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Abstract

Background: Frailty syndrome significantly worsens the prognosis of elderly people. An integral part
of aging is sarcopenia and malnutrition. There is a lack of knowledge about the overlap of these states,
as well as diagnostic methods and treatment. Methods: 170 patients >65 years were assessed for
frailty using the Fried frailty scale. The risk of sarcopenia was measured using the SARC-F scale, and
the risk of malnutrition was measured using the Mini Nutritional Assessment (MNA) scale. Serum
albumin, protein, and fibrinogen levels were measured. Fat-free body mass and respiratory
parameters were measured: peak expiratory flow (PEF) and forced expiratory volume- one second
(FEV1). Results: 53 patients were classified as robust (31%), 96 as prefrail (57%), and 21 as frail (12%).
Frail patients had significantly reduced serum albumin and increased fibrinogen compared to the
pre-frail and robust groups (p<0.05). 38% of frail patients are at risk of sarcopenia, and 52% are at risk
of malnutrition. Frail patients have lower PEF and FEV1 values. The decrease in respiratory
parameters correlates with fat-free body mass and muscle strength. Conclusions: Patients with frailty
are the group at most significant risk of malnutrition and sarcopenia compared to their healthy peers
and patients in the prefrail stage. MNA and SARC-F scales combined with routine screening of
elderly patients with frailty may allow for effective identification of patients at risk of malnutrition
and sarcopenia.

Keywords: frailty; malnutrition; sarcopenia; elderly; biomarkers; Mini Nutritional Assessment;
SARC-F

1. Introduction

Frailty syndrome is defined as a decrease in the body's reserves and a simultaneous increase in
susceptibility to endogenous and exogenous stress factors [1]. The importance of frailty is increasing
with the global aging of the population. At the same time, risk factors for developing frailty include
a wide range of sociodemographic, clinical, lifestyle-related, and biological factors [2]. Moreover,
frailty is not simply aging, but a progressive process that worsens quality of life, functionality, and
increases overall risk [3]. Patients defined as frail have a significantly increased risk of falls, bone
fractures, disability, dementia, hospitalization, and death compared to their healthy peers [4].

An essential aspect of developing knowledge about frailty syndrome is the search for its
biomarkers. Many candidates have been described so far, among metabolic, hematological, and
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immunological molecules [5], including tumor necrosis factor alpha, interleukin 6 [5], C-reactive
protein, hemoglobin, free testosterone, and 25-hydroxyvitamin D [6]. Due to the multifaceted nature
of frailty, identifying reliable biomarkers poses a significant challenge. However, to better
understand the pathophysiology of frailty and find targets for potential treatment, finding
biomolecules associated with frailty seems to be one of the most critical goals in modern geriatrics.

The integral elements coexisting with frailty syndrome are sarcopenia and malnutrition [7],
which, together with cachexia, are defined as symptoms of tissue loss. It is suggested that up to %5 of
elderly patients suffer from at least one of these syndromes. [8]. In addition, the overlap of these three
catabolic states is frequently observed [9]. Sarcopenia is one of the common elements of aging, but its
severity is further exacerbated in frailty. Additionally, it is not routinely diagnosed in everyday
practice, although it significantly increases the risk of falls and disability in elderly patients. [10].

Sarcopenia and poor nutritional status complement each other in the frail elderly patient
phenotype. Better nutritional status correlates with better performance in elderly patients [11].
Moreover, malnutrition increases the level of multimorbidity [12].

Implementing an interdisciplinary approach and a broad assessment of elderly patients is
widely advocated. One of the basic tools in evaluating malnutrition is the Mini Nutritional
Assessment (MNA) scale, created in the 1990s. It is based on a questionnaire with a maximum of 30
points. Patients who score less than 24 points are classified as at risk of malnutrition, and those who
score less than 17 points are classified as malnourished. A shortened form of the scale, MNA-SF, is
also in use. Despite the passage of time, the MNA scale remains a simple and effective screening tool
in the elderly patient population [13]. The SARC-F scale is also a quick tool designed to determine
the risk of sarcopenia. It is based on five questions about: strength, assistance with walking, rising
from a chair, climbing stairs, and falls. The maximum score is 10, and a score above 4 points is
considered to be the basis for determining the risk of sarcopenia [14].

In recent years, knowledge and awareness of frailty have improved significantly. Scales for rapid
diagnosis of frailty have been enhanced, and risk assessment scales have been created. Moreover, it
has been demonstrated that it is possible to prevent frailty and inhibit its development effectively
[15]. However, the pathophysiological mechanisms of frailty and its causative factors have not yet
been fully elucidated. There is also no consensus on how to manage frail and pre-frail patients. A
notable knowledge gap concerns the relationship between frailty, malnutrition, and sarcopenia.

Cardiovascular diseases are the leading cause of mortality worldwide. They mainly affect
elderly patients. On the other hand, frailty causes the progression of existing cardiovascular diseases.
For this reason, studying frailty in cardiology patient cohorts is crucial [15,16]. A special group of
patients is those burdened with coronary artery disease (CAD). Patients with CAD and frailty have
a significantly reduced quality of life, and properly implemented treatment improves their
functionality. At the same time, patients with CAD are often excluded from studies on new treatment
methods [17]; therefore, understanding the overlap between CAD and frailty seems to be a priority.

Considering all these questions, it was decided to examine a cohort of elderly CAD patients for
frailty. The MNA and SARC-F questionnaire scales were used to assess the overlap of sarcopenia and
malnutrition syndromes and their effectiveness in evaluating elderly patients. The concentration of
potential biomarkers was also analyzed: albumin, total protein, and fibrinogen as biomarkers of the
body's protein metabolism. To analyze the phenomenon of respiratory sarcopenia, the thickness of
the diaphragm and respiratory parameters were measured: peak expiratory flow (PEF) and forced
expiratory volume-one second (FEV1).
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2. Materials and Methods

The study included 270 patients hospitalized between 2022 and 2024 in the 2nd Clinical
Department of Cardiology in Zabrze, Poland. This is an ancillary analysis of the FRAPICA study
(ClinicalTrials.org NCT03209414) [18]. The inclusion criteria for the study included age > 65 years,
informed consent to participate in the project, and angiographically confirmed coronary artery
disease. During hospitalization, the severity of frailty syndrome was assessed using the Linda Fried
scale and the Clinical Frailty Scale.

The degree of frailty was diagnosed using the Frailty Phenotype Score [1] using the following
criteria:

e  Slowness—reduced gait speed at a distance of 5m at usual pace. The patient must repeat 3 times,
and the results are averaged. If a patient walks for >6 seconds, the criterion is positive.

¢  Weakness is assessed with a maximal handgrip strength test. It is carried out in the dominant
arm. We use the electronic hand dynamometer EH101 (VETEK AB, Sweden). A patient must
repeat the test three times, and the maximal value is recorded. The test is positive for frailty
when strength is lower than 20 kg for women and 30 kg for men.

e  The Minnesota Leisure Time Activity questionnaire assesses low physical activity. The result is
positive when calorie expenditure per week is lower than 270 kcal/week in women and <383
kcal/week in men. We have prepared a Microsoft Excel-based template for rapid questioning
and easy calculation of all activities and respective calorie expenditure. We are assessing
physical activity over the past 12 months.

e  Exhaustion self-reported by a patient. It is evaluated by answering two questions from the
Center for Epidemiologic Studies Depression Scale Revised (CESD-R) scale. The patient must
answer the following questions: “How often did you feel like everything you did was an effort
in the past week? How often did you feel you could not get going in the past week?” The possible
answers are often (=3 days) or not, when the feeling is present in 0 to 2 days. A positive answer
is when the patient says “often.”

e  Weight loss exceeding 10 pounds (approximately 4.5 kg) unintentionally in the past year.

We recognize frailty if >3 out of 5 criteria are met. Patients in whom 1 or 2 criteria are present
are assigned as pre-frail. Patients who did not meet any of the criteria are marked as robust.

Each patient had a blood sample taken, and the total protein, albumin, and fibrinogen
concentration was determined in the hospital laboratory. Additionally, information on comorbidities,
weight, height, and Body Mass Index (BMI) was collected from medical records. Fat-free body mass
(FFBM) was assessed using Harpenden'’s skinfold caliper and Baty’s body assessment software v. 17
(Baty International Ltd., Burgess Hill, UK). Respiratory parameters: peak expiratory flow (PEF) and
forced expiratory volume in one second (FEV1) were measured using an Asmaplan 1 peakflowmeter
(Vitalograph, Ireland). Additionally, diaphragm thickness was measured with ultrasound [19].
During hospitalization, each patient was assessed based on the SARC-F questionnaires and the full
version of the MNA scale. The following scales were used to determine patients: Instrumental
Activities of Daily Living (IADL) and Clinical Frailty Scale (CFS).

Data were analyzed for normality of distribution and equality of variances. Quantitative data
were presented as means and standard deviations, and qualitative data were presented as numbers
and percentages. Analysis of variance was used to compare groups, and in case of significant
differences in subgroups, the Student's t test was used. A p-value below 0.05 was considered
statistically significant. The analysis was performed using the Statistica 13.3 program (Tibco, licensed
for the Silesian Medical University).
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3. Results

3.1. Demographic and Medical Data

The mean age of the recruited patients was 73.8 years. Of the 170 patients recruited to the study,
53 were classified as robust (31%), 96 as prefrail (57%), and 21 as frail (12%). The groups: robust, pre-
frail, and frail, were homogeneous regarding gender. The majority of patients recruited to the study
were men (66%). No statistically significant differences in the age of patients were observed between
the individual groups (p>0.05). For the separate groups (robust, non-frail, and frail), statistically
significant differences were observed in height (p<0.05), but not weight, fat-free body mass (FFBM),
and body mass index (BMI) (p>0.05). Patients did not differ in terms of diaphragm thickness. The
most significant percentage of patients were patients with hypertension (82%) and
hypercholesterolemia (74%). Patients with frailty syndrome show significantly lower values of
respiratory parameters: PEF and FEV1, than patients in the robust and pre-frail stages. Demographic
and medical data of patients are presented in Table 1.

Table 1. Patients' demographic and medical data. Normally distributed variables are presented as mean *

standard deviation. Non-normally distributed data are presented as median (quartile 1-quartile 3).

General n=170 Robust n=53 Prefrailn=96 Frail n=21 Significance

Age, mean + SD 73,8 45,6 72,8 5,2 73,8 5,5 76,3+ 6,7 NS
Men/women, n/n 113/57 42/11 59/37 12/9 NS
Weight (kg), mean +
= 826+134  828+110 827+146  81,8+13,1 NS
Heigh N
eight ((gr[‘))’ MeaN=  1686+79 1706465  1683+80  1653+92 <0,05
2
BMi(kg/ C;;)’ Mean= »91+47 28,5+3,7 291+46 30,5+ 6,7 NS
FFBM (ksg[))' mean= 55492 573+89  558+97  551+72 NS
— =
Diaphragm thickness ;o 3,7+0,8 3,7+0,9 3,5+0,93 NS
(cm), mean + SD
PEF (L/min), 3163+130,1 3452+1357 311,9+1281 266,0+117,0 <0,05
mean + SD
FEVI (L), 1,95+ 0,7 21+0,7 1,9+0,7 1,5+0,6 <0,05
mean + SD
Hypertension, n (%) 139 (82%) 46 (87%) 76 (79%) 17 (81%) NS
Hipercholesterolemi
tpere ?1((28/ ‘;ro S 106 (74%) 41 (77%) 75 (78%) 10 (48%) <0,05
Diabetes, n (%) 74 (44%) 21 (40%) 44 (46%) 9 (43%) NS
Atrial iﬂ(’;ila“on’ 40 (24%) 8 (15%) 24 (25%) 8 (38%) NS
Renal failure, n (%) 15 (9%) 4 (8%) 7 (7%) 4 (19%) NS
COPD/asthma, n (%) 25 (15%) 7 (13%) 16 (17%) 2 (1%) NS
Malignancy, n (%) 19 (11%) 10 (19%) 7 (7%) 2 (10%) NS
History of ML n (%) 45 (27%) 16 (30%) 24 (25%) 5 (24%) NS
History of PCL n (%) 67 (39%) 23 (43%) 38 (40%) 6 (29%) NS
Hlsmrz z’i fABG’ 18 (11%) 7 (13%) 9 (9%) 2 (10%) NS

BMI- body mass index, CABG- coronary artery bypass grafting, FFBM- fat-free body mass, MI- myocardial
infarction, PCI- percutaneous coronary intervention, PEF- peak expiratory flow, FEV1- forced expiratory

volume- one second, NS- non-significant, SD- standard deviation,.
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3.2. Potential Biomarkers Concentration

Among the studied groups, a statistically significant difference was observed in albumin
concentrations, with the lowest values in patients diagnosed with frailty (p<0.05). Regarding total
protein concentrations, the groups did not differ from each other (p>0.05). Statistical significance was
also noted for fibrinogen concentrations, with the highest value for frail patients (Table 2 and Figure
1). Multiple comparisons of p-values analysis showed no differences in albumin and fibrinogen
values between the robust and pre-frail groups, i.e., similar values of these parameters. Therefore,
the group of patients referred to as frail has the most pronounced disturbances in biomarker
concentrations. In contrast, albumin and fibrinogen concentrations are not indicators differentiating
the states referred to as robust and pre-frail.
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Figure 1. Correlations between the stage of frailty syndrome and the concentration of fibrinogen, albumin, and
total protein.

Table 2. Mean values of total protein, albumin, and fibrinogen concentrations depending on the severity of

frailty syndrome expressed as “mean + SD”.
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General n=170 Robustn=53 Prefrail n=96 Frail n=21 Significance

Whole protein

(g/L) 66,2 +5,0 66,4 + 4,45 66,4 +5,0 64,6 + 6,4 NS
Albumins (g/L) 41,8 +3,8 425+3,5 42,0+ 3,7 393+4,2 <0,05
Fibrinogen (g/L) 3,1+0,7 3,1+0,8 3,1+0,6 3,6+0,7 <0,05

3.3. Components of Linda’s Fried Frailty Definition

The analysis of the average results of the individual components of the Linda Fried scale showed
powerful correlations between the groups (robust, prefrail, and frail). The strength in the strongest
hand expressed in kilograms and the time to cover a distance of 5 meters increases with the increasing
severity of the frailty. The average value of muscle strength, 23.2 kg, is below the cut-off point for
men, who constituted the majority in the frail group. Similarly, the average value of walking speed,
6.13 s, exceeds the norm for both sexes. Similarly, patients with frailty syndrome are characterized by
the lowest level of physical activity in comparison with patients from the non-frail and robust groups.
In the studied group, a subjective feeling of exhaustion occurs in 38% of patients. In contrast, none of
the patients who qualified for the robust group showed signs of exhaustion; this percentage was
significantly higher in the prefrail and frail groups (50% and 81%, respectively). Weight loss was
noted less frequently: in 19% of patients in the entire group, 21% in the prefrail group, and 62% in the
frail group. Similarly, no patient in the robust group noted weight loss. The analysis of the Fried
frailty scale criteria in the study group is presented in Table 3.

Table 3. Analysis of the results of individual frailty criteria according to Linda Fried, depending on the stage of

frailty.
General n=170 Robust n=53 Prefrail n=96 Frail n=21 Significance
Ha“d(ls(g)e“gth 30,4+9,8 352+82 29,3+9,9 232+7,0 <0,001
Level of Physmal 1159 (585-
activity, 1453 (830-2738) 1229 (645-1881) 464 (242-909)  <0,001
2050)
(kcal/week)
Slowness
" 414 (3,4-5,27 2,99-431) 43 (3,73-526) 6,13 (5,0-8,27 1
ometory  Y14BAB27) 366(299-431)  43(373-526) 613(50-827) <000
Exhausti
X :‘(‘;t)m“’ 65 (38%) 0 (0%) 48 (50%) 17 (81%) <0,001
Weight 1
e‘f e )°SS’ 33 (19%) 0 (0%) 20 (21%) 13 (62%) <0,001
(1]

3.4. Skale oceny Stanu Odzywienia, Ryzyka Sarkopenii i Stanu Funkcjonalnego Pacjentéw

Taking into account all patient assessment scales analyzed in the study (Table 4), a statistically
significant correlation was noted between the frailty stage and the obtained results (p<0.001 for each
scale). The median value of the SARC-F scale for the general, robust, and frail groups was 0. In
contrast, patients with frailty syndrome obtained results with a median of 3, which is evidence of a
strong association between frailty and sarcopenia. Similarly, the median scores of the MNA scale in
the robust and pre-frail groups were similar (27 and 26 points, respectively). In comparison, the
median score of the scale in the frail group significantly differed from the other groups (23.5 points,
which is the cut-off value for a condition defined as at risk of malnutrition). Differences in the
medians of the CFS and IADL scales showed similar trends. It is worth noting, however, that the
median values of the CFS scale in the robust and prefrail groups showed the same values, which
questions the validity of using this scale in screening the state defined as prefrail. Multiple
comparisons of p-value analysis showed no differences between the prefrail and robust stages in any
of the analyzed scales.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 4. Median scores of MNA, CFS, IADL, and SARC-F scales according to the frailty stage.
General n=170  Robust n=53 Prefrail n=96 Frail n=21 Significance
SARC-F 0(0-2) 0 (0-0) 0 (0-0) 3 (2-4) <0,001
MNA 26,5 (24,5-27,5) 27 (26-28) 26 (24,5- 27,5) 23,5 (20-27,2) <0,001
CFS 3 (2-3) 3 (2-3) 3 (2-3) 4 (3-5) <0,001
IADL 24 (24-24) 24 (24-24) 24 (24-24) 23 (21-24) <0,001

MNA- Mini Nutritional Assessment, CFS- Clinical Frailty Scale, IADL- Instrumental Activities of Daily Living.

3.5. Stratification Analysis According to Frailty Stage, MNA, and SARC-F Score

Analysis of variance allowed for observing differences in the concentration of the studied
variables depending on the stage of frailty and the separate groups in the SARC-F and MNA scales,
as indicated by the results of the conducted statistical tests (Figure 2). Patients who obtained a score
of <3 on the SARC-F scale were classified as not at risk of sarcopenia, and those who received more
than 4 points were classified as at risk of sarcopenia. Patients who obtained a score of more than 24
points on the MNA scale were classified as patients not at risk of malnutrition, and those who
received a score below 24 points as at risk of malnutrition. Out of 21 patients with frailty syndrome,
as many as 8 (38%) obtained a score of more than 4 points on the SARC-F scale (at risk of sarcopenia).
Moreover, 11 of them (52%) exhibit features indicative of a risk of malnutrition (MNA > 24).

The stratification results for albumin, total protein, and fibrinogen levels are presented in Table
5. It was demonstrated that the SARC-F scale can effectively identify patients with reduced total
protein and albumin levels (p < 0.01). Similarly, belonging to the group at risk of malnutrition, as
expressed in the MNA scale, can help predict a decrease in serum albumin (p<0.01). For fibrinogen,
significant differences were observed in the classification according to the Fried frailty scale.
Increased fibrinogen values characterize patients with developed frailty.

Study group

(n=170)

MNA
assessment

SARC-F
assessment

<24 points =224 points >4 points 1-3 points

atrisk of
sarcopenia

at risk of

malnutrition healthy

healthy

Figure 2. Method of assigning patients to risk groups for sarcopenia and malnutrition.

Table 5. Blood plasma protein, albumin, and fibrinogen concentrations stratified by phenotype frailty, SARC-F,
and/or MNA classification.

Robust Pre-frail Frail Significance
SARC-F0-3  66.7+0.7 (n=49) 66.7 + 0.5 (n=86) 65.9 + 1.4 (n=13) P=0.72 (frailty)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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P<0.01 (SARC-F)
NS (both)

Total protein,

o/L (X + SEM) SARC-F4-10  64.3+22(n=5) 62.5+1.6(n=10) 62.6+ 1.7 (n=8)

MNA >24  66.5+0.7 (n=48) 66.6+ 0.6 (n-75) 65.7 + 1.6 (n=10) P=0.23 (frailty)
P=0.25 (MNA)
MNA<24  66.3+2.1 (n=6) 64.9+1.1 (n=20) 63.7+15 (n=11) NS (both)

SARC-F0-3  42.9%0.5 (n=49) 42.1 + 0.4 (n=85) 40.6 + 1.0 (n=13) P=0.16 (frailty)

P<0.01 (SARC-F)
SARC-F4-10  39.5+1.7 (n=5) 39.5+12 (n=10) 37.6+ (n=8) NS (both)

Albumin,
g/L (X + SEM) MNA >24 42.6 £ 0.5 (n=48) 42.5+ 0.4 (n=74) 42.2 +1.2 (n=10) P<0.05 (frailty)
P<0.01 (MNA)

MNA<24 425+ 1.5 (n=6) 39.5+ 0.8 (n=20) 37.8 + 1.1 (n=11) NS (both)

SARC-F0-3  3.1:0.1(n=49) 3.1+0.1 (n=85) 3.4202(n=13) P<0.05 (frailty)

P=0.11 (SARC-F)
SARC-F4-10  33+03(n=5) 3102(n=10) 38+02(n=8) NS (both)

Fibrynogen,g/L
(X+SEM) MNA >24 31+0.1(n=48) 3.1+0.1 (n=74) 3.7+0.2 (n=10) P<0.05 (frailty)
P=0.97 (MNA)

MNA<24 32+03(n=6) 3.1+0.2(n=20) 3.5+0.2(n=11) NS (both)

The patients’ affiliation to individual groups in the MNA and SARC-F scales also influenced the
functional results. Combining the Fried frailty scale and MNA scales allows for the identification of
patients with reduced body mass (p < 0.05). Both the MNA and SARC-F scales indicate that patients
have reduced gait speed and hand-grip strength (p < 0.05). The combination of the Fried frailty scale
and MNA suggests a group of patients with reduced PEF values, but for FEV1, the only effective
predictor is the frailty scale itself. Morphometric and functional assessment of patients stratified by
phenotype frailty, SARC-F, and/or MNA classification is presented in Table 6..

Table 6. Morphometric and functional assessment of patients stratified by phenotype frailty, SARC-F, and/or

MNA classification.
Robust Pre-frail Frail Significance
SARC-F0-3  85.0£2.1 (n=49) 82.2+0.5 (n=86) 81.6+4.2 (n=13) P=0.67 (frailty)
P=0.78 (SARC-F)
SARC-F4-10  77.0+6.7 (n=5) 86.8+4.7 (n=10) 82.0+5.3 (n=8) NS (both)
Body weight, kg
(X+SEM)

MNA >24 827421 (n=48) 83.4+1.7 (n=75) 85.8+4.7 (n=10) P=0.09 (frailty)
P=0.80 (MNA)
MNA <24  96.7+6.1 (n=6) 79.7+3.3 (n=20) 78.1+4.5 (n=11) P<0.05 (both)

SARCO0-3  57.9+#1.3 (n=49) 55.3+1.0 (n=85) 55.1+2.5 (n=13) P=0.38 (frailty)
P=0.71 (SARC-F)
Fat-free body SARC4-10  50.8+4.1 (n=5) 60.0+2.9 (n=10) 55.1+3.2 (n=8) NS (both)
mass, kg
(X+SEM) MNA 224 57.4+1.3 (n=48) 56.1+1.1 (n=75) 56.9+2.9 (n=10) P=0.83 (frailty)
P=0.29 (MNA)
MNA <24 55.9+3.8 (n=6) 54.6+2.1 (n=20) 53.5+2.8 (n=11) NS (both)

Diaphragm SARCO0-3  3.74#0.1 (n=49) 3.820.1 (n=85) 3.6+0.2 (n=13) P=0.11 (frailty)

thickness, mm P=0.24 (SARC-F)
(X+SEM) SARC 4-10 4.1£0.4 (n=5) 3.0£0.3 (n=10) 3.2+0.3 (n=8) P=0.05 (both)
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MNA >24  3.7+0.1 (n=48) 3.7+0.1 (n=73) 3.2+0.3 (n=10) P=0.48 (frailty)
P=0.32 (MNA)
MNA <24 3.8+0.3 (n=6)  3.6+0.2 (n=20) 3.7+0.3 (n=11) NS (both)
SARC-F0-3  3.740.6 (n=49)  4.4+0.5 (n=49) 10.9+1.2 (n=49) P<0.01 (frailty)
P=0.78 (SARC-F)
Gaitspeed, ~ SARCF4-10  52:19(n=5)  7.1:14(n=5)  7.6t1.5(n=5)  p<o 01 (both)
sec/5 m
(X+SEM) MNA >24  3.8+0.6 (n=48) 4.3+0.5 (n=75) 13.1+1.3 (n=10) P<0.001 (frailty)
P=0.09 (MNA)
MNA <24 4.0+1.7 (n=6)  6.040.9 (n=20)  6.5+1.3 (n=11)  P<0.001 (both)
SARC-F0-3  36.3+1.3 (n=49) 29.1+1.0 (n=86) 23.7+2.5 (n=13) P<0.05 (frailty)
P<0.05 (SARC-F)
Hand-grip ~ SARC-F4-10  262:4.0 (n=5) 272:2.9 (n=10) 223:32(n=8)  Nig (both)
strength, kg
(X+SEM) MNA >24  35.8+1.3 (n=48) 29.3x1.1 (n=75) 22.2+2.9 (n=10) P<0.001 (frailty)
P=0.58 (MNA)
MNA <24 32.043.7 (n=6) 27.9+2.1 (n=20) 24.0+2.8 (n=11) NS (both)
SARC.F 0.3 355.0+18.9 311.1+14.2 301.0:35.6  P=0.20 (frailty)
(n=46) (n=82) (n=13)  P=0.09 (SARC-F)
SARC-F4-10 261.0+57.4 (n=5) 331.5+45.4 (n=8) 209.0+45.4 (n=8) NS (both)
PEF, L/min 348.6+19.0 326.3+15.1 206.6:+40.2
X+SEM > 019, Ox10. .6+40. .
( ) MNA 224 (n=45) (n=71) (n=10) P=0.17 (frailty)
P=0.70 (MNA)
~ 270.0+30.0 319.9£384  P<0.05 (both)
MNA <24  324.8+52.0 (n=6) (n=18) (nel1)
SARC-F0-3  2.1+0.1 (n=46) 1.9+0.1 (n=82) 1.7+0.2 (n=13) P<0.01 (frailty)
SARC (ne5) e8) (8) P=0.62 (SARC-F)
RC-F4-10 19403 (n=5)  2.3+02 (n=8)  1.30.3 (n=8
FEV1, L/sec NS (both)
(X+SEM) MNA>24 21201 (n=45) 2.0+0.1 (n=71) 1.3+0.2 (n=10) P<0.05 (frailty)
P=0.76 (MNA)
MNA <24 1.6£0.3 (n=6)  1.9+0.2 (n=18) 1.8+0.2 (n=11)  P=0.06 (both)

Analyzing the entire study group, clear correlations of quantitative values can be observed.

Hand grip strength shows strongly positive correlations with respiratory parameters: PEF (R=0.53),
FEV1 (R=0.55), and fat-free body mass (R=0.60). Fat-free body mass also correlates with PEF (0.40)
and FEV1 (0.40). The constellation of these relationships indicates a possible relationship between the
decrease in muscle strength associated with the decline in fat-free body mass, which also affects the
strength of respiratory muscles, and thus the functional parameters of the lungs. The remaining
correlations are presented in Table 7.

Table 7. Correlation matrix of morphometric, laboratory, and functional parameters for the entire study

population.
Fat-free ., Hand-
Weight Ff::tt:iln AlbumineFibrinogen body sG:::l grip PEF FEV1
kg) "oy ®D (/L)  mass (sI;Sm) strength (L/min) (L)
(kg) (kg)
Weight (kg)  1,000000
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Total protein | o, 1 600000
(g/L)
Albumine (/L) ) ) 100 660288 1,000000
Fibrinogen (g/L) 0,0231850,059822 -0,189781 1,000000
Fat-free body
0,6641060,117959 0,092637 -0,077040 1,000000
mass (kg)
Gait speed (s/5m) 0,0488540,070348 0,012195 0,181632 0,0132721,000000
Hand-grip -
2691000,167254 0,1 -0,14674 4307 1
strength (g) 0,2691000,167254 0,190060 -0,146748 0,604307 | 1,000000
PEF (L/min) 0,2135880,070256 0,050982 -0,184499 0,401548 2'7 540/5277681,000000
FEVL(L)  0,1488170,064965 0,106164 -0,228724 0,404278, 1;)9 ,0/5492690,7487681,000000
Diaphragm -
thickness (um) 1152020236871 0207127 -0,074889 0,049726 1, 0,1521330,1578010,132104

4. Discussion

In summary, a homogeneous cohort of patients aged 65 and older was collected. Of the 170
patients, 53 were classified as robust (31%), 96 as prefrail (57%), and 21 as frail (12%). Patients defined
as frail had significantly reduced serum albumin values and increased fibrinogen values compared
to the pre-frail and robust groups. Each of the analyzed components of the Fried frailty scale strongly
correlates with the severity of frailty. The analysis did not reveal significant differences in the
concentration of laboratory parameters and the results of the analyzed scales between the pre-frail
and robust stages, indicating a need to develop reliable tools for differentiating these states.
Stratification of patients according to the risk of malnutrition and sarcopenia, determined using the
MNA and SARC-F scales, may help identify patients at the highest risk. At the same time, our results
confirm the multidirectional nature of disorders in frailty: decline in physical functions,
morphological disorders, respiratory disorders, multimorbidity, and apparent differences in the
clinical condition of patients defined as frail.

We confirm that malnutrition is a significant problem in elderly patients. Albumin levels are
strongly correlated with the nutritional status of patients. The study showed a significant decrease in
albumin levels in patients with frailty. These results are consistent with previous reports in the
literature. Albumin is a potential biomarker of both frailty and sarcopenia. Frail patients have
significantly lower albumin levels than their healthy peers, regardless of age [5,6]. In addition, higher
albumin levels are correlated with a lower risk of developing frailty [6]. Moreover, the integral
reduction in albumin concentration is associated with a decrease in other parameters such as
estimated glomerular filtration rate (eGFR) or trace elements [20].

Similarly, patients with higher total protein levels are less likely to develop frailty [6]. Our study
found no differences in total protein concentration between the groups. However, belonging to the
group at risk of sarcopenia expressed on the SARC-F scale is associated with a statistically significant
decrease in total protein concentration, regardless of the severity of frailty. Nevertheless, not total
protein, but albumin is the most responsive parameter to functional state (strength, speed of
movement) and a potential candidate to complete the frailty phenotype.

Our study also showed a significant difference in fibrinogen concentration between patients
with frailty and healthy individuals. Frail patients have increased fibrinogen concentrations, which
is confirmed in the literature. In addition, fibrinogen concentration increases with age. The
underlying cause of this phenomenon may be the pathophysiology of frailty, in which the
coagulation state is an integral component and influences catabolic processes (including sarcopenia
and malnutrition) [21]. He et al. also showed higher fibrinogen values in frail patients, but it was not
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a biomarker of frailty progression [22]. However, research on the role of fibrinogen in the frailty
syndrome is scarce and requires further analysis.

An integral element of the study was the analysis of the effectiveness of assessing elderly
patients using the MNA and SARC-F scales, which indicated the risk of two main threats to frailty
syndrome: sarcopenia and malnutrition. It was shown that patients with frailty syndrome achieve
higher values on the SARC-F scale compared to the pre-frail and robust groups. On the other hand,
they achieve lower results on the MNA scale compared to their peers. Additionally, these scales
effectively identify integral disorders resulting from frailty syndrome, including decreased muscle
strength, reduced walking speed, and decreased respiratory function in patients. Stratification of
patients according to their affiliation with high-risk groups, as determined by the MNA, SARC-F,
and Fried frailty scale, may indicate a group of patients at particularly high risk, which requires
intensive preventive and therapeutic measures. These observations have been confirmed in other
clinical studies. Patients with reduced walking speed achieve lower values on the MNA scale [23]. In
the study by Li et al,, the MNA score was shown to correlate with the skeletal muscle index. This
study confirms our reports, where frailty and malnutrition are associated with sarcopenia [24].
Additionally, it has been suggested that the MNA malnutrition score is a potential predictor of poor
physical fitness in elderly patients [11]. On the other hand, it is believed that not the abbreviated
nutritional assessment (MNA) but the complete assessment using the Global Leadership Initiative on
Malnutrition (GLIM) effectively identifies patients at 5-year risk of sarcopenia [25].

The demonstrated correlations between lean body mass, muscle strength, and respiratory
parameters, PEF, and FEV1 are worth noting. Moreover, patients burdened with frailty syndrome,
regardless of sarcopenia and malnutrition, are characterized by reduced baseline values of
respiratory parameters. However, no difference in diaphragm thickness was demonstrated
depending on the stage of frailty syndrome, despite different results of studies available in the
literature [26]. However, in recent years, "respiratory sarcopenia” has been gaining importance,
defined as the coexistence of a decrease in respiratory muscle mass and respiratory dysfunction, just
as a decrease in skeletal muscle strength correlates with a reduction in muscle strength [27].
Additionally, it has been shown that an increase in PEF is associated with an improvement in
cognitive functions in elderly patients [28], and mental disorders are an essential component of
frailty. Similarly, increased PEF in elderly people is associated with a lower risk of renal function
deterioration [29]. Therefore, we suggest including PEF and FEV1 measurement using a
peakflowmeter in the routine evaluation of elderly patients, as a quick, simple, and cheap test.

Our conclusion regarding the necessity of simultaneous assessment of nutritional status,
sarcopenia, and frailty is further supported by the findings of the study by Wei et al., where the
simultaneous coexistence of frailty and malnutrition is associated with a worse prognosis and
mortality. In contrast, poor nutrition alone without physical frailty is not correlated with an increased
risk [30]. On the other hand, the meta-analysis and systematic review by Verlaan et al. indicate that
% of malnourished patients were also frail, and of the frail patients, only 10% were malnourished
[31]. In our study, more than 50% of patients with frailty syndrome presented features of malnutrition
risk. The literature also supports the distribution of patients in the study. In the study by Atay et al.,
similarly to our report, most patients were in the prefrail stage, which emphasizes the validity of
future actions aimed at fully characterizing this group of patients [32].

In general, recent reports indicate that in every field of medicine, nutritional status affects the
prognosis and condition of patients. Considering the cohort of the presented study (patients with
diagnosed coronary artery disease), the relationship between nutritional status and cardiological
comorbidities is significant. It has been shown that nutritional status expressed by the MNA scale is
an independent predictor of all-cause death and re-hospitalization in patients with heart failure [33].
On the other hand, malnutrition increases the risk of postoperative delirium in elderly patients
[34,35], which may be important in the invasive and surgical treatment of coronary artery disease
and other cardiological diseases.

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


https://doi.org/10.20944/preprints202506.2058.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 June 2025 d0i:10.20944/preprints202506.2058.v1

12 of 16

The diagnosis of malnutrition and sarcopenia, therefore, requires intensive efforts. Particular
attention is paid to leucine and protein supplementation and resistance training to increase muscle
mass and thus improve prognosis [36]. Other analyses indicate the need for vitamin D
supplementation in women and testosterone in men [37]. In addition, a personalized diet in
malnourished patients improves physical functions and quality of life [38]. Protein intake above the
recommended dietary allowance (RDA) is associated with significant improvement in motor function
in elderly patients, which is a protective factor against decreased muscle strength, falls, and disability
[39]. On the other hand, the meta-analysis by Coelho-Junior et al. showed that protein intake is not
correlated with frailty. Nevertheless, frail patients consume significantly less animal-derived protein
than robust patients [40]. Without a doubt, future research should focus on developing standardized
protocols and guidelines for preventing and treating sarcopenia and malnutrition in elderly patients.

A significant limitation of the presented study was the sample size, which did not allow for
drawing more solid conclusions. Additionally, the study was observational, which impedes clear
conclusions (underpowered). Nevertheless, the study provides new information on the relationship
between frailty and malnutrition, which should be developed in future studies. Additionally, the
study only included the classification of frailty syndrome using the Fried frailty scale. The
unquestionable advantage of this scale is the simplicity and speed of clinical assessment of the
patient. The advantage of the Fried frailty scale is also the specification of the state referred to as pre-
frail, which is potentially reversible [41]. However, more than 50 other tools have been described to
diagnose frailty. There is a need to standardize frailty assessment protocols in clinical trials to
compare results and facilitate everyday clinical practice in diagnosing frailty [42].

5. Conclusions

Our study confirms the distinctiveness of patients defined as frail. Patients affected by frailty
exhibit lower muscle strength, slower gait, reduced physical activity levels, and poorer respiratory
parameters. Frailty is also associated with decreased serum albumin concentration and increased
fibrinogen. MNA and SARC-F scales combined with routine screening of elderly patients with frailty
may allow for effective identification of patients at risk of malnutrition and sarcopenia, which
additionally worsen the prognosis. In conclusion, we prove that the development of frailty is
multifactorial and individual components of frailty overlap. Thus, the management of frail patients
should be based on the work of an interdisciplinary team, with a particular emphasis on addressing
malnutrition and sarcopenia.
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Abbreviations:

The following abbreviations are used in this manuscript:

MNA Mini Nutritional Assessment
MNA-SF Mini Nutritional Assessment Short Form
FRAPICA Frailty Syndrome in Daily Practice of Interventional Cardiology Ward
BMI Body Mass Index
FFBM Fat-free body mass
PEF Peak expiratory flow
FEV1 Forced Expiratory volume- one second
IADL Instrumental Activites of Daily Living
CFS Clinical Frailty Scale
COPD Chronic obstructive pulmonary disease
MI Myocardial Infarction
PCI Percutaneous coronary intervention
CABG Coronary artery bypass grafting
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