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Axial plane image at L3 
from routine-care CT

Upload to sliceOmatic 
software and analyse 

Determine skeletal muscle index: 
skeletal muscle cross-sectional area 
(cm2) / height (m2)

CT imaging analysis for skeletal muscle assessment



General causes of lean tissue loss

Loss of 
LBM/FFM/SMM

Ageing

Sedentary 
lifestyle

Chronic 
disease

Acute 
illness

Colloca et al. J Geriatric Oncology 2019
Prado et al. Clinical Nutrition 2022



Consequences of lean tissue (skeletal muscle) loss in cancer

Shorter overall 
survival

More 
postoperative 
complications

Increased 
chemotherapy 

toxicity

Earlier cancer 
recurrence

Prado et al. J Cachexia Sarcopenia Muscle 2020
Martin et al. J Clinical Oncology 2013

Example SMI cut point:
 
41cm2/m2 females
43cm2/m2 males with BMI <25
53cm2/m2 males with BMI ≥25

Skeletal muscle index below sex-specific cut points (i.e. low SMM) is associated with poor cancer outcomes:

Low SMM occurs independent of BMI



What about bariatric surgery? 

Additional 
losses of 

LBM/FFM/SMM

↓ dietary protein intake

(post-surgery dietary 
restriction e.g. 500-

800kcal/day)

↓ muscle protein 
synthesis 

(↓protein intake)

↑ muscle breakdown

 (compensation for 
caloric restriction, amino 

acids required for 
metabolic processes)

↑ muscle breakdown

(reduced physical activity 
- clinical guidelines 

recommend gradual 
increase in exercise post-

surgery)

Nuijten et al. Obesity Reviews 2021
Tabesh et al. Obesity Surgery 2019



Lean tissue loss after bariatric surgery

First published meta-analysis, 59 studies: 
• 20 studies measured Fat Free Mass (FFM)
• 37 studies measured Lean Body Mass (LBM, i.e. FFM excluding bone)
• 3 studies measured Skeletal Muscle Mass (SMM, i.e. LBM excluding organs, water)



LBM FFM

SMM

3 months after bariatric surgery

Nuijten et al. Obesity Reviews 2021

• -4.45kg LBM within 3 months • -4.25kg FFM within 3 months

• -2.10kg SMM within 3-6 months (one study)



12 months after surgery

LBM

SMM

Nuijten et al. Obesity Reviews 2021

• -8.13kg LBM at 12 months
• 55% of LBM loss occurred within first 3 months
• This was 13% of baseline LBM, 23.4% of total weight loss

FFM

• -8.23kg FFM at 12 months
• 52% of FFM loss occurred within first 3 months
• This was 13% of baseline FFM, 20.8% of total weight loss

• -3.18kg SMM at 12 months
• 66% of SMM loss occurred within first 3-6 months
• This was 13% of baseline SMM, 8.2% of total weight loss



General consequences of lean tissue loss

% loss of LBM Associated complications

10% Decreased immunity
Increased risk of infection

20% Decreased wound healing
Increased muscle weakness

30% Pressure ulcers
Pneumonia

40% Increased risk of death

Colloca et al. J Geriatric Oncology 2019



General consequences of 
low skeletal muscle mass

Image: Prado et al. Clinical Nutrition 2022



Consequences of low skeletal muscle mass in obesity – pre and post bariatric surgery

Image adapted from:
Prado et al. J Cachexia Sarcopenia Muscle 2020
doi.org/10.1002/jcsm.12525

↑ risk of 
cardiometabolic 
abnormalities:

•  insulin 
resistance

• dyslipidemia

• hypertension

• inflammation

Image: Prado et al. Clinical Nutrition 2022
Koliaki et al. Metabolism 2019
Xiao et al. Clinical Nutrition ESPEN 2018

Mobility 
limitations

Depression

Asthma

Hernia



Lean tissue loss after bariatric surgery compounds an existing issue

• n=952
• BIA-derived SMM index
• Low SMM classified using standard deviations

• Pre-surgery: 20.3% had low SMM
• 5 years post surgery: 22.7% had low SMM

• n=184
• CT-derived skeletal muscle index
• Low SMM classified using published sex-specific 

mortality-based SMI cut-points 
• Pre-surgery: 8% had low SMM
• 1 year post surgery: 32% had low SMM

Lean tissue may already be declining prior to surgery, therefore risk of increasing prevalence of low SMM
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↑ risk of 
cardiometabolic 
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Thank you
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