) 0.550
Male 37 (67.3%) 34 (61.8%)
Female 18 (32.7%) 21 (38.2%)
Disease duration (years), mean + sd 4.5735 + 0.5541 4.4765 + 0.55628 0.362
Hypertension [(%)], n (%) 23 (41.8%) 27 (49.1%) 0.444
Diabetes [(%)], n (%) 18 (32.7%) 20 (36.4%) 0.688
Economic status [(%)], n (%) 0.703
Good 29 (52.7%) 27 (49.1%)
Poor 26 (47.3%) 28 (50.9%)
Cr (Mumol/L), mean + sd 40.46 £ 5.6996 42.029 + 6.6479 0.187
BUN (mmol/L), mean + sd 22.558 + 2.9468 22.531 + 3.2853 0.964
ALB (g/L), mean * sd 40.378 £ 2.2661 40.051 + 2.8093 0.503
Hb (g/L), mean + sd 101.85 + 12.023 103.22 + 11.071 0.535
TG (mmol/L), mean * sd 2.9109 + 0.53978 2.8582 + 0.56296 0.617
TC (mmol/L), mean + sd 6.2382 + 0.56585 6.1927 £ 0.50876 0.659
Dialysis time (months), mean + sd 27.584 + 4.0854 28.845 + 4.2711 0.116

Economic status, creatinine (Cr), blood urea nitrogen (BUN), serum albumin (ALB), hemoglobin (Hb), triglycerides (TG), total

cholesterol (TC).

Table 3. Comparison of body composition analysis indicators between the two groups

Characteristics Group without cognitive impairment Group with cognitive impairment P value
N 55 55

BMI (kg/m?2), mean + sd 23.124 £ 1.1122 22.076 £ 1.113 <0.001
LTI (kg/m?), mean * sd 13.15 +2.2151 11.949 + 2.3794 0.007
FTI (kg/m?), mean * sd 10.355 £ 2.1112 9.5455 + 1.5514 0.024
TBW (L), mean + sd 2.5055 + 0.54515 4.1055 + 1.0573 <0.001
ECW (L), mean + sd 15.004 + 2.1621 14.225 + 2.8457 0.109
BCM (kg), mean % sd 14.615 + 2.5544 12.216 + 2.5528 <0.001
TBW/ECW, mean + sd 0.21491 + 0.093212 0.34836 + 0.097273 <0.001
ECW/BCM (L/kg), mean + sd 1.0149 + 0.27491 1.4149 + 0.26648 <0.001

Body mass index (BMI), lean body mass index (LTI), fat weight index (FTI), total body water (TBW), body cell mass (BCM), extra-

cellular water (ECW).

The results, shown in Figure 4, indicate that the
Harrell C-Index was 0.974 (95% Cl: 0.952-
0.997), suggesting good calibration of the
model. The Hosmer-Lemeshow test yielded a
chi-square value of 3.327 with a P-value of
0.912, indicating good predictive accuracy. As
shown in Figure 5, the ROC of the predictive
model was 0.974 (95% CI: 0.952-0.996), dem-
onstrating good discrimination. According to
the results in Figure 6, the model exhibited
strong clinical predictive performance.

4509

Discussion

Patients with CKD, facing progressive deterio-
ration, often experience systemic dysfunction
affecting both physical and mental health.
While hemodialysis is a cornerstone of their
clinical care, it also poses potential risks for
cognitive decline. Recent epidemiological stud-
ies have explored post-hemodialysis cognitive
impairment in this patient cohort, investigating
contributing factors. Some research suggests
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patients with cognitive impair-
ment after hemodialysis and th-
ose without cognitive impairment.
Specifically, the cognitive impair-

Table 4. Multivariable logistic regression analysis of factors
associated with cognitive impairment after hemodialysis in
patients with chronic kidney disease

Multivariate analysis

Characteristics Total (N ment group exhibited significant

™ odds Ratio (95% ) _Pvalue differe%cespin BMI, LTI, Fgﬁ, TBW,
BMI (kg/m?) 110 0504 (0.217-1.173)  0.112 ECW, BCM, TBW/ECW ratio, and
LTI (kg/m?) 110 1087 (0.712-1.660)  0.698 ECW/BCM ratio compared to the
FTI (kg/m?) 110 0.856 (0.499-1.468) 0.572 non-cognitive impairment group.
TBW (L) 110 4,900 (3.062-7.511) < 0.001 These results suggest a potential
BCM (kg) 110 0.829 (0.584-1.175)  0.291 association between body com-
TBW/ECW 110 7.244 (5.092-8.7613)  0.016 position analysis indicators and
ECW/BCM (L/kg) 110  6.720 (4.564-8.692)  0.030 the onset of cognitive impair-

Body mass index (BMI), lean body mass index (LTI), fat weight index (FTI), total
body water (TBW), body cell mass (BCM), extracellular water (ECW).

that disease progression plays a pivotal role,
with complications arising from prolonged ill-
ness duration and its complex interplay with
patients’ psychological well-being. However,
consensus on this matter remains elusive [19,
20].

Our study takes a novel approach by construct-
ing a predictive model for post-hemodialysis
cognitive impairment in CKD patients, leverag-
ing indicators from body composition analysis.
Traditional predictive models have predomi-
nantly focused on clinical and biochemical
markers, often overlooking the potential impact
of patients’ body composition and metabolic
status on cognitive function. Body composition
analysis provides a more holistic insight into
patients’ physiological makeup and metabolic
status, thereby enhancing predictive accuracy.
The significance of this predictive model lies in
its ability to offer precise and personalized risk
assessments. Through quantitative analysis of
body composition, clinicians can gain a deeper
understanding of patients’ physical condition
and metabolic status, facilitating targeted
interventions for the early detection and man-
agement of cognitive impairment [21, 22].
Furthermore, implementing this predictive mo-
del empowers clinicians to effectively evaluate
treatment outcomes and prognosis, guiding the
formulation of tailored treatment and manage-
ment strategies.

Body composition analysis serves as a crucial
tool for evaluating the distribution and compo-
sition of tissues and organs in patients. Our
findings revealed notable discrepancies in body
composition analysis indicators between CKD
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ment post-hemodialysis in CKD
patients. Quantitative analysis of
body composition offers an objec-
tive and precise method for pre-
dicting cognitive impairment. Unlike traditional
clinical markers, body composition analysis
provides a comprehensive assessment of the
patient’s physiological composition and meta-
bolic status, opening new avenues for the early
detection and intervention of cognitive impair-
ment. Moreover, establishing this predictive
model equips clinicians with a straightforward,
rapid, and viable tool to assess the risk of
cognitive impairment in patients and informs
about individualized treatment and manage-
ment strategies.

This investigation employed multiple logistic
regression analysis to identify independent ri-
sk factors for cognitive impairment following
hemodialysis in patients with CKD. The findings
revealed that TBW, the TBW/ECW ratio, and the
ECW/BCM ratio are independent risk factors
for cognitive impairment in this patient popula-
tion. TBW represents the excess water content
within bodily tissues compared to normal levels
and can partly reflect volume overload in indi-
viduals with kidney failure [23, 24]. Clinically, a
TBW range of -1 to 1 L is considered normal.
The TBW/ECW ratio indicates the proportion of
TBW to ECW, while the ECW/BCM ratio reflects
the balance between ECW and BCM. These
indicators provide insight into a patient’s fluid
balance and the distribution of intracellular and
extracellular fluids [25].

The study identified a strong association bet-
ween increased TBW, elevated TBW/ECW ratio,
heightened ECW/BCM ratio, and the onset of
cognitive impairment following hemodialysis
in CKD patients, as compared to those with
CKD who do not undergo hemodialysis [26].
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Figure 2. ROC analysis of body composition analysis indicators for predicting cognitive impairment after hemodialy-
sis in patients with chronic kidney disease. A. BMI. B. FTI. C. BCM. D. LTI. E. TBW/ECW. F. TBW. G. ECW/BCM. Body
mass index (BMI), lean body mass index (LTl), fat weight index (FTI), total body water (TBW), body cell mass (BCM),

extracellular water (ECW).

The findings also suggest that fluid and electro-
lyte imbalances frequently experienced by
these patients post-hemodialysis may signifi-
cantly contribute to cognitive impairment [27].
Hemodialysis has the potential to disrupt fluid
balance, leading to increased TBW and accu-
mulation of ECW. These fluid imbalances could
result in brain cell edema and neurological
function impairment, ultimately contributing
to cognitive decline. Furthermore, the elevat-
ed ECW/BCM ratio may be associated with the
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development of cognitive impairment [28]. The
accumulation of ECW can disrupt the equili-
brium between intracellular and extracellular
fluids, affecting the stability of the intracellu-
lar environment and the normal functioning
of nerve cells. This imbalance may represent
a critical mechanism underlying cognitive im-
pairment.

One major limitation of this study is the absence
of cognitive function assessment before hemo-
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Figure 3. Predictive nomogram model based on mul-
tivariable logistic regression analysis to determine
independent risk factors for predicting cognitive im-
pairment after hemodialysis.
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Figure 4. Calibration curve of the nomogram model.

dialysis. This limitation makes it difficult to
determine whether the cognitive impairment
observed post-hemodialysis is a direct result of
the treatment or if it was already present at a
similar level prior to the initiation of hemodialy-
sis. Without baseline cognitive function data,
the study cannot conclusively establish a caus-
al relationship between hemodialysis and cog-
nitive decline. This limitation may affect the
interpretation of the results and the strength of
the conclusions drawn. Future research should
address this by incorporating pre-hemodialysis
cognitive assessments to provide a clearer
picture of cognitive changes over the course
of hemodialysis treatment. Such an approach
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would help in distinguishing the effects of
hemodialysis on cognitive function more accu-
rately and enhance the validity of the predictive
model for cognitive impairment. Longitudinal
studies with repeated cognitive assessments
over time would be beneficial to track the tra-
jectory of cognitive changes in CKD patients
undergoing hemodialysis.

Additionally, this study is a single-center inves-
tigation with a relatively small sample size,
potentially introducing selection bias. Future
multicenter studies could enhance the reliabili-
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ty and generalizability of the findings. The study
also focused solely on the relationship between
body composition analysis indicators and cog-
nitive impairment following hemodialysis, with-
out considering other potential influencing fac-
tors such as inflammatory markers and vascu-
lar function. Subsequent research should fur-
ther explore these aspects.

In summary, this study highlights a correlation
between body composition analysis indicators
and cognitive impairment post-hemodialysis in
patients with CKD. TBW, the TBW/ECW ratio,
and the ECW/BCM ratio are independent risk
factors. These findings hold clinical significance
for the prevention and management of cogni-
tive impairment following hemodialysis in
patients with CKD.
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