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ABSTRACT

Background: In elderly haemodialysis patients, poor functional status correlates with malnutrition, morbidity and mortality.
This study aimed to assess 1-year survival in an elderly haemodialysis population and evaluate the predictive capacity of com-
monly used scales for comorbidity, malnutrition, dependence and frailty.

Methods: We conducted a 1-year observational study (2022) on prevalent haemodialysis patients aged > 75 years with > 3 months
of treatment. Mortality was assessed during the follow-up. We analysed sociodemographic, dialysis-related, analytical and life-
style variables. Additionally, we evaluated comorbidity (Charlson), dependence (Barthel), malnutrition-inflammation (MIS
scale) and frailty (FRIED). Statistical analysis included comparisons between continuous variables using the Mann-Whitney U
test or Student's ¢ test, based on normality distribution. Categorical variables were compared using the chi-square test. Kaplan—
Meier survival analysis with log-rank test was used to compare survival curves. Multivariate analysis was performed using Cox
proportional hazards models, adjusting for confounders including dialysis adequacy and underlying kidney disease aetiology.
Optimal cutoff points for predicting mortality were determined using receiver operating characteristic (ROC) curves.

Results: A total of 107 haemodialysis patients (57% male, mean age 81.3+4.53years, mean time on haemodialysis
51.71 + 51.04 months) were included. Sixteen patients (15%) died within 1 year. Deceased patients were older (83.94 +4.52
vs. 80.34 +4.39years, p=0.011) and had longer dialysis duration (76.46 + 54.73 vs. 47.35 + 49.4months, p =0.035), lower al-
bumin (3.51+0.54 vs. 3.86+0.31g/dL, p<0.001) and lower creatinine levels (5.48 £1.12 vs. 6.50+1.67 mg/dL, p=0.021).
They scored higher on all four scales analysed: Charlson (10.94+1.81 vs. 8.95+1.92, p<0.001), MIS (11.31+4.22 vs.
6.07 +£3.27, p<0.001), Barthel (52.50+27.2 vs. 78.41 £23.11, p<0.001), and FRIED (3.19 £1.05 vs. 2.18+1.32, p=0.005).
Institutionalization (p=0.004), inability to walk (p <0.001) and stretcher transport (p <0.001) were also significantly as-
sociated with mortality. The optimal cutoff points for predicting mortality were Charlson index >9.5 (AUC 0.788, 95% CI:
0.65-0.88), MIS >7.5 (AUC 0.844, 95% CI: 0.73-0.93), Barthel < 67.5 (AUC 0.79, 95% CI: 0.68-0.79) and FRIED >2.5 (AUC
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0.719, 95% CI: 0.56-0.83). In multivariable analysis, Charlson >9.5 (HR 2.75, 95% CI: 0.83-9.06, p =0.096) and MIS > 7.5 (HR
8.15, 95% CI: 1.10-60.58, p=0.040) remained significant predictors of mortality.

Conclusions: The Charlson, Barthel, MIS and FRIED scales are useful tools for predicting mortality in elderly haemodialysis pa-
tients, with defined cutoff points for increased mortality risk. We have defined specific cutoff points that determine increased mortal-
ity risk in this population. However, comorbidity and malnutrition showed the strongest independent predictive value. These findings

highlight the need for targeted interventions to address malnutrition and comorbidity in this vulnerable population.

1 | Introduction

As life expectancy increases and lifestyle-related diseases be-
come more prevalent, the incidence of chronic kidney disease
(CKD) is rising [1]. The ageing of the general population is evi-
dent in haemodialysis (HD) units. Continuous advances in dial-
ysis techniques have contributed to improved patient outcomes.
Additionally, improvements in anaemia correction, secondary
hyperparathyroidism management and the implementation of
prevention programmes in healthcare systems have further en-
hanced survival rates [2-5].

An individual's functional status reflects their ability to perform
activities that meet basic daily living needs, continue life roles
and maintain health and well-being. Poor functional status is
associated with lower survival in older adults and patients with
chronic diseases, determining quality of life. As with other
chronic diseases, low functionality correlates with morbidity
and mortality in elderly CKD patients [6-8].

It is challenging to establish how to measure functionality in
elderly HD patients. There are numerous scales that assess
functional decline, activity limitations and their impact on
quality of life as well as morbidity and mortality. These scales
are essential for assessing patient functionality: the Charlson
Comorbidity Index measures the burden of comorbidities; the
MIS provides a quantitative evaluation of nutritional status and
inflammation; the Barthel Index assesses independence in daily
activities; and the FRIED scale identifies frailty based on phys-
ical performance.

The Charlson Comorbidity Index evaluates the burden of co-
morbidities and their impact on mortality, though its applicabil-
ity in elderly populations has limitations due to underestimation
of prevalent conditions such as dementia, anaemia or depression
[9]. The Malnutrition-Inflammation Score (MIS) assesses nutri-
tional status and inflammation through clinical and biochem-
ical parameters, both of which are critical in dialysis patients
due to their association with morbidity and survival [10]. The
Barthel Index measures independence in basic activities of daily
living, offering insight into the patient's functional capacity and
rehabilitation potential [11]. Lastly, the FRIED frailty scale iden-
tifies frailty based on physical performance criteria, highlight-
ing individuals at higher risk of adverse health outcomes [12].
These tools provide a comprehensive approach to evaluating
functionality in this vulnerable population.

These scales present different cutoff points that determine de-
grees of dysfunction. Their relationship with mortality has been
studied, including which best determine the risk of death associ-
ated with dysfunction [13, 14].

However, the cutoff points established for these scales were de-
signed to measure the general population of all ages and those
without kidney disease. HD patients have special characteristics
that may determine mortality differently from individuals with-
out kidney disease.

Given the high mortality risk associated with dialysis-dependent
CKD, a l-year observational study offers a relevant timeframe
to assess survival outcomes. Haemodialysis patients exhibit
substantially higher mortality rates than the general popula-
tion [15], making a 1-year period both practical and clinically
meaningful for capturing prognostic data. Additionally, a 1-year
period aligns with standard clinical assessments, allowing for
a practical and comprehensive evaluation of functionality and
its impact on survival. This study advances current research by
defining specific cutoff points for common assessment scales,
thereby refining risk stratification and guiding targeted inter-
ventions in elderly HD patients.

The objective of this study was to describe the characteristics of
the elderly population on haemodialysis and study their 1-year
survival. We evaluated the ability to predict mortality using
common scales for comorbidity, malnutrition, dependence and
frailty routinely used in haemodialysis units. By doing so, this
study provides new insights into the applicability and prognostic
relevance of these assessments, contributing to the optimization
of risk stratification in clinical practice.

2 | Methods
2.1 | Patients Study Design and Population

This observational descriptive study was conducted over 1year
(January to December 2022) on patients from the chronic hae-
modialysis programme of four outpatient centres and one hospi-
tal unit of the Spanish Renal Foundation. From the total patients
undergoing dialysis in these units, those aged over 75years, who
had been on the programme for more than 3 months, and who
had accepted and signed informed consent were included in the
study. Patients with cognitive impairment that prevented them
from providing informed consent, as well as those who declined
participation, were excluded.

2.2 | Variables and Measurements Instruments

The study focused on four main variables: comorbidity,
malnutrition-inflammation, dependence and frailty. These
variables were measured at the beginning of the study.
Subsequent measurements were not performed; only baseline
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data and mortality at 12 months were recorded. Mortality data
were obtained through the Nefrosoft electronic medical re-
cord system.

The scales used for each variable and their cutoff points are de-
scribed below:

« Comorbidity: Assessed using the Charlson Comorbidity
Index, a tool designed to classify comorbidities based on
their severity and impact on mortality risk. Although it
was originally developed to predict 10-year survival, its
utility in elderly populations has been questioned due to
its underestimation of prevalent conditions such as de-
mentia, anaemia and depression. For dialysis patients,
various cutoff points have been reported for HD popu-
lations; our selected threshold is supported by previous
literature. Comorbidity scores above 6 indicate high risk
[16], with significant increases in 1-year mortality ob-
served in those scoring above 8 [17].

» Malnutrition-inflammation: ~ Evaluated  using  the
Malnutrition-Inflammation Score (MIS), which is a val-
idated quantitative measure derived from a subjective
global assessment. The MIS includes 10 components, such
as weight change, appetite, gastrointestinal symptoms and
various biochemical markers, yielding a total score ranging
from 0 to 30. Scores above 10 indicate severe malnutrition,
whereas scores below 2 suggest normal nutrition [10, 18].

» Dependence: Measured by the Barthel Index, which assesses
the ability to perform basic activities of daily living (ADLSs).
The index scores range from 0 to 100, with lower scores in-
dicating higher levels of dependence. Scores below 20 sug-
gest total dependence, whereas a score of 100 indicates full
independence. This index is crucial for understanding the
patient's functional status and potential for rehabilitation
[11, 19].

 Frailty: Assessed using the FRIED scale, which defines
frailty as the presence of three or more of the following
criteria: unintentional weight loss (>4.5kg or >5% of
body weight in the last year), self-reported exhaustion
(evaluated through two questions from the Center for
Epidemiological Studies-Depression scale), weakness
(grip strength), slow walking speed and low physical ac-
tivity. Grip strength was measured using a dynamome-
ter, taking the highest value from three attempts in each
hand, adjusted for sex and BMI. Slow walking speed was
assessed by measuring the time to walk 4.6 m at a usual
pace, with thresholds adjusted for sex and height. Low
physical activity was estimated based on weekly energy
expenditure, with specific cutoffs for men and women.
These criteria follow the original validation from the
Cardiovascular Health Study and have been widely used
in dialysis populations [12].

2.3 | Additional Variables
Other collected variables included demographic data, clinical

characteristics, dialysis parameters, anthropometric measure-
ments and relevant laboratory values, such as albumin, total

iron binding capacity (TIBC) and creatinine levels. Dialytic effi-
cacy was measured using the Daurgidas Kt/V formula.

2.4 | Data Collection and Analysis

Demographic and clinical data were obtained from medical re-
cords. For survival analysis, the population was grouped into
categories based on the severity of their comorbidity, malnutri-
tion, dependence and frailty. The median Charlson score was
used as a cutoff point due to the influence of age on comorbidity.
Dialysis-related variables included the duration of haemodial-
ysis sessions, weekly hours and frequency. Additional factors
such as institutionalization, mode of transport to dialysis and
posttreatment fatigue were also documented.

This comprehensive approach allowed for a detailed assessment
of the patients’ health status and its impact on mortality.

2.5 | Statistical Analysis

Chi-square test was used for categorical variables, Student's
t test (parametric) or Mann-Whitney U test (nonparametric)
for continuous variables and one-way ANOVA for multiple
comparisons. Normality of distribution was assessed using
the Kolmogorov-Smirnov test. Survival analysis was per-
formed using Kaplan-Meier survival curves and log-rank test.
Multivariate analyses were conducted using Cox proportional
hazards models, adjusting for potential confounders such as
dialysis adequacy (number of session and KTV) and underly-
ing causes of kidney failure. Analysis of potential interactions
between the scales did not yield statistically significant results,
suggesting that the compounded effects of high comorbidity and
frailty may not be synergistic in our cohort.

Quantitative variables were presented as mean and standard
deviation. Qualitative variables were presented as absolute
numbers and percentages. Statistical significance was set at
p<0.05. Statistical analysis was performed using IBM SPSS
Statistics V20.

3 | Results
3.1 | Study Population

A sample size of 107 patients was considered sufficient based on
preliminary data [20, 21] and previous literature [22-24], ensuring
adequate power todetectsignificantdifferencesinmortality risk.In
this population, 57% were men; the mean age was 81.3 +4.53years,
and the mean time on HD was 51.71 + 51.04 months. The aetiolo-
gies of kidney disease were diabetes mellitus 24 (22.4%), unknown
kidney disease 25 (23.4%), vascular 25 (23.4%), tubulointerstitial
nephritis 7 (6.5%), glomerular 12 (11.2%), polycystic kidney dis-
ease 8 (7.5%) and others 6 (5.6%).

Table 1 shows the characteristics of the study population in
terms of demographic data, kidney disease and HD regimen, an-
thropometric data, laboratory values and scores on the measure-
ment scales used. Differences by sex were studied. Men dialyzed
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TABLE1 | Demographic data, kidney disease and haemodialysis regimen, anthropometric measurements, lab results and scores on comorbidity,
malnutrition-inflammation, dependency and frailty scales. Mean + SD.

Total n=107 (100%) Men n=61 (57%) Women n =46 (43%) P

Demographic data

Age (years) 81.3+4.535 80.9+4.2 81.8+4.87 0.318

Time on dialysis (months) 51.71+51.04 43.7+39.6 62.3+61.1 0.062

Haemodialysis regimen and residual

diuresis

Time on HD per session (hours) 3.6+£0.46 3.8+£0.45 3.5+£047 0.058

Time on HD >4h (yes) 50/107 (47%) 34/61 (56%) 16/46 (35%) 0.031

Time on HD per week (hours) 11+1.74 11.2+1.9 10.8+1.5 0.292

Time on HD per week > 12h (YES) 49/107 (46%) 33/61 (54%) 16/46 (35%) 0.047

Diuresis > 500 mL/day 68/107 (64%) 41/61 (67%) 27/46 (59%) 0.365
Anthropometry

Albumin (g/dL) 161.97+8.84 167 £6.92 155.35+£6.75 <0.001

Weight (kg) 68.02+12.07 72.31+10.03 62.34+£11.35 <0.001

Body mass index (kg/m?) 25.95+4.28 25.93+3.66 25.92+5.02 0.959
Lab results

Albumina (g/dl) 3.81+0.37 3.84+0.35 3.76 £0.41 0.265

Albumin > 3.5mg/dL 82/107 (76.6%) 48/61 (79%) 34/46 (74%) 0.563

Creatinine (mg/dl) 6.35+1.63 6.67+1.68 5.92+1.47 0.018

KTV >1.3 83/107 (85.6%) 46/61 (82%) 37/49 (90%) 0.262
Scales assessment
Charlson comorbidity (pts.) 9.24+2.02 9.64+2.21 8.72+1.63 0.019
MIS nutrition (pts.) 6.85+3.89 6.34+3.61 7.52+4.18 0.121
Barthel dependency (pts.) 74.53+25.38 76.72+25.51 71.63+25.19 0.307
Fried frailty (pts.) 2.33+1.33 2.13+1.23 2.59+1.42 0.079

Note: Scale classifications: Charlson: low comorbidity (<9 pts.), high comorbidity (>9 pts.); MIS: extremely malnourished (> 10 pts.); very severe malnutrition (7-10
pts.); moderate to severe malnutrition (5-7 pts.); mild to moderate malnutrition (2-5 pts.); well-nourished (< 2 pts.); Barthel: independent (100 pts.); mild dependency
(91-99 pts.); moderate dependency (61-90 pts.); severe dependency (21-60 pts.); total dependency (< 20 pts.); Fried: not frail (0 pts.); prefrail (1-2 pts.); frail (> 3 pts.);

Statistical significance: p <0.05, men vs. women.
Abbreviation: TIBC, total iron-binding capacity.

for longer periods related to their larger body surface area and
had higher blood creatinine values. Regarding scores on the
measured scales, women presented lower comorbidity. There
were no differences in total scores for the other scales.

Regarding other recorded variables, 40 (67%) were dialyzed
through a catheter. Sixty eight (64%) of the patients urinated.
A total of 38 patients (36%) exhibited a residual urine output
exceeding 500mL per day. Of the total patients, 87 (82%) could
walk, and 87 (82%) were transported to the centre by ambulance,
the rest by their own means. Only nine (4%) were transported
reclined on a stretcher due to their dependent state. Nine (8%)
of the patients lived in nursing homes, and 60 (56%) reported
extreme fatigue after dialysis treatment.

Finally, at 12months from data collection, 16 (15%) of the pa-
tients had died.

3.2 | Comorbidity, Malnutrition, Dependence,
and Frailty Scales

Table 2 classifies the population according to the cutoff points
established by the scales themselves. No differences were found
between sexes.

3.3 | Mortality Analysis

Table 3 presents the association between mortality and demo-
graphic data, haemodialysis regimen, anthropometric data,
laboratory values and scores on the comorbidity, malnutrition-
inflammation, dependence and frailty assessment scales. The
deceased were older, had been on dialysis longer and had lower
albumin and creatinine levels than survivors. Significant dif-
ferences were also observed in all measured scales, indicating
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TABLE 2 | Percentages by severity degrees of comorbidity, malnutrition, dependency and frailty scales.

Normal-mild/

Total moderate- Women
Classification n=107 (100%) severe Men n=61 (57%) n=46 (43%) 4]
Charlson Low comorbidity 44/107 (41%) 44/107 (41%) 21/44 (48%) 23/44 (52%) 0.105
comorbidity High comorbidity 63/107 (59%) 63/107 (59%) 40/63 (64%) 23/63 (36%)
MIS Well-nourished 11/107 (10%) 48/107 (45%) 30/48 (63%) 18/48 (37%) 0.301
malnutrition Mild-moderate 37/107 (35%)
malnutrition
Moderate-severe 18/107 (17%) 59/107 (55%) 31/59 (53%) 28/59 (47%)
malnutrition
Very severe 19/107 (18%)
malnutrition
Extremely 22/107 (21%)
malnourished
Barthel Independent 27/107 (25%) 85/107 (79%) 50/85 (59%) 35/85 (41%) 0.478
dependency Mild dependency 58/107 (54%)
Moderate 9/107 (8%) 22/107 21%) 11/22 (50%) 11/22 (50%)
dependency
Severe dependency 7/107 (6%)
Total dependency 6/107 (5%)
Frail_ Not frail 9/107 (8%) 58/107 (54%) 38/58 (66%) 20/58 (34%)  0.053
fragilidad Pre-frail 49/107 (46%)
Frail 49/107 (46%) 49/107 (46%) 23/49 (47%) 26/49 (53%)

Note: Classification scales: CHARLSON: low comorbidity (<8 pts.), high comorbidity (> 8 pts); MIS: extremely malnourished (> 10 pts.), very severe malnutrition
(7-10 pts.), moderate—-severe malnutrition (5-7 pts.), mild-moderate malnutrition (2-5 pts.), well-nourished (< 2 pts.); Barthel: independent (100 pts.), mild dependency
(91-99 pts.), moderate dependency (61-90 pts.), severe dependency (21-60 pts.), total dependency (< 20 pts.); Fried: not frail (0 pts.), prefrail (1-2 pts.), frail (> 3 pts.).

Statistical significance: p <0.05, men vs. women.

higher mortality rates in patients with elevated comorbidity,
greater malnutrition, increased dependence and higher frailty
scores.

Inability to walk, transport by ambulance in a reclined position
and living in a nursing home were associated with higher mor-
tality. However, postdialysis fatigue did not show significant
differences between those who died and those who survived at
1year of follow-up.

Figure 1 represents the ROC curves that identify the cutoff
point determining mortality for each of the scales studied in our
population.

Figure 2 presents the Kaplan-Meier survival curves for 12-
month survival, between the different scales used in relation
to the normality marker cutoff points described in Figure 1. As
we can see, all four variables identify patients who die earlier
within the one-year period.

Finally, Figure 3 graphically represents the risk of death ac-
cording to the cutoff points that mark mortality. As seen in
the univariable analysis (Figure 3A), we find a significant risk
of death for all four scales, which is lost in the multivariable

analysis (Figure 3B) for the dependence and frailty scales.
The risk of death is significantly higher only with the estab-
lished cutoff point in the comorbidity and malnutrition scales.
Similarly, Table S1, which presents hazard ratios from Cox
proportional hazards models, reinforces the Figure 3 finding.
Although the univariable analysis using odds ratios showed
significant associations for all four scales (comorbidity, mal-
nutrition, dependence and frailty), only the malnutrition scales
retained their predictive power in the multivariable models as
aetiology and haemodialysis dose and adequacy are taken into
account.

4 | Discussion

Our study defines characteristics that determine mortality in
haemodialysis patients over 75years old, establishing cutoff
points for commonly used scales of comorbidity, malnutrition,
dependence and frailty. The risk of death for patients reaching
these cutoff points is notably higher, particularly for comorbid-
ity (Charlson scale) and malnutrition (MIS scale).

The high percentage of our elderly haemodialysis population
in moderate to severe dysfunction stages aligns with previous
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TABLE 3 | Relationship between mortality and demographic data, haemodialysis regimen, anthropometrics, analytical data and comorbidity,
malnutrition-inflammation, dependency and frailty assessment scores. Mean + SD.

Total n=107 (100%) Deceased n=16 (15%) Alive n =91 (85%) P

Demographic data

Age (years) 81.3+4.53 83.94+4.52 80.34+4.39 0.011

Sex =male (%) 61 8/61 (13%) 53/61 (87%) 0.591
Haemodialysis regimen and residual diuresis

Time on dialysis (months) 51.71+£51.04 76.46 +£54.73 47.35+49.4 0.035

Time on HD per session (hours) 3.6+0.46 3.6+0.50 3.59+0.46 0.934

Time on HD per week (hours) 11+1.74 11.28 +0.94 10.96 +£1.85 0.506

Residual diuresis =yes (%) 68 9/68 (13%) 59/68 (87%) 0.578
Anthropometrics

Height (cm) 161.97+8.84 159.94 +£8.26 161233+9.05 0.326

Weight (kg) 68.02+12.07 66.5+14.23 68.29+11.72 0.587

Body mass index (kg/m?) 25.95+4.28 25.83+421 25.99+4.31 0.911
Analytical data

Albumin (g/dl) 3.81+0.37 3.51+0.54 3.86+0.31 <0.001

TIBC (mcg/dl) 249.01+£99.53 247.19+74.93 249.42+103.58 0.934

Creatinine (mg/dl) 6.35+1.63 548+1.12 6.50+1.67 0.021

Kt/V,,., 1.65£0.35 1.74£0.49 1.62+0.32 0.243
Assessment scales

Charlson comorbidity (pts.) 9.24+2.02 10.94+£1.81 8.95+1.92 <0.001

Charlson <9 44 2/44 (4%) 44/44 (96%) 0.013

Charlson >9 63 14/63 (22%) 49/63 (78%)

MIS nutrition (pts.) 6.85+3.89 11.31+4.22 6.07 £3.27 <0.001

Normonutritional 11 0/11 (0%) 11/11 (100%) <0.001

Mild malnutrition 37 2/37 (5%) 35/37 (95%)

Moderate malnutrition 18 0/18 (0%) 18/18 (100%)

Severe malnutrition 19 4/19 (21%) 15/19 (79%)

Extreme malnutrition 22 10/22 (46%) 12/22 (54%)

Barthel dependency (pts.) 74.53+25.38 52.50+27.2 78.41+£23.11 <0.001

Independent 27 0/27 (0%) 27/27 (100%) 0.004

Mild dependency 58 8/58 (14%) 50/58 (86%)

Moderate dependency 9 2/9 (22%) 7/9 (78%)

Severe dependency 7 3/7 (43%) 4/7 (57%)

Total dependency 6 3/6 (50%) 3/6 (50%)

Fried frailty total (pts.) 2.33+1.33 3.19+1.05 2.18+1.32 0.005

Nonfrail 9 0/9 (0%) 9/9 (100%) 0.032

Prefrail 49 4/49 (8%) 45/49 (92%)

Frail 49 12/49 (25%) 37/49 (75%)

(Continues)
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TABLE 3 | (Continued)

Total n=107 (100%) Deceased n=16 (15%) Alive n =91 (85%) P
Lifestyle

Ability to walk
Yes 87 7/87 (9%) 80/87 (92%) <0.001
No 20 9/20 (45%) 11/20 (55%)

Lives in a care home
Yes 9 5/9 (56%) 4/9 (44%) 0.004
No 98 11/98 (11%) 87/98 (89%)

Transport to HD centre and home
Ambulance lying down 3 3/3 (100%) 0/0 (0%) <0.001
Ambulance sitting 82 11/82 (13%) 71/82 (87%)
Own means 22 2/22 (9%) 20/22 (91%)

Extreme fatigue posttreatment
Yes 60 11/60 (18%) 49/60 (82%) 0.292
No 47 5/47 (11%) 42/47 (89%)

Note: Scale classifications: Charlson: low comorbidity (<9 pts.), high comorbidity (> 9 pts.); MIS: extremely malnourished (> 10 pts.); very severe malnutrition (7-10
pts.); moderate to severe malnutrition (5-7 pts.); mild to moderate malnutrition (2-5 pts.); well-nourished (< 2 pts.); Barthel: independent (100 pts.); mild dependency
(91-99 pts.); moderate dependency (61-90 pts.); severe dependency (21-60 pts.); total dependency (< 20 pts.); Fried: not frail (0 pts.); prefrail (1-2 pts.); frail (> 3 pts.).

Statistical significance: p <0.05, men vs. women.
Abbreviation: TIBC, total iron-binding capacity.
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FIGURE1 | ROC curves and boxplots for mortality predictive scales in elderly haemodialysis patients.
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FIGURE3 | Risk of death according to the cutoff points for MIS, dependency, comorbidity and frailty scales, with corresponding odds ratios (OR)

and confidence intervals (CI) shown.

studies [25, 26]. Our findings show 59% of patients presenting
high comorbidity (Charlson scale), 55% moderately to extremely
malnourished (MIS scale), 21% dependent and 49% frail, corrob-
orating the complex health status of this population.

The cutoff point of 9.5 on the Charlson scale for predicting mor-
tality (AUC 0.788) is higher than previously reported cutoffs for
the general population [9] and aligns with studies on haemodial-
ysis patients [17, 27]. This higher cutoff likely reflects the added
comorbidity burden in elderly dialysis patients.

For the MIS scale, our cutoff of 7.5 points (AUC 0.844) corre-
sponding to very severe malnutrition is consistent with other
studies in dialysis populations [18, 28]. The strong association
between malnutrition and mortality in our study underscores
the critical importance of nutritional status in this population,
as highlighted by other researchers [29, 30].

The Barthel scale cutoff of 67.5 points (AUC 0.79) for depen-
dency aligns with previous studies showing the impact of func-
tional status on outcomes in elderly dialysis patients [31, 32].
Our findings on the association between inability to walk, insti-
tutionalization and mortality further emphasize the importance
of maintaining functional status.

The FRIED frailty scale cutoff of 2.5 points (AUC 0.719) is lower
than the traditional cutoff of 3 for frailty [12]. This suggests that
in elderly haemodialysis patients, even prefrail status may sig-
nificantly impact mortality risk, a finding supported by other
studies in CKD populations [33].

Our multivariable analysis highlighting comorbidity and mal-
nutrition as the strongest predictors of mortality aligns with pre-
vious research emphasizing these factors in dialysis outcomes
[34]. This underscores the need for comprehensive assessment
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and management of comorbidities and nutritional status in el-
derly dialysis patients.

In addition to comorbidity and malnutrition, cardiovascular
disease plays a crucial role in the mortality of dialysis patients.
Cardiovascular complications are the leading cause of death in
this population, often driven by the interplay of hypertension,
left ventricular hypertrophy, diabetes, cholesterol and chronic
inflammation [35]. In particular, the presence of ischaemic
heart disease, heart failure and arrhythmias has been associated
with increased mortality in elderly haemodialysis patients [36].
Identifying and managing cardiovascular risk factors, including
better control of blood pressure, volume status and lipid metab-
olism, may be essential for improving survival.

Infections represent another significant contributor to mortality
in dialysis patients. This population is highly susceptible to in-
fections due to immune system dysfunction, frequent vascular
access manipulation and hospitalization exposure. Bacteraemia
and respiratory infections are among the most common causes
of infection-related death in haemodialysis patients [37].
Hospitalizations for infections have been linked to poor prog-
nosis and functional decline in haemodialysis patients, with fac-
tors such as advanced age, cognitive impairment and immobility
contributing to this functional decline [38]. Strategies to reduce
infection rates, such as improved vascular access management,
vaccination programmes and early detection of infectious com-
plications, should be a priority in dialysis care.

Our study has defined characteristics that determine mortality
in haemodialysis patients over 75years old, establishing cutoff
points for commonly used scales of comorbidity, malnutrition,
dependence and frailty. The risk of death for patients reaching
these cutoff points is significantly higher. Specifically, on the
Charlson comorbidity scale, the risk of death is 6.2 times higher,
and on the MIS nutrition scale, it is 5.7 times higher. These find-
ings underscore comorbidity and malnutrition as the main de-
terminants of mortality in our patients.

Classifying our elderly haemodialysis population with the four
scales, we found a high percentage in the moderate to severe
dysfunction stages. Specifically, 63 (59%) of the patients pre-
sented high comorbidity according to the Charlson scale (using
the median as the cutoff point, which coincides with the more
than 8 points described in the literature) [17]. Regarding the MIS
scale, 59 (55%) were moderately to extremely malnourished, 22
(21%) were dependent and 49 (49%) were frail patients. We found
no differences between sexes.

The best point to discriminate mortality determined by the
ROC curves was 9.5 points for the Charlson scale, with a
sensitivity of 65% and specificity of 81%, AUC 0.788 (95% CI:
0.65-0.88). This corresponds to high comorbidity as described
in the literature for both the normal population and haemodi-
alysis patients, in which a significant increase in 1-year mor-
tality is described in those with scores higher than 8 points
[17]. For the malnutrition-inflammation scale, the cutoff point
determining mortality was 7.5 points, with a sensitivity of 71%
and specificity of 86%, AUC 0.844 (95% CI: 0.73-0.93), which
corresponds to a state of very severe malnutrition (above 7
points) on the MIS scale [18].

For the Barthel dependency scale, the statistically calculated cut-
off point was 67.5 points, with a sensitivity of 71% and specificity
of 69%, AUC 0.79 (95% CI: 0.68-0.79), corresponding to mod-
erate dependence in the use of the scale [19]. The Barthel test
measures the individual's capabilities in performing activities
of daily living, which are significantly impacted by associated
comorbidity and malnutrition in dialysis patients. Regarding
frailty measured by FRIED, the cutoff point determining mor-
tality was 2.5 points, with a sensitivity of 63% and specificity of
75%, AUC 0.719 (95% CI: 0.56-0.83), corresponding to the pre-
frail state [12], although close to the frail state, which would be
three points.

Finally, the results shown highlight the importance of comor-
bidity and malnutrition as determining factors of mortality.
In the univariable analysis, all scales significantly increase
the risk of death when patients reach the established cutoff
points. However, in the multivariable analysis, only comorbid-
ity and malnutrition maintain their significant difference with
more than 6.20 (1.64-26.37, p=0.009) times the risk of death
for patients who exceed the cutoff point in Charlson and 5.65
(1.13-43.01, p=0.052) times more risk for patients who exceed
the cutoff point in MIS. It is important to note that although
overall comorbidity was quantified using a global score, we did
not assess individual conditions (e.g., diabetes, cardiovascular
disease and cancer) in a qualitative manner. This limitation
may have affected our ability to fully capture the influence of
these specific factors on mortality. In addition to comorbidity
and malnutrition, cardiovascular disease and infections play a
crucial role in the mortality of HD patients. For instance, isch-
emic heart disease and heart failure have been associated with
higher mortality, whereas infections—due to compromised im-
munity and vascular access issues—further contribute to ad-
verse outcomes.

Our findings indicate that although dependence and frailty ap-
pear significant in univariable models, only comorbidity and
malnutrition retain their predictive power after adjustment
when etiological factors and measures of dialysis adequacy
are integrated into the analysis. This suggests that inadequate
dialysis dosing—manifested by lower Kt/V and reduced HD
hours—coupled with a higher MIS may synergistically increase
mortality risk. Therefore, optimizing dialysis delivery and en-
hancing nutritional support could be pivotal strategies in im-
proving outcomes for elderly haemodialysis patients.

Several limitations of our study should be noted. First, the
single-centre design and relatively small sample size may
limit generalizability. Multicentre studies with larger cohorts
are needed to confirm our findings. Second, the observational
nature of the study precludes causal inferences. Third, we did
not account for changes in patient status over time, which
could influence outcomes. Longitudinal studies with repeated
measures could provide more dynamic insights. Additionally,
we did not explore the impact of specific comorbidities or the
potential interactions between different risk factors. Due to
limitations in the medical records, the specific causes of death
could not be accurately ascertained, and only total mortality
was recorded. More granular analysis of these aspects could
provide further insights into mortality risk. Although we in-
tended to analyse causes of death, limitations in medical
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records prevented clear identification in many cases, allowing
us to report only total mortality. Finally, our study did not in-
clude measures of quality of life or patient-reported outcomes,
which are increasingly recognized as important in geriatric
nephrology [39].

Prospective studies examining the impact of interventions tar-
geting malnutrition and comorbidity management on mortality
in elderly dialysis patients are needed. The potential benefits
of exercise programmes or nutritional supplementation in im-
proving functional status and reducing mortality risk should
be explored [40]. Additionally, given the significant role of car-
diovascular disease and infections in this population, future
research should focus on optimizing cardiovascular prevention
strategies and infection control measures to improve survival.
Multidisciplinary approaches integrating nephrology, cardiol-
ogy and infectious disease specialists may provide more com-
prehensive management tailored to the needs of elderly dialysis
patients. Further research is also needed to understand the com-
plex interplay between frailty, malnutrition and comorbidity in
this population. Developing integrated risk assessment tools
that combine these factors could enhance prognostication and
guide individualized care plans. Lastly, studies incorporating
patient preferences and goals of care are crucial. As the dialy-
sis population ages, aligning treatment approaches with patient
values and quality of life considerations becomes increasingly
important [41].

In conclusion, our study highlights the critical role of comor-
bidity and malnutrition in determining mortality risk among
elderly haemodialysis patients. The identified cutoff points for
various assessment scales offer practical tools for risk stratifi-
cation. Future research and clinical practice should focus on
developing and implementing targeted interventions to address
these key risk factors and improve outcomes in this vulnerable
population.
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