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Abstract

Background: Glucagon-like peptide-1 (GLP-1) receptor agonists and related incretin-based
therapies can produce substantial weight loss and metabolic benefits. Their effects on objective
exercise outcomes are less clear because studies use non-interchangeable endpoints ranging
from directly measured oxygen uptake (VO:) to walking distance.

Objective: To summarize objective exercise outcomes during GLP-1-based therapy and
separate directly measured cardiorespiratory fitness from changes observed with exercise
training and from disease-specific walking capacity.

Methods: We searched PubMed and tracked relevant citations up to July 2026. Adult clinical
studies reporting at least one objective exercise outcome were grouped by outcome domain.
Results: Ten clinical studies were included. In the 193-participant secondary analysis,
liraglutide alone did not improve VO.-derived fitness or physical-performance outcomes. Two
smaller trials of exenatide or liraglutide without structured exercise were also neutral. VO:
improved when structured exercise was included, but comparisons with matched exercise did
not establish a clear additive drug effect. Walking outcomes improved most clearly in
peripheral artery disease, whereas coronary artery disease and ischemia-focused endpoints
were neutral. During substantial weight loss, body-mass-normalized VO: may rise partly
because body mass in the denominator falls; absolute VO, VO normalized to fat-free mass,
workload, strength, and body composition therefore require separate interpretation.
Conclusions: The meaning of an objective exercise outcome depends on what was measured.
Current evidence does not consistently show an independent improvement in directly measured
cardiorespiratory fitness with pharmacotherapy alone. Structured exercise remains the best-
supported context for improving aerobic fitness. Disease-specific gains in walking capacity
should not be interpreted as generalized cardiorespiratory-fitness gains.

Keywords: glucagon-like peptide-1 receptor agonists, cardiorespiratory fitness, oxygen

uptake, walking capacity, exercise training



1. Introduction

Glucagon-like peptide-1 (GLP-1) receptor agonists and related incretin-based therapies are
used in the treatment of type 2 diabetes (T2D) and obesity [1]. Randomized trials have shown
substantial weight loss with liraglutide, semaglutide, and tirzepatide in adults with overweight
or obesity [2-4]. This has raised the question of whether objective exercise outcomes also
improve during treatment. Lower body mass can reduce the mechanical cost of weight-bearing
activities such as walking or stair climbing, but better performance in these tasks does not by
itself establish an improvement in cardiorespiratory fitness (CRF).
CRF reflects the integrated capacity of the respiratory, cardiovascular, and skeletal-muscle
systems to transport and use oxygen during exercise. It is most directly assessed by measuring
oxygen uptake (VO.), typically reported as maximal oxygen uptake (VO2.max) or peak oxygen
uptake (VOqpeak), during cardiopulmonary exercise testing (CPET) [5-6]. The broader
literature, however, uses the term “exercise capacity” for a heterogeneous set of outcomes,
including 6-minute walk distance (6MWD) [7-10], maximum treadmill walking distance [11],
estimated metabolic equivalents (METSs) and exercise duration [12], ischemic thresholds [13],
and stair-climb performance and muscular strength [14]. These outcomes are clinically
relevant, but they measure different physiological or disease-specific limitations and should
not be treated as interchangeable markers of CRF [5-7,15-16].
Previous reviews considered glucose- or weight-lowering therapies in relation to physical
function, activity, fitness, body composition, or recreational sport, but did not use the specific
analytic separation applied here between VO.-derived CRF, exercise-training response, and
disease-specific walking or ischemia-focused outcomes [17-20]. This review therefore mapped
which objective exercise outcomes had been assessed, in which populations, and with which
tests, and then interpreted the findings according to what each outcome measures. The synthesis
distinguished VO:-derived CRF outcomes from disease-specific functional and ischemia-
focused outcomes. Within the CRF evidence, pharmacotherapy-only studies were considered
separately from studies that included structured exercise.
Substantial weight loss adds a separate interpretive problem. VO: may be reported as an
absolute value or normalized to body mass or fat-free mass (FFM), while external workload
provides a complementary measure of exercise performance [14,21-24]. Body-mass-
normalized VO: may increase as the denominator decreases, even if absolute oxygen uptake
changes little [22-24]. Outcome scaling was therefore treated as an additional interpretive layer
rather than a separate outcome domain. This distinction is also relevant to exercise science,
because improvements in weight-bearing performance or body-mass-normalized VO: during
4



substantial weight loss may be misinterpreted as improved aerobic fitness when the underlying
outcome is not considered. The review focused on adults enrolled in studies in which heart

failure was not the primary target condition.
2. Methods

We searched PubMed and tracked citations. The last search was performed on 24 July 2026.
Search concepts combined GLP-1-based therapies with objective exercise outcomes, including
cardiorespiratory fitness, oxygen uptake, walking capacity, exercise tolerance, and physical
performance. Because of clinical and methodological heterogeneity, findings were synthesized
narratively by outcome domain and were not quantitatively pooled.

Eligible publications were adult clinical studies of GLP-1 receptor agonists or related incretin
therapies that reported at least one objective exercise outcome. We excluded studies focused
primarily on heart failure, pediatric or preclinical populations, self-reported activity alone,
body composition without exercise testing, and protocols. The PubMed search identified 242
records. After title and abstract screening, 170 were excluded and 60 were retained only for
contextual or background use. Twelve reports were retrieved and assessed in full. One
retrospective cardiac-rehabilitation report was excluded because its design did not isolate a
treatment effect attributable to a GLP-1 receptor agonist. The primary synthesis included 10
clinical studies represented by 11 reports; the parent report by Lundgren et al. [25] was retained

for contextual interpretation. Figure 1 summarizes study selection.



Identification of studies via databases and registers

Records removed before
screening:

Records identified from: Duplicate records removed (n
= 0)

PubMed (n = 242) Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Identification

'

Records screened

(n = 242)
‘

Reports sought for retrieval »| Reports not retrieved
(n=12) (n=0)

I

Reports assessed for eligibility

(n=12) i Reports excluded: n =1

Treatment effect not isolated
(n=1)

Records not advanced (n = 230)
—— | Excluded (n = 170)
Context only (n = 60)

Screening

Studies included in review
(n=10)

Reports of included studies
(n=11)

Included

Figure 1. Study-selection flow diagram

3. Direct cardiorespiratory fitness during glucagon-like peptide-1-based therapy

The studies reporting VO:-derived cardiorespiratory fitness fell into two groups: GLP-1
receptor agonist therapy without structured exercise and GLP-1 receptor agonist therapy given
alongside an exercise intervention. These settings answer different questions.
Pharmacotherapy-only studies test whether CRF changes in the absence of a training stimulus.

Exercise co-intervention studies show whether participants remain responsive to training
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during treatment and whether the drug adds a benefit beyond the same exercise exposure. A
change in a combined-treatment arm cannot be attributed to the drug unless training exposure
and the comparator permit that inference. Measurement method also matters. VO.max or
VO:2peak measured from respiratory gas exchange during maximal testing provides a more
direct assessment of integrated CRF than a value estimated from a submaximal protocol [5-
6,26]. Directly measured and estimated values were therefore interpreted within their study

designs rather than treated as equivalent outcomes.
3.1. Pharmacotherapy without structured exercise

The four-arm trial reported by Lundgren et al. [25], with fitness outcomes analyzed by Jensen
et al. [14], provided the largest dataset for pharmacotherapy without structured exercise. In the
193-participant secondary analysis, liraglutide alone did not significantly improve
VOq2peak/FFM, absolute or body-mass-normalized VO:peak, peak workload, stair-climb
performance, or knee-extensor torque relative to placebo/usual activity [14]. Two smaller drug-
only trials showed the same pattern: exenatide did not increase VO:peak or improve
submaximal VO: kinetics [27], and the trial by Wégner et al. [10] found no significant change
in VO2max or 6MWD. These studies do not rule out an effect, but they do not show an
independent CRF benefit from pharmacotherapy alone.

Metabolic improvement and CRF are not equivalent. Maximal oxygen uptake depends on
cardiac output and the arteriovenous oxygen difference. Improvements in maximal oxygen
uptake can arise from central and/or peripheral adaptations, including changes in stroke
volume, vascular conductance, muscle perfusion, capillary density, and mitochondrial
oxidative capacity [5-6,26]. Weight loss, improved glycemic control, or favorable resting
cardiovascular measures may make activity easier, but they do not establish higher maximal

oxygen-transport capacity.
3.2. Exercise co-interventions

VO: improved most clearly when structured exercise was included. In the secondary analysis
by Jensen et al. [14], the exercise-containing arms improved VO:peak normalized to FFM,
body-mass-normalized VO:peak, absolute VO:peak, peak workload, and stair-climb
performance. Exercise plus liraglutide increased VO:peak/FFM by 3.0 mL/min’kg FFM
compared with liraglutide alone; exercise alone produced similar benefits.

When exercise exposure was matched, no clear additive drug effect emerged. Mensberg et al.

[28] reported similar increases in estimated VO:max with exercise plus liraglutide and exercise



plus placebo (+0.5 versus +0.4 L/min). Ingersen et al. [29] also found that aerobic training
improved VO:max during semaglutide treatment and with training alone. The design was
consistent with preserved training responsiveness but did not isolate an independent
semaglutide effect. The available data therefore link the clearest VO: gains to structured
exercise, not to a demonstrated training-like effect of GLP-1 receptor agonist therapy.

The full evidence base included adults with obesity, T2D, peripheral artery disease (PAD), or

coronary artery disease (CAD) and evaluated exenatide, liraglutide, or semaglutide. Table 1

groups the studies by the objective exercise outcome assessed.

Table 1. Included clinical studies and objective exercise outcomes

Study and

population

Intervention /

comparator

Objective exercise

outcome

Principal finding

Scalzo et al. [27];
N=23 adults with
uncomplicated T2D

Exenatide 10 g
twice daily versus
placebo for 12
weeks; no structured

exercise

Maximal cycle test
with gas exchange;
VOqpeak and
submaximal VO:

kinetics

VOqpeak and
submaximal VO:
Kinetics did not improve
[27].

Wagner et al. [10];
N=24 adults with
T2D

Liraglutide 1.8
mg/day versus
placebo for 6
months; no

structured exercise

Cycle ergometry
with respiratory gas
analysis; VO2max
primary endpoint;
6MWD secondary

VO:max and 6MWD
did not differ
significantly from
placebo [10].

Jensen et al. [14];
N=193 adults with
obesity without

diabetes

Liraglutide 3.0
mg/day, exercise,
combined treatment,
or placebo/usual

activity for 52 weeks

Maximal cycle
CPET;
VO:zpeak/FFM,
VO:zpeak/body
mass, absolute
VO:qpeak, workload,
stair-climb, knee-

extensor torque

Liraglutide alone did
not improve fitness;
exercise plus liraglutide
increased
VO:zpeak/FFM by 3.0
mL/min/kg FFM versus
liraglutide alone, and
exercise alone produced

similar benefits [14].




Study and Intervention / Objective exercise o o
) Principal finding
population comparator outcome
Liraglutide plus
Mensberg et al. [28]; ) ) .
supervised exercise ) Estimated VO2max
N=33 sedentary Estimated VO2max

adults with
overweight/obesity
and T2D

versus placebo plus
the same exercise
program for 16

weeks

from a submaximal

bicycle test

increased similarly in
both groups (+0.5
versus +0.4 L/min) [28].

Ingersen et al. [29];
N=31 inactive adults
with T2D and body
mass index >28

kg/m?

Semaglutide before
and during 12 weeks
of supervised cycle
training versus

training alone

Maximal oxygen-

uptake testing

VO:max improved with
training in both groups
[29].

Bonaca et al. [11];
N=792 adults with
T2D and

symptomatic PAD

Semaglutide 1.0
mg/week versus
placebo for 52
weeks; no structured

exercise

Constant-load
treadmill maximum
and pain-free

walking distance

The primary endpoint
favored semaglutide
(estimated treatment
ratio 1.13, 95%
confidence interval
1.06-1.21) [11].

Caruso et al. [8]; 55
analyzed adults with

Liraglutide 1.8
mg/day versus

conventional risk-

6MWD and
peripheral tissue

6MWD +25.1 m versus
control; peripheral

tissue oxygenation

T2D and PAD factor treatment for | oxygenation )
improved [8].
6 months
Chowdhary et al.
[9]; N=41 adults ) ) . .
_ ) Liraglutide versus 6MWD; myocardial | 6MWD increased from
with T2D without o )
) pioglitazone for 16 | perfusion and 488 to 521 m after
established

cardiovascular

disease

weeks each

energetics

liraglutide [9].




Study and
population

Intervention /

comparator

Objective exercise

outcome

Principal finding

[12]; adults with
T2D and stable
CAD

Kumarathurai et al.

Liraglutide plus
metformin versus
placebo plus
metformin in a

crossover trial

Cycle exercise to
exhaustion;
estimated METS
and exercise

duration

Estimated METs and
exercise duration did

not improve [12].

Treadmill ischemic | Ischemic threshold, ST-

Myat etal. [13]; threshold, ST-

Liraglutide versus segment depression,

N=22 with _ ] ]
) saline placebo ina | segment depression, | rate-pressure product,
obstructive CAD ) ) )
) ) randomized rate-pressure exercise duration, and
and inducible ) ] )
_ ) crossover trial product, and exercise hemodynamics
iIschemia

exercise duration did not improve [13].

6MWD, 6-minute walk distance; CAD, coronary artery disease; CPET, cardiopulmonary
exercise testing; FFM, fat-free mass; METs, metabolic equivalents; N, number of participants;
PAD, peripheral artery disease; T2D, type 2 diabetes; VO:.max, maximal oxygen uptake;
VOqpeak, peak oxygen uptake.

4. Functional walking capacity and disease-specific exercise tolerance
4.1. Walking capacity in peripheral artery disease and other clinical populations

Walking outcomes were most clearly positive in PAD. In the trial by Bonaca et al. [11],
semaglutide improved the primary endpoint—the ratio to baseline in maximum walking
distance during a standardized constant-load treadmill test—in adults with symptomatic PAD
and T2D (estimated treatment ratio 1.13, 95% confidence interval 1.06-1.21; P=0.0004). In a
supportive comparison on the absolute scale, the trial authors also reported a 39.9 m greater
improvement in maximum walking distance versus placebo. In the trial by Caruso et al. [8],
liraglutide improved 6MWD by 25.1 m versus control and increased peripheral tissue
oxygenation. Outside PAD, Chowdhary et al. [9] reported an increase in 6MWD from 488 to
521 m after liraglutide, together with improved myocardial perfusion and energetics. The
active-comparator crossover design, however, did not permit a direct inference about CRF.

These findings concern function, not direct CRF. Walking performance is influenced by limb

perfusion, claudication pain, gait, body mass, motivation, and musculoskeletal or pulmonary

10



limitations [7,15-16]. It therefore answers a different question from maximal oxygen uptake.
The positive evidence is strongest for disease-specific walking capacity; it does not establish a

generalized gain in aerobic fitness.
4.2. Coronary artery disease and ischemia-focused testing

Studies focused on CAD or myocardial ischemia were neutral. Kumarathurai et al. [12] found
no improvement in estimated METSs or exercise duration with liraglutide in adults with T2D
and stable CAD. In the trial by Myat et al. [13], liraglutide did not improve ischemic threshold,
ST-segment depression, rate-pressure product, exercise duration, or exercise hemodynamics in
obstructive CAD. These endpoints address narrower questions than directly measured maximal
oxygen uptake. Estimated METSs and exercise duration reflect performance within a specific
test protocol, whereas ischemic thresholds and ST-segment changes are intended to detect
myocardial ischemia. The neutral results therefore show that liraglutide did not improve the
measured CAD-related endpoints in these studies; they do not establish the absence of other
metabolic or cardiovascular effects, and they do not provide a direct test of CRF. PAD walking
distance is also limited by a different clinical problem, particularly claudication and lower-limb
perfusion. Positive PAD findings should therefore not be generalized to CAD-related exercise
tolerance, and the CAD findings should not be used to infer an effect on generalized aerobic

fitness.
5. Interpreting exercise outcomes during weight loss

How VO: is expressed matters during substantial weight loss. Absolute VO: describes the total
amount of oxygen used at peak exercise and is not changed by a mathematical denominator.
VO: normalized to body mass is useful for activities in which body weight must be moved, but
it may rise when body mass falls even if absolute oxygen uptake changes little. Simple ratio
scaling also assumes a proportional relationship between body size and VO: that may not hold
across populations [22-24]. Normalization to FFM narrows the denominator to non-fat tissue,
but it does not produce a muscle-specific measure. FFM includes organs, body water, bone
mineral, connective tissue, and skeletal muscle, and its value also depends on the method used
to estimate body composition [21,30]. VO:peak/FFM should therefore be interpreted as a
complementary expression of oxygen uptake rather than as a direct measure of skeletal-muscle
oxidative capacity.

External workload adds information that none of these ratios provides. A rise in VOzpeak/body

mass accompanied by stable absolute VO:peak and unchanged peak workload would have a
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different interpretation from concordant increases in absolute VOqpeak, scaled VO:peak, and
workload. The study by Jensen et al. [14] was especially informative because it reported
absolute VOzpeak, VOzpeak/body mass, VO:peak/FFM, and peak workload in the same trial.
This made it possible to examine whether apparent improvement was confined to a relative
value or was also present in oxygen uptake and external work. No single metric should be
treated as definitive during major weight loss.

Body composition and task-based performance provide further context but do not replace
exercise testing. A change in FFM does not specify how much skeletal muscle was gained or
lost and does not show whether strength changed [14,21,30]. Stair-climb performance may
improve because less body mass is moved, whereas knee-extensor torque tests a more specific
component of muscular function. Reporting these outcomes side by side allows the reader to
distinguish changes in body composition, force production, task performance, and CRF. Table

2 summarizes the main evidence pattern.

Table 2. Direction and interpretation of evidence across objective exercise-outcome

domains
) ) ) Direction of )
Outcome domain | Main evidence o Interpretation
findings
The largest trial and two
) ) smaller drug-only trials did
Direct CRF with ) _ o
Jensen (liraglutide- not demonstrate significant
GLP-1 receptor ] ]
) alone arm); Scalzo; | Neutral VO:-derived fitness
agonist therapy ) )
Wagner improvement with
alone
pharmacotherapy alone
[10,14,27].
Improvement
with exercise; no | Training exposure is the most
CRF with Jensen; Mensberg; | clear additive plausible driver of the
structured exercise | Ingersen drug effect when | observed VO. improvement
exercise was [14,28-29].
matched

12



) L Direction of )
Outcome domain | Main evidence o Interpretation
findings

Walking benefits are

clinically meaningful but

Functional walking | Bonaca; Caruso; Positive, reflect submaximal or

capacity Chowdhary strongest in PAD | disease-specific function
rather than direct CRF [8-
9,11].

No improvement in estimated

CAD and ] METSs, exercise duration, or

_ ) Kumarathurai; ) ) )

ischemia-focused Mvat Neutral ischemia-focused endpoints;
a

tolerance Y PAD findings should not be

generalized to CAD [12-13].

CAD, coronary artery disease; CRF, cardiorespiratory fitness; METs, metabolic equivalents;

PAD, peripheral artery disease; VO, oxygen uptake.
6. Practical implications and research gaps

Outcome selection should follow the clinical question. When aerobic fitness is the goal, body-
weight reduction and improved walking performance cannot substitute for direct CRF
assessment. CPET or maximal oxygen-uptake testing is appropriate when the question
concerns integrated aerobic capacity. Standardized walking tests are more appropriate when
the clinical problem is functional limitation, claudication, or walking endurance, and direct
strength or performance testing is needed when muscular function is the outcome of interest.
During substantial weight loss, follow-up testing should use the same exercise protocol as
baseline and report body mass at each time point. Absolute VO, scaled VO:, and peak
workload should be considered together. An improvement in one measure should not
automatically be extended to the other domains.

From a sport-science perspective, the available evidence does not establish that GLP-1-based
therapy improves athletic or sport-specific performance. Most included studies involved
clinical populations, and the clearest positive findings concerned disease-specific walking
capacity or VO: improvements observed alongside structured exercise. Changes in body mass,
VO: normalized to body mass, walking distance, or task performance should therefore not be

interpreted as evidence of improved sport performance without an outcome that directly
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addresses that question. In physically active individuals, the choice of test should match the
performance domain of interest and distinguish changes related to weight loss from changes in
aerobic capacity, strength, or training response.

Structured exercise remains the best-supported intervention for improving VO--derived
outcomes, while pharmacotherapy and exercise have different primary effects and should be
viewed as complementary [14,28-29,31]. Across the included evidence, weight loss, walking
performance, and maximal oxygen uptake did not always change in parallel. This is not
contradictory; each outcome describes a different component of physical capacity.

Future trials should prespecify exercise outcomes and distinguish pharmacotherapy alone,
exercise alone, combined treatment, and an appropriate control whenever the design permits.
Matched exercise exposure is especially important. Without comparable training dose and
adherence, improvement in a combined-treatment group cannot be separated from differences
in the exercise intervention. Studies should report the frequency, intensity, duration, and mode
of training, together with attendance or adherence and treatment tolerability. They should also
distinguish primary endpoints from secondary or exploratory exercise outcomes.

Absolute and scaled VO, peak workload, and ventilatory thresholds should be reported
together when CRF is assessed [22-23,26]. Body composition measures [21,30,32] and direct
strength or task-based performance outcomes [14] should remain separate rather than being
combined under a broad label of exercise capacity. The included studies did not evaluate
tirzepatide, dedicated resistance-training co-interventions, or dietary adequacy. Evidence in
physically active or athletic populations and for recovery and sport-specific performance also
remains limited [19]. Studies in physically active and athletic populations should report training
status and training exposure alongside absolute and scaled VO., strength, body composition,

and sport-specific performance outcomes.
7. Strengths and limitations

One strength of this review is that it does not treat all exercise outcomes as equivalent. Direct
VO:-derived CRF, training response, walking capacity, ischemia-focused testing, physical
performance, and body composition were interpreted separately. Grouping reports from the
same parent trial also reduced double-counting of the evidence reported by Lundgren et al. [25]
and Jensen et al. [14].

The evidence base is small and heterogeneous in population, agent, comparator, treatment
duration, exercise exposure, endpoint status, and outcome scaling. Several exercise outcomes

were secondary or exploratory.
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Most participants came from clinical rather than athletic populations, and direct CRF data for
newer incretin therapies are sparse. Excluding studies in which heart failure was the primary
condition reduced syndrome-specific confounding but also narrowed the clinical scope. The
conclusions should therefore be read as a construct-specific narrative synthesis, not as
definitive evidence of treatment efficacy or absence of efficacy.

8. Conclusions

Objective exercise outcomes during GLP-1-based therapy are not interchangeable. Current
studies do not consistently show an independent improvement in directly measured CRF with
pharmacotherapy alone. VO. improvements are most evident when structured exercise is
included. Gains in walking capacity, particularly in PAD, are clinically relevant but should not
be interpreted as generalized CRF gains. Future studies should separate drug and training
effects and report absolute and scaled VO. alongside workload, walking, strength, and body-

composition outcomes.
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