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Physical activity reduces risk of death 
Results of the NCI Cohort Consortium
660,000 participants
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Percent of US adults meeting recommended 
activity levels

CDC Faststats 2014 



Physical activity is associated with 
lower risk of:

World Cancer Research Fund, 2007 and World Cancer Research Fund 
continuous update project
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Moore et al. JAMA Intern Med 2016. 
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Moderate intensity
e.g. walking

Vigorous intensity
e.g. hiking, joggingLeisure-time

Types of physical activity included:
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The Physical Activity Collaboration of the NCI 
Cohort Consortium

8 US Cohorts 4 European Cohorts
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The Physical Activity Collaboration of the NCI 
Cohort Consortium

8 US Cohorts 4 European Cohorts

1.44 million participants
55% women
Age 50-65 years
Activity levels comparable to U.S. population
~ 2.5 hrs/wk walking or
~ 1 hr/wk jogging
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The Physical Activity Collaboration of the NCI 
Cohort Consortium

8 US Cohorts 4 European Cohorts

187,000 incident cancers
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Main 
results

Cancer
Esophageal adenocarcinoma
Gallbladder
Liver
Lung
Kidney
Small Intestine
Gastric cardia
Endometrial
Esophageal squamous
Myeloid leukemia
Myeloma
Colon
Head and neck
Rectum
Bladder
Breast
Non-Hodgkin lymphoma
Thyroid
Gastric non-cardia
Soft tissue
Pancreas
Lymphocytic leukemia
Ovary
Brain
Prostate
Malignant melanoma

Hazard ratio (90th vs. 10th percentile)
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1,692
2,161
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3,985
5,531
9,073
35,178
6,953
1,829
1,428
851
4,186
2,160
2,880
2,110
46,890
12,438
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Previously 
established 
associations
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Physical 
activity 
associated 
with lower 
risk of 10 
additional 
cancers 
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Physical 
activity 
associated 
with lower 
risk of 
digestive 
cancers
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Physical 
activity 
associated 
with higher 
risk of 
prostate 
cancer and 
melanoma
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..Advanced 
prostate cancer
Hazard ratio=0.99
95% CI: 0.88-1.10
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Physical 
activity 
associated 
with higher 
risk of 
prostate 
cancer and 
melanoma
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Is it 
obesity?
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Associations before BMI adjustment
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Associations after BMI adjustment
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BMI-Independent associations
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Associations after BMI adjustment
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Associations with and without BMI 
adjustment

Cancer HR (95% CI)
Not BMI Adjusted

HR (95% CI)
BMI Adjusted

Liver 0.73 (0.55-0.98) 0.81 (0.61-1.09)

Gastric cardia 0.78 (0.64-0.95) 0.85 (0.69-1.04)

Endometrial 0.79 (0.68-0.92) 0.98 (0.89-1.09)
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Associations with and without BMI 
adjustment

Cancer HR (95% CI)
Not BMI Adjusted

HR (95% CI)
BMI Adjusted

Liver 0.73 (0.55-0.98) 0.81 (0.61-1.09)

Gastric cardia 0.78 (0.64-0.95) 0.85 (0.69-1.04)

Endometrial 0.79 (0.68-0.92) 0.98 (0.89-1.09)



Potential 
mechanisms



Mechanism: Increased gut motility
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Mechanism: Insulin and metabolic effects

Physical inactivity

Calle and Kaaks.  Nat Rev Cancer. 2004
Renehan et al.  Nat Rev Cancer. 2015



25

Mechanism: Sex steroid hormones

Physical 
inactivity

Calle and Kaaks.  Nat Rev Cancer. 2004
Renehan et al.  Nat Rev Cancer. 2015
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Mechanism: Chronic inflammation

Physical activity

?



27Zierath and Wallberg‐Henriksson.  Cell Metab 2015

Physical activity mechanisms act at multiple 
levels
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Metabolomics

Blood GC- and LC-
Mass spectrometry

Hundreds of metabolites
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Accelerometer-based physical 
activity study
 339 Shanghai men and women (mean age 60)

Accelerometer

Xiao, Moore, et al.  IJE 2016.

Average 1 year 
physical activity
+ fasting plasma

12 PM8 AM
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Moderate

Vigorous

1 week in
every 3 months
during 1 year

1 week in
every 3 months
during 1 year
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Manhattan plot of metabolite and physical 
activity associations

0
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Carbohydrate
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Energy

Lipid
Nucleotide
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p) Q‐value=0.2

329 metabolites
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Physical activity is associated with 11 
metabolites

Amino acids
Valine

Isoleucine
3-methyl-2-oxovalerate

Glutamate
2-hydroxybutyrate (AHB)
Alpha hydroxyisovalerate

Betaine

-8 -6 -4 -2 0 2 4 6

Carbohydrate
Glucose

Mannose

Cofactor / vitamin
Threonate

Peptide
Gamma glutamylvaline

Lower in active people Higher in active people
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Physical activity is associated with lower 
levels of amino acids

Amino acids
Valine

Isoleucine
3-methyl-2-oxovalerate

Glutamate
2-hydroxybutyrate (AHB)
Alpha hydroxyisovalerate

Betaine

-8 -6 -4 -2 0 2 4 6

Carbohydrate
Glucose

Mannose

Cofactor / vitamin
Threonate

Peptide
Gamma glutamylvaline

Lower in active people Higher in active people
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Metabolites and breast cancer risk

 Prostate, Lung, Colorectal, 
and Ovarian Cancer 
Screening Trial

 418 estrogen receptor 
positive cases and 418 
controls

 Pre-diagnostic serum 
(median 7 yr follow-up)

Moore et al.  In preparation.
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Amino acid metabolites associated with higher 
ER+ breast cancer risk

0.2 1 52

Valine

3-methyl-2-oxovalerate

2-hydroxybutyrate (AHB)

Alpha hydroxyisovalerate

Gamma glutamylvaline

Odds ratio
(90th vs. 10th percentile of metabolite concentration)

OR= 1.84 
(1.20, 2.82)



Conclusions
 Physical activity was associated with 

lower risk of 13 different types of cancer

 Potential mechanisms include insulin, sex-
steroid, and inflammatory pathways

 New high-throughput approaches may 
reveal novel mechanistic clues 
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Physical activity has a broad-based role in health
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Cohort MET‐hr/wk
median

MET‐hr/wk
IQR

CPSII 8 4 – 18 
COSM 8 4 – 16
PLCO 8 2 – 12 
SMC 8 4 – 8  
USRT 8 2 – 22 
WHS 8 2 – 17 
WLH 11 3 – 23 

Study design & methods: physical activity



Complete results
(double-click figure)
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Physical activity association by smoking group

Cancer HR (95% CI)
Current smokers

HR (95% CI)
Never smokers

Pinteraction

Lung 0.73 (0.68-0.80) 1.03 (0.89-1.20) <0.001
Head and neck 0.85 (0.65-1.10) 0.83 (0.68-1.02) 0.91
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Effect modification by BMI (< vs. > 25.0 kg/m2)
Cancer type
Esophageal adenocarcinoma
Gallbladder
Liver
Lung
Kidney
Small Intestine
Gastric cardia
Endometrial
Esophageal squamous
Myeloid leukemia
Myeloma
Colon
Head and neck
Rectum
Bladder
Breast
Non-Hodgkin lymphoma
Thyroid
Gastric non-cardia
Soft tissue
Pancreas
Lymphocytic leukemia
Ovary
Brain
Prostate
Malignant melanoma

P for interaction
.60
.48
.51
.002
.56
.03
.02
<0.001
.27
.68
.79
.81
.16
.50
.80
.92
.33
.37
.68
.90
.27
.26
.76
.25
.64
.79
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A simplified model

Excess 
amino acids

Inhibited 
fatty acid 
oxidation

Fatty acid 
surplus

Enhanced 
cellular 

biosynthesis 
and 

proliferation

Physical Activity
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Physical activity and metabolite associations

Valine

Isoleucine

3-methyl-2-oxovalerate

Glutamate

2-hydroxybutyrate (AHB)

Alpha hydroxyisovalerate

Betaine

Metabolite Class Pathway
2‐hydroxybutyrate (AHB) Amino acid Cysteine, methionine, SAM, taurine metabolism
glutamate Amino acid Glutamate metabolism
betaine Amino acid Glycine, serine and threonine metabolism
isoleucine Amino acid Valine, leucine and isoleucine metabolism
valine Amino acid Valine, leucine and isoleucine metabolism
alpha‐hydroxyisovalerate Amino acid Valine, leucine and isoleucine metabolism
3‐methyl‐2‐oxovalerate Amino acid Valine, leucine and isoleucine metabolism
mannose Carbohydrate Fructose, mannose, galactose, starch, and sucrose metabolism
glucose Carbohydrate Glycolysis, gluconeogenesis, pyruvate metabolism
threonate Cofactors and vitamins Ascorbate and aldarate metabolism
gamma‐glutamylvaline Peptide gamma‐glutamyl
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Breast cancer and metabolomics
Study Design
Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial 
621 incident invasive breast cancer cases
418 were ER+ cases
Median follow-up prior to dx: 6.7 years
Matched 1:1 to controls on age, date of blood draw, hormone use

Metabolites
Non-fasting serum 
LC-MS/GC-MS (Metabolon Inc.)
672 metabolites

Statistical analysis
Conditional logistic regression (All cases and ER+ cases)
Adjusted for breast cancer risk factors, hormone use, body mass index
False discovery rate of 0.2
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