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fraction
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Heart failure (HF)-related factors potentially lead to sarcopenia. Ultrasound (US) assessment has all
the advantages of being used in clinical practice to assess muscle architecture. This study aimed to
assess the relationship between the quadriceps femoris (QF) muscle architecture with the gender,
age, body mass index (BMI), muscle strength and physical function in older adults with HF with
preserved ejection fraction (HFpEF) as well as to assess the difference in these relationships between
the two genders. Patients 70 years and older with HFpEF were included. The gender, age and BMI
were collected. The QF muscle thickness, the QF muscle echo-intensity, the subcutaneous fat tissue
thickness (FT) and the subcutaneous fat tissue echo-intensity were assessed by the US. The six-minute
walk test, the short physical performance battery (SPPB), the timed up and go test (TUG), and the gait
speed test (UGS) were used to assess physical function. The five-repetitions sit-to-stand test (5-STS)
was performed to assess muscle strength. Bivariant Pearson correlations and subsequent multivariate
linear regression analysis were conducted. Seventy older adults with HFpEF [81.00 (5.97) years] were
recruited. The FT showed a correlation between poor and moderate muscle strength and physical
function in women with HFpEF. The FT explained 24.5% of the 5-STS variance, 32.4% of the SPPB
variance, 31.5% of the TUG variance, 28.6% of the UGS variance, and 21.4% of the FGS variance in
women. The US assessment could allow clinicians to assess muscle architecture biomarkers related to
muscle strength and physical function in older adults with HFpEF.

Trial registration NCT03909919. April 10, 2019. Retrospectively registered.
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SPPB Short physical performance battery
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TUG Timed up and go test

SMM Skeletal muscle mass

ASM Appendicular skeletal muscle mass
MRI Magnetic resonance imaging

CT Computed tomography

US Ultrasound

QF Quadriceps femoris muscle

BMI Body mass index

NYHA New York Heart Association class
MMSE Mini-mental state examination

STROBE  Strengthening the reporting of observational studies in epidemiology statement
MT Muscle thickness

ICC Intraclass correlation coefficient

FT Subcutaneous fat tissue thickness
Non-con Non-contraction muscle situation
Con Contraction muscle situation

MEI Muscle echo-intensity

FEI Subcutaneous fat tissue echo-intensity
5-STS Five-repetitions sit-to-stand

6MWT  Six-minute walking test

UGS Usual pace gait speed

FGS Fast pace gait speed

aCGA Abbreviated comprehensive geriatric
SD Standard deviation

t-test Student’s t-test

r Pearson correlation coefficient

P Spearman’s rho

R? Coefhicient of determination

PCA Principal component analysis

KMO Kaiser-Meyer-Oklin
ANOVA  One-way analysis of variance
SPSS Statistical Package for the Social Sciences

Heart Failure (HF) is a chronic and clinical syndrome with symptoms and/or signs caused by a structural or
functional cardiac abnormality’. The HF worldwide prevalence ranges from 1 to 3%?> Patients with heart failure
with a preserved ejection fraction (HFpEF) account for more than 50% of all patients with HF"%. Comorbidity
is common and more severe in patients with HFpEF than in patients with heart failure with reduced ejection
fraction (HFrEF)'. Sarcopenia is one of the most important comorbidities in patients with HF'. HF-related fac-
tors potentially lead to sarcopenia, like hormonal changes, physical inactivity, oxidative stress or inflammation”.
Sarcopenia has been associated with a worse prognosis and reduced functional aerobic capacity and quality of
life in patients with HFpEF**.

Sarcopenia is defined as a muscle disease characterised by low muscle strength and low muscle quantity and
quality®. Moreover, sarcopenia is considered as severe if the physical function is poor®. The grip strength test
or the chair stand test was suggested to assess muscle strength, while the short physical performance battery
(SPPB), the timed up and go test (TUG) or the gait speed test were recommended to assess physical function®.
The skeletal muscle mass (SMM) or appendicular skeletal muscle mass (ASM) were suggested to delimit the
muscle quantity®. Magnetic resonance imaging (MRI) and computed tomography (CT) are gold standards for
noninvasive muscle quantity and quality assessment”®. However, these tools are not commonly used in primary
care because of high equipment costs and the lack of portability”®. Ultrasound (US) assessment has shown
good validity in estimating muscle mass compared to MRI and CT?. US is a reliable and valid tool to assess the
muscle quantity of pennate muscles in older adults, such as the quadriceps femoris (QF) muscle’. The US can
assess muscle quality by analysing the echogenicity or echo-intensity'’. Thus, the US allows assessing muscle
quantity and quality with high resolution within a relatively short period'®!!. Moreover, the US is a portable,
cheap, simple, easy-to-use, and widely available clinical practice technique that can be performed bedside and
enables the physician to visualise a wide range of components of the muscle architecture and the fat tissue!2.
In this way, the US has sufficient potential to be used in clinical practice to screen for sarcopenia and assess body
composition or muscle architecture'2.

The QF is the most investigated muscle because it is easy to measure by the US; it is a good predictor of whole-
body skeletal muscle mass and can be linked directly to physical function measures®!’. Kawai et al."* showed
that four structural QF biomarkers assessed by the US, muscle and subcutaneous fat tissue thickness and echo-
intensity, are associated with muscle strength, physical function, and sarcopenia in community-dwelling older
adults. The association between these US biomarkers and muscle strength or physical function has not been
studied in older adults with HFpEE Therefore, the objectives of the present study were to assess the relationship
between the QF muscle and subcutaneous fat tissue thickness and echo-intensity with the gender, age, body mass
index (BMI), muscle strength and physical function in older adults with HFpEF, and to assess the difference in
these relationships between the two genders.
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Methods

Design and participants. A cross-sectional study was carried out. Seventy older adults with HFpEF were
recruited as volunteers between April 2019 and March 2020 from the Heart Failure Unit of the Internal Medi-
cine Department at the Regional University Hospital of Malaga (Spain). Inclusion criteria': patients with HFpEF
older than 70 years diagnosed according to the consensus statement of the European Society of Cardiology™.
Exclusion criteria: (1) older adults with HFpEF with a New York Heart Association (NYHA) class =4; (2) older
adults hospitalised 3 months ago or less; (3) older adults with a score on the Mini-Mental State Examination
(MMSE) < 24; (4) older adults who were not able to stand up from the chair at least five times or who were not
able to walk.

Outcomes. US biomarkers. 'The US analysed the right QF muscle and the subcutaneous fat tissue. The fol-

lowing variables were analysed:

e Thickness: Thickness refers to the width of the QF muscle or subcutaneous fat tissue. It was calculated using
a perpendicular line to the horizontal axis from the midpoint of the femur to standardise the measurement.
This line was placed between the femur and the superior fascia to assess the QF muscle thickness (MT).
This measurement showed a high intra-rater and inter-rater reliability, with an intraclass correlation coef-
ficient (ICC) of 0.98 and 0.96, respectively’. This measurement also showed an absolute error between days
0f 0.017 cm?®. The perpendicular line was placed between the superior fascia and the skin to assess the fat
thickness (FT). The values were expressed in cm.

® Echo-intensity: Echo-intensity is calculated from the selected range of interest as the average result of the
histogram of the 8-bit grayscale, so the echo-intensity represents the mean pixel intensity. The resultant his-
togram analysed all the image pixels from 0, black, to 255, white. This outcome has no unit of measurement.

The combination of these variables (thickness and echo-intensity) in contraction (con) and non-contraction
(non-con) situations and in different tissues (QF muscle and subcutaneous fat tissue) allowed obtaining twelve
variables: non-con MT, non-con muscle echo-intensity (MEI), non-con FT, non-con fat echo-intensity (FEI),
con MT, con MEI, con FT, con FEI, the difference between con and non-con MT and FT, and the difference
between con and non-con MEI and FEIL

The US image was taken 15 cm from the upper edge of the patella, where transverse images were obtained
with a B-mode ultrasound device (The Esaote MyLab One; Esaote, Genova, Italy) equipped with a linear array
transducer 5 cm long. The transducer was placed perpendicular to the axis of the limb and transversely to the
direction of the fibres. Older adults were seated in a chair with their hip and knee at 90° of flexion (Supplemen-
tary Appendix B). The evaluator was placed in front of the patient, holding the transducer with one hand and
the participant’s leg with the other one. Before performing the US measurements, the older adults rested for
5 min to avoid bias in measuring muscle thickness and echo-intensity. To adequately capture a static image in
a contraction state, the participant performed a manually resisted voluntary isometric contraction of 5 s by the
physician. The parameters used to acquire US images included the B-mode, a frequency of 10 MHz, 4 cm deep,
and 42% of the gain. Coupling gel was abundantly applied to minimise distortion generated by underlying tis-
sues. Shaving was not needed.

Secondary outcomes. Clinical-epidemiological: age, gender, NYHA class, comorbidities, echocardio-
graphic outcomes, blood and urinary biomarkers, number of drugs that the patient takes each day and the most
prescribed drugs, history of smoking and history of alcohol, marital status, academic degree and the number of
falls in the last year.

Anthropometric data: weight, height, and BMI.

Muscle strength. Five-Repetitions Sit-to-Stand (5-STS): older adults should stand up and sit down five
times as quickly as possible without using their hands to push up from the chair. The back of the chair was sta-
bilised against a wall to ensure safety and stability. The time taken to perform the five repetitions was measured
using a stopwatch'.

Physical function. Short Physical Performance Battery (SPPB) is formed by three tests: balance (feet
together, semi tandem and tandem for 10 s each), 4 m (m) gait speed and the 5-STS. Each test is scored from 0
(worst performance) to 4 (best performance). A score of 0 is assigned to those older adults who do not complete
the test. Scores from 1 to 4 are based on older adults’ time performing each test. The total score for the whole
battery is the addition of the 3 tests and ranges from 0 to 12 points's.

Timed Up and Go Test (TUG). In this test, the patient started sitting in a chair. When the physician indicated
the beginning of the test, they stood up from the chair and walked 3 m at a pace as quickly, comfortably and
safely as possible until to reach a line on the floor. Then, older adults turned, returned to the chair, walked and sat
again®. Patients could use their hands to stand up from the chair. The score was the seconds taken to complete
the test, measured by a stopwatch.

Six Minute Walking Test (6MWT) was carried out in a closed corridor longer than 30 m. Two marks were
placed on the ground at a distance of 30 m, and older adults walked from one end to the other for 6 min. Older
adults were instructed to walk as quickly as possible. The distance older adults walked for 6 min was recorded?.

Gait speed test. Older adults should walk 4 m, starting from a standing position. The test was performed
twice: at their usual pace or gait speed (UGS) and the other at a fast pace or gait speed (FGS). The time taken to
perform the 4 m was measured using a stopwatch, and the gait speed was calculated as m/sec?'.
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Self-reported. Abbreviated Comprehensive Geriatric Assessment (aCGA). aCGA assesses functional, emo-
tional and cognitive components, and it is a short version of a comprehensive geriatric assessment with greater
reliability®?.

Sample size. The sample size was calculated using the software G Power 3.1.9.2 (University of Diisseldorf,
Germany) and following the alternative hypothesis: to detect a moderate bivariate correlation (r=0.3)" between
the US biomarkers and the muscle strength or the physical function, considering a significance level of 0.05
(error a<5%), and statistical power of 0.8 (80%), a sample consisting of 67 older adults with HFpEF would be
needed.

US data processing and analysis. US images were exported in BMP format with a specific size of
800 x 652 pixels and 100 dpi. MATLAB software (Version R2018b, MathWorks, Natick, USA) was used to per-
form the image processing and analysis. An own MATLAB code was created specifically for this project. In this
code, the researcher had to record a reference line of 1 cm, which formed the width of the range of interest. The
research could rely on the line that shows the centimetres of the depth of the US image to record the reference
line of 1 cm. Then, the researcher could select a range of interest with a width of 1 cm and a height from the
femur to the superficial layer of the skin (Supplementary Appendix C). This type of assessment showed a high
test-retest reliability score (ICC=0.963) with an average coeflicient of variation of 4.2%%. Once the range of
interest is selected, the code converts the image to grayscale. The following three points were taken as references:
the superior limit of the femur bone, the inferior limit of the skin, and the superior limit of the fascia between
QF muscle and subcutaneous fat tissue. The same evaluator performed the MATLAB analysis of all images to
reduce inter-rater variability.

Statistical analysis. An absolute frequency and a percentage were used to describe qualitative measures.
Quantitative measures were reported using the mean and the standard deviation (SD). Distribution and normal-
ity were determined by one-sample Kolmogorov-Smirnov test (significance <0.05). The Student’s t-test (t-test)
and the Chi-square test were used to compare the outcomes between men and women. Levene’s test assessed the
variance heterogeneity (significance < 0.15). The Pearson Correlation Coefficient (r) was used to assess the possi-
ble bivariate correlations between the US biomarkers, age, BMI, muscle strength and physical function, stratified
by gender. Spearman’s rho (p) was used to assess the correlations between the US biomarkers and self-reported
outcomes (NYHA, Katz and Lawnton & Brody questionnaires). Partial correlation coeflicients were calculated,
stratified by gender while controlling for BMI. Bivariate correlations were classified into three categories: poor
(r<0.49), moderate (0.50 <r<0.74) and strong (r > 0.75). Multivariate linear regression analyses were performed
to assess the relationship between the US biomarkers and muscle strength and physical function. Only the US
biomarkers that showed the most significant bivariate correlation with muscle strength or physical function were
included in the model, adjusted by age and BMI and stratified by gender. The contribution of the exposures to
the model’s predictability was assessed by the coefficient of determination (R2). A confirmatory factor analysis
with principal component analysis (PCA) was employed to determine what US biomarkers could construct a
classification system with standard scores. Kaiser—-Meyer-Oklin (KMO) values and Bartlett’s test of sphericity
were analysed to assess the model adequacy. The US biomarkers determined by the PCA were used to identify
homogeneous subtypes in an exploratory hierarchical cluster. The Ward’s linkage method to form clusters at
each stage squared euclidean distances included in the proximities matrix, and the standardisation of the US
biomarkers (z-scores) were used. Agglomeration coefficients were examined and plotted to identify the best
cluster solution representing the data. The per-cent changes between adjacent cluster solutions and plot charac-
teristics were considered. The dendrogram, which represents the relationships of similarity among the group of
clusters, was also visually inspected to decide the number of clusters. One-way analysis of variance (ANOVA)
was employed to examine the significant differences in all outcomes among the classification types. When the
variances were homogeneity, the post hoc Bonferroni test was used, while the post hoc Games-Howell test was
used when variances were heterogeneous. A p-value of p <0.05 was considered to be statistically significant. All
statistical analyses were conducted using the Statistical Package for the Social Sciences (SPSS) 22.0 for Windows.

Ethics and consent. The study was registered on the ClinicalTrial.gov database as NCT03909919. Ethical
approval was obtained from the Provincial Ethics Committee of Malaga, Spain (26032020). The study was car-
ried out following the Helsinki Declaration and was implemented and reported according to the Strengthening
the Reporting of Observational Studies in Epidemiology Statement (STROBE) (Supplementary Appendix A).
Moreover, all participants in this study signed an informed consent form prior to enrolment.

Results

Seventy six older adults with HFpEF were voluntarily recruited, but data for six older adults were lost when
outcomes were collected. Thus, data of seventy older adults with HFpEF were included in the present study.
Height and body weight were significantly greater in men than in women. However, there was no difference
in BMI between gender. Non-con MEI and con MEI were greater in men than in women, whereas non-con
FT, non-con FEIL con FT and con FEI were significantly greater in women than in men. Women also showed a
worse physical functional performance (SPPB, TUG and 6MWT) and slower UGS and FGS than men. There
was no difference in self-reported outcomes and age between gender (Supplementary Appendix D). Other
clinical-epidemiological variables and blood are shown in Supplementary Appendix E. In summary, the mean
LVEF was 60.50%, and most of the older adults with HFpEF were overweight (41.40%) or obese (35.70%). Forty
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| Age | BMI [NYHA  [KatzIndex [Lawnton&Brody [5-STS  [SPPB TUG 6MWT | UGS FGS
Men (n=30)
Non-con MT -.151 450* -.092 -.075 305 192 -.120 379% | -.497* -.297 -.152
Non-con MEI -.348 -.268 089 -.042 131 123 -.222 082 -.008 -.183 071
Non-con FT 280 393 -.012 -.092 122 -.243 184 -.177 102 135 207
Non-con FEI 256 095 036 -.058 -.039 -.233 136 -.310 373* 219 204
Con MT -.164 511 -212 055 300 .090 ~.040 305 -317 -.171 039
Con MEI -.181 - .484* 167 -.072 -.129 057 -.060 .008 -.022 -.124 115
Con FT 205 432 076 -217 196 -.194 143 -.141 098 144 168
Con FEI 196 031 140 -.156 -.160 -.072 .005 -.179 195 099 031
MT Difference -.061 232 -.276 261 070 -.170 140 -.066 263 196 366
MEI Difference 240 -.219 .108 098 - .459* ~.093 218 ~.098 -.015 092 043
FT Difference -.513* 051 260 -.333 288 358 -.293 258 -.061 -.005 -.288
FEI Difference -.126 -.116 220 -.183 -.130 291 -.232 250 -.335 -.223 -.308
‘Women (n=40)
Non-con MT -.291 233 395 202 -.037 283 -242 190 -.147 -.113 -.226
Non-con MEI 250 - .406* 051 -.140 104 -.160 224 -.224 074 188 175
Non-con FT -.143 494%% | -.056 218 -.280 A469* | -.555%* 539%* | -.365% -.503** - .445*
Non-con FEI 187 122 -.323* 112 ~.266 190 ~.268 244 -.288 ~.354* -211
Con MT -314* 210 303 130 002 316 | -.317 254 -.118 -.207 -217
Con MEI 364 -.396* 031 -.156 219 -.302 267 -.301 215 342% 286
Con FT -.138 461* -.046 218 -.257 A479% | 5200 540 | 3417 -.526** - .409*
Con FEI 181 174 -.221 115 -.196 151 -222 230 -.193 -.233 -127
MT Difference -.005 -.073 -.187 029 -.129 025 -.107 094 072 -.160 045
MEI Difference 170 044 -.126 -.054 062 -.223 055 -.112 227 240 169
FT Difference 035 -.186 -.041 -.075 -.078 -.014 199 ~.058 134 -.035 189
FEI Difference -.070 045 245 057 -.008 -122 158 -.101 244 307 201
Table 1. Bivariate correlations (r, p) between the US biomarkers and age, BMI, self-reported questionnaires,
muscle strength and physical functional performance, stratified by gender. US Ultrasound, BMI Body Mass
Index, NYHA New York Heart Association class, 5-STS Five-Repetitions Sit-to Stand, SPPB Short Physical
Performance Battery, TUG Timed Up and Go test, 6GMWT 6 Minute Walking Test, UGS Usual Gait Speed,
FGS Fast Gait Speed, Non-con MT Non-contraction Muscle Thickness, Non-con MEI Non-contraction Muscle
Echo-Intensity, Non-con FT Non-contraction subcutaneous Fat tissue Thickness, Non-con FEI Non-contraction
subcutaneous Fat tissue Echo-Intensity, Con MT Contraction Muscle Thickness, Con MEI Contraction Muscle
Echo-Intensity, Con FT Contraction subcutaneous Fat tissue Thickness, Con FEI Contraction subcutaneous Fat
tissue Echo-Intensity, MT Difference Difference between contraction and non-contraction Muscle Thickness,
MEI Difference Difference between contraction and non-contraction Muscle Echo-Intensity, FT Difference
Difference between contraction and non-contraction subcutaneous Fat tissue Thickness, FEI Difference
Difference between contraction and non-contraction subcutaneous Fat tissue Echo-Intensity. *p<0.05;
p <0.001.
older adults with HFpEF (57.10%) had fallen last year. In addition, older adults with HFpEF had a mean of 8.31
comorbidities and were taking a mean of 10.16 drugs per day. The most frequent comorbidities were hyperten-
sion (97.10%), dyslipidemia (85.70%), valve disease (65.70%) and chronic kidney disease (64.30%). In addition,
older adults with HFpEF showed a left atrial dimension of 42.23 mm, a left ventricular end-systolic dimension
of 29.48 mm and a left ventricular end-diastolic dimension of 47.79 mm. The most prescribed drugs were loop
diuretics (85.71%), beta-blockers (75.70%) and angiotensin II receptor antagonists (62.90%).

Non-con FT and con FT significantly correlated with women’s muscle strength and physical function. Non-
con and con FT also significantly correlated with BMI in women and men (Table 1). Con MT was inversely
correlated with age while con MEI was directly correlated with age in women. That is, the older the women with
HFpEEF, the lower the MT and worse muscle quality. When adjusted for BMI, non-con FT and con FT showed a
significant correlation with muscle strength and physical function in women, except with the 6 MW (Supple-
mentary Appendix F). Non-con and con FT explained 24.5% of the 5-STS variance, 32.4% of the SPPB variance,
31.5% of the TUG variance, 2865% of the UGS variance, and 21.4% of the FGS variance in women (Table 2).
However, these US biomarkers did not reach the required value to explain the model (Table 3).

The factor analysis showed that the non-con and con MEI and non-con and con FT were the principal US
biomarkers. Moreover, KMO values (0.548) and Bartlett’s test of sphericity (Chi-squared value =686.295 and
difference 28) (p <0.001) indicated the correlation matrix was adequate for the PCA. PCA detected one factor
with Eigenvalues above 1, explaining 52.75% of the variance (Supplementary Appendix G). The US biomarkers
extracted by the PCA, which explained 52.75% of the variance, were used to perform an exploratory hierarchical
cluster. The dendrogram was inspected to decide the number of clusters. We decided to conduct four clusters
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R R’ | AdjustedR® [SE |F |p
5-STS | 0495 | 0245 |0.158 531 |2.83 |0.039
SPPB 0.569 |0.324 | 0.247 2.03 | 4.20 |0.007
TUG 0561 |0.315 |0.237 6.90 |4.03 |0.009
6MWT | 0378 |0.143 |0.045 77.80 | 146 |0.235
UGS 0.535 | 0.286 |0.204 012 |350 |0.017
FGS 0463 | 0214 |0.124 019 |238 |0.070

Table 2. Summary of models in women.

Non-standardised
coefficients Typified coefficients
Dependent Outcome | Predictor Variables | B SE Beta t P 95%CI
(Constant) 25746 | 18.689 1378 |.177 | (~12.195, 63.688)
Non-con FT 1.486 5.277 170 282 |.780 (-9.227,12.199)
5-STS Con FT 3.258 5.307 .363 614 | .543 (-7.516, 14.033)
Age —-.138 194 | -.122 —.709 | .483 (-.533,.257)
BMI —.124 173 | -.141 -.717 | 478 (—.476, .227)
(Constant) 7.655 7.145 1.071 | .291 (-6.851, 22.160)
Non-con FT —-3.257 2,017 | -.923 -1.614 |.115 (-7.353, .839)
SPPB Con FT 1.143 2.029 315 .564 | .577 (—2.976,5.262)
Age .010 .074 .022 133 | .895 (-.141, .161)
BMI .048 .066 134 719 | 477 (-.087,.182)
(Constant) 23.538 24.275 970 |.339 | (—25.742,72.818)
Non-con FT 4.677 6.854 .393 682 | .499 (-9.237,18.592)
TUG Con FT 2911 6.893 237 422 | .675 | (-11.083,16.905)
Age -.061 253 | -.039 —.240 |.812 (-.574, .452)
BMI —-.218 225 | -.181 —.968 |.340 (—.675,.239)
(Constant) 383.865 | 273.635 1.403 | .169 | (-171.644,939.374)
Non-con FT —-57.063 77.262 | -.475 —-.739 | .465 | (-213.914,99.788)
6MWT Con FT 20.286 77.704 164 261 |.796 | (—137.462,178.033)
Age -.917 2.848 | -.059 -.322 |.749 (—6.698, 4.863)
BMI -1.393 2.536 | -.115 -.549 | .586 (—6.543, 3.756)
(Constant) .567 414 1.371 | .179 (-.273, 1.406)
Non-con FT .008 117 .041 .069 | .945 (-.229, .245)
UGS Con FT -.125 117 | —.609 -1.061 |.296 (-.363,.114)
Age -.001 .004 | -.023 —.137 | .892 (-.009, .008)
BMI .002 .004 .087 454 | .653 (-.006, .010)
(Constant) 339 672 505 | .617 (- 1.024, 1.703)
Non-con FT -.257 190 | -.837 -1.358 |.183 (-.642,.128)
FGS Con FT 117 191 371 616 | .542 (-.270, .505)
Age .004 .007 105 595 | .556 (-.010,.018)
BMI .003 .006 .097 484 | .632 (-.010, .016)

Table 3. Multivariate linear regression models in women, adjusted by age and BML

(Supplementary Appendix G). The four groups differed in non-con MEI, con MEI, non-con FT and con FT
(Fig. 1). The QF characteristics of each group were (Fig. 1): (A) normal MT, FT, MEI and FEI; (B) increased
FT, relatively decreased MT to FT, slightly high FEI and slightly low MEI; (C) very increased FT, normal MT,
decreased MEI and slightly high FEI; (D) decreased FT and MT and very high MEI with normal FEL Differences
between the types (Supplementary Appendix H) were observed in SPPB, significantly greater in A than in C
(Table 4). No physical function differences were shown between the ultrasound groups in men. In women, dif-
ferences were only reported in the TUG and in the UGS between groups B and D, which were worse in group B.
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Subcutaneous Fat
Tissue Thickness

Quadriceps A Rect.us
Femoris Femoris

Muscle B Vastus

Thickness

Intermedious
Femoral Bone

A
All subjects
A (n=27) B (n=15) C(n=13) D (n=18)
Mean SD Mean SD Mean SD Mean SD
Non-con MT (cm) 2.24° 0.55 1.96 0.34 2.10 0.72 1718 0.34
Non-con FT (cm) 0.64 8" c%0° 0.19 1370000 0.24 2120w 0.36 0.40 A*8% ¢ 0.11
Non-con MEI 154.828%¢n0° 30.93 119.31 A% ¢ 0" 23.52 73.834%8%0° 12.88 219.254%8%¢ 27.14
Non-con FEI 45.78%"¢ 16.81 85.16 "0 23.36 81.16 "7 26.66 55.65%¢ 17.89
Con MT (cm) 2.60° 0.60 233 043 2.36 0.65 206* 043
Con FT (cm) 0.623%¢"0" 0.20 1.394%¢%0° 0.23 2,004%8%0° 0.37 0.38A%8%¢ 0.09
Con MEI 150.428%.¢%2" 29.62 115357650 20.78 79.054.8%0° 11.08 21042 4%8%¢ 2131
Con FEI 36.53 "¢ 13.20 70.54 %0 21.01 71.234%0 24.26 45.06 %€ 16.70
Men (n=30)
A(n=19) B (n=2) C(n=3) D (n=6)
Mean SD Mean SD Mean SD Mean SD
Non-con MT (cm) 2.26 0.56 1.96 0.49 2.08 0.88 172 0.40
Non-con FT (cm) 06182 0.19 11234%07 0.05 2.25 0.72 0.35A% 0.10
Non-con MEI 166.12 ¢ 2" 26.03 126.09 > 29.11 78.022%0" 20.79 237.494%8%¢ 21.25
Non-con FEI 46.96 18.80 80.14 AP 5.45 52.15 44.02 51.49°% 13.28
Con MT (cm) 2.67 0.64 2.38 0.29 241 0.98 219 0.57
Con FT (cm) 0.60%° 0.22 12140 0.08 2.06 0.74 0.377¢ 0.09
Con MEI 156.99°¢ 31.37 12345° 33.12 82.624°" 6.74 201.795¢ 2593
Con FEI 35.89 14.19 65.22 30.07 81.36 44.76 3821 10.99
Women (n=40)
A (n=8) B (n=13) C(n=11) D (n=8)
Mean SD Mean SD Mean SD Mean SD
Non-con MT (cm) 219 0.56 196 0.34 2.10 0.72 170 0.32
Non-con FT (cm) 0.728%¢c%0 0.16 139ancp0° 0.26 2,094%8%0" 0.24 0.4478%C 0.12
Non-con MEI 127.98 .2 25.36 118.26 <™ 23.79 72.684%8%0° 11.07 207.08 A*8%¢ 24.72
Non-con FEI 42.99°5.¢ 1132 85.934%° 25.09 78.16* 2213 58.77 % 21.03
Con MT (cm) 244 0.48 232 0.46 235 0.59 1.95 0.27
Con FT (cm) 0.678%¢%2 0.15 1414000 0.23 1.984%8% 0" 0.26 0.404A8%¢ 0.10
Con MEI 13481 ¢.0° 18.21 114.10¢.0° 19.99 78.08 A%B% 0" 12.06 219.04 A8 ¢ 13.74
Con FEI 38.05°5¢ 11.19 7136 ™ 20.84 68.47 % 18.04 50.20 19.01

Figure 1. Ultrasound imagesof the four types classified based exploratory hierarchical cluster: (A) normal MT,
FT, MEI and FEL (B) increased FT, relatively decreased MT to FT, slightly high FEI and slightly low MEI; (C)
very increased FT, normal MT, decreased MEI and slightly high FEIL; (D) decreased FT and MT and very high
MEI with normal FEI. Non-con MT: Non-concentration muscle thickness; Non-Con FT: Non-concentration
subcutaneous fat tissue thickness; Non-con MEI: Non-concentration muscle echo-intensity; Non-Con FEI:
Non-concentration subcutaneous fat tissue echo-intensity; Con MT: concentration muscle thickness; ConFT:
concentration subcutaneous fat tissue thickness; Con-MEI: concentration muscle echo-intensity; Con-FEIL
concentration subcutaneous fat tissue echo-intensity. #“Pp <0.05; 45> D5 <0.001.

Discussion
Our results reported that the non-con FT, non-con FEIL, con FT and con FEI were significantly greater in women
than in men. Ageing has been associated with a greater increase of subcutaneous FT in women than in men?*.
Our results also showed that women with HFpEF have worse physical functional performance in SPPB, TUG
and 6MWT and slower UGS and FGS than men. One of the causes of this impaired physical function in women
may be the subcutaneous FT because non-con FT and con FT correlated in women with muscle strength and
physical function. This correlation ranged from poor between the non-con FT and the 6MWT (r=-0.365,
p=0.021) to moderate between the non-con FT and the SPPB (r=-0.555, p <0.001). Abdominal FT, thigh FT and
intermuscular fat have been related to worse VO2 peak or exercise intolerance in patients with HFpEF?. Ageing,
increased oxidative stress, and low-grade chronic inflammation are three related and age-dependent processes
that contribute to the development of age-related chronic diseases and the loss of physical function, muscle
strength and muscle mass®®. Sarcopenia induces metabolic and endocrine abnormalities that could increase
the risk of developing an HFpEF?. Low-grade chronic inflammation is strongly associated with increased body
fat mass because adipose tissue produces pro-inflammatory cytokines®. In this way, FT could accelerate the
physical function decline in patients with HFpEF. However, there is controversy about the prognostic role of fat
tissue in patients with HF or older adults. While FT has been associated with a greater risk of HF among older
adults, especially in those with diabetes®, greater fat and muscle mass were associated with lower mortality risk
in patients with HF*.

Previous literature has found accentuated muscle dysfunction, reduced mitochondrial size in skeletal muscle,
increased levels of atrophy genes and proteins and metabolic abnormalities in skeletal muscle in stable outpa-
tients with HFpEF compared with older adults with HFrEF and healthy controls®'. Like fat mass, greater muscle
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A (n=27) B (n=15) C(n=14) D (n=14)

Mean SD Mean SD Mean SD Mean SD
Age (years) 79.93 5.66 82.13 6.13 | 82.07 6.04 | 80.79 6.55
Height (m) 1.63 0.09 1.59 0.08 | 1.56 0.06 | 1.62 0.08
Weight (Kg) 77.24° | 13.83 74.58 13.43 | 81.89P 17.72 | 67.001¢ 7.14
BMI (Kg/mz) 29.02P 4.77 29.48 5.01 |33.60P 8.11 | 25.60M¢ 2.10
5-STS (sec) 14.20 4.56 16.30 4.92 | 18.16 7.54 | 15.26 4.71
SPPB (0-12) 9.04¢ 2.26 7.20 2.54 | 6714 261 |7.71 2.70
TUG (sec) 16.52 6.59 21.45 6.95 | 2297 11.24 | 16.15 4.08
6MWT (m) 257.04 | 9291 210.00 | 86.35 |229.29 89.31 | 289.29 107.11
UGS (m/s) 0.58 0.19 0.44 0.21 |0.43 0.17 | 0.57 0.23
FGS (m/s) 0.73 0.27 0.58 0.24 | 0.60 0.25 |0.76 0.31
Katz Index (0-3) 0.85 0.77 0.80 0.77 |1.21 1.12 | 1.00 1.18
Lawnton and Brody (0-4) 1.96 1.31 1.87 1.60 | 1.71 164 |221 1.76
NYHA (n)
11 17 12 10 9
jiis 10 3 4 5

Men (n=30)

A (n=19) B (n=2) C(n=3) D (n=6)

Mean | SD Mean | SD Mean SD Mean SD
Age (years) 79.84 5.71 | 78.50 12.02 | 88.67 7.51 |76.83 7.03
Height (m) 1.68 0.06 |1.72 0.08 1.64 0.02 | 1.69 0.04
Weight (Kg) 82.77 11.37 | 83.50 26.16 | 83.00 13.00 |71.17 6.31
BMI (Kg/mz) 29.58 4.49 |27.75 6.28 31.05 5.39 | 25.01 2.04
5-STS (sec) 14.14 4.67 | 11.59 2.20 11.63 0.56 | 17.45 5.88
SPPB (0-12) 9.37 241 11.00 0 9.33 2.08 | 6.50 2.95
TUG (sec) 15.53 7.01 11.50 0.80 12.62 2.64 | 16.51 5.77
6MWT (m) 269.74 102.88 | 307.50 | 10.61 310.00 56.79 | 312.50 145.87
UGS (m/s) 0.62 0.21 |0.87 0.13 0.63 0.24 | 0.61 0.35
FGS (m/s) 0.78 0.28 |0.92 0.12 0.86 0.37 | 0.78 0.46
Katz Index (0-3) 0.79 079 |0 0 0.67 0.58 | 1.00 1.26
Lawnton and Brody (0-4) 1.84 1.30 |3.00 141 1.67 2.08 | 1.50 1.64
NYHA (n)
11 13 1 2 3
i 6 1 1 3

Women (n=40)

A (n=8) B (n=13) C(n=11) D (n=8)

Mean | SD Mean | SD Mean SD Mean SD
Age (years) 80.13 591 82.69 541 |80.27 443 |83.75 4.59
Height (m) 1.53 0.04 1.57 0.06 | 1.55 0.05 1.57 0.06
Weight (Kg) 64.12 9.91 73.31 11.75 | 81.59 19.34 | 63.87 6.33
BMI (Kg/m?) 27.69 5.46 29.75 5.05 |34.29° 8.79 |26.03¢ 2.17
5-STS (sec) 14.32 4.58 17.02 4.86 | 19.94 7.59 | 13.62 3.06
SPPB (0-12) 8.25 1.75 6.62 2.18 | 6.00 2.32 | 8.63 2.26
TUG (sec) 18.87 5.07 22.98P 6.11 | 25.80 11.05 |15.89°% 2.65
6MWT (m) 226.88 | 58.06 195.00 | 82.84 |207.27 85.07 | 271.88 72.80
UGS (m/s) 0.47 0.11 0.38° 0.13 |0.37° 0.11 | 0.54%¢ 0.12
FGS (m/s) 0.61 0.21 0.53 0.21 |0.53 0.17 | 0.74 0.18
Katz index (0-3) 1.00 0.76 0.92 0.76 | 1.36 1.21 1.00 1.19
Lawnton and Brody (0-4) 2.25 1.39 1.69 1.60 | 1.73 1.62 | 2.75 1.75
NYHA (n)
11 4 11 8 6
1II 4 2 3 2

Table 4. Comparison of each variable among the four US types classified based on exploratory hierarchical
cluster. (A) normal MT, FT, MEI and FEI; (B) increased FT, relatively decreased MT to FT, slightly high

FEI and slightly low MEI; (C) very increased FT, normal MT, decreased MEI and slightly high FEI; (D)
decreased FT and MT and very high MEI with normal FEI US Ultrasound, BMI Body Mass Index, 5-STS
Five-Repetitions Sit-to Stand, SPPB Short Physical Performance Battery, TUG Timed Up and Go test, GMWT
6 Minute Walking Test, UGS Usual Gait Speed, FGS Fast Gait Speed, NYHA New York Heart Association class,
SD Standard Deviation. #3%Pp <0.05; A5~ D'p <0.001.
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mass has been related to a better prognosis in patients with HF*. Contrary to fat mass, higher muscle mass was
related to better VO2 peak and better physical function in patients with HF?*. Older adults with HFpEF showed a
non-con QF MT of 2.05 cm. Nakano et al.*> showed that patients with HF have a reduced QF MT compared with
healthy people. Thus, older adults with HFpEF seem to have a reduced M T, which could be due to factors such as
age or gender because muscle mass loss has been related to ageing® and is more quickly in women than in men*.
Our results did not show an interesting relationship between MT and physical function in men or women with
HFpEE. Some studies showed a relationship between QF MT and QF MEI assessed by US and muscle strength
and physical function in older adults'®>. However, Ticinesi et al.*® pointed out that the relationship between MT
and MEI assessed by US and muscle strength or physical function differs among studies. These differences among
studies could be avoided by standardising the US measurements'>*.

Older adults with HFpEF also showed reduced muscle strength, decreased physical functional performance,
and slowed gait speed. A previous study also reported that older adults with HFpEF have limited functional aero-
bic capacity and poor physical function””. Worse muscle strength and physical functional performance have been
reported with ageing and in women?®**. Physical functional performance was related to prognosis in patients with
HF*. Moreover, older adults with HFpEF used to be difficult to manage due to physical function impairment and
a lack of response to most medical treatments*. In the present study, non-con FT and con FT explained 24.5%
of the 5-STS variance, 32.4% of the SPPB variance, 31.5% of the TUG variance, 21.4% of the FGS variance, and
28.6% of the UGS variance in women. However, these results seem reasonable because the physical function is
a multidimensional construct. Thus, fat mass, intermuscular and intramuscular fat infiltration, muscle mass,
muscle contractile properties, muscle strength, and nervous system functionality have been related to physical
function and disability*"*2. However, these variables can only explain up to 40% of the physical function variance
on their own*'~**. Thus, the US assessment of the musculoskeletal structural biomarkers should not replace the
physical function assessment. However, the US and physical function assessments could help clinicians prop-
erly manage a complex and heterogeneous group of older adults with HFpEF. Therapeutic exercise improves
physical function and muscle strength in older adults**. Therapeutic exercise can improve muscle mass, reduce
FT, body fat mass and intramuscular and intermuscular fat infiltration, above all when exercise is performed at
high intensity*>*®. Some drugs taken regularly may interact with mechanisms that can alter the balance between
protein synthesis and degradation’. In this way, these drugs may show a harmful or a beneficial effect on muscle
mass, muscle strength and physical function?. The US has all the advantages to be used in clinical practice to
assess musculoskeletal structural biomarkers and monitor the effect of clinical interventions'. We conducted a
classification of older adults with HFpEF based on their US biomarkers. Physical functional differences in the
SPPB were observed between groups A and C, while differences in the TUG and UGS were reported between
groups B and D in women. Kawai et al."* also conducted a classification based on US biomarkers of the QF muscle
that could assess muscle strength, physical function, and sarcopenia in community-dwelling older adults. The
four groups that Kawai et al.’* showed similarities with the groups formed in this study. Thus, the groups in this
study could be classified as (A): "normal type"; (B) "sarcopenic obesity type"; (C) "obesity type"; (D) "sarcopenia
type". However, older adults with HFpEF show lower non-con MT, higher non-con FT, lower non-con FEI and
higher non-con MEI than older adults included in Kawai et al."* study. Thus, older adults with HFpEF seem to
have a lower muscle contractile component and a more significant increase in intramuscular and intermuscular
fat tissue than healthy older adults. However, the differences could be due to the small sample size of our study.
Kawai et al.'® did not show the QF characteristics in a con situation. US assessment of con MT has shown to be
an objective measure superior to the assessment of non-con MT*,

Implications for clinical practice.  Our results showed a relationship between subcutaneous FT and mus-
cle strength and physical function in older adults with HFpEF, especially in women with HFpEF. The US allows
assessing musculoskeletal structural biomarkers with high resolution within a relatively short period and has
all the potential to be used in clinical practice to assess muscle architecture!"'?. Clinicians should incorporate
US assessment into their clinical practice since US assessment could allow them to monitor the effectiveness of
clinical interventions. Thus, US assessment allows clinicians to monitor if they are applying therapeutic exercise
at the intensities necessary to obtain structural changes in the musculoskeletal system or if the prescribed drugs
have a beneficial or harmful effect on musculoskeletal structural biomarkers.

Future research. Future studies should analyse US biomarkers differences between older adults with
HFpEF and older adults with HFrEF or healthy people. Future studies could assess US biomarkers differences
between both legs. Future studies should determine the responsiveness of the US assessment. Future studies
should confirm the findings shown by the present study, including a larger sample size.

Strengths and limitations of the study. Our study was the first study assessing the relationship between
US biomarkers of the QF muscle and subcutaneous fat tissue with gender, age, BMI, muscle strength and physi-
cal function in older adults with HFpEE The author IJF-A also conducted all the measurements to reduce the
risk of bias among sonographers. Moreover, the US is a tool with good intra-rater reliability’® and excellent
inter-rater reliability, regardless of the sonographer’s experience level, the severity of the patient illness, or the
patient setting®. All the US measurements were performed with the same US at the same point of the quadri-
ceps femoris and with the same US parameters. The older adults were also placed in the same chair and posture
to avoid biases when obtaining the US biomarkers. The statistically significant and non-significant results were
presented to avoid publication bias. However, several limitations must be taken into account when interpreting
the results. The US image landmark and the older adults’ position may have affected the US biomarkers and the
correlations shown in our study®. The included patients’ age (mean =81.00 years old) may also have affected the

Scientific Reports |

(2022) 12:21660 | https://doi.org/10.1038/s41598-022-26064-7 nature portfolio



www.nature.com/scientificreports/

magnitude of the correlation since older age was associated with a lower correlation®. We have only performed
the US assessment on the right leg, but there could be differences between both legs. The morphological and
clinical characteristics of the included older adults with HFpEF could have affected the US biomarkers, causing
a detection bias in these outcomes. The sample size is insufficient to perform a US stratification.

Conclusions

Non-con FT and con FT correlate with women’s muscle strength and physical function, so structural muscu-
loskeletal biomarkers assessed by the US could be relevant biomarkers related to muscle strength and physical
function in older adults with HFpEE These US biomarkers could also facilitate the management of older adults
with HFpEF and assess the effectiveness of treatments on the musculoskeletal structure.

Data availability
The data that support the findings of this study are available from the corresponding author, [AICV], upon
reasonable request.
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