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ABSTRACT

BACKGROUND Metabolic and musculoskeletal abnormalities in patients with heart failure (HF) may not be fully 
captured by body mass index.

OBJECTIVES Body composition was studied in participants with HF and matched control subjects in the UK Biobank 
Imaging Study, and findings were compared among those with HF with reduced ejection fraction, HF with mildly reduced 
ejection fraction, and HF with preserved ejection fraction.

METHODS Participants with HF and available ejection fraction (n = 185) were matched 1:5 to age-, sex-, and body mass 
index–matched control subjects (n = 925). Whole-body magnetic resonance–quantified visceral adipose tissue (VAT), 
abdominal subcutaneous adipose tissue, liver fat, thigh fat-free muscle volume (MV), and muscle fat infiltration (MFI) 
were assessed. Personalized z-scores adjusted for sex and body size were derived. Adverse muscle composition (AMC) 
was defined as low MV z-score and high MFI. Dual-energy x-ray absorptiometry was used to measure total fat and 
appendicular lean mass.

RESULTS Compared with control subjects, HF participants had higher VAT (z-score = 0.46 ± 1.1 vs 0.07 ± 1.0;
P < 0.001), MFI (8.4 ± 2.3% vs 7.6 ± 2.0%; P < 0.001), and AMC (36% vs 17%; P < 0.001) and lower MV
(z-score = − 0.7 ± 1.0 vs − 0.1 ± 0.9; P < 0.001). Despite the muscle derangements identified by magnetic resonance 
imaging assessment, the prevalence of sarcopenia diagnosed using combined grip strength and dual-energy x-ray 
absorptiometry–derived lean mass parameters varied considerably depending on the criteria applied. Among HF 
subtypes, HF with mildly reduced ejection fraction showed the highest VAT and lowest MV, HF with preserved ejection 
fraction had greater fat and MFI, and HF with reduced ejection fraction had the greatest prevalence of AMC and the 
weakest grip strength.

CONCLUSIONS Participants with HF showed higher VAT and adverse muscle changes, with weaker grip strength. 
Sarcopenia prevalence varied substantially across definitions, reflecting substantial variability and discrepancies among 
current sarcopenia definitions and criteria. Traditional anthropometric indexes underestimate the burden of body 
composition derangements in HF. (JACC Heart Fail. 2026;■:103242) © 2026 by the American College of Cardiology 
Foundation.
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T raditional anthropometric indexes such as body mass index (BMI) are 
limited in their ability to character-

ize body composition, especially at the 
individual level. 1-4 Assessment of body 
composition may provide better insights 
into metabolic health and risk in chronic 
disease. 1 The techniques used to assess body 
composition vary. 5 Dual-energy x-ray 
absorptiometry (DXA) can measure bone 
density, fat mass, and lean mass. In 
contrast, magnetic resonance imaging 
(MRI) and computed tomography provide 
insights into muscle and adipose tissue 
distribution. The UK Biobank has to date 
performed MRI on 100,000 participants 
and has shown that fat distribution patterns 
are linked to different cardiometabolic 
profiles; 6 eg, type 2 diabetes is associated 
with high visceral and liver fat (LF) 
and cardiovascular diseases with high 
visceral but low LF. 6-8 Adverse muscle 
composition has been associated with 
poor function and increased risk for 
mortality. 9-11 

Heart failure (HF) is associated with 
alterations in body composition that can affect 
quality of life and prognosis. 12,13 The use of 
incretin-based therapies has further underscored 
these concerns. Muscle mass predicts mortality. 14 

Improvement in body composition with exercise is 
associated with better outcomes in patients with 
HF. 15 The body composition in patients with heart 
failure with preserved ejection fraction (HFpEF) 
and heart failure with reduced ejection fraction 
(HFrEF) may differ. Up to 80% of patients with 
HFpEF are overweight, with increased adiposity 
that correlates with exercise tolerance and oxygen 
uptake. 16 Conversely, HFrEF patients may exhibit 
muscle wasting and show slower oxygen uptake, 
quicker skeletal muscle deoxygenation, and 
impaired exercise capacity and oxygen dif-
fusion. 16,17 In this study, we sought to evaluate the 
body composition of participants with HF enrolled 
in the UK Biobank imaging cohort and compare it 
with control subjects. 18

METHODS

STUDY POPULATION. Study population and 
matched control subjects were selected from the UK 
Biobank, a long-term study following 502,682 
volunteers aged $40 years at recruitment from 2006 
to 2010. 19 The cohort for this analysis consisted of 
participants with histories of HF with available data 
for left ventricular ejection fraction (LVEF) (n = 185). 
Control subjects were sex-, age-, and BMI-matched 
(1:5) participants from the UK Biobank without car-
diovascular disease, type 2 diabetes, cancer, or HF 
who had data available for LVEF (n = 30,179). 
Matching was done using the Euclidean distance 
between each target participant and each possible 
control subject, calculated on the basis of stand-
ardized matching variables (age and BMI). Matching 
was done without replacement and evaluated by 
comparing the mean ± SD of age and BMI between 
the resulting groups.

IMAGING ASSESSMENT. Body composition assess-
ment, including fat distribution and muscle compo-
sition, was performed using MRI. Participants were 
scanned using a MAGNETOM Aera 1.5-T MRI scanner 
(Siemens Healthineers) using a 6-minute dual-echo 
Dixon volumetric interpolated breath-hold exami-
nation protocol, providing a water- and fat-separated 
volumetric data set covering the neck to the knees 
and a single-slice multiecho Dixon acquisition for 
proton density fat fraction liver assessment. Body 
composition analyses were performed using AMRA 
Researcher (AMRA Medical). 6,20-22 The analysis 
consisted of: 1) import, calibration, and merging of 
images; 2) automatic generation of labeled 
3-dimensional segmentations; 3) manual control of 
image quality and segmentations by 2 independent, 
trained operators; and 4) calculation of body com-
position measurements. To provide traditional met-
rics on fat and lean mass composition and to relate 
muscle composition results with MRI to current 
definitions of sarcopenia, DXA body composition 
metrics were included. Whole-body DXA was per-
formed using Lunar iDXA scanner (GE HealthCare).

MUSCLE COMPOSITION. For muscle composition, 
thigh fat-free muscle volume (MV), defined as the
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volume of all voxels with fat fraction <50% (some-
times called “viable muscle tissue”), and thigh mus-
cle fat infiltration (MFI), defined as the mean fat 
fraction of the “viable muscle tissue,” were quanti-
fied. In addition, MV z-score (z-MV) was calculated to 
provide a sex- and body size–invariant muscle mass 
metric and determine the prevalence of adverse 
muscle composition. A muscle mass metric not con-
founded by body weight enables the detection of 
inadequate muscle mass independent of whether a 
patient has underweight or obesity, and facilitates 
interpretation of muscle mass changes occurring 
with weight change. 23 Adverse muscle composition is 
defined as the combination of low z-MV (<− 0.68 SD 
for both women and men) and high MFI (>8.82% for 
women and >7.69% for men). 10 Using these thresh-
olds, 4 muscle composition phenotypes can be 
identified: 1) only high MFI (normal or high z-MV, 
high MFI); 2) only low z-MV (low z-MV, normal or low 

MFI); 3) both high MFI and low z-MV; and 4) normal 
muscle composition (normal or high z-MV, normal or 
low MFI). 10 In the field of neuromuscular disorders, 
MFI <10% is considered normal, and higher values 
indicate increasing pathologic MFI. 24,25

FAT DISTRIBUTION. Visceral adipose tissue (VAT) 
and abdominal subcutaneous adipose tissue (aSAT) 
volume and LF fraction were quantified. VAT volume 
was defined as adipose tissue within the abdominal 
cavity, excluding outside the abdominal skeletal 
muscles and adipose tissue within the cavity and 
posterior to the spine and back muscles. aSAT was 
defined as subcutaneous adipose tissue in the abdo-
men from the top of the femoral head to the top of 
thoracic vertebra T9. LF fraction was defined as the 
average proton density fat fraction across 9 user-
defined regions of interest. In addition, personal-
ized body fat z-scores were calculated for VAT, aSAT, 
and LF fraction to provide a sex-, height-, weight-, 
and BMI-invariant fat distribution assessment. 26,27 A 
body fat z-score indicates how much a participant 
deviates from what is expected given their sex and 
body size, enabling a description of fat distribution 
pattern independent of obesity status and identi-
fication of potential targeted effects on specific fat 
depots beyond weight change. A VAT z-score (z-VAT) 
of 0 means that the amount of VAT is as expected 
given sex and BMI, a score between − 0.5 and +0.5 SD 
is considered within the normal range, a score <− 0.5 
SD is considered low, and a score >+0.5 SD is con-
sidered high. 27

BODY COMPOSITION AND SARCOPENIA BY DXA. Total
fat mass was assessed using DXA and reported as 
kilograms and percentage. Appendicular lean mass

(ALM) was defined as the sum of lean soft tissue mass 
(excluding bone and fat) in the 4 limbs and was 
measured in kilograms using DXA. Also, by using 
those parameters: 1) high fat mass was defined as 
>41% for women #60 years of age and >43% for 
women >60 years of age and as >29% for 
men #60 years of age and >31% for men >60 years of 
age; 2) low ALM was defined using 3 indexes: ALM/ 
height 2 (<5.5 kg/m 2 for women, <7.0 kg/m 2 for men), 
ALM/weight (<19.4% for women, <25.7% for men), 
and ALM/BMI (<0.512 m 2 for women, <0.789 m 2 for 
men); and 3) low muscle strength was indicated by 
handgrip strength: <16 kg in women and <27 kg 
in men.
Three operational definitions of sarcopenia were 

applied: those of the EWGSOP2 (European Working 
Group on Sarcopenia in Older People 2), 28 the FNIH 
(Foundation for the National Institutes of Health), 29 

and the EASO (European Association for the Study of 
Obesity)/ESPEN (European Society for Clinical 
Nutrition and Metabolism). 30 In particular: 1) sarco-
penia was classified as low ALM/height 2 and low 

handgrip strength per the EWGSOP2 criteria and low 

ALM/BMI and low handgrip strength per the FNIH 
criteria; and 2) sarcopenic obesity was defined as 
BMI >30 kg/m 2 , high fat mass percentage, low ALM/ 
weight, and low handgrip strength per the EASO/ 
ESPEN criteria.
These definitions were originally derived and 

validated in community-dwelling elderly cohorts and 
have not been prospectively validated in HF 
patients. 28,31,32 Their thresholds for low muscle mass 
are based on DXA-measured ALM, which does not 
account for MFI or regional muscle quality, and their 
strength cutoffs may not adequately reflect the 
functional impairment spectrum seen in HF. 28,31-33 

Sarcopenia was additionally classified according to 
the EWGSOP1 (European Working Group on Sarco-
penia in Older People 1) criteria, defined as low ALM 

index (<6.42 kg/m 2 in women, <8.87 kg/m 2 in men) 
and low handgrip strength (<20 kg in women, <30 kg 
in men), to investigate potential discrepancies in 
sarcopenia prevalence between EWGSOP1 and 
EWGSOP2 criteria. 34

ANTHROPOMETRIC INDEXES. Height, weight, BMI,
and waist circumference (WC) were measured at 
baseline. WC was measured using a Wessex non-
stretchable tape measure at the level of the umbil-
icus. Trained staff members followed standardized 
procedures for measuring anthropometric indexes. 35

LIFESTYLE. Information on smoking, alcohol con-
sumption, and physical activity was collected 
through questionnaires. Smoking status was
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self-reported as never, previous, or current. Alcohol 
consumption in grams per day was calculated by 
using information about the frequency of intake and 
average intake of specific beverages (ie, red wine, 
champagne plus white wine, beer plus cider, spirits, 
fortified wines, and other alcoholic drinks). The 
Drinkaware definition was used to define a unit of 
alcohol. 36 Physical activity level (low, moderate, or 
high) was defined according to International Physical 
Activity Questionnaire.

HF. Participants with HF were divided into 3 groups 
based on LVEF: 1) HFrEF (#40%); 2) heart failure 
with mildly reduced ejection fraction (HFmrEF) 
(41%-49%); and 3) HFpEF ($50%). 37,38 A secondary 
dichotomous classification using a single LVEF 
threshold (#50% and >50%) was used to enable 
broader comparisons between preserved and reduced 
systolic function.

STATISTICAL ANALYSIS. For descriptive analysis, 
mean ± SD for normally distributed and median 
(Q1-Q3) for non-normally distributed continuous data 
are presented. Categorical variables are summarized 
as numbers and proportions. To compare HF partic-
ipants with matched control subjects, the independ-
ent Student’s t-test and the Wilcoxon rank sum test 
were used for continuous variables, and the z-test 
was used for categorical variables. Matching was 
performed to balance the distribution of age, sex, and 
BMI between HF participants and control subjects 
and was intended as a covariate-control strategy at 
the design stage. Given the 1:5 matching ratio and 
absence of 1-to-1 pairings, comparisons between HF 
participants and control subjects were performed 
using standard independent-samples tests. Stat-
istical significance was set at a 2-sided value of P < 
0.05. To assess whether the observed body compo-
sition differences between HF participants and 
matched control subjects were attributable to resid-
ual confounding by lifestyle and metabolic factors, 
adjusted analyses were performed for the primary 
body composition parameters. Continuous variables 
were analyzed using linear regression models and 
binary variables using logistic regression models. All 
models were adjusted for sex, age, BMI, smoking 
status, alcohol consumption, physical activity level, 
and use of blood pressure–lowering medication (yes 
or no), the latter used as a proxy for hypertension, as 
it was the variable readily available in the data set. 
Adjusted P values are reported alongside unadjusted 
P values in the results and tables. DXA-derived body 
composition data were available for about 70% of 
participants; analyses with DXA parameters were 
restricted to those with complete data. Statistical

analyses were performed using R version 4.4.0 (R 
Foundation for Statistical Computing). Personalized 
z-scores were calculated for the following body 
composition parameters: VAT, aSAT, LF, and MV. A 
z-score represents how many SDs a data point is away 
from the mean, 39 using the formula z = (X − μ)/σ, 
where X is the individual measurement, μ is the mean 
of the reference population, and σ is the SD of the 
reference population. 40 z-Scores are personalized by 
using a specific reference population (virtual control 
subjects) for each participant, identified by matching 
on sex and BMI according to previously pub-
lished methodology. 9,26

RESULTS

DESCRIPTIVE CHARACTERISTICS. Overall, 185 par-
ticipants had histories of HF and available data on 
LVEF, of whom 19% (n = 35) were women and 81% 

(n = 150) were men. The mean age was
69.4 ± 6.6 years. The mean BMI was 28.1 ± 4.8 kg/m 2 ,
and the mean WC was 96.6 ± 12.4 cm. DXA data were 
available for 66% (70% of HF) of the cohort. Women 
in the study were younger than men, with a mean age 
of 66.9 ± 7.8 years compared with 70.0 ± 6.1 years, 
respectively. Both groups had similar BMIs (women, 
28.8 ± 7.0 kg/m 2 ; men, 27.9 ± 4.1 kg/m 2 ) (Table 1). 
The mean LVEF was 47% ± 11%, which was higher in 
women (50.4% ± 9.2%) compared with men 
(45.7% ± 11.3%); 42 patients (23%) had HFrEF, 72 
(39%) had HFmrEF, and 71 (38%) had HFpEF. The 
baseline characteristics of participants with HFrEF, 
HFmrEF, and HFpEF and of those with LVEFs #50% 

and >50% are shown in Table 2 and Supplemental 
Table 1, respectively. Participants with HF and 
matched control subjects were similar in age, BMI, 
and WC (Supplemental Table 2).

BODY COMPOSITION. Table 1 reports fat distribution 
and muscle composition by MRI and body composi-
tion and sarcopenia by DXA. In participants with 
HF, VAT and aSAT volumes were higher 
(z-scores = 0.5 ± 1.1 and 0.2 ± 1.1, respectively), and 
LF fraction and MV were lower than expected 
(z-scores = − 0.2 ± 1.1 and − 0.7 ± 1.0, respectively) for 
their sex and BMI. Adverse muscle composition was 
prevalent in 35.9% of participants with HF. High fat 
mass was found in 58.1%, and 10.9% had low ALM 

relative to weight, 15.5% relative to height 2 , and 
20.9% relative to BMI. The prevalence of sarcopenia 
was 17.3% by EWGSOP1, 1.6% by EWGSOP2, 0.8% by 
EASO/ESPEN, and 5.5% by FNIH definitions; 13.8% of 
participants exhibited low handgrip strength. 
Women showed higher VAT (z-score = 0.6 ± 1.3 vs 
0.4 ± 1.1) and aSAT (z-score = 8.8 ± 3.6 vs 6.5 ± 2.3)
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volumes and LF fraction (z-score = 0.2 ± 1.1 
vs − 0.2 ± 1.0) compared with men. Conversely, 
women exhibited higher MV (z-score = − 0.3 ± 0.9 
vs − 0.8 ± 1.0) and MFI (9.0% ± 1.7% vs 8.2% ± 2.4%) 
compared with men. Adverse muscle composition 
was less prevalent in women (17.1% vs 40.3%). 
EWGSOP1 prevalence was 19.0% in women and 17.0% 

in men with HF, contrasting with EWGSOP2 esti-
mates of 0.0% and 1.9%, respectively. Furthermore, 
no women met EASO/ESPEN and FNIH criteria for 
sarcopenia (Table 1).

FAT DISTRIBUTION ACROSS HF TYPES. Fat dis-
tribution across HF types is summarized in Table 2 
and Figure 1. The highest VAT was found within the 
HFmrEF cohort (z-score = 0.6 ± 1.1) and the lowest 
within the HFrEF cohort (z-score = 0.2 ± 1.1). The 
highest aSAT was found within the HFmrEF cohort 
(z-score = 0.3 ± 1.2), while the HFrEF and HFpEF 
cohorts had a similar magnitude (z-score = 0.1 ± 1.0 
for both). The lowest LF fraction was found in 
HFmrEF participants (z-score = − 0.3 ± 1.1) and the 
highest in HFrEF participants (z-score = − 0.08 ± 1.2). 
The percentage of patients with high fat mass 
was similar across the different phenotypes (58.6% 

for HFrEF, 58.1% for HFmrEF, and 57.7% for HFpEF). 
When analyzed using a dichotomous LVEF threshold, 
fat distribution was similar between the LVE 
#50% and LVEF >50% groups (z-VAT = +0.4 ± 1.1 
and +0.5 ± 1.2, aSAT z-score [z-aSAT] = +0.2 ± 

1.1 and +0.1 ± 1.0, and LF z-score = − 0.2 ± 1.1 
and − 0.1 ± 1.1, respectively). The percentage of 
patients with high fat mass was also similar (58.4% 

for LVEF #50% and 57.7% for LVEF >50%) 
(Supplemental Table 2, Supplemental Figure 1).

MUSCLE COMPOSITION ACROSS HF TYPES. Muscle
composition across HF types is summarized in 
Table 2 and Figure 2. The lowest MV was found in 
HFmrEF participants (z-score = − 0.9 ± 1.1), while the 
magnitude was similar within the HFrEF and HFpEF 
groups (z-score = − 0.6 ± 1.0 for both). The magnitude 
of MFI was similar across the HF types (HFrEF, 
8.3% ± 0.2%; HFmrEF, 8.3% ± 2.1%; HFpEF, 
8.5% ± 2.7%). The highest prevalence of adverse 
muscle composition was found within the HFrEF 
cohort (40.5%), followed by HFmrEF (39.4%) and 
HFpEF (29.6%). Using the dichotomous LVEF cutoff, 
muscle parameters showed parallel patterns across 
groups. MV was modestly lower in the LVEF #50% 

than the LVEF >50% subgroup (z-score = − 0.8 ± 1.1 
vs − 0.6 ± 1.0). MFI was similar between the groups 
(8.3% ± 2.0% and 8.5% ± 2.7%, respectively). Adverse

TABLE 1 Characteristics of the Overall Population and by Sex

Overall 
(N = 185)

Women 
(n = 35)

Men 
(n = 150)

Age, y 69.4 ± 6.6 66.9 ± 7.8 70.0 ± 6.1
Women 18.9 0 100.0
BMI, kg/m 2 28.1 ± 4.8 28.8 ± 7.0 27.9 ± 4.1
WC, cm 96.6 ± 12.4 90.8 ± 15.2 97.9 ± 11.3
LVEF, % 47 ± 11 50.4 ± 9.2 45.7 ± 11.3
HF duration, y 3.79 (1.6-7.9) 3.0 (1.5-7.3) 3.8 (1.6-8.0)
VAT, L 5.5 ± 2.5 3.8 ± 2.2 5.9 ± 2.4
Z-score 0.5 ± 1.1 0.6 ± 1.3 0.4 ± 1.1

aSAT, L 7.0 ± 2.8 8.8 ± 3.6 6.5 ± 2.3
Z-score 0.2 ± 1.1 − 0.2 ± 1.1 0.3 ± 1.0

LF, % 3.0 (1.9-6.0) 3.4 (1.8-10.0) 2.8 (1.9-5.7)
Z-score − 0.2 ± 1.1 0.2 ± 1.1 − 0.2 ± 1.0

Muscle volume, L 10.6 ± 2.1 8.2 ± 1.5 11.4 ± 1.7
Z-score − 0.7 ± 1.0 − 0.3 ± 0.9 − 0.8 ± 1.0

MFI, % 8.4 ± 2.3 9.0 ± 1.7 8.2 ± 2.4
Muscle composition, %

Normal 31.5 37.1 30.2
Only low muscle volume z-score 16.8 11.4 18.1
Only high MFI 15.8 34.3 11.4
Adverse 35.9 17.1 40.3

DXA data available 69.7 62.9 71.3
DXA total fat mass, kg 28.1 ± 9.0 31.1 ± 10.7 27.5 ± 8.5
DXA fat mass percentage 33.3 ± 7.4 40.8 ± 6.7 31.7 ± 6.5
High fat mass 58.1 54.5 58.9
DXA ALM, kg 23.2 ± 4.3 17.5 ± 2.7 24.3 ± 3.6
ALM/height 2 , kg/m 2 7.7 ± 1.1 6.7 ± 1.0 7.9 ± 1.1
DXA ALM/weight, % 27.8 ± 3.2 23.9 ± 2.4 28.6 ± 2.8
DXA ALM/BMI, m 2 0.8 ± 0.1 0.6 ± 0.1 0.9 ± 0.1
Low ALM/height 2 15.5 9.1 16.8
Low ALM/weight 10.9 0.0 13.1
Low ALM/BMI 20.9 4.5 24.3
Sarcopenia per EWGSOP1 17.3 19.0 17.0
Sarcopenia per EWGSOP2 1.6 0.0 1.9
Sarcopenic obesity per EASO/ESPEN 0.8 0.0 0.9
Sarcopenia per FNIH 5.5 0.0 6.6
Type 2 diabetes 18.4 14.3 19.3
Handgrip strength, kg 32.3 ± 9.7 20.7 ± 4.4 35.1 ± 8.4
Low handgrip strength 13.8 12.1 14.2
Smoking

Never 45.9 45.7 45.9
Previous 51.4 48.6 52.1
Current 2.8 5.7 2.1

Alcohol consumption, g/d 13.4 (2.6-29.3) 6.1 (0.9-17.0) 15.4 (3.6-34.2)
Physical activity 

Low 28.2 37.1 26.0
Moderate 48.1 42.9 49.3
High 23.7 20.0 24.7

Values are mean ± SD, %, or median (Q1-Q3).
ALM = appendicular lean mass; aSAT = abdominal subcutaneous adipose tissue; BMI = body mass index; 

DXA = dual-energy x-ray absorptiometry; EASO = European Association for the Study of Obesity; ESPEN = 

European Society of Parenteral and Enteral Nutrition; EWGSOP = European Working Group on Sarcopenia in 
Older People; FNIH = Foundation for the National Institutes of Health; HF = heart failure; LF = liver fat; LVEF = 

left ventricular ejection fraction; MFI = muscle fat infiltration; VAT = visceral adipose tissue; WC = waist 
circumference.
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TABLE 2 Descriptive Characteristics by Type of HF

HFrEF 
(n = 42)

HFmrEF 
(n = 72)

HFpEF 
(n = 71)

Age, y 70.0 ± 7.3 69.2 ± 7.0 69.2 ± 5.7
Women 9.5 16.7 26.8
BMI, kg/m 2 28.2 ± 3.6 27.9 ± 5.1 28.2 ± 5.1
WC, cm 97.6 ± 10.1 96.3 ± 12.9 96.2 ± 13.3
LVEF, % 31.4 ± 6.6 45.3 ± 3.3 57.0 ± 5.7
HF duration, y 3.32 (1.45-6.87) 3.60 (1.77-8.56) 3.82 (1.54-8.12)
VAT, L 5.5 ± 2.1 5.6 ± 2.6 5.3 ± 2.6
Z-score 0.2 ± 1.1 0.6 ± 1.1 0.5 ± 1.2

aSAT, L 6.8 ± 2.6 6.9 ± 2.5 7.2 ± 3.1
Z-score 0.1 ± 1.0 0.4 ± 1.2 0.1 ± 1.0

LF, % 3.1 (2.0-5.9) 2.8 (1.7-6.1) 3.2 (2.0-5.9)
Z-score − 0.08 ± 1.2 − 0.3 ± 1.1 − 0.1 ± 1.1

Muscle volume, L 11.4 ± 2.0 10.6 ± 2.1 10.5 ± 2.2
Z-score − 0.6 ± 1.0 − 0.9 ± 1.1 − 0.7 ± 1.0

MFI, % 8.3 ± 2.0 8.3 ± 2.1 8.5 ± 2.7
Muscle composition 

Normal 28.6 31.0 33.8
Only low muscle volume 14.3 18.3 16.9
Only high MFI 16.7 11.3 19.7
Adverse 40.5 39.4 29.6

DXA available 69.0 66.7 73.2
DXA total fat mass, kg 27.4 ± 6.9 27.5 ± 9.4 29.1 ± 9.7
DXA fat mass percentage 31.5 ± 6.0 33.3 ± 7.8 34.2 ± 7.6
High fat mass 58.6 58.3 57.7
DXA ALM, kg 25.0 ± 4.0 22.3 ± 3.6 23.0 ± 4.7
ALM/height 2 , kg/m 2 8.1 ± 1.0 7.3 ± 0.8 7.8 ± 1.4
DXA ALM/weight, % 29.0 ± 3.0 27.4 ± 3.0 27.5 ± 3.5
DXA ALM/BMI, m 2 0.9 ± 0.1 0.8 ± 0.1 0.8 ± 0.2
Low ALM/height 2 10.3 20.8 13.5
Low ALM/weight 10.3 12.5 9.6
Low ALM/BMI 17.2 29.2 15.4
Sarcopenia per EWGSOP1 20.7 18.8 14.0
Sarcopenia per EWGSOP2 0.0 2.1 2.0
Sarcopenic obesity per EASO/ESPEN 0.0 2.1 0.0
Sarcopenia per FNIH 3.4 6.2 6.0
Type 2 diabetes 28.6 9.7 21.1
Handgrip strength, kg 33.1 ± 8.6 33.3 ± 10.0 30.9 ± 9.8
Low handgrip strength 17.9 14.5 10.6
Smoking

Never 51.2 49.3 39.1
Past 48.8 46.5 58.0
Current 0.0 4.2 2.9

Alcohol consumption, g/d 16.3 (1.5-39.0) 11.2 (1.7-25.3) 13.0 (4.5-35.0)
Physical activity 

Low 36.6 25.4 26.1
Moderate 41.5 46.5 53.6
High 22.0 28.2 20.3

Values are mean ± SD, %, or median (Q1-Q3).
HFmrEF = heart failure with mildly reduced ejection fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; 

other abbreviations as in Table 1.
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muscle composition was higher in the LVEF #50% 

than the LVEF >50% subgroup (40% vs 30%), 
whereas the proportion of patients with isolated high 
MFI was greater in the LVEF >50% subgroup (13.3% 

in LVEF #50% vs 20% in LVEF >50%) (Supplemental 
Table 2, Supplemental Figure 2).

BODY COMPOSITION AND SARCOPENIA ACROSS HF

TYPES. With DXA, fat mass percentage was highest 
within the HFpEF cohort (34.2% ± 7.6%), followed 
by the HFmrEF (33.3% ± 7.8%) and HFrEF

(31.5% ± 5.9%) cohorts. The highest prevalence of 
low ALM was found within the HFmrEF group (rela-
tive to height 2 [20.8%], weight [12.5%], and BMI 
[29.2%]), while the lowest prevalence was in the 
HFpEF group (relative to height 2 [13.5%], weight 
[9.6%], and BMI [15.4%]). The prevalence of low 

handgrip strength was highest in HFrEF patients 
(17.9%) and lowest in HFmrEF patients (10.6%). Sar-
copenia was most common within the HFmrEF group 
(EWGSOP2, 2.1%; EASO/ESPEN, 2.1%; FNIH, 6.2%), 
followed by the HFpEF (EWGSOP2, 2.0%; EASO/

FIGURE 1 Body Fat Distribution in Participants With HF

(Left) Distribution of z-scores for visceral adipose tissue (VAT), abdominal subcutaneous adipose tissue (aSAT), and liver fat content across 
heart failure (HF) phenotypes. (Right) Scatterplots providing a visual representation of the distribution of the combination of body fat 
z-scores across groups, including the proportion of participants within each z-score quadrant. HFrEF = heart failure with reduced ejection 
fraction; HFmrEF = heart failure with mildly reduced ejection fraction; HFpEF = heart failure with preserved ejection fraction;
PDFF = proton density fat fraction.
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ESPEN, 0.0%; FNIH, 6.0%) and HFrEF (EWGSOP2, 
0.0%; EASO/ESPEN, 0.0%; FNIH, 3.4%) groups. 
However, when applying the EWGSOP1 criteria, sar-
copenia was most prevalent in HFrEF patients 
(20.7%), followed by HFmrEF (18.8%) and HFpEF 
(14.0%) patients. When a dichotomous LVEF thresh-
old was considered, findings were directionally sim-
ilar. Percentage fat mass was similar between the 
LVEF #50% and LVEF >50% groups (33% ± 7.0% and 
34% ± 8.0%, respectively). Participants with 
LVEFs #50% had higher rates of low ALM relative to 
height 2 (16.9% vs 13.5%), weight (11.7% vs 9.6%), and 
BMI (24.7% vs 15.4%). The proportion with low grip 
strength had a similar trend (15.7% in the LVEF #50% 

group vs 10.6% in the LVEF >50% group). The prev-
alence of sarcopenia remained low and comparable 
between the LVEF #50% group (EWGSOP2, 1.6%; 
EASO/ESPEN, 1.3%; FNIH, 5.6%) and the LVEF >50% 

group (EWGSOP2, 2.0%; EASO/ESPEN, 0%; FNIH, 
6.0%). However, when EWGSOP1 criteria were 
applied, sarcopenia prevalence was 19.5% in the 
LVEF #50% group and 14.0% in the LVEF >50% 

group, compared with 1.3% and 2.0% by the EWG-
SOP2 criteria, respectively.

HF PARTICIPANTS VS MATCHED CONTROL

SUBJECTS. Participants with HF had higher VAT 
(5.5 ± 2.5 L vs 5.0 ± 2.5 L; P = 0.02) and z-VAT (0.46 
vs 0.07; unadjusted P < 0.01); aSAT volume was 
similar, though z-aSAT was higher in participants 
with HF (0.20 vs 0.02; unadjusted P = 0.03). LF and 
DXA total fat mass and fat mass percentage differ-
ences were not significant. After multivariable 
adjustment, HF remained independently associated 
with higher z-VAT (adjusted P < 0.001). The associ-
ation with z-aSAT, which was nominally significant 
before adjustment, was attenuated to non-
significance after adjustment (adjusted P = 0.15). 
Participants with HF had lower MV (10.8 ± 2.1 L vs 
11.4 ± 2.2 L; unadjusted P < 0.01), higher MFI 
(8.4% ± 2.3% vs 7.6% ± 2.0%; unadjusted P < 0.01), 
more adverse muscle composition (35.9% vs 16.6%; 
unadjusted P < 0.01), and lower ALM (23.2 ± 4.3 kg vs 
24.1 ± 4.4 kg; unadjusted P = 0.03). Among the 
muscle parameters, after multivariable adjustment, 
HF remained independently associated with lower z-
MV (adjusted P < 0.001), higher MFI (adjusted 
P < 0.001), and a greater prevalence of adverse 
muscle composition (adjusted P < 0.001). Among

FIGURE 2 Muscle Composition in Participants With HF

(Left) Distribution of muscle volume z-score and muscle fat infiltration (MFI) (sex adjusted) across HF phenotypes, including thresholds to identify adverse muscle 
composition (both muscle volume z-score and MFI in the pink range). (Top right) Prevalence of adverse muscle composition (%) across HF phenotypes in the context of 
other populations (eg, general population, obesity, type 2 diabetes [T2D]). (Bottom right) Scatterplot visualizing the distribution of muscle composition phenotypes 
across HF phenotypes, including thresholds to identify adverse muscle composition (red area). Data for comparison are derived from the UK Biobank as follows: 1) for the 
general population from Linge et al; 10 2) for metabolic dysfunction-associated steatotic liver disease (MASLD) from Linge J et al; 11 3) for obesity from Linge et al; 83 4) for 
T2D; 84 and 5) for chronic kidney disease (CKD). 85,86 Abbreviations as in Figure 1.
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DXA-derived parameters, compared with matched 
control subjects, participants with HF exhibited a 
higher prevalence of high fat mass percentage (58.1% 

vs 44.3%; unadjusted P = 0.005; adjusted P = 0.003) 
and significantly lower mean values across all 3 ALM 

indexes: ALM/height 2 (7.7 kg/m 2 vs 8.0 kg/m 2 ; 
P = 0.009; adjusted P < 0.001), ALM/weight (27.8% 

vs 28.9%; P = 0.001; adjusted P < 0.001), and ALM/ 
BMI (0.8 m 2 vs 0.9 m 2 ; P = 0.03; adjusted P = 0.01). 
Sarcopenia prevalence by EWGSOP1, EWGSOP2, and 
FNIH criteria did not differ significantly between 
groups before and after adjustment (adjusted 
P > 0.05 for all). HF participants also had weaker grip 
strength (32.3 ± 9.7 kg vs 34.5 ± 9.6 kg; P < 0.01; 
adjusted P = 0.003) (Supplemental Table 1).

TYPE OF HF VS MATCHED CONTROL SUBJECTS.

Participants with HFrEF and control subjects were 
similar with respect to VAT, aSAT, and LF. 
Those with HFmrEF showed higher VAT volume 
(5.6 ± 2.6 L vs 4.9 ± 2.3 L; P = 0.04; adjusted 
P = 0.003), z-VAT (0.6 ± 1.1 vs 0.1 ± 1.0; P < 0.01; 
adjusted P < 0.001), and z-aSAT (0.4 ± 1.2 vs 
0.1 ± 0.9; P = 0.03; adjusted P = 0.04) compared 
with control subjects. Participants with HFpEF had 
higher z-VAT (0.5 ± 1.2 vs 0.1 ± 1.0; P < 0.01; adjusted 
P = 0.02) but similar aSAT and LF measures com-
pared with control subjects. With DXA, no significant 
differences in fat mass measures were observed for 
any HF type and control subjects, besides a higher 
total fat mass (27.50 ± 9.40 kg vs 26.73 ± 9.30 kg; 
P = 0.60; adjusted P = 0.003) and a higher prevalence 
of high fat mass percentage in HFmrEF participants 
(58.3% vs 43.1%; P = 0.07; adjusted P = 0.004) 
(Table 3, Central Illustration).
Participants with HFrEF had lower MV, which was 

attenuated to nonsignificance after adjustment (z-
score = − 0.6 ± 1.0 vs − 0.1 ± 1.0; P < 0.01; adjusted 
P = 0.08), but a higher MFI, which persisted after 
adjustment (8.3% ± 2.0% vs 7.4% ± 1.8%; both 
unadjusted and adjusted P < 0.01), and a higher 
percentage of adverse muscle composition (40.5% vs 
18.8%; P = 0.004; adjusted P = 0.03). Participants 
with HFmrEF showed lower MV (10.6 ± 2.1 L vs 
11.5 ± 2.2 L; both unadjusted and adjusted P < 0.01) 
and z-MV (− 0.9 ± 1.1 vs − 0.2 ± 1.0; both unadjusted 
and adjusted P < 0.01) and higher MFI (8.3% ± 2.1% 

vs 7.6% ± 2.2%; P = 0.01; adjusted P = 0.007) and 
prevalence of adverse muscle composition (39.4% vs 
15.5%; both unadjusted and adjusted P < 0.01). Par-
ticipants with HFpEF had lower MV (10.5 ± 2.2 L vs 
11.1 ± 2.2 L; P = 0.02; adjusted P = 0.005), with z-MV 
of − 0.7 ± 1.0 vs − 0.1 ± 0.9 (both unadjusted and

adjusted P < 0.01), higher MFI (8.5% ± 2.7% vs 
7.7% ± 1.9%; P = 0.02; adjusted P < 0.01), and more 
adverse muscle composition (29.6% vs 16.5%; both 
unadjusted and adjusted P = 0.02). No significant 
differences were observed in lean mass and in ALM 

indexes for both HFrEF and HFpEF participants and 
matched control subjects. Participants with HFmrEF 
had lower ALM (22.3 ± 3.8 kg vs 24.0 ± 4.3 kg; both 
unadjusted and adjusted P < 0.01), ALM/height 2 

(7.3 kg/m 2 vs 7.9 kg/m 2 ; both unadjusted and adjus-
ted P < 0.001), ALM/weight (27.4% vs 29.0%; 
P = 0.001; adjusted P < 0.001), and ALM/BMI 
(0.83 ± 0.15 m 2 vs 0.88 ± 0.15 m 2 ; P = 0.06; adjusted 
P = 0.01) compared with matched control subjects.
After adjustment, sarcopenia prevalence by any def-
inition remained low and did not differ meaningfully 
between any HF phenotype and matched control 
subjects. Grip strength was significantly lower in 
HFrEF (33.1 ± 8.6 kg vs 35.8 ± 8.3 kg; P = 0.07; 
adjusted P = 0.01) and HFpEF (30.9 ± 9.8 kg vs 
33.4 ± 10.3 kg; P = 0.06; adjusted P = 0.04) partic-
ipants, whereas no significant difference was 
observed in HFmrEF participants (33.3 ± 10.0 kg vs 
34.9 ± 9.5 kg; both unadjusted and adjusted P = 0.24) 
(Table 3).
Findings from the dichotomous LVEF comparison 

were directionally consistent with the comparison by 
HF phenotype. Both the LVEF #50% and LVEF >50% 

groups showed higher z-VAT and lower MV with 
greater MFI than matched control subjects, despite 
identical age, sex, and BMI distributions 
(Supplemental Table 3).

DXA MISSING DATA. DXA measurements were 
available for 129 of 185 HF participants (69.7%) and 
702 of 925 control subjects (75.9%). In the HF 
group, no statistically significant differences were 
observed in any demographic, clinical, or MRI-
derived body composition variable between those 
with and without DXA data. After multivariable 
adjustment, WC was modestly higher in HF partic-
ipants without DXA data, although the absolute 
difference was small (98.5 cm vs 95.8 cm; P = 0.22; 
adjusted P = 0.002), and no other variable reached 
significance (Supplemental Table 4). In the control 
group, participants without DXA data had a mod-
estly higher WC (98.1 cm vs 94.9 cm; P = 0.001; 
adjusted P < 0.001), higher MFI (7.9% vs 7.5%; 
P = 0.02; adjusted P = 0.006), and a lower preva-
lence of moderate physical activity (40.1% vs 
48.9%; P = 0.03; adjusted P = 0.02), whereas all 
other variables were comparable (Supplemental 
Table 5).
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DISCUSSION

In our study, we found that VAT was moderately 
elevated in HF, whereas aSAT and LF were not sig-
nificantly increased. With DXA, total body fat mass

and fat percentage were at the upper end of the 
normal or slightly above, depending on sex and BMI. 
In contrast, MV was substantially reduced with 
higher MFI in participants with HF, leading to a high 
prevalence of adverse muscle composition (35.9%).

TABLE 3 Comparison Between HF Participants and Matched Control Subjects

HFrEF HFmrEF HFpEF

HF 
(n = 42)

Control 
Subjects 
(n = 210) P Value

Adjusted 
P Value

HF 
(n = 72)

Control 
Subjects 
(n = 360) P Value

Adjusted 
P Value

HF 
(n = 71)

Control 
Subjects 
(n = 355) P Value

Adjusted 
P Value

Age, y 70.0 ± 7.3 70.0 ± 7.2 0.99 — 69.2 ± 7.0 69.2 ± 6.9 0.98 — 69.2 ± 5.7 69.2 ± 5.6 0.95 —
BMI, kg/m 2 28.2 ± 3.6 28.2 ± 3.6 0.99 — 27.9 ± 5.1 27.8 ± 4.7 0.93 — 28.1 ± 5.1 28.1 ± 5.1 0.98 —
WC, cm 97.6 ± 10.1 96.8 ± 10.1 0.67 — 96.2 ± 12.9 95.8 ± 11.8 0.77 — 96.2 ± 13.3 94.9 ± 14.0 0.46 —
VAT, L 5.5 ± 2.1 5.3 ± 2.2 0.58 0.96 5.6 ± 2.6 4.9 ± 2.3 0.04 0.003 5.3 ± 2.6 4.9 ± 2.8 0.24 0.30
Z-score 0.2 ± 1.1 0.04 ± 0.9 0.44 0.89 0.6 ± 1.1 0.08 ± 1.0 <0.001 <0.001 0.5 ± 1.2 0.08 ± 1.0 0.007 0.02

aSAT, L 6.8 ± 2.6 6.7 ± 2.8 0.89 0.82 6.9 ± 2.5 6.7 ± 3.2 0.73 0.14 7.2 ± 3.1 7.1 ± 3.3 0.91 0.47
Z-score 0.1 ± 1.0 0.06 ± 1.0 0.86 0.43 0.3 ± 1.2 0.02 ± 0.9 0.03 0.04 0.1 ± 1.0 − 0.00 ± 0.9 0.31 0.21

LF, % 3.1 (2.0-5.9) 3.2 (2.3-5.8) 0.66 0.96 2.8 (1.7-6.1) 3.3 (2.2-5.8) 0.15 0.27 3.2 (2.0-5.9) 3.3 (2.2-6.0) 0.37 0.82
Z-score − 0.08 ± 1.2 − 0.07 ± 0.9 0.94 0.84 − 0.3 ± 1.1 − 0.02 ± 1.0 0.09 0.12 − 0.1 ± 1.1 − 0.01 ± 1.0 0.42 0.39

Muscle volume, L 11.4 ± 2.0 11.9 ± 1.8 0.18 0.60 10.6 ± 2.1 11.4 ± 2.2 0.003 0.003 10.5 ± 2.2 11.1 ± 2.2 0.02 0.005
Z-score − 0.6 ± 1.0 − 0.1 ± 1.0 0.004 0.08 − 0.9 ± 1.1 − 0.2 ± 1.0 <0.001 <0.001 − 0.6 ± 1.0 − 0.1 ± 0.9 <0.001 <0.001

MFI 8.3 ± 2.0 7.4 ± 1.8 0.006 0.006 8.3 ± 2.1 7.6 ± 2.1 0.01 0.007 8.5 ± 2.7 7.7 ± 1.9 0.02 0.001
Muscle composition 

Normal 28.6 50.7 0.01 0.02 31.0 48.2 0.01 0.03 33.8 49.1 0.02 0.02
Only low muscle volume 14.3 9.7 0.54 0.82 18.3 14.1 0.46 0.54 16.9 10.5 0.18 0.31
Only high MFI 16.7 20.8 0.69 0.37 11.3 22.3 0.05 0.05 19.7 23.9 0.55 0.60
Adverse 40.5 18.8 0.004 0.03 39.4 15.5 <0.001 <0.001 29.6 16.5 0.02 0.02

DXA total fat mass, kg 27.4 ± 6.9 27.2 ± 8.6 0.92 0.80 27.5 ± 9.4 26.7 ± 9.3 0.605 0.003 29.0 ± 9.7 27.8 ± 10.7 0.41 0.78
DXA fat mass percentage 31.5 ± 5.9 31.6 ± 6.7 0.97 0.98 33.30 ± 7.78 31.6 ± 7.0 0.16 0.002 34.2 ± 7.6 32.7 ± 7.7 0.19 0.51
High fat mass 58.6 46.8 0.33 0.21 58.3 43.1 0.07 0.004 57.7 44.0 0.09 0.17
DXA ALM, kg 25.0 ± 4.0 25.0 ± 3.7 0.88 0.91 22.3 ± 3.7 24.0 ± 4.3 0.004 0.005 23.0 ± 4.7 23.6 ± 4.8 0.36 0.07
ALM/height 2 , kg/m 2 8.1 ± 1.0 8.2 ± 0.9 0.71 0.39 7.3 ± 0.8 7.9 ± 1.0 <0.001 <0.001 7.8 ± 1.4 7.9 ± 1.2 0.61 0.07
DXA ALM/weight, % 29.0 ± 3.0 29.3 ± 3.1 0.59 0.44 27.4 ± 3.0 29.0 ± 3.2 0.001 <0.001 27.5 ± 3.5 28.5 ± 3.5 0.06 0.08
DXA ALM/BMI, m 2 0.9 ± 0.1 0.9 ± 0.13 0.90 0.76 0.8 ± 0.1 0.9 ± 0.1 0.06 0.01 0.8 ± 0.2 0.8 ± 0.2 0.10 0.16
Low ALM/height 2 10.3 4.5 0.40 0.95 20.8 8.4 0.02 0.19 13.5 7.4 0.24 0.74
Low ALM/weight 10.3 3.2 0.21 0.60 12.5 4.6 0.07 0.01 9.6 5.3 0.37 0.11
Low ALM/BMI 17.2 13.5 0.80 0.87 29.2 11.5 0.003 0.009 15.4 10.2 0.39 0.19
Sarcopenia per EWGSOP1 20.7 13.4 0.47 0.22 18.8 14.8 0.63 0.46 14.0 7.8 0.24 0.25
Sarcopenia per EWGSOP2 0.0 0.7 1.00 <0.001 2.1 0.8 0.96 0.90 2.0 1.1 1.00 0.73
Sarcopenic obesity per

EASO/ESPEN
0.0 0.0 NA 1.00 2.1 0.8 0.96 <0.001 0.0 1.1 1.00 1.00

Sarcopenia per FNIH 3.4 2.7 1.00 0.49 6.2 2.3 0.31 0.08 6.0 2.1 0.28 0.06
Handgrip strength, kg 33.1 ± 8.6 35.8 ± 8.3 0.07 0.01 33.3 ± 10.0 34.9 ± 9.5 0.24 0.24 30.87 ± 9.77 33.4 ± 10.3 0.06 0.04
Low handgrip strength 17.9 10.1 0.25 0.09 14.5 9.8 0.34 0.11 10.6 10.7 1.00 0.82
Smoking

Never 51.2 54.8 0.81 0.74 49.3 56.9 0.29 0.26 39.1 54.7 0.03 0.003
Past 48.8 41.0 0.45 0.29 46.5 40.0 0.38 0.31 58.0 41.4 0.02 0.002
Current 0.0 4.3 0.37 0.99 4.2 3.1 0.89 0.69 2.9 4.0 0.94 0.60

Alcohol consumption, g/d 16.2
(1.5-39.0)

19.9
(6.9-40.3)

0.20 0.70 11.2
(1.7-25.3)

21.1
(6.5-37.7)

0.003 0.06 13.0
(4.5-34.9)

19.5
(6.5-36.5)

0.14 0.15

Physical activity 
Low 36.6 17.6 0.01 0.02 25.4 20.8 0.49 0.36 26.1 21.5 0.49 0.85
Moderate 41.5 52.9 0.24 0.06 46.5 42.8 0.66 0.65 53.6 47.2 0.40 0.12
High 22.0 29.5 0.43 0.84 28.2 36.4 0.23 0.21 20.3 31.4 0.09 0.06

Values are mean ± SD, %, or median (Q1-Q3).
NA = not applicable; other abbreviations as in Tables 1 and 2.
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Despite these structural changes, sarcopenia diag-
nosed by current society criteria was rare, with 
prevalence ranging from 0.8% to 5.5% depending on 
the definition applied. This low prevalence most 
likely reflects poor calibration of existing diagnostic 
thresholds for the HF population rather than a true 
clinical finding. Nevertheless, with DXA, up to 1 in 5 
participants met criteria for low ALM, and 13.8% 

demonstrated reduced grip strength, suggesting 
functional muscle impairment. Our findings describe

the pattern of body composition abnormalities in 
participants with HF. These changes are present even 
when absolute fat or lean mass measures fall within 
normal limits, underscoring the importance of 
standardized, body size–invariant metrics to capture 
subclinical derangements in HF. 27 The results of the 
multivariable-adjusted analyses reinforce the main 
findings of our study. At the overall cohort level, the 
key MRI-based differences—higher VAT, lower MV, 
greater MFI, and a higher prevalence of adverse

CENTRAL ILLUSTRATION Body Composition Patterns in HF Phenotypes
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Comparison Between HF Phenotypes by LVEF and Matched Controls

Butler J, et al. JACC Heart Fail. 2026;■(■):103242.

Data are derived from a multivariable regression model adjusting for key lifestyle and metabolic covariates. In heart failure with reduced 
ejection fraction (HFrEF), impaired muscle quality, reflected by higher muscle fat infiltration (MFI) and a greater prevalence of adverse 
muscle composition is the predominant independently associated feature. In heart failure with mildly reduced ejection fraction (HFmrEF), 
there is a combination of visceral fat excess, higher total fat mass, and low lean mass. In heart failure with preserved ejection fraction 
(HFpEF), there is central adiposity with poor muscle quality. Total fat mass, reported as kilograms and percentage, and appendicular lean 
mass (ALM), also measured in kilograms, were assessed using dual-energy x-ray absorptiometry. All other body composition parameters 
were assessed using magnetic resonance imaging. Gray bars = no difference; blue arrows = higher; orange arrows = lower.
aSAT = abdominal subcutaneous adipose tissue; HF = heart failure; LVEF = left ventricular ejection fraction; VAT = visceral adipose tissue.
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muscle composition—remained independently asso-
ciated with HF after adjustment for comorbidities 
and lifestyle factors, indicating that these body 
composition patterns may be directly linked with HF, 
rather than being a reflection of an unhealthier life-
style profile. Notably, the association with aSAT was 
attenuated to nonsignificance after adjustment, 
suggesting that the subcutaneous fat compartment 
may be more susceptible to confounding by lifestyle 
factors than the visceral and intramuscular com-
partments. 41 At the phenotype level, the adjusted 
analyses supported the hypothesis that body com-
position patterns represent genuine disease-driven 
derangements rather than a reflection of an 
unhealthier lifestyle profile or comorbidity burden. 
In HFrEF, muscle quality deterioration, reflected by 
higher MFI, greater prevalence of adverse muscle 
composition, and weaker grip strength, remained 
independently associated with HF status after 
adjustment, whereas adiposity parameters, con-
sistent with the descriptive findings, showed no sig-
nificant difference compared with matched control 
subjects. In HFmrEF and HFpEF participants, both 
visceral adiposity and muscle composition differ-
ences persisted after adjustment, supporting the 
findings of combined fat and muscle burden in 
HFmrEF and central adiposity with poor muscle 
quality in HFpEF. Finally, the absence of a significant 
difference in sarcopenia prevalence by any diagnostic 
criterion after adjustment further underscores the 
limited sensitivity of current tools in detecting the 
muscle burden that is clearly evident through 
imaging. 34

Although women constituted a smaller proportion, 
sex-stratified data suggested distinct profile. Women 
presented with higher LVEFs and greater body fat 
indexes compared with men. Interestingly, whereas 
women showed higher MV compared with men, they 
demonstrated a higher prevalence of isolated high 
MFI. However, men exhibited a higher prevalence of 
adverse muscle composition. These findings suggest 
that isolated MFI (myosteatosis), rather than overt 
muscle wasting, may be a more prominent skeletal 
muscle abnormality in women affected by HF. This 
aligns with recent evidence that adverse body 
composition patterns in women with HF are driven 
mainly by sex-specific differences in adiposity dis-
tribution and inflammatory responses, with a 
pro-oxidative muscle phenotype and increased 
capillarity, that eventually lead to intramuscular fat 
accumulation over muscle loss. 42-45 These sex-
specific differences have clinical implications, as

recent evidence shows that myosteatosis is asso-
ciated with inflammation, coronary microvascular 
dysfunction, and adverse cardiovascular outcomes, 
regardless of BMI and overall muscle mass. 46 

This highlights the need for sex-specific body 
composition assessment and management strategies 
in HF.
Comparison with matched control subjects further 

highlighted the consistent pattern of adverse body 
composition expressed by the HF participants. Sig-
nificantly higher absolute VAT and z-VAT in HF were 
seen compared with control subjects. A similar aSAT 
was seen in absolute terms but elevated when 
expressed as z-aSAT (+0.20 vs +0.02). However, total 
fat mass and fat percentage by DXA were comparable, 
emphasizing that BMI- and weight-derived metrics 
underestimate the excess visceral fat in HF. 3 The 
elevated z-VAT and z-aSAT in HF compared with 
control subjects, despite similar BMI and total fat 
mass, highlight a key limitation of BMI and weight-
based metrics in assessing adiposity in HF. 2,3,17,47 

This may have implications for risk stratification and 
therapeutic targeting. 27 Muscle composition differ-
ences were striking, with HF participants having 
lower z-MV and higher MFI, resulting in a 2-fold 
higher prevalence of adverse muscle composition. 
In line with the observed tissue abnormalities, HF 
participants also demonstrated weaker grip strength, 
suggesting a possible translation into functional 
impairment, although the muscles assessed by MRI 
and those activated by the grip strength test are not 
entirely overlapping. Skeletal muscle mass provides 
meaningful prognostic and functional information 
beyond BMI or fat mass alone. A recent study by 
Billingsley et al 48 demonstrated that reduced skeletal 
muscle mass index correlated with impaired peak 
oxygen consumption and exercise duration inde-
pendent of fat mass and markers of HF severity. 
Another study, by Vest et al, 49 showed that although 
muscle wasting is prevalent in advanced HFrEF, it 
appeared to be reversible following left ventricular 
assist device implantation, with most patients ach-
ieving significant lean mass gains within 3 to 
6 months of left ventricular assist device placement. 
These findings underscore that lean mass provides 
prognostic and functional information beyond BMI or 
fat mass alone and highlight skeletal muscle as a key 
determinant of exercise capacity in HF.
The findings described are consistent with a well-

established pattern of muscle wasting and func-
tional impairment in HF. 50-53 Despite these structural 
changes, overt sarcopenia was not more common in
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HF, reflecting possibly the low sensitivity of current 
definitions to early muscle loss and fat infiltration. 
This limitation is recognized in recent expert 
consensus, which considers that current sarcopenia 
diagnostic criteria may underdetect early or 
subclinical muscle abnormalities in HF, especially 
when MFI is present without marked loss of muscle 
mass or function. 54 A meaningful divergence 
between EWGSOP1 and EWGSOP2 sarcopenia 
prevalence in the overall HF cohort (17.3% vs 1.6% 

in HF participants) has been observed and has been 
particularly evident in women, none of whom met 
EWGSOP2 criteria despite 19.0% meeting EWGSOP1 
thresholds. This finding warrants careful 
interpretation. EWGSOP2 criteria additionally 
require a coexistent low grip strength, which 
substantially narrows case identification, without 
apparently showing a superior prognostic value in 
HF. 28,31,34 Although sarcopenia defined by 
EWGSOP2 criteria was uncommon, MRI revealed a 
substantially higher prevalence of adverse muscle 
composition, indicating that current sarcopenia 
thresholds may be poorly calibrated for the HF 
population. In fact, imaging modalities such as MRI 
can detect adverse muscle composition, including 
increased intramuscular adiposity and early muscle 
quality changes, which are not captured by 
EWGSOP2 thresholds. 31,32,55 This may results in 
underdiagnosis of sarcopenia and muscle disease in 
HF when relying solely on EWGSOP2 criteria. 32,56 

Studies have consistently shown that the 
prevalence of muscle wasting and sarcopenia in HF 
is higher when assessed using imaging or 
multidimensional criteria than by EWGSOP2 
alone. 32,50 MRI-defined adverse muscle composition 
in this cohort was comparable with rates of lean 
mass abnormalities reported in prior HF studies 
using DXA, for which about 20% of ambulatory HF 
patients and up to 50% of advanced HFrEF cohorts 
demonstrated muscle wasting. 51,56 This is especially 
important to consider, as myosteatosis and adverse 
muscle composition have been consistently linked 
to mortality and adverse outcomes independent of 
handgrip strength, lifestyle, and comorbidities. 10,11 

Studies have shown that muscle wasting (loss of 
skeletal muscle mass) and dynapenia (loss of 
muscle strength occurring with or without a 
corresponding loss in muscle mass) are more 
prevalent and relevant in HF than frank sarcopenia 
(ie, the established clinical state in which both 
muscle mass and strength are below validated 
thresholds). These changes are associated with 
reduced exercise capacity, increased frailty, and 
worse prognosis. 51-53,57,58 These results indicate that

compared with well-matched control subjects, HF is 
characterized by a redistribution of fat toward the 
visceral compartment and a deterioration in muscle 
quantity and quality. Furthermore, the low 

sensitivity of EWGSOP2 criteria is also not unique to 
HF cohort. A study conducted by Petermann-Rocha 
et al 34 showed that in the UK Biobank, sarcopenia 
prevalence differed markedly between EWGSOP1 
(8.1%) and EWGSOP2 (0.36%) criteria, with 
individuals reclassified as “healthy” under the 
novel criteria despite a significantly elevated risk 
for cardiovascular and all-cause mortality. Our 
findings extend this observation to an HF cohort, in 
which EWGSOP2-based prevalence was similarly low 

(1.6%) despite MRI evidence of substantially 
impaired muscle composition in 36% of 
participants. Taken together, these findings suggest 
that EWGSOP1-based estimates may better reflect 
the true muscle burden in HF and that the more 
stringent EWGSOP2 definition risks systematic 
underidentification of sarcopenia in this population, 
particularly in women. Although the EWGSOP2 
criteria yielded a sarcopenia prevalence of only 
1.6%, this should not be interpreted as evidence 
that muscle disease is truly uncommon in HF. 
Rather, it likely reflects poor calibration of strength-
and DXA-based thresholds when applied to a HF 
cohort as well, in which heterogeneous 
pathophysiology, fluid overload, and myosteatosis 
may alter the relationship between conventional 
lean mass indexes and actual muscle health. Our 
MRI data, showing a 2-fold higher prevalence of 
adverse muscle composition compared with control 
subjects (36% vs 17%), support the hypothesis that 
the low EWGSOP2-defined sarcopenia prevalence is 
an aberrancy of the diagnostic criteria rather than a 
true reflection of the muscle burden in this 
population. As a proof of this, the prevalence of 
muscle wasting and sarcopenia in HF is 
substantially higher when assessed by imaging 
or multidimensional criteria. 31 Comprehensive, 
multidimensional assessments, including imaging 
and evaluation of muscle quality may be needed to 
accurately identify muscle disease in HF.
Body composition assessment may help predicting 

HF risk, as shown in the Health ABC (Health, Aging 
and Body Composition) study, which focused on 
body composition as a predictor of incident HF using 
computed tomography to quantify thigh MFI, cate-
gorizing participants into sex-specific tertiles and 
analyzing risk using Cox proportional hazards mod-
els. 59 That study showed that greater thigh MFI, 
specifically higher intramuscular fat, was associated 
with increased risk for incident HF in older adults,
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and the association remained robust after adjustment 
for traditional cardiovascular risk factors, BMI, per-
centage body fat, VAT, muscle strength, and inflam-
matory markers. Furthermore, the association 
between higher intramuscular fat and HF appeared 
specific to higher risk for incident HFrEF, but not 
HFpEF. 59 Although limited by the cross-sectional 
design, our study further expands the available evi-
dence on body composition in HF by characterizing 
alterations in fat distribution and muscle composi-
tion in patients already diagnosed with HF using DXA 
and MRI, including parameters such as MFI, and 
describing LVEF specific patterns.
HF phenotypes exhibited distinct patterns of body 

composition and muscle and fat abnormalities. Par-
ticipants with HFrEF were characterized by relatively 
preserved fat indexes and abnormalities in muscle 
composition, with the highest prevalence of adverse 
muscle composition (40.5%) and low handgrip 
strength (17.9%). In contrast, participants with 
HFmrEF exhibited the highest VAT burden and the 
lowest z-MV. Those with HFpEF had the greatest DXA 
total fat mass and percentage fat mass and the 
highest MFI and weakest handgrip strength. Adverse 
muscle composition was least common (29.6%), but 
only high MFI was most common (19.7%) in this 
group. When stratified by the dichotomous LVEF 
threshold, fat indexes were largely comparable 
between the LVEF #50% and LVEF >50% groups. 
Adverse muscle composition and reduced grip 
strength were more frequent in participants with 
LVEFs #50%, while isolated high MFI was more 
common in the preserved LVEF group. Across defi-
nitions, sarcopenia prevalence remained low and 
similar between subgroups. These findings suggest 
divergent metabolic and musculoskeletal pathways 
driving HF phenotypes, with obesity-related adipos-
ity and poor muscle quality in HFpEF, combined 
visceral adiposity and muscle loss in HFmrEF, and 
muscle derangements in HFrEF. 2,8,14,16,17,60 These 
data confirm prior findings that HFrEF have sig-
nificant skeletal muscle abnormalities, including 
reduced muscle mass and impaired oxygen kinetics, 
despite relatively preserved fat indexes, 14,16,17,61 and 
HFpEF distinguished by a prominent central and 
visceral adiposity, especially in women. 43,62 Multiple 
large-scale studies and pooled analyses confirm that 
central adiposity is increased in HF, particularly in 
HFpEF, and is more strongly associated with adverse 
outcomes than BMI or total fat mass alone. 47,60,63 

Participants with HFpEF showed impaired skeletal 
muscle function and increased MFI, which are con-
tributing factors for exercise intolerance. 43,64 

HFmrEF participants show increased visceral

adiposity and a higher rate of muscle wasting, sug-
gesting a mixed profile of both fat and muscle 
abnormalities. 47,65

Comparison with matched control subjects further 
highlighted the different body composition across HF 
phenotypes. When the dichotomous LVEF threshold 
was used, the comparison with matched control 
subjects showed that both reduced and preserved 
LVEF subgroups exhibited higher visceral adiposity 
and lower MV with greater MFI, despite identical age, 
sex, and BMI distributions. Furthermore, the mag-
nitude of these differences was similar between the 
dichotomous LVEF groups. However, when HF was 
stratified into HFrEF, HFmrEF, and HFpEF, more 
nuanced deviations emerged. HFrEF participants 
showed muscle-predominant derangements, with 
lower MV, higher MFI, and adverse muscle compo-
sition, despite similar fat indexes, a muscle compo-
sition phenotype that is independently associated 
with outcomes. Reduced axial skeletal muscle mass 
is a key predictor of mortality in HFrEF, rather than 
fat mass or BMI. 14,66,67 Conversely, HFpEF showed 
marked central adiposity and poor muscle quality, 
which is expected, as obesity is more strongly asso-
ciated with HFpEF than HFrEF, and epicardial and 
visceral fat expansion is a defining feature of 
HFpEF. 42,64,68 HFmrEF was metabolically most 
adverse, combining higher VAT and aSAT with lower 
MV, higher MFI, and greater prevalence of adverse 
composition. This may be explained by the interplay 
of metabolic, inflammatory, and neurohormonal 
factors, with the combination of excess adiposity 
and muscle loss representing a maladaptive 
response. 65,69 These comparisons highlight that each 
HF subtype deviates from control subjects in distinct 
ways, with HFrEF through skeletal muscle deterio-
ration, HFmrEF through combined visceral adiposity 
and MV loss, and HFpEF through central fat excess 
and poor muscle quality.
Whole-body MRI is considered the reference 

standard for quantifying regional adiposity and 
muscle quality because of its ability to provide pre-
cise, volumetric, and compartment-specific meas-
urements without ionizing radiation. 20 However, the 
routine application of whole-body MRI is limited by 
high cost, scanner availability, scan times, and the 
need for specialized personnel and postprocessing 
expertise. 5,70-72 Alternative modalities such as DXA 
and bioelectrical impedance analysis offer lower 
cost, more accessible options for regional adiposity 
and muscle assessment but with reduced accuracy 
and precision compared with MRI. 73 In particular, 
DXA provides strong population-level agreement 
with whole-body MRI for total and regional

Butler et al J A C C : H E A R T F A I L U R E V O L . ■ , N O . ■ , 2 0 2 6

Body Composition in Heart Failure ■ 2 0 2 6 : 1 0 3 2 4 2

14



adiposity, especially for subcutaneous fat and total 
fat mass, but is less accurate for VAT. 73,74 Previous 
studies show that DXA-derived indexes of 
abdominal adiposity (eg, trunk, android, and 
visceral fat) have high correlation and absolute 
agreement with MRI-based VAT (intraclass 
correlation coefficient = 0.73-0.94), but DXA tends 
to underestimate VAT in normal-weight individuals 
and overestimate it in those with obesity, and it 
overestimates subcutaneous fat compared with 
MRI. 73,74 Furthermore, DXA assumes that hydration 
status has minimal impact on fat-free mass. In HF, 
patients often have increased extracellular and total 
body water because of fluid overload, which 
violates this assumption and can lead to 
overestimation of lean mass and underestimation of 
fat mass, thereby reducing the accuracy of DXA 
measurements. 71 For muscle mass, DXA ALM is a 
validated surrogate for MRI-derived skeletal muscle 
mass with high correlation (R = 0.88-0.93), but it 
cannot directly evaluate muscle quality. 75 In 
contrast, bioelectrical impedance analysis correlates 
well with DXA and MRI for total fat mass and fat-
free mass at the population level, but individual-
level errors can be substantial. 20,73 Bioelectrical 
impedance analysis is highly accessible and cost 
effective and has been validated against DXA for 
the assessment of lean mass in stable outpatient 
HFrEF and HFpEF populations, making it a 
reasonable and practical alternative when 
population-appropriate validated devices are used. 
However, its accuracy is sensitive to hydration 
status, body habitus, ethnicity, and disease state, 
and it has recognized limitations for estimating 
regional adiposity and muscle quality. 48,76 

Accordingly, results from bioelectrical impedance 
analysis–based assessments should be interpreted in 
light of the specific device and population for which 
validation data are available, and direct 
comparisons with MRI- or DXA-derived metrics 
should be made with caution. 48,73,76

The role of body composition in determining the 
indication for incretin-based therapy is evolving. 
Body composition assessment may become critical to 
identify patients who are likely to benefit from 

incretin-based therapy, in particular those with 
excess adiposity and preserved muscle mass, while 
avoiding or closely monitoring those with low muscle 
mass or established sarcopenia. In the context of HF 
patients, the identification of subtle but consistent 
alterations in body composition, with patterns vary-
ing by HF phenotype, may become essential for 
guiding the indication and monitoring of incretin-
based therapy, ensuring that benefits in adiposity

reduction are not offset by detrimental loss of muscle 
mass. This can help tailoring incretin-based therapy 
in individual patients in a cost-effective strategy, on 
the basis of objective and reliable parameters. Key 
areas needing further research include the long-term 

effects of muscle mass loss and long-term clinical 
outcomes across diverse HF phenotypes and differ-
ent pattern of alterations in body composition.

STUDY LIMITATIONS. The HF cohort was small, and 
DXA data were available for two-thirds of the sample. 
Women were underrepresented in this cohort, 
accounting for <20% of the entire cohort, which 
limits generalizability, particularly for HFpEF, for 
which obesity-related phenotypes are more preva-
lent among women, driven by sex-specific differ-
ences in adiposity distribution, inflammatory 
response, and hemodynamic adaptations. 45,77 

Residual confounding from comorbidities, lifestyle, 
and treatment patterns cannot be fully excluded. 
Also, the average BMI in different regions may differ 
from this population and may influence these quan-
titative results, even if they qualitatively have the 
same directional changes. Given the cross-sectional 
design of our study, causal inferences cannot be 
made. Prior longitudinal work demonstrated pro-
gressive body composition changes with incident 
HF. 67 Besides the limitations related to the cross-
sectional study design, the present study extends 
previous findings by incorporating MRI-derived 
measures of muscle quality and fat distribution and 
stratification by LVEF phenotype. Furthermore, 
given the exploratory nature of this study and the 
number of variables assessed across HF subtypes and 
between HF and control subjects, multiple hypoth-
esis tests were performed. No formal correction for 
multiple comparisons was applied, as our analyses 
are largely hypothesis generating and exploratory 
rather than confirmatory inference. Accordingly, 
individual P values should be interpreted cautiously, 
and isolated significant findings should be consid-
ered in the context of the overall pattern of results 
rather than as a definitive evidence of association. 
Also, HF participants with and without DXA data 
were broadly comparable across all demographic, 
clinical, and MRI-derived body composition metrics. 
After multivariable adjustment, a modest but stat-
istically significant difference in WC emerged 
between HF participants with and those without DXA 
data, though the absolute magnitude of this differ-
ence was small and unlikely to introduce meaningful 
bias, supporting the internal representativeness of 
the HF DXA subsample. In the control group, minor 
but statistically significant differences were observed
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in WC, MFI, and physical activity level among those 
without DXA data. Those differences persisted after 
adjustment and suggest that control subjects without 
DXA data may represent a slightly less metabolically 
favorable profile. Although these differences are 
unlikely to materially affect DXA-based comparisons 
between HF participants and control subjects, given 
the overall consistency of findings within the HF 
group, it remains a limitation of our study, and 
findings from DXA-based analyses should be inter-
preted accordingly. Last, clinical markers of HF 
severity, including NYHA functional class, natriuretic 
peptide concentrations, and ischemic vs nonischemic 
etiology, were not uniformly available in the UK 
Biobank imaging cohort and could not be incorpo-
rated, which may limit phenotypic resolution 
and comparisons.

CONCLUSIONS

Participants with HF enrolled in the UK Biobank 
imaging cohort showed that HF is characterized less by 
overt obesity or sarcopenia and more by subtle but 
consistent alterations in fat distribution and marked 
muscle derangements, with patterns varying by HF 
phenotype. All HF phenotypes showed moderately 
elevated visceral adiposity, reduced muscle mass, and 
increased intramuscular fat. These changes are not 
primarily related to BMI, suggesting that traditional 
anthropometric indexes underestimate the burden of 
metabolic and musculoskeletal derangements in HF. 
Body composition profiling may provide incremental 
value for HF risk stratification, particularly in identi-
fying early muscle deterioration and maladaptive fat 
distribution. Detecting phenotype-specific trajecto-
ries raises the possibility of tailoring therapeutic 
approaches according to underlying body composi-
tion. For instance, in HFpEF patients with excess 
adiposity, sodium-glucose cotransporter-2 inhibitors 
and glucagon-like peptide 1 or gastric inhibitory pol-
ypeptide agonists may target dysfunctional fat to 
improve cardiac structure and function. 78-80 

Conversely, in patients with predominant muscle 
loss or sarcopenia, particularly in HFrEF, tailored 
therapies may prioritize strategies to preserve or 
enhance lean muscle mass, such as resistance 
exercise training, which has shown to significantly 
improve exercise capacity. 81,82 Further studies are 
needed to clarify the prognostic value of these

measures better and test whether targeted 
interventions to improve fat distribution and muscle 
quality can improve outcomes across HF phenotypes.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Body 
composition abnormalities in HF, assessed by imaging, 
show increased visceral adiposity, reduced MV, and 
higher MFI, with distinct patterns across different HF 
phenotypes. Conventional anthropometric parameters do 
not detect body composition abnormalities, missing 
important metabolic and musculoskeletal information 
that can influence the diagnosis, treatment, and 
prognosis of patients with HF.

COMPETENCY IN PATIENT CARE AND PROCE-

DURAL SKILLS: Clinicians should recognize that normal 
anthropometric parameters do not necessarily imply 
normal body composition in HF. Imaging-based evalua-
tion of fat distribution and muscle composition can

increase the awareness and prompt clinicians to undergo 
a more comprehensive evaluation beyond traditional 
measures. Incorporating body composition profiling into 
clinical practice may improve risk stratification and 
support a more tailored therapeutic approach in patients 
with HF.

TRANSLATIONAL OUTLOOK: Future clinical trials 
should integrate MRI- or DXA-derived body composition 
measures to improve risk stratification and personalize 
management across HF phenotypes. For instance, 
therapies acting on metabolism and body weight, such as 
incretin-based agents, may be tested with concurrent 
assessment of body composition to ensure metabolic 
benefit without prompting muscle loss.
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