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Weight loss improves many metabolic defects 
in obesity and type 2 diabetes
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Goodpaster et al. Diabetes, 1997.
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M. J. Delmonico, …Goodpaster Am J Clin Nutr 2009
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Effects of profound bariatric surgery-induced weight loss 
on skeletal muscle mitochondria either with or without 

post-surgery exercise 

Coen et al. Diabetes 2015
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Exercise increases cardiorespiratory 
fitness following bariatric surgery
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Is weight loss good for older people who are 
overweight or obese?



A conundrum…

• Older individuals need to reduce or maintain 
healthy body fat while maintaining muscle mass.



Chomentowski et al. J Gerontol A Biol Sci Med Sci 2009

Moderate Exercise Attenuates the Loss of Skeletal Muscle 
Mass That Occurs With Intentional Caloric Restriction– 
Induced Weight Loss in Older Adults with Obesity 
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more of the muscle that is lost with weight loss alone is that 
containing higher amounts of lipid. 

 Another key fi nding of this study was that weight loss 
reduced the size of individual muscle fi bers and that 
moderate exercise attenuated this loss in muscle fi ber 
size. The size of type I, high-oxidative, muscle fi bers was 
decreased by nearly 20% by weight loss alone. This loss 
of type I fi ber CSA was completely prevented by the 
addition of moderate aerobic exercise. Weight loss also 
elicited a signifi cant decrease in the type II fi ber CSA. 
Although we did not detect a signifi cant between-group 
difference in the change in type II fi ber CSA, possibly 
owing to inadequate sample size, there was no within-
group decrease in the CSA of type II fi bers in those who 
performed exercise. There was no change observed in 
either of the specifi c type II fi ber types (IIA or IIX). This 
may be related to a diminished statistical power for the 
nonsignifi cant change for the type IIA and IIX muscle 
fi bers. This decrease in specifi c myofi ber size due to 
energy restriction – induced weight loss in older adults is 
a novel and important extension of previous studies 
examining changes in lean body mass or muscle mass at 
the whole-body or tissue level in younger individuals 
( 14 , 29 , 32 , 36 ). 

 This study was not without limitations. We did not have a 
control group, although every participant served as his or 
her own control in this repeated measures design. Another 
limitation was the relatively small number of participants, 
which precluded us from determining meaningful gender 
differences in these responses. It is also possible that the 
effects of weight loss and moderate exercise differ between 
overweight and obese individuals. Examination of the 

effects of the combination of resistance training and diet-
induced weight loss as well as protein intake is warranted. 
Moreover, the inclusion of a muscular strength or power test 
may have provided insight into changes of muscle function 
that may accompany decreased muscle mass with weight 
loss. Future studies should be directed at these important 
related questions. 

 In summary, weight loss induced by energy restriction 
decreases muscle mass in older adults. However, the addi-
tion of moderate aerobic exercise to a weight loss program 
has a powerful effect to preserve muscle mass. These results 
were consistently observed using a variety of methods, in-
cluding whole body composition, direct measure of muscle 
mass using imaging, and muscle cell size assessed by mus-
cle biopsy. The implications of these novel fi ndings are that 
diet-induced weight loss alone may have adverse effects on 
skeletal muscle in older adults at risk for the development of 
muscle weakness and disability. Therefore, this study advo-
cates a program of increased physical activity in older adults 
who are trying to lose weight.     
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 Figure 2.        Percent changes in thigh muscle cross-sectional area (CSA) and 
thigh normal-density muscle (NDM) area as measured by computed tomogra-
phy. Thigh CSA signifi cantly decreased for both groups ( “ * ”  signifi cant within-
group effect). A signifi cant interaction effect was found  for NDM after a 
logarithmic transformation was performed, with the weight loss (WL) group 
showing a decrease in NDM, whereas the weight loss combined with exercise 
(WL/EX) group remained relatively unchanged.    

  

 Figure 3.        Percent change in thigh muscle fi ber area as measured by percuta-
neous muscle biopsy. Type I muscle fi ber area decreased in the weight loss 
(WL) group and remained unchanged in the weight loss combined with exercise 
(WL/EX) group (signifi cant interaction effect). A signifi cant within-group 
change was observed for the WL group for type II muscle fi ber area, whereas 
the WL/EX group remained relatively unchanged ( “ * ”  signifi cant within group 
effect).    
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for our study. Taken together, our findings prompt important con-
siderations for promoting weight loss alone in obese older adults 
and suggest that exercise should be a vital component of weight loss 
interventions for older obese adults to preserve and/or improve fit-
ness, muscle strength, and physical function, all factors important 
for maintaining functional independence and reducing risk for mor-
bidity and mortality (31).

We investigated the effects of weight loss and exercise on ectopic 
fat as a potential link to improved insulin sensitivity and physical 
function. Aging is characterized by the redistribution of AT from the 
periphery to ectopic fat depots including the abdomen, liver, and skel-
etal muscle (32). Higher levels of ectopic fat storage are associated 
with a host of physiological and functional consequences including 
insulin resistance (33), reduced skeletal muscle quality (34), and mo-
bility limitations (35). With few exceptions (36), prior findings in 
middle-aged adults suggest that there is no additional benefit of exer-
cise beyond weight loss for reducing abdominal or intermuscular AT 
depots (12,37,38). Although we observed that only WLEX signifi-
cantly reduced abdominal subcutaneous, visceral, and intermuscular 
AT compared with controls, after adjusting for weight change, there 
were no longer significant between-group differences. However, the 
proportion of leg muscle composed of intermuscular AT decreased 
more with exercise, independent of weight change. Intermuscular AT 
in particular is associated with impaired skeletal muscle quality and 
function, such that increases with aging impairs contractility and en-
hances lipotoxicity, which could lead to mitochondrial dysfunction, 
insulin resistance, and mobility disability (39,40). Our finding that 
the relative proportion of intermuscular AT in muscle was reduced 
with combined weight loss and exercise underscores the importance 
of exercise training for attenuating age-associated muscle quality 
and mobility deficits.

There are limitations in our study that should be considered. The 
MRI-derived body composition measures were performed in a subset 
of participants; thus, the sample size may be inadequate to assess 

intervention differences between WL and WLEX. Our novel finding 
that exercise independently reduces the proportion of intermuscular 
AT in obese older adults warrants further investigation and con-
firmation. The 1-step hyperinsulinemic–euglycemic clamp protocol 
employed a high physiological insulin dose (40 mU/m2/min), which 
may abrogate our ability to assess liver and AT insulin sensitivity. 
Interestingly, even at this high insulin dose, endogenous glucose 
production was not completely suppressed in all subjects and sub-
stantial individual variability was present. This emphasizes the im-
portance of utilizing tracer methodology to confirm the source of 
measured glucose and appropriately assess skeletal muscle insulin 
sensitivity. Finally, our participants differed in both type 2 diabetes 
status and medication use. Although adjusting for incidence of type 
2 diabetes did not change our overall findings, possible intervention–
interaction effects might have influenced participant responses to the 
intervention (41). Additionally, the absence of any change in select 
cardiometabolic risk factors (eg, blood pressure and serum lipids) 
may reflect prestudy medications.

In conclusion, calorie restriction–induced weight loss alone 
caused modest improvements in insulin sensitivity and reduced lean 
mass and muscle strength in older obese adults either with or at 
high risk for type 2 diabetes. The addition of regular exercise, how-
ever, more robustly improved skeletal muscle insulin sensitivity and 
cardiorespiratory fitness, maintained muscle mass and strength, and 
reduced ectopic fat deposition, particularly intermuscular AT. These 
data strongly suggest that exercise elicits important benefits for older 
obese at-risk adults, many of which are not observed with calorie 
restriction–induced weight loss alone. Regardless of whether the ob-
served changes are due to additional weight loss or exercise per se, 
including regular exercise should be considered as a useful and man-
ageable adjunct to traditional weight loss therapies for older adults 
with obesity to mitigate risk for chronic disease and maintain func-
tional independence and quality of life.
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Figure 3. Between-group changes (mean ± SD) in cardiorespiratory fitness 
(VO2peak) and muscle strength (peak torque). (A) Pre- and post-values of VO2peak 
(l/min) by group; #WLEX significantly different than WL at p < .05 (ANCOVA 
for change in VO2peak followed by pairwise comparisons). (B) Relative (%) 
change in VO2peak by group. (C) Pre- and post-values of peak torque (measured 
at 120  degree/s) by group; †WL significantly different than HEC at p < .05 
(ANCOVA for change in peak torque followed by pairwise comparisons). (D) 
Relative (%) change in peak torque by group.
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Most people don’t like to exercise!



H.Q. Han, et al., Myostatin/activin pathway antagonism: 
Biochemistry & Cell Biology, 2013,

Fernandes, T., Soci, Ú.P., Melo, S.F., Alves, C.R., 
& Oliveira, E.M. (2012). Signaling Pathways that 
Mediate Skeletal Muscle Hypertrophy: Effects of 
Exercise Training.

Myostatin



Trevogrumab, 
Garetosmab

mAb Ph 2 COMBO w/ semaglutide
for 26 weeks (26 weeks extension)

Bimagrumab mAb Ph 2 COMBO w/ semaglutide
for 48 weeks (26 weeks extension)

mAb Ph 2 COMBO w/ tirzepatide for 24 weeks

Apitegromab mAb Ph 2 COMBO w/ Sema or TZP for 24 weeks

SRK-439 mAb Preclinical Should be COMBO w/ Sema or TZP

Taldefgrobep 
Alfa

Fc-fusion Ph 2 COMBO w/ open-label GLP-1
for 24 weeks (24 weeks extension)

RG6237 mAb Ph 1b Should be COMBO w/ their own
incretin (CT-388) or GLP-1
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Primary treatment period (Week 48)

Weeks since randomization
48

Overall mean total body lean mass at baseline, 58.3 
kg

Appendicular lean mass (W48; on treatment): The LSM percent changes were +2.1% to +3.0% (bima), −5.7% to −9.4% (sema), and −1.8% to −2.5% (combination), versus −1.0% (placebo) 
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Regeneron COURAGE Trial - Interim Results (June 2025)

Scholar Rock Phase 2 EMBRAZE Trial Results (June 2025)
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Summary
• Weight loss can improve many metabolic defects and reduce risk for Type 2 

diabetes and CVD.

• Weight loss decreases muscle mass (the functional consequences of 
reduced muscle mass are not known)

• Exercise can correct both dual defects in obesity - insulin resistance and 
impaired capacity for (mitochondrial) fatty acid oxidation.

• Exercise can attenuate the loss of muscle with weight loss.

• Exercise and other non-exercise therapies are needed adjunct to weight loss

• Low muscle mass (sarcopenia) and weakness with aging should be 
considered in advising/prescribing weight loss for older adults, including GLP 
and other incretin drugs. 
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