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Abstract: Background/Objectives: Frailty in older adults with cardiovascular disease is associated
with higher morbidity, hospitalization, and mortality, but other relevant outcomes also exist.
Therefore, this study aimed to analyze the relationship between frailty and survival in hospitalized
older adults with cardiovascular disease, considering post-discharge events over the following 365
days, including received healthcare and mortality. Methods: Observational study involving patients
aged 260 years admitted to cardiology between March 2022 and April 2024. Frailty was assessed
using the FRAIL scale (frail, pre-frail, robust). Clinical variables included: Barthel Index, body mass
index, abdominal circumference, diabetes mellitus, hemoglobin, albumin, creatinine, previous
readmissions, and hospital stay. Follow-up at 365 days post-discharge evaluated time to first
cardiology visit, first medical visit for other reasons, emergency care, unplanned readmission, and
death, using Kaplan-Meier curves, Log-rank test, and Cox regression (95% CI, p-value = 0.05).
Results: 130 patients were included (male: 68.46%, female: 31.54%; mean age: 72.98 + 7.67 years).
35.38% were frail, with a longer average hospital stay (p=0.040). Barthel scores were higher in robust
patients (p=0.003). Frail patients required faster consultations and admissions: cardiology (HR: 1.565;
95%CI: 1.016-2.409; p=0.042); other reasons (HR: 1.709; 95%CI: 1.125-2.596; p=0.012); and unplanned
readmissions (HR: 2.109; 95%CI: 1.076—4.135; p=0.030). Hemoglobin and total cholesterol were
predictive factors for the first cardiology visit (HR=0.808; 95%CI=0.686-0.952; p=0.011; HR=0.980;
95%CI=0.961-0.999; p=0.037). In multivariate analysis, frailty independently predicted non-cardiac
consultations (HR =2.329; 95% CI: 1.163-4.664; p =0.017). Conclusions: Frailty assessed by the FRAIL
scale moderately predicts post-discharge healthcare utilization. Frail patients showed reduced
survival. Systematic frailty assessment and the combined use of functional and analytical factors may
improve the management and follow-up of frail and pre-frail patients.

Keywords: older adults; frailty; cardiovascular diseases; survival analysis; hospitalization

1. Introduction

Frailty has a significant impact on clinical practice and global socio-health policies, influencing
hospitalization, morbidity, and mortality [1]. It is associated with an increased risk of cardiovascular
diseases (CVD) [2], potentially affecting 25.8% of patients with heart failure and 32% of those with
coronary syndrome [3,4].
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Spain is one of the countries with the highest aging population worldwide and, consequently,
has a high mortality rate associated with CVD [5].

Frailty in older adults over 80 years with coronary syndrome has been independently associated
with mortality (HR: 1.96; p <0.001) [6]. Additionally, in older adults (=65 years) diagnosed with non-
ST segment elevation acute coronary syndrome (NSTE-ACS), invasive coronary angiography has
been linked with myocardial infarction, urgent coronary revascularization, increased bleeding, and
all-cause mortality within one year of receiving healthcare (HR: 2.79; 95%CI: 1.28-6.08; p = 0.01) [7].

The incidence of patients with frailty and CVD requiring unplanned hospital readmission can
reach up to 34.4% (p =0.02) [7]. A higher risk of readmission has been established compared to robust
patients (HR: 2.32; 95% CI: 1.93-2.80, p < 0.001; HR: 1.73; 95% CI: 1.06-2.82, p < 0.028) [3,4].

Survival analysis results differ by sex. A community cohort study of individuals over 60 years
showed that the degree of frailty influenced mortality risk more acutely in men than in women (HR
= 1.171; 95%CI: 1.139-1.249 vs HR = 1.119; 95%ClI: 1.249) [8]. Among men diagnosed with acute
coronary syndrome, pre-frailty and frailty have been associated with increased mortality (HR: 3.47;
95% CI: 1.22-9.89; HR: 3.19; 95% CI: 1.08-9.43), while in women, this association has only been
confirmed in frail individuals compared to robust and pre-frail ones (HR: 5.68; 95% CI: 1.91-16.18)
[9].

Frailty is a multifactorial concept that includes phenotypic aspects and cumulative deficits,
making it difficult to generalize therapeutic strategies [10-12].

The FRAIL scale is commonly used for its speed and simplicity in assessing frailty across five
domains: fatigue, resistance, ambulation, comorbidity, and weight loss [12]. This scale includes four
questions related to cardiovascular health [13]. It has been used to evaluate 30-day postoperative
prognosis in orthopedic patients and the risk of unplanned hospital readmission in patients with
NSTE-ACS [9,14].

Survival studies often focus on time to unplanned hospital readmission and mortality.
Hospitalization is a major stressor that can disrupt the homeostasis of frail patients [15]. A six-month
follow-up by Lorente et al. on elderly patients with NSTE-ACS suggests evaluating other factors
beyond the main clinical diagnosis [16].

One predictor of mortality after hospitalization in older adults is functional dependency
associated with frailty, age, and sex (HR = 0.94; 95%CI: 0.89-0.98; p < 0.01) [17]. Nutrition is also
essential in comprehensive geriatric assessment, with malnutrition being strongly associated with
frailty (OR = 3.736; 95%CI: 2.488-5.610; p < 0.001) [18]. The metabolic changes during aging are
exacerbated by frailty and are closely linked to diabetes mellitus [19]. Other blood biomarkers such
as hemoglobin and albumin have been identified as predictors of mortality in older adults, relating
to anemia and hypoalbuminemia respectively (HR = 8.05; p < 0.001) [20].

Given the strong relationship between frailty and comorbidities, it is essential to consider other
aspects of healthcare in survival analyses.

Therefore, this study aimed to analyze the relationship between frailty identified by the FRAIL
scale and the survival of frail older adults hospitalized with heart disease. The survival event was
defined as the healthcare received after discharge from the index admission, including the first
cardiology follow-up, other medical consultations, emergency department visits, unplanned hospital
readmission, and death during the 365 days following discharge.

2. Materials and Methods

2.1. Design, Population, and Sample

A cohort observational study was conducted on patients aged 260 years admitted to a cardiology
hospitalization unit between March 2022 and April 2024 at a tertiary-level hospital within the public
healthcare network of Castile & Ledn, Spain.

Selected patients had a minimum hospital stay of 3 days. Patients admitted for interventional
cardiology procedures with a hospital stay shorter than 3 days were excluded. Patients from
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healthcare areas outside the hospital’s coverage or those for whom follow-up could not be completed
were also excluded.

The participants of the study were selected through a non-probabilistic convenience sampling
method in the cardiology unit, being consecutively recruited as they were admitted to the unit.

The study is reported according to STROBE reporting guidelines for observational research.

2.1.1. Sample size

A minimum sample of 28 patients in the frail group and 57 in the non-frail group was sufficient
to detect a statistically significant effect between two independent censored groups using Log-rank
survival analysis, with 80% power, a significance level of p < 0.05, a readmission incidence rate of
0.344 [7], a ratio between frail and robust group sizes of 0.47, and a hazard ratio (HR) equal to or
greater than 2.32 for unplanned hospital readmission, assuming a 5% loss to follow-up [3].

2.2. Variables

Sociodemographic variables

Collected variables included age (in years), sex (biological sex identified according to the sex
assigned at birth), and the clinical diagnosis at admission (arrhythmias, coronary artery disease, heart
failure, valvular disease, and infectious endocarditis).

Clinical variables

Clinical parameters included body mass index (BMI, kg/m?) measured using a calibrated scale
and stadiometer, abdominal circumference (cm) using a millimetric tape, degree of dependency using
the Barthel Index (independent = 100 points; mild dependence = 91-99; moderate dependence = 61—
90) [21], presence of diabetes mellitus (Yes/No), length of hospital stay (days), previous readmissions
(Yes/No), presence of dyspnea (Yes/No), and blood biomarkers: total cholesterol (mg/dL), HDL
cholesterol (mg/dL), LDL cholesterol (mg/dL), hemoglobin (g/dL), albumin (g/dL), and serum
creatinine (mg/dL).

Frailty identification

Frailty status was assessed using the FRAIL scale, which consists of five domains evaluated by
five questions [12]:
1. Areyou feeling fatigued?
2. Are you unable to climb one flight of stairs?
3. Are you unable to walk one block?
4. Do you have more than five illnesses?
5. Have you lost more than 5% of your weight in the past six months?

Patients were categorized into three groups: robust (no positive domains), pre-frail (1 or 2
positive domains), and frail (3 or more positive domains).

Dependent variables

The following time-based outcomes were measured (in days): time to first follow-up cardiology
visit, time to first medical visit for non-cardiac reasons, time to first emergency room visit, time to
unplanned hospital readmission, and time to death.

2.3. Procedures

One week prior to the start of the study, a one-hour training session was provided to the
cardiology unit nurses involved in the study. The session covered the administration of the frailty
assessment scale to minimize variability.

Patient recruitment was carried out consecutively over the two-year study period, upon
admission to the cardiology unit. After obtaining informed consent, data collection was performed
within the first three days of admission. This strategy ensured data uniformity before any potential
clinical deterioration. During this period, nurses administered the FRAIL scale and collected
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anthropometric measurements. The remaining variables were obtained from the patient’s medical
records.

Post-discharge follow-up of healthcare utilization was conducted at one month, three months,
six months, and one year using the patient’s electronic medical records.

2.4. Ethical Considerations

Participant anonymity and data confidentiality were safeguarded using the Research Electronic
Data Capture (REDCap) software (https://project-redcap.org/), in compliance with European
Regulation 2016/679 of the European Parliament and Council of April 27, 2016, and Spanish Organic
Law 3/2018 of December 5, on Personal Data Protection and Digital Rights Guarantee. The study was
conducted in accordance with the Declaration of Helsinki and was approved by the Valladolid Ethics
Committee for Research with medicinal products (ECRmp) involving humans under the reference
code PI-20-1612 on 23 January 2020.

2.5. Statistical Analysis

The normality of the data was assessed using the Kolmogorov-Smirnov test, kurtosis, and
skewness. Quantitative variables were presented as means and standard deviations (SD), while
categorical variables were expressed as frequency distributions. Quantitative variables were
compared using Student’s t-test, and categorical variables using Pearson’s chi-squared test. The
homogeneity of variance was verified using Levene’s test.

Survival analysis was performed using Kaplan-Meier survival curves, with result sensitivity
reinforced through the Mantel-Cox Log-rank test. To estimate the hazard rate (HR), univariate and
multivariate Cox regression analyses were used. Additionally, a backward stepwise multivariate
model was applied to refine the models, retaining only those variables with statistically significant
predictive value. A 95% confidence interval and a significance level of p < 0.05 were applied.

Statistical analyses were conducted using IBM® SPSS® Statistics v.29 (SPSS, Inc., Chicago, IL,
USA).

3. Results

The final sample consisted of 137 patients. Of these, 4 were excluded due to incomplete data and
3 because they belonged to other healthcare areas during follow-up, as shown in the flow diagram in
Figure 1.

Admitted in cardiology unit
March 2022-April 2024
(n=2272)

Excluded. Not inclusion
Patients 260 years old and 23 criteria (n=721)
days of admission

(n=1551)

2022 (n=615); 2023 (n=718); 2024 (n=218)

Consecutive recruitment Sample Size calcudation
Frail (n=228)
Non-frail (n=57)

Excluded
Incompleted data (n=4)
Other Healthcare areas (n=3)

I

Finally inchiided for de
analysis
n=130

Classified by FRAIL scale
Robust (n=30)
Pre-frail (n=54)
Frail (n=46)
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Figure 1. Flowchart of the participant selection process and classification according to frailty status.

Among the final 130 older adult participants, 68.46% were men and 31.54% were women. The
mean age was 72.98 years (SD =7.67). Frailty was identified in 35.38% of the patients. The mean length
of hospital stay was 8.84 days (SD = 5.68), significantly longer in frail patients (p = 0.040). The mean
Barthel Index score was 96.00 (SD = 8.39), with significantly higher scores among robust patients (p =
0.003). Regarding nutritional status, the average BMI was similar across frailty groups. No
statistically significant differences were found in blood analytical values between frailty groups.
Cholesterol levels were similar across all groups. Albumin levels were lower in the frailty group
compared to robust patients (3.73 + 0.72 g/dL vs. 4.14 + 1.50 g/dL), as were mean hemoglobin levels
(13.48 £ 2.26 g/dL vs. 14.13 = 1.63 g/dL). However, creatinine levels were higher in the frail group
(1.33+1.26 g/dL vs. 0.95 + 0.22 g/dL) (Table 1).

Table 1. Description of the total sample by frailty status and sex.

n= 130 Variable Total Frail (n=46) Pre-frail (n=54) Robust (n=30)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (years) 72.98 (7.67) 75.22 (8.68) 71.70 (7.22) 71.87 (6.13)
Male n=89 73.04 (7.39) 74.00 (9.00) 72.00 (7.00) 73.00 (5.00)
Female n=41 72.85 (8.34) 77.00 (8.00) 71.00 (8.00) 70.00 (8.00)
BMI (kg/m?) 27.58 (4.38) 27.49 (4.75) 27.98 (4.54) 26.99 (3.45)
Male 27.55 (4,06) 27.80 (4.50) 27.30 (4.30) 27.60 (3.00)
Female 27.64 (5.05) 26.70 (5.40) 29.20 (4.80) 25.50 (4.20)
Abdominal Circumference (cm) 102.58 (13.14) 103.84 (12.81) 102.44 (14.84) 101.18 (10.35)
Male ** 104.60 (10.98)  105.90 (11.70) 103.60 (11.90) 104.20 (8.30)
Female 98.41 (16.28)  98.60 (14.40)  100.50 (19.00) 93.00 (11.50)
Barthel Index 96.00 (8.38) 93.26 (9.79) 96.30 (8.64) 99.67* (1.27)
Male ** 97.08 (6.02) 95.15 (7.23) 97.21 (6.05) 99.77* (1.07)
Female 93.66 (11.78)  88.46 (13.60)  94.75 (11.86) 99.38 (1.77)
Total Cholesterol (mg/dL) 159.39 (43.78) 154.41 (49.53) 162.15 (41.26) 162.07 (39.34)
Male 152.12 (44.50) 151.06 (50.59) 154.47 (45.29) 150.09 (34.09)
Female ** 175.17 (38.11)  162.92 (47.61) 175.20 (30.04) 195.00 (35.16)
HDL (mg/dL) 4499 (14.24) 4324 (11.52)  45.98 (14.25) 45.90 (17.81)
Male 42.33 (12.01) 4236 (11.81)  43.50 (12.74) 40.45 (11.39)
Female ** 50.78 (16.91)  45.46 (10.76)  50.20 (15.96) 60.88 (23.98)
LDL (mg/dL) 90.85 (36.88)  86.85(41.42)  94.04 (35.26) 91.23 (32.71)
Male 86.94 (37.91)  84.73 (42.55)  89.79 (39.24) 85.86 (28.65)
Female 99.32 (33.42)  92.23(39.51)  101.25 (26.60) 106.00 (40.38)
Albumin (g/dL) 3.98 (1.12) 3.73(0.72) 4.14 (1.50) 4.06 (0.71)
Male 4.05 (1.32) 3.77 (0.71) 4.27 (1.86) 4.12 (0.83)
Female 3.83 (0.52) 3.65 (0.77) 3.90 (0.39) 4.12 (0.83)
Hemoglobin (g/dL) 13.78 (1.93) 13.48 (2.26) 13.84 (1.77) 14.13 (1.63)
Male 14.13 (1.98) 13.80 (2.38) 14.26 (1.70) 14.40 (1.74)
Female 13.03 (1.60) 12.65 (1.76) 13.12 (1.70) 13.40 (1.04)
Creatinine (mg/dL) 1.15 (0.82) 1.33 (1.26) 1.10 (0.47) 0.95 (0.22)
Male** 1.22 (0.95) 1.41 (1.47) 1.18 (0.50) 1.00 (0.22)
Female 0.99 (0.39) 1.15 (0.44) 0.95 (0.41) 0.81 (0.17)
Length of Stay (days) 8.84 (5.68) 11.35% (7.74) 9.70 (9.00) 6.90 (3.01)
Male 9.56 (6.19) 12.18 (8.75) 10.53 (5.56) 7.00 (3.30)
Female 7.22 (3.97) 9.23 (3.70) 8.30 (9.30) 6.63 (2.20)

Note: SD = standard deviation; * Statistically significant differences between states of frailty (p-value < 0.05); **

Total mean: Statistically significant differences between sexes (p-value <0.05).
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The most frequent diagnosis was coronary artery disease (59.23%). Diabetes Mellitus was
diagnosed in 35.38% of the patients, 28.46% presented with dyspnea upon admission, and 14.62%
were experiencing a readmission to the cardiology unit.

Among the patients identified as frail, 30.43% had experienced a readmission (p = 0.039), a
significantly higher percentage than robust patients (6.67%). Frail patients also had a higher
prevalence of Diabetes Mellitus (43.48% vs. 13.33%; p = 0.017).

When analyzed by sex, the average abdominal circumference was greater in men (104.60 cm *
10.98 vs. 98.41 cm + 16.28; p = 0.0012), but the average BMI was higher in women with pre-frailty.
Robust men showed a near-complete level of independence compared to frail men (p = 0.015). Frail
women had a higher degree of dependence than the other two groups and even more than frail men,
although this difference was not statistically significant. Regarding blood biomarkers, no statistically
significant differences were found between men and women across the frailty, pre-frailty, and robust
groups. However, among men, there were minimal differences in the average values of each
biomarker except for hemoglobin. Among women, robust individuals showed higher mean values
in total cholesterol and HDL. The lowest HDL cholesterol levels were recorded in frail men. No
significant differences were found in LDL levels. The lowest hemoglobin levels were observed in frail
women (12.65 + 1.76 g/dL). In both sexes, hospital stay was longer in frail patients, with the longest
average observed in frail men (Table 1).

3.1. Survival Analysis

After analyzing the survival times for the first cardiology follow-up visit, first consultation for
other reasons, emergency department visit, and new hospital admission, it was observed that frail
patients generally had shorter average times compared to the other two patient groups. The
difference among groups in the time to the first consultation for non-cardiac reasons was statistically
significant, and the difference in time to new hospital admission was close to statistical significance.
Only two patients from the study sample died within the 365-day follow-up period post-discharge:
one belonged to the frailty group and the other to the pre-frailty group (Table 2).

Table 2. Distribution and association between survival times and frailty status.

Survival Outcome Frailty Status Mantel-Cox
Frail Pre-frail Robust X2 df p-value
Mean (SD)

Time to first cardiology visit 153.98 (139.03) 205.07 (135.04) 215.03 (129.85) 4.25 2 0119
Time to first non-cardiac visit 105.63 (126.32) 165.91 (157.17) 223.70 (158.62)  8.61 2 0.014*
Time to emergency care 210.39 (149.45) 255.33 (138.16) 257.57 (142.04) 2.29 2 0.193
Time to unplanned readmission ~ 250.43 (149.58) 328.22 (98.61) 295.33 (132.05) 5.23 2 0.073
Death 363.00 (30.20) 358.24 (49.67) 365.00 (0.00) 0.62 2 0.734

Note: SD = standard deviation; * p<0.05.

At 359 days, frail patients had a 22.50% probability of not requiring another consultation,
compared to 26.90% in pre-frail patients at 365 days, and 31.90% in robust patients (Figures 1 and 2).
At 219 days, frail patients had a 62.80% probability of not needing a new hospital admission, while
at 299 days, pre-frail patients had an 87.00% probability. This difference was statistically significant
(p =0.025) (Figure 2 and Table 3).
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Figure 2. a) Survival to the first consultation for other reasons across the three frailty groups. (b) Survival of pre-

frail and frail patients for unplanned hospital readmission.

Table 3. Association between survival times and frail vs. pre-frail and frail vs. robust statuses.

Survival Outcome Frailty Status Comparison Mantel-Cox x? dfp-value
Time to first cardiology consultation Frail vs. Robust 2.78 1 0.096
Frail vs. Pre-frail 1.59 1 0452
Time to first non-cardiac consultation Frail vs. Robust 8.71 1 0.003 **
Frail vs. Pre-frail 272 1 0.099
Time to emergency care Frail vs. Robust 2.08 1 0.149
Frail vs. Pre-frail 2.43 1 0.119
Time to unplanned hospital readmission  Frail vs. Robust 1.49 1 0.221
Frail vs. Pre-frail 5.01 1 0.025*
Death Frail vs. Robust 0.652 1 0.419
Frail vs. Pre-frail 0.011 1 0.915

Note: *p <0.05, **p < 0.01.

3.2. Univariate Analysis of Frailty Groups and Survival Events

Cox regression analysis showed that frail patients, compared to robust and pre-frail patients,
required a medical consultation for non-cardiology reasons 1.513 times sooner (p = 0.004), and 2.386
times sooner than robust patients within the first 365 days post-discharge. When comparing frail to
pre-frail patients, frail individuals showed a lower risk of hospital readmission. When grouping
robust and pre-frail patients against those with frailty, survival times across all variables were
consistently lower in the frail group and the speed to reach the analyzed event was greater in the frail
group than in the combined group of robust and pre-frail individuals, although this was not
statistically significant for emergency care (Table 4).

Table 4. Univariate analysis of the association between frailty groups and survival for the first cardiology

consultation, consultation for other reasons, emergency care, or unplanned hospital readmission.

Frailty Comparison Survival Outcome B df p-value HR 95% CI

Robust -Pre-frail-Frail First cardiology consultation 0.264 0.073  1.302 0.976 -1.736
First non-cardiac consultation 0.414 0.004** 1.513 1.143-2.003
Emergency care 0.273 0.107  1.314 0.943-1.832
Unplanned hospital readmission 0.387 0111 1473 0915-2371

1
1
1
1

Frail vs. Pre-frail First cardiology consultation -0.417 1 0.086  0.659 0.409 —1.062

First non-cardiac consultation -0.376 1 0.103 0.687 0.437 -1.078

1 0.122 0.653 0.380-1.120

1 0.030* 0421 0.192-0.920

1 0.100 1.605 0.914 -2.818

1 0.004* 2386 1.316-4.325

1 0.153 1.616 0.836-3.125

Emergency care -0.427
Unplanned hospital readmission -0.866
Frail vs. Robust First cardiology consultation 0.473
First non-cardiac consultation 0.870
Emergency care 0.480
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Unplanned hospital readmission 0.542 1 0228 1.720 0.713-4.149
Frail vs. Robust + Pre-frail First cardiology consultation 0448 1 0.042* 1.565 1.016-2.409
First non-cardiac consultation 0536 1 0.012* 1.709 1.125-2.596
Emergency care 0447 1 0.073  1.563 0.959 —2.549

Unplanned hospital readmission 0.746 1 0.030* 2109 1.076-4.135
Note: HR = Hazard Ratio; CI = Confidence Interval; *p < 0.05; **p < 0.01.

3.3. Univariate and Multivariate Analysis of Sociodemographic and Clinical Variables about Frailty Status
and Survival Events

In the univariate analysis of sociodemographic and clinical variables, although older age
suggested a greater risk of the analyzed events, the results were not statistically significant—nor was
frailty status in general. Similarly, no relationship was found between survival time for the four
defined outcomes and sex.

3.3.1. First Cardiology Consultation

Factors associated with this event included lower levels of albumin (HR = 0.644; 95% CI = 0.459-
0.905; p = 0.011), lower hemoglobin (HR = 0.856; 95% CI = 0.770-0.951; p = 0.004), and longer hospital
stay (HR =1.079; 95% CI = 1.037-1.122; p < 0.01). In the multivariate analysis, hemoglobin remained
an independent predictor (HR = 0.808; 95% CI = 0.686-0.952; p = 0.011), along with total cholesterol
(HR = 0.980; 95% CI = 0.961-0.999; p = 0.037), higher HDL cholesterol levels (HR = 1.029; 95% CI =
1.002-1.058; p = 0.036), LDL cholesterol (HR = 1.022; 95% CI = 1.002-1.042; p = 0.030), and longer
hospital stay (HR =1.085; 95% CI =1.031-1.141; p = 0.002) (Table 5).

3.3.2. First Medical Consultation for Other Reasons

In the univariate model, frail patients were 1.513 times more likely to require a medical
consultation for non-cardiology reasons after hospital discharge compared to robust patients (HR =
1.513; 95% CI = 1.143-2.003; p = 0.004), similarly, patients with diabetes (HR = 1.719; 95% CI: 1.134—
2.605; p = 0.011), those with lower levels of hemoglobin (HR = 0.885; 95% CI: 0.796-0.984; p = 0.024),
and those with lower LDL cholesterol (HR = 0.993; 95% CI: 0.987-0.999; p = 0.034) were more likely
to require a non-cardiology medical consultation. However, in the multivariate model, none of the
variables were identified as independent predictors for the first consultation for other reasons.
Nevertheless, frailty continued to show a trend suggesting a potential relationship with this event
(HR =1.473; 95% CI: 0.971-2.232; p = 0.068) (Table 5).

3.3.3. Emergency Care

Patients who had longer hospital stays were 1.055 times more likely to require emergency care
post-discharge for each additional day of hospitalization (p = 0.011). This relationship remained in
the multivariate analysis (HR = 1.083; 95% CI: 1.018-1.153; p = 0.011), along with higher albumin
levels, which approached statistical significance (p = 0.069) (Table 5).

3.3.4. Unplanned Hospital Readmission

In the univariate analysis, the following variables were statistically significant: the primary
diagnosis at discharge indicated a higher risk of unplanned readmission (HR = 1.550; 95% CI: 1.061—
2.265; p = 0.023), the presence of diabetes mellitus (HR =2.394; 95% CI: 1.220—4.697; p = 0.011), and a
higher Barthel Index score at discharge, which decreased this risk (HR = 0.970; 95% CI: 0.942-0.999;
p=0,040) and yet, for each additional day of hospital stay, the risk increased by 1.086 times (HR =
1.086; 95% CI: 1.034-1.140; p < 0.001). In the multivariate analysis, only LDL cholesterol showed a
statistically significant association as an independent predictive factor for unplanned hospital
readmission (HR =1.038; 95% CI: 1.006-1.071; p = 0.021) (Table 5).
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Table 5. Univariate and multivariate analysis of clinical and sociodemographic variables regarding survival for

the first cardiology consultation, consultation for other reasons, emergency care, or unplanned hospital

readmission.
Outcome Variable Univariate Analysis Multivariate Analysis
p-value HR 95% CI Lower-Upperp-value HR 95% CI Lower-Upper

First cardiology Frailty 0.073 1302  0.976-1.736 0111 1405  0.924-2136

consultation
Age 0.069 1.026 0.998 - 1.054 0.286 1.023 0.981 - 1.066
Sex 0.646 1.110 0.711-1.735 0.406 0.727 0.343 —1.541
Diagnosis 0.207 1.193 0.907 —1.569 0.260 0.818 0.576 —1.161
Previous readmission 0.545 1.200 0.665 —2.164 0.103 0.480 0.198 - 1.161
Diabetes mellitus 0.741 1.077 0.692 - 1.677 0.334 0.706 0.349 —1.431
Dyspnea 0.151 1.391 0.886 —2.182 0.432 1.271 0.699 —2.308
Barthel Index 0.676 1.005 0.980 - 1.031 0.067 1.044 0.997 - 1.094
Albumin 0.011 ** 0.644 0.459 - 0.905 0.126 0.694 0.434-1.108
Hemoglobin 0.004 ** 0.856 0.770-0.951 0.011* 0.808 0.686 —0.952
Creatinine 0.102 1.206 0.964 —1.510 0.359 1.319 0.730 —2.385
Total cholesterol 0.264 0.997 0.991 - 1.002 0.037 * 0.980 0.961 —0.999
HDL cholesterol 0.592 1.004 0.989 —1.020 0.036 * 1.029 1.002 - 1.058
LDL cholesterol 0.496 0.998 0.991 - 1.004 0.030* 1.022 1.002 - 1.042
Body mass index (BMI) 0.535 0.986 0.942 -1.031 0.339 1.067 0.934 -1.220

Abdominal circumference  0.307 0.992 0.977 - 1.007 0.729 0.993 0.951 - 1.036
Length of hospital stay <0.01 ** 1.079 1.037 -1.122 0.002 ** 1.085 1.031-1.141

First consultation

. Frailty 0.004 ** 1.513 1.143 - 2.003 0.068 1.473 0.971 -2.232
(non-cardiac)
Age 0.533 0.992 0.967 - 1.018 0.175 0.975 0.941 -1.011
Sex 0.834 1.048 0.676 —1.626 0.855 1.067 0.535-2.128
Diagnosis 0.604 1.069 0.831-1.377 0.213 0.792 0.548 - 1.144
Previous readmission 0.203 1.420 0.827 — 2.437 0.745 1.136 0.526 — 2.453
Diabetes mellitus 0.011* 1.719 1.134 - 2.605 0.448 1.257 0.697 — 2.266
Dyspnea 0.523 1.157 0.739 - 1.811 0.943 0.980 0.565 - 1.700
Barthel Index 0.317 0.989 0.967 - 1.011 0.860 0.996 0.958 — 1.036
Albumin 0.273 0.846 0.627 - 1.141 0.949 0.991 0.749 - 1.310
Hemoglobin 0.024 * 0.885 0.796 — 0.984 0.251 0.906 0.766 — 1.072
Creatinine 0.601 1.060 0.851 - 1.320 0.730 0.887 0.448 - 1.754
Total cholesterol 0.066 0.995 0.990 - 1.000 0.808 0.997 0.970 - 1.024
HDL cholesterol 0.556 0.996 0.981 -1.010 0.678 1.006 0.978 - 1.035
LDL cholesterol 0.034* 0.993 0.987 - 0.999 0.787 0.996 0.968 — 1.025
Body mass index (BMI) 0.207 1.029 0.984 - 1.076 0.408 1.055 0.929 - 1.199
Abdominal circumference  0.577 1.004 0.989 - 1.019 0.861 0.996 0.957 - 1.037
Length of hospital stay 0.155 1.027 0.990 - 1.065 0.267 1.027 0.980 - 1.076
Emergency care Frailty 0.107 1.314 0.943 - 1.832 0.477 1.189 0.738 -1.915
Age 0.454 1.012 0.981 - 1.044 0.963 1.001 0.960 - 1.044
Sex 0.404 1.241 0.748 — 2.060 0.302 1.639 0.641 - 4.188
Diagnosis 0.883 1.023 0.759 - 1.378 0.937 0.984 0.652 —1.483
Previous readmission 0.072 1.747 0.952 - 3.208 0.482 1.367 0.572 - 3.268
Diabetes mellitus 0.601 1.142 0.694 — 1.878 0.646 1.187 0.572 - 2.461
Dyspnea 0.804 1.069 0.632 — 1.806 0.357 0.725 0.366 — 1.438
Barthel Index 0.899 0.998 0.971 -1.027 0.999 1.000 0.957 — 1.045
Albumin 0.288 1.182 0.868 — 1.609 0.069 1.344 0.977 - 1.849
Hemoglobin 0.316 0.939 0.830 — 1.062 0.583 1.059 0.864 — 1.297
Creatinine 0.329 0.789 0.489 -1.271 0.788 0.893 0.392 - 2.036
Total cholesterol 0.462 0.998 0.992 - 1.004 0.321 0.987 0.963 - 1.012
HDL cholesterol 0.827 1.002 0.984 - 1.020 0.133 1.023 0.993 — 1.054
LDL cholesterol 0.428 0.997 0.990 — 1.004 0.680 1.005 0.980 — 1.032
Body mass index (BMI) 0.609 1.014 0.962 — 1.068 0.065 1.168 0.990 - 1.377
Abdominal circumference  0.727 0.997 0.979 - 1.015 0.087 0.958 0.912 - 1.006
Length of hospital stay 0.011* 1.055 1.012 -1.100 0.011* 1.083 1.018 - 1.153
Unplanned hospital = ;) 0111 1473  0.915-2.371 0764 1111  0.558-2215
readmission
Age 0.707 0.992 0.948 — 1.037 0.152 0.954 0.894 -1.018
Sex 0.515 0.776 0.362 — 1.663 0.942 0.959 0.311 -2.957
Diagnosis 0.023 * 1.550 1.061 - 2.265 0.545 1.182 0.687 — 2.036
Previous readmission 0.196 1.731 0.753 -3.977 0.625 1.374 0.384 - 4.917
Diabetes mellitus 0.011* 2.394 1.220 — 4.697 0.276 1.671 0.663 — 4.207
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Dyspnea 0.766 0.891 0.416 — 1.908 0.691 0.817 0.301 -2.216
Barthel Index 0.040 * 0.970 0.942 - 0.999 0.154 0.962 0.912 -1.015
Albumin 0.255 1.126 0.918 - 1.381 0.352 1.152 0.855 — 1.550
Hemoglobin 0.287 0.910 0.765 — 1.082 0.392 0.881 0.659 - 1.178
Creatinine 0.679 1.069 0.780 — 1.463 0.168 1.826 0.776 — 4.297
Total cholesterol 0.985 1.000 0.992 - 1.008 0.088 0.975 0.947 — 1.004
HDL cholesterol 0.140 0.979 0.951 - 1.007 0.485 0.984 0.939 - 1.030
LDL cholesterol 0.399 1.004 0.995-1.012 0.021 * 1.038 1.006 - 1.071
Body mass index (BMI) 0.536 1.024 0.950 - 1.104 0.487 1.083 0.865 — 1.355
Abdominal circumference  0.451 1.009 0.985-1.035 0.632 0.982 0.910 - 1.059
Length of hospital stay <O£Ol 1.086 1.034 - 1.140 0.505 1.025 0.954 - 1.100

Note: HR = Hazard Ratio; CI = Confidence Interval; *p < 0.05; **p < 0.01.
3.4. Multivariate Backward Stepwise Analysis

3.4.1. First Cardiology Consultation

Frailty could not be identified as an independent predictive factor. To assess model sensitivity,
a multivariate backward stepwise analysis was performed. Regarding the first cardiology
consultation, 13 steps were required while maintaining overall statistical significance of the models
(step 1; p = 0.02). Although frail patients tended to require the first cardiology consultation sooner,
this was not statistically significant from step 1 (HR = 1.934; 95% CI = 0.844-4.429; p = 0.119), and
frailty was removed in step 7 (x? = 2.18; df = 2; p = 0.336), indicating that its adjusted effect was not
statistically significant when controlled for covariates.

The independent predictive factors that remained were: hemoglobin (HR =0.807; 95% CI=0.686-
0.952; p = 0.011), total cholesterol (HR = 0.979; 95% CI = 0.961-0.998; p = 0.032), HDL cholesterol (HR
=1.029; 95% CI =1.002-1.058; p = 0.034), LDL cholesterol (HR =1.023; 95% CI = 1.003-1.043; p = 0.026),
and length of hospital stay (HR = 1.086; 95% CI = 1.033-1.142; p = 0.001). In the final step (13), the
independent predictors were: age (HR =1.036; 95% CI =1.002-1.072), and length of hospital stay (HR
=1.078; 95% CI = 1.029-1.128; p = 0.001). Higher Barthel Index scores (HR = 1.038; 95% CI = 0.997-
1.082; p = 0.073), lower albumin levels (HR = 0.704; 95% CI = 0.479-1.034; p = 0.074), and lower
hemoglobin levels (HR = 0.894; 95% CI = 0.793-1.007; p = 0.065) showed trends toward statistical
significance in relation to the first cardiology consultation.

3.4.2. First Medical Consultation for Other Reasons

In this model, frailty was maintained as a significant predictor. In the final step (step 16; x2 =
10.59; df = 3; p = 0.014), it showed a significant association with a higher probability of requiring a
medical consultation for reasons other than cardiology (HR = 2.329; 95% CI: 1.163-4.664; p = 0.017).
None of the other covariates showed statistically significant relationships

3.4.3. Emergency Care

In the analysis for emergency care, frailty did not remain a significant variable in the final steps
of the model. In the first step, it showed a trend (HR = 1.383; 95% CI: 0.541-3.539; p = 0.499), but it
was not retained. The variables that remained statistically significant as independent predictors in
step 12 (x2=15.71; df = 6; p = 0.015) were: albumin (HR = 1.327; 95% CI: 1.022-1.723; p = 0.033), BMI
(HR = 1.201; 95% CI: 1.048-1.376; p = 0.008), abdominal circumference (HR = 0.949; 95% CI: 0.911-
0.989; p = 0.012), length of hospital stay (HR =1.084; 95% CI: 1.033-1.138; p = 0.001). Total cholesterol
(HR =0.993; 95% CI: 0.986-1.000; p = 0.059) and HDL cholesterol (HR = 1.022; 95% CI: 0.998-1.047;
p=0.074) showed trends toward significance.

3.4.4. Unplanned Hospital Readmission

In the final model for unplanned hospital readmission, frailty also did not reach statistical
significance (HR = 1.009; 95% CI: 0.291-3.496; p = 0.989). Statistical significance of the models was

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.2169.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 May 2025 d0i:10.20944/preprints202505.2169.v1

11 of 15

maintained from step 1 (x? = 34.099; df = 18; p = 0.012), where only total cholesterol (HR = 0.966; 95%
CI: 0.937-0.996; p = 0.027) and LDL cholesterol (HR = 1.046; 95% CI: 1.012-1.081; p = 0.007) behaved
as independent predictive factors. However, in step 16, the following were also identified as
independent predictors: Diabetes Mellitus (HR = 2.292; 95% CI: 1.087—4.833; p = 0.029), and previous
hospital stay duration (HR =1.081; 95% CI: 1.025-1.140; p = 0.004).

4. Discussion

The results obtained show that the presence of frailty in older adults hospitalized with
cardiovascular disease (CVD) is associated with a less favorable clinical profile, with greater care
needs and follow-up requirements after discharge from a cardiology unit compared to robust and
pre-frail patients. It is worth highlighting the high prevalence of patients with pre-frailty. These
findings are in line with scientific literature that identifies frailty as an independent risk predictor for
adverse events in older adults, generating a significant impact on the health and social care system
[22].

The prevalence of frailty (35.38%) is within the range identified by other authors for patients
with CVD [3,4,7], which reinforces the representativeness of the sample. As described previously,
frail patients presented a higher average age than robust patients and showed poorer functional
scores according to the Barthel Index, confirming the association between aging (HR =1.05; 95% CI =
1.01-1.09; p = 0.011), the degree of functional dependence (HR = 120; 95% CI = 7.7-1700; p < 0.001),
and frailty, without overlooking the importance of pre-frailty status [23,24].

Frail patients had a longer average hospital stay than robust patients, suggesting that these
individuals undergo more complex clinical processes or have a lower recovery capacity than non-
frail or pre-frail individuals. Moreover, serum creatinine levels were higher in these patients, which
may be related to greater renal function impairment—a condition also linked to frailty and chronic
inflammatory states [25]. It is also worth noting the higher proportion of patients with Diabetes
Mellitus among the frail group compared to the robust group, as well as their higher rate of
readmissions, which may be related to the increased burden of chronic disease and comorbidities.
This could lead to a disruption in the homeostasis of these individuals, raising the risk of clinical
decompensation, such as vascular complications (pre-frail: HR = 1.10, 95% CI = 1.02-1.18; frail: HR =
1.52; 95% CI =1.36-1.69), and consequently, readmissions as described by Wu et al. [26].

In the survival analyses, frail patients showed a significantly shorter survival time until the first
consultation for reasons other than the initial cardiology admission, and a trend toward a shorter
time until requiring a new hospital readmission—results that align with other studies [3,4]. These
findings were confirmed through Cox regression analysis, which identified frailty as an independent
predictive factor. Frail patients required a medical consultation 2.386 times faster than robust
patients, indicating a higher demand for healthcare services [4]. On the other hand, a higher score on
the Barthel Index acted as a protective factor against unplanned readmission, underscoring the
importance of the degree of functional dependence as a prognostic and predictive factor of clinical
evolution at hospital discharge, and its relationship with frailty (t = 6.27; p <0.001) [24].

In the resulting multivariate models, hemoglobin levels, total cholesterol, HDL, LDL, and length
of hospital stay in the cardiology unit emerged as independent predictive factors for some outcomes.
In our study, the mean levels of total cholesterol and LDL were lower in robust patients, consistent
with findings by Liang et al. (cholesterol: 4.12 + 1.12 mmol/L vs. 4.57 + 1.09 mmol/L; p = 0.012; LDL:
2.73 £ 0.92 mmol/L vs. 3.07 £ 0.86 mmol/L; p = 0.016) [27]. Hemoglobin is a nutritional marker, with
low levels indicating potential malnutrition, similar to hypoalbuminemia [20]. These factors reflect
nutritional and metabolic domains that are gaining increasing relevance in comprehensive geriatric
assessment. The FRAIL scale captures these aspects tangentially in its fifth domain, which inquires
about unintentional weight loss over the past six months. Malnutrition risk has been identified as a
predictor of frailty and three-year mortality (OR = 1.685; 95% CI = 1.474-2.914; p < 0.01) [18]. These
findings suggest that frail patients may exhibit greater multisystemic involvement, aligning with the
holistic concept of frailty.
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Although sex-related differences were not observed in our results, contrary to previous studies
[9], women exhibited a higher degree of dependency compared to men. This may reflect a clear
disparity in functional performance, underscoring the need for focused attention on frail women in
rehabilitation and functional follow-up programs. Shi et al. identified a greater accumulation of
deficits in women, whereas men had a higher mortality risk [8].

Although frailty could not be identified as an independent predictive factor in all multivariate
models, a trend toward faster healthcare utilization was evident, reinforcing its prognostic value in
older adults hospitalized for cardiovascular disease. The analysis revealed other clinically relevant
predictors of post-discharge outcomes: low hemoglobin and total cholesterol levels, longer hospital
stays, and anthropometric indicators such as BMI and abdominal circumference. These functional,
nutritional, and metabolic factors should be jointly considered in more complex predictive models
that incorporate frailty as an additional dimension, especially given its dynamic nature and the
tendency for progression toward frailty. This supports the need for comprehensive assessment and
individualized therapeutic management in this patient population [28].

In this regard, it is plausible that frail patients, given their poorer baseline condition, require
increased healthcare services. However, it is equally plausible that suboptimal or insufficient care
may exacerbate frailty, suggesting a bidirectional relationship that warrants further exploration in
future studies.

Regarding the first cardiology follow-up visit, although frail patients showed a shorter time to
this consultation, this association did not persist in the final multivariate model. Instead, longer
hospital stays, and lower levels of hemoglobin and total cholesterol were the main determinants of
the timing of cardiology follow-up. Age was also included in the final model. As described in
previous studies, frailty is closely associated with advanced age [29,30], indicating that clinical
complexity at discharge, older age, and metabolic status are key elements in planning post-discharge
care continuity.

In contrast to the previous outcome, frailty was confirmed as an independent predictor for the
need for medical consultations unrelated to the initial cardiology admission. Frail patients were more
than twice as likely to require non-cardiology specialist care post-discharge, reflecting higher clinical
vulnerability and potential decompensation of comorbid conditions. This highlights the utility of
frailty screening to anticipate broader healthcare needs beyond the cardiology scope [14,23].

About emergency care, frailty was not retained as an independent predictor in the multivariate
analysis. However, BMI, abdominal circumference, and length of hospital stay were significant
factors, suggesting these clinical parameters may influence emergency care needs. Despite this, frailty
remains a key marker of vulnerability that should not be overlooked [31].

As for unplanned hospital readmissions, frailty was also not a predictor in the adjusted model.
Instead, diabetes mellitus and length of hospital stay emerged as significant factors. It is plausible
that an overlap between frailty and comorbidities may account for the loss of statistical significance
in the final model. Nevertheless, frailty remains a valuable tool for identifying at-risk patients,
particularly when combined with other predictors [32].

A notable aspect is the low mortality rate observed in this cohort, which limits the evaluation of
frailty as a predictor of death within 365 days post-discharge from the cardiology unit. This outcome
may be attributable to the inclusion of patients with greater clinical stability or lower complexity at
discharge, potentially introducing selection bias.

This study provides relevant evidence regarding the prognostic value of the FRAIL scale in older
adults hospitalized with CVD. The tool proved useful in anticipating healthcare needs following
discharge from a cardiology unit, particularly in predicting the need for non-cardiology medical
consultations. It is also noteworthy that a substantial proportion of patients were identified as pre-
frail, a group that occupies a potentially reversible stage. Given the dynamic nature of frailty, it would
be advisable to assess frailty status at multiple points post-discharge to monitor its progression and
adapt therapeutic interventions accordingly, with the aim of implementing preventive strategies to
avoid progression to full frailty.
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The study was conducted in a single cardiology unit, and the inclusion criteria were very strict,
which may limit the generalizability of the findings to other healthcare settings. Sensitivity analyses
were not performed; however, several subgroup analyses based on frailty status were conducted.
The handling of missing data was not formally described, although the loss to follow-up rate was
low. Frailty was assessed within the first three days of admission, which may reduce variability but
might not capture subsequent clinical changes. The low mortality rate observed in this cohort limited
the ability to detect differences in this outcome. Nonetheless, the consecutive recruitment over a two-
year period, the broad inclusion criteria, and the thorough follow-up strengthen the robustness of the
findings. Rather than undermining the results, these limitations underscore the need to replicate this
type of study in other contexts and with more diverse samples to further strengthen the evidence on
the prognostic role of frailty in older adults hospitalized for cardiovascular disease.

5. Conclusions

The FRAIL scale can moderately predict 365-day post-discharge risk, with special attention
warranted for pre-frail patients. In hospitalized older adults with cardiovascular disease, frailty is
linked to poorer functional status and greater comorbidity burden, requiring longer hospital stays
and increased post-discharge healthcare utilization, including medical consultations, readmissions,
and a faster onset of clinical events. This scale is a valuable clinical tool for identifying vulnerable
patients. Functional status, nutritional and metabolic biomarkers (such as hemoglobin, albumin, total
cholesterol, HDL, and LDL), and length of hospital stay were key determinants of post-discharge care
requirements.

These findings reinforce the importance of early and systematic frailty assessment upon hospital
admission in cardiology units, in order to tailor therapeutic interventions, improve the management
of frailty progression, and potentially anticipate post-discharge complications. Functional
dependency, hemoglobin, albumin, and lipid profile values should be considered in discharge
predictive models and used to guide healthcare planning and optimize resource allocation.
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Abbreviations

The following abbreviations are used in this manuscript:

ACS Acute Coronary Syndrome

BMI Body Mass Index

CI Confidence Interval

CVD Cardiovascular Disease

FRAIL Fatige, Resistence, Ambulation, Illnesses, Loss of weight
HDL High-Density Lipoprotein Cholesterol

LDL Low-Density Lipoprotein Cholesterol

HR Hazard Rate

NSTE-ACS Non-ST Segment Elevation Acute Coronary Syndrome
OR Odds Ratio
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