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Genetically determined lean mass and dietary response
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Abstract

Weight loss attenuates many obesity-related co-morbidities, but is difficult to sustain

with dietary change. Dietary adherence, not macronutrient composition, is a better

predictor of weight loss. Weight loss-induced endocrine changes promote food

intake and increase energy efficiency, contributing to the difficulty with dietary

adherence and weight regain. Macronutrient preference is partly genetically deter-

mined, suggesting that personalized dietary interventions might be more successful.

In this issue, Li et al. report that a genetic risk score comprising the cumulative

weighted effects of variants previously associated with increased lean mass is associ-

ated with increased satiety and weight loss 6 months after initiating a low- but not a

high-fat diet. The effects were attenuated by 2 years. These findings suggest that

genetic variants may influence response to specific diet. Further studies are neces-

sary to assess whether genetically determined lean mass is causally associated with

dietary response. Significant progress has recently been made in identifying addi-

tional genetic determinants of lean mass, which will enable such investigations and

potentially inform future nutritional studies.
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Obesity is a major public health concern.1 A number of diets with

varying macronutrient composition effectively initiate short-term

weight loss, but weight regain over time is common,2 partly because

of adaptive endocrine changes that promote food intake and increase

energy efficiency.3–5 Adherence, rather than the macronutrient com-

position of a diet, is a better predictor of long-term weight loss.6

Can dietary interventions be personalized to increase adherence

and maintain weight loss? Obesity is heritable (estimated heritability

of 40%-70% based on family and twin studies), as is its response to

interventions such as bariatric surgery.7,8 Loss of function variants in

MC4R, the commonest monogenic cause for childhood obesity, are

associated with a preference for high fat but not high sucrose foods.9

Other data also show that genetic factors are associated with nutri-

tional preferences.10

Skeletal muscle is a major determinant of energy expenditure and

can thus influence body weight, appetite and response to dietary

intervention.11 Dual-energy x-ray absorptiometry (DEXA) and bio-

electrical impedance analysis (BIA) can be used to measure appendicu-

lar lean mass (a measure of skeletal muscle mass) and total lean mass

(a measure of skeletal, smooth and cardiac muscle).12 In this issue of

the journal, Li et al. assess the effects of a genetic risk score (GRS)

based on five single nucleotide polymorphisms (SNPs)13 on appetite

and weight loss in the Preventing Overweight Using Novel Dietary

Strategies (POUNDS) lost trial.14 These SNPs have previously been

shown in a genome-wide association study (GWAS) to be associated

with DEXA-derived lean mass (after adjustment for sex, age, height

and fat mass) and cumulatively explain less than 1% of the heritability

of lean mass (estimated to be ~65% in sibling studies).13,15 The

POUNDS lost trial is a multi-ethnic study (84% Caucasian, 61%

female) that comprised four dietary interventions, including two low-

fat and two high-fat diets.14 All diets were low in saturated fat. The

authors reported that a low GRS (predicted to increase lean mass

based on a prior GWAS)13 was associated with reduced appetite

(as assessed by visual analogue scale) along with reduced waist cir-

cumference and weight after 6 months on a low-fat diet, but was not

associated with these variables on a high-fat diet.14 Dietary intake

was assessed in a random sample of 50% of participants, by review of

the 5-day diet record at baseline, and by 24-hour recall during a
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telephone interview on 3 non-consecutive days at 6 months and

2 years. Two biomarkers of adherence (urinary nitrogen and respira-

tory quotient) were also assessed. By the end of the trial, 2 years after

randomization, the weight-loss effects were attenuated in the low-fat

group.14 This study shows that genetic variants can potentially predict

response to dietary intervention in a randomized clinical trial, in addi-

tion to influencing macronutrient preference.

These intriguing findings should encourage further studies to

assess whether there is a causal relationship between skeletal muscle

mass and response to low-fat diet. The GRS deployed by Li et al.

explains less than 1% of the heritability of lean mass and did not cor-

relate with lean mass in POUNDS lost study participants.13,14 A more

recent study identified 1059 SNPs at 799 loci, associated with BIA-

measured appendicular lean mass in both sexes, adjusted for

covariates including appendicular fat mass and age.12 Together, these

explain ~15.5% of the heritability of appendicular lean mass (which

correlates with total lean mass).12 These variants can potentially be

used to investigate whether genetically determined appendicular lean

mass and/or skeletal muscle mass is causally associated with response

to low-fat diet through Mendelian randomization (MR) analyses. MR

utilizes genetic variants as instruments to assess causal associations

between phenotypes, which can inform future clinical studies. For

example, genetic variants that increase the risk of type 2 diabetes also

increase the risk of cardiovascular disease,16 suggesting that type

2 diabetes increases the risk of cardiovascular disease. Loss of func-

tion mutations in PCSK9 causally associate with very low density lipo-

protein (LDL) and protect from coronary artery disease, consistent

with low LDL being protective for heart disease.17 PCSK9 inhibitors

have been shown to lower LDL and prevent coronary artery

disease.18

Although MR can be informative, variants that have pleiotropic

effects on other traits are potential confounders and will need to be

adjusted for in any analysis (horizontal pleiotropy).19,20 For example,

in the POUNDS lost trial, rs2943656, near IRS1 (encoding insulin

receptor substrate 1) was most significantly associated with appetite

and weight loss at 6 months in the low-fat group.14 rs2943656 is in

linkage disequilibrium (1000 genomes phase 3 European super-popu-

lation, r2 = 0.87) with rs2943650,13 which associates with reduced

IRS1 expression in adipose tissue, reduced adiposity and insulin resis-

tance.21 IRS1 is an integral component of the insulin signalling

pathway,21 which in the central nervous system can potentially regu-

late appetite and food choice.22 Thus, rs2943656 may potentially

mediate the response to a low-fat diet via altered lean mass, adipose

mass and/or central nervous system insulin action.

Most GRSs have largely been developed in people of recent

European ancestry and may not perform as well in other ances-

tries.23 The genetic variants associated with lean mass have been

found in predominantly Caucasian cohorts.12,13 Importantly, Li et al.

reported concordant findings between Caucasian participants and

the overall group.14 Genetic studies of lean mass as well as interven-

tion studies in non-Caucasian diverse populations will be informa-

tive, as shown recently in a multi-ancestry study of type

2 diabetes.24

In summary, Li et al. have identified genetic variants associated

with increased satiety and weight loss in response to a low-fat diet,

adding to their prior work that suggests genetic variants can influence

response to dietary macronutrient composition25 and previous work

showing that genetic variants predict macronutrient preference.9,10

MR analysis based on recent advances in genetic determinants of

appendicular lean mass12 can potentially determine whether there are

causal associations between skeletal muscle mass and response to

specific dietary interventions. This knowledge may inform future clini-

cal studies assessing more individualized dietary interventions.
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