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Life course perspective -
Changes in body composition with age

* Middle age — gain in fat more than lean

* Older age —
* Loss of height, mainly in spine
* Loss of muscle mass
* Increase in fat mass
* |ncrease in central, abdominal fat and muscle fat
* Bone loss

e Later on - loss of fat, muscle and bone

“Involution”
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Measuring Body Composition

"No, it's not water. You seem to
be retaining food." .
<IPI2S 58
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BOdy COmpOSitiOﬂ methods for quantification of fat-free

(lean) (muscle) mass, fat mass, fat distribution

* Total body potassium

* Bioelectric impedance (BIA)
* Dual Energy X-ray Absorptiometry (DXA)

* Magnetic resonance or computerized tomography
scan(MR/CT)

e Ultrasound
D3 Creatine dilution



DXA - Evidence

e Most studies in older adults use DXA lean mass

e Associations found with disability, mobility, mortality
» depending on indexing (ht?, BMI, total mass, fat mass)

* Results not always consistent

K88259788 Mon Aug 25 11:17 1997
Name :

Comment : a
I.D.: HB5428 Sex: M
S.S.#: = Ethnic: "]
ZIP Code: Height:5’ 18"
Operator: B13 Weight: 212
BirthDate: 69728721 Age: S
Physician: HABC

Image not for diagnostic use
TOTAL BMC and BMD CV is < 1.8z
C.F. 1.827 0.998 1.000

Region Area BMC BMD
(cm2) (grams) (gms/cm2)

L Arm 274.22 249.55 ©.918

R Arm 265.83 244.19 8.919

L Ribs 153.18 119.76 8.782
R Ribs 164.69 127.77 8.776
T Spine 197.87 283.57 1.833
L Spine 56.76 90.89 1.6681
Pelvis 237 .84 321.96 1.358
L Leg 436 .91 617.15 1.413
R Leg 427 .32 567.42 1.328
SubTot 2212.95 2542.26 1.149
Head 261.83 638.81  2.486

>Jul 14 13:83 1998 [327 x 1581 TOTAL 2474.78 3172.27 1.282 .
Hologic QDR-4588A (S/N 45349) - =

Whole Body Fan Beam U8.24a:3%

HOLOGIC

3/11/2019 U-13 Bench to Bedside



Sarcopenia and Skeletal Muscle fat

Less More Most

CT Scans of the mid thigh from actual Health
ABC participants showing muscle area,
subcutaneous fat and intermuscular fat
(highlighted in pink) variability in thighs of
similar cross-sectional area
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Sabel MS, Lee J, Cai S, Englesbe MJ, Holcombe S, Wang S. Sarcopenia

as a prognostic factor among patients with stage Ill melanoma.
Annals of surgical oncology. 2011 Dec 1;18(13):3579-85.

Cross-sectional CT images were used to measure the areas of the left and right psoas muscles at the level of the fourth lumbar
vertebra. After identifying individual vertebral levels, we then selected the individual imaging slice at the inferior aspect of L4 and
outlined the borders of the left and right psoas muscles. The area of the resulting enclosed regions was then computed to generate
Z:ilgr::;-::g(:;c;?]r;al area of the psoas muscles. Psoas musclﬁyﬁnggﬁ%agon%%%ss%%d as the average radiodensity (HU) of the



MRI vs D3 Creatine
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Total muscle mass from MRI vs. muscle mass from the D3-creatine dilution method calculated using mean steady-state D3-creatinine
enrichment (» = 0.868. P < 0.0001). », Pearson's partial correlation coefficient adjusted for sex.

Clark, Richard V., et al. "Total body skeletal muscle mass: estimation by
creatine (methyl-d3) dilution in humans." American Journal of Physiology-

Heart and Circulatory Physiology (2014).
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DXA appendicular lean vs MRl and D3 Creatine
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Clark, Richard V., et al. "Total body skeletal muscle mass: estimation by creatine (methyl-d3) dilution in
humans." American Journal of Physiology-Heart and Circulatory Physiology (2014).
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Body composition — physiology and function

MUSCLE FAT

* Muscle is major determinant of ¢ Muscle fat increases with age, is
RMR and distribution of fat correlated with visceral fat and is
soluble drugs strongly related to outcomes

* Lean mass by DXA has weak if * In old age, subcutaneous fat is
any association with physical protective for mortality but
function or mortality impairs function

e Lean mass by DXA is strongly * Visceral fat associated with CVD

related to muscle strength which risk, diabetes and inflammation
predicts function and mortality



Mobility limitations & muscle area,
density and strength

Hazard ratio for incident

Health ABC mobility limitation (95% CI)
o MObIlIty limitation Muscle Parameter Women
 any difficulty walking % mile or climbing 10 Mid-thigh muscle area
steps 1 = low | 34 (0.95-1.88)
. 2 .01 {0.74-1.38)
* Small muscle area, low muscle density 3 .00 (0.75-1.32)
4 = high 1.0

and weak knee strength

. . - .. . Mud-thigh muscle atienuation
* increased risk of mobility limitation §

1 = low* |55 (1.10-2.17)
* Only muscle density, strength and fat 2 1.69 (1.23-2.34)
. . . 3 | .33 (0.95-1.85)
were independently associated with 4 — high L0
limitations Knee extensor strength
1 = low |69 (1.22-2.35)
2 53 (1.11-2.10
3 .08 (0.75-1.49)
4 = high 1.0
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Sarcopenia vs. dyna Mpema and mortality
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Most studies —
strength
significantly
associated
with mortality

Most studies —

sarcopenia not

significantly
associated
with mortality

Relative sk (95% CI)

From: Dynapenia and Aging: An Update, Manini and Clark
J Gerontol A Biol Sci Med Sci. 2011;67A(1):28-40. doi:10.1093/gerona/gir010

J Gerontol A Biol Sci Med Sci | © The Author 2011. Published by Oxford University Press on behalf of The Gerontological Society of America. All

rights reservzd. For permissions, please e-mail: journals.permissions@oup.com.
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Should muscle mass be indexed to body size?

 Scaling with height squared (approximately) removes correlation of
appendicular lean with height. (BMI for muscle)

 Scaling can be complex (Heymsfeld 2011)

* Leg length not considered in simple scaling
* leg length lower in Asians, higher in African Americans compared to Caucasians.

* Tremendous individual variation

 Scaling variables do not seem to influence associations.



Should muscle mass be indexed to body size?

Table 1. Characteristics of MrOS Men by Quartiles of Muscle Mass/Body Mass by D.Cr Dilution

Quartile 4

Quartile 1, (lowest) Quartile 2 Quartile 3 (highest)

<0.273 =().273—<3.02 =0.302—<0.338 >().338

N =350 N = 350 N = 350 N = 351 p-value
Anthropometrics and demographics
Age 85.5+4.3 84.7 + 4.1 83.9+4 82.6 +3.2 <.001
White race 326 (93.1) 324 (92.6) 323 (92.3) 289 (82.3) <.001
Height (cm) 172.8 + 6.9 172.3 = 6.6 172.1 = 6.6 171.7« 7 166
Weight (kg) B6.6 = 13.5 80.7=11.9 78.0x11.3 73.4+9.1 <.001
BMI (kg/m?) 29+ 4.0 27.1+3.3 26.3+3.2 249 +27 <.001
Percent body fat 32.1£5.3 29.1+49 26.7 + 4.7 23.3+48 <.001
ALM (kg) 227+ 34 222131 22.5+ 3.0 224+ 3.0 200
ALM/ht* (kg/m?) 7.6 1.0 75038 7.6 = 0.8 7.6 = 0.8 144

3/11/2019

Cawthon, Peggy M., et al. "Strong Relation Between Muscle Mass Determined by D3-creatine

Dilution, Physical Performance, and Incidence of Falls and Mobility Limitations in a Prospective

Cohort of OldeﬁM@%

pc%-ojgg _gg‘les of Gerontology: Series A (2018).
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Change in weight, muscle, fat

* Loss of lean mass (DXA) or
muscle area (CT) was
associated with mortality

 Both men and women, both

Journals of Gerontology: Medical Sciences
cite as: J Gerontol A Biol Sci Med Sci, 2017, Vol. 72, No. 4, 513-519

AR
e doi10.1083/geronalghu163
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SOCIETY OF AMERICA’

| DXA and CT

Research Article ]
. _ _ * Independent of starting lean

Body Composition Remodeling and Mortality: The Health mass/muscle area
Aging and Body Composition Study e Little effect of potential
Adam J. Santanasto,' Bret H. Goodpaster,? Stephen B. Kritchevsky,® Iva Miljkovic, cofounders
Suzanne Satterfield,* Ann V. Schwartz,* Steven R. Cummings,® Robert M. Boudreau,'
Tamara B. Harris,” and Anne B. Newman' * Loss by CT area (nOt DXA) -
'Department of Epidemiology, University of Pittsburgh, Pennsylvania. “Translational Research Institute for Metabolism and Diabetes, ASSOC|at|On Wlth mortallty
Florida Hospital, Sanford Burnham, Orlando. *Sticht Center on Aging, Wake Forest School of Medicine, Winston-Salem, North Carolina. remalned S|gn|f|ca nt after
‘Department of Preventive Medicine, University of Tennessee Health Science Center, Memphis. *Department of Epidemiology and . . .
Biostatistics, University of California at San Francisco. California Pacific Medical Center Research Institute, San Francisco. "Intramural adJUStlng for WEIght IOSS

Research Program, National Institute on Aging, Bethesda, Maryland.
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Subgroup differences in body composition

 Sex difference is profound

 Differences between man and women in muscle and fat - virtually non-
overlapping

 Ethnic differences are less clear

* African-Americans - longer leg length (Gallagher D, JAP, 1997) and lower VAT
(Carroll, JF Obesity, 2008).

* Hispanics — varies (Cameron, N, International journal of obesity 2017.

* Asians — BMI risk at lower BMI, e.g. BMI>23 (WHO, Lancet, 2004), lower cut-
offs for sarcopenia (Chen, LK, JAMDA, 2014)



Knowledge gaps

* |deal body composition uncertain
* More work on ethnic differences needed
* Role of scaling to size uncertain
* Need to look at fat and muscle together
* Lack of agreement on definition of sarcopenia

* Muscle quality inadequately defined
* Metabolic function — fat oxidation
e Contractile protein function, strength per mass
* Fiber innervation and recruitment
* Muscle fat infiltration

* Interventions?

* Increase is muscle mass does not translate to better function, while reducing fat
mass does.

* Weight management vs. body composition remodeling



Research opportunities

* Body composition assessment — assess newer methods for
ability to predict morbidity and mortality

* Tissue biology - relationship to function — biopsy needed

* Consider bone, muscle and fat together — shared risk and
protective factors

* Life course — better understanding of weight history and
peak performance in youth in relation to declines



Thanks

anewman@ pitt.edu



Clustering of Strength, Physical Function, Muscle, and
Adiposity Characteristics and Risk of Disability in Older
Adults, Cawthon, et al, 2011.
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