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Exercise Studies Where Walking is Better 
than Running: Does Intensity Matter?



ØTo really understand intensity effects, one must match for 
amount.

ØEffects of exercise intensity, matched for amount on insulin 
sensitivity, serum triglycerides. 

ØEffects of intensity and amount on HDL cholesterol.

Exercise Intensity and Volume Effects: 
Confounded?







STRRIDE
Studies of a Targeted Risk Reduction 

Intervention
with Defined Exercise

STRRIDE I NHLBI: HL-57453 
STRRIDE AT/RT NHLBI: HL-57453  
STRRIDE-PD NIDDK: DK-081559

NCT00200993 
NCT00275145
NCT00962962



STRRIDE: Eligibility Criteria
Age: 40 - 65
Body Composition: 25 ≤ BMI ≤ 35 
Lipids: 130 ≤ LDL ≤ 190 or HDL ≤ 40 M and ≤ 45 W 
Glucose: fasting ≤ 140 mg%; fasting insulin ≥ 10 IU/ml 
Blood pressure: ≤ 160/90 mmHg 
Menstrual status: postmenopausal (FSH ≥ 40) � HRT ≥ 

6 months 
Demographics: equal genders, 30% minority
Activity: “sedentary”, peak VO2 ~ 29 mL/kg/min (8.3 METS)  
Medications: nothing that is known to influence skeletal muscle or 
exercise training responses (e.g. ACE inhibitors, b-blockers) and 
stable for 6 months



STRRIDE - Training Protocols

Intensity Amount Time/wk
(peak VO2) (kcal/wk)                           (min per wk)

Brisk Walking     13 miles/week 170
Jogging              13 miles/week 120

Jogging              22 miles/week 170

Inactive None None
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STRRIDE - Study Design
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“In general, both HDL cholesterol and serum 
TG reproducibly and favorably respond to 
changes in habitual physical activity, with 
increases in HDL cholesterol and decreases in 
serum TG, mostly related to the volume of 
exercise training and responding with 
threshold volumes in the range of  7 to 15 
miles per week of regular exercise (equating 
to an approximate 600 to 800 MET-minutes).”

Physical Activity Guidelines Advisory Committee Science Report, 
DHHS, 2008 



ØTo really understand intensity effects, one must match for 
amount.

ØEffects of exercise intensity, matched for amount on insulin 
sensitivity, serum triglycerides. 

ØEffects of intensity and amount on HDL cholesterol.
ØIntensity is important, but different for different health 

benefits … personalized exercise prescription.

Exercise Intensity and Volume Effects: 
Confounded?



Runners versus Walkers



Walking vs. Running Prospective Cohort Studies

• National Runners’ (33,060) and Walkers’ 

(15,945) Health Study Cohorts

• Energy expenditure quantified in METs/d

• Risk reductions in physician-diagnosed 

hypertension, hypercholesterolemia, diabetes 

and CHD over 6.2 years of follow-up

• No difference in risk reductions.

Williams PT, Thompson PD.  ATVB 33: 1085-91, 2013



Reduction in coronary heart disease (CHD) risks per metabolic equivant hours per day 
(METh/d) energy expended by walking or running at baseline. 

Paul T. Williams, and Paul D. Thompson Arterioscler 
Thromb Vasc Biol. 2013;33:1085-1091

Copyright © American Heart Association, Inc. All rights reserved.



STRRIDE I 10-year Reunion



Reunion Protocol

• STRRIDE I participants that finished intervention period—drop 
outs not invited back.

• 10 years following completion invited back for CPX test, blood 
work, assessment of BP, lipids, FBG, FI, waist circumference 
and weight, PA in last three months.

• Comparisons made to pre-intervention assessments.



Reunion Results
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Intensive Lifestyle Intervention in Type 2 Diabetes

n engl j med 369;2 nejm.org july 11, 2013 149

Risk Factors for Cardiovascular Disease

During the first year of follow-up, patients in the 
intervention group had greater improvements 
than the control group in glycated hemoglobin 
levels (Fig. 1D) and in all other measured cardio-
vascular risk factors, except for low-density lipo-
protein (LDL) cholesterol levels (Fig. S2 and Table 
S1 in the Supplementary Appendix). The between-
group difference in cardiovascular risk factors 
diminished over time, with the glycated hemo-
globin level and systolic blood pressure showing 
the most sustained differences. LDL cholesterol 
levels were lower in the control group than in the 

intervention group (mean difference, 1.6 mg per 
deciliter [0.04 mmol per liter] during 10 years of 
follow-up). The use of antihypertensive medica-
tions, statins, and insulin was lower in the inter-
vention group than in the control group (Fig. S2 
and S3 and Table S1 in the Supplementary Ap-
pendix).

Clinical Outcomes
The composite primary outcome — the first oc-
currence of death from cardiovascular causes, 
nonfatal myocardial infarction, nonfatal stroke, 
or hospitalization for angina — occurred in 403 
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Figure 1. Changes in Weight, Physical Fitness, Waist Circumference, and Glycated Hemoglobin Levels during 10  Years of Follow-up.

Shown are the changes from baseline in overweight or obese patients with type 2 diabetes who participated in an intensive lifestyle 
 intervention (intervention group) or who received diabetes support and education (control group). The reported main effect is the average 
of all between-group differences after baseline. Means were estimated with the use of generalized linear models for continuous measures. 
MET denotes metabolic equivalents; asterisks indicate P<0.05 for the between-group comparison. Data from 107 visits during year 11 
were not included in the analyses.
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A bs tr ac t

Background
Weight loss is recommended for overweight or obese patients with type 2 diabetes 
on the basis of short-term studies, but long-term effects on cardiovascular disease 
remain unknown. We examined whether an intensive lifestyle intervention for 
weight loss would decrease cardiovascular morbidity and mortality among such 
patients.

Methods
In 16 study centers in the United States, we randomly assigned 5145 overweight or 
obese patients with type 2 diabetes to participate in an intensive lifestyle interven-
tion that promoted weight loss through decreased caloric intake and increased 
physical activity (intervention group) or to receive diabetes support and education 
(control group). The primary outcome was a composite of death from cardiovascu-
lar causes, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for 
angina during a maximum follow-up of 13.5 years.

Results
The trial was stopped early on the basis of a futility analysis when the median fol-
low-up was 9.6 years. Weight loss was greater in the intervention group than in the 
control group throughout the study (8.6% vs. 0.7% at 1 year; 6.0% vs. 3.5% at study 
end). The intensive lifestyle intervention also produced greater reductions in gly-
cated hemoglobin and greater initial improvements in fitness and all cardiovascu-
lar risk factors, except for low-density-lipoprotein cholesterol levels. The primary 
outcome occurred in 403 patients in the intervention group and in 418 in the con-
trol group (1.83 and 1.92 events per 100 person-years, respectively; hazard ratio in 
the intervention group, 0.95; 95% confidence interval, 0.83 to 1.09; P = 0.51).

Conclusions
An intensive lifestyle intervention focusing on weight loss did not reduce the rate of 
cardiovascular events in overweight or obese adults with type 2 diabetes. (Funded 
by the National Institutes of Health and others; Look AHEAD ClinicalTrials.gov 
number, NCT00017953.)
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MVPA & All-Cause Mortality in 654, 827 Men & Women

Steep early slope

No lower threshold for benefit

No apparent upper threshold

No obvious best amount
No evidence of increased risk at high end

About 70% of benefit reached by 8.25 MET-hr/wk

150-300 Min  MPA

Moore, et al.  PLOS Medicine, November 2012

age 21-90   10 years follow-up    82,465 deaths

Figure 1
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increase from 600 to 3600 MET minutes/week, and a 2% 
reduction in risk for an increase in total activity from 9000 
to 12 000 MET minutes/week (table F in appendix 4).

Categorical dose-response relations
Table 1 shows the relative risks and uncertainty inter-
vals for the associations between physical activity and 
the five outcomes (uncertainty intervals are a range of 
values that are likely to include the correct risk estimate 
for the association between physical activity and each 
health outcome).

Compared with insufficiently active women 
(reporting less than 600 MET minutes/week of total 
physical activity), the risk of breast cancer among 
those in the low active (600-3999 MET minutes), 
moderately active (4000-7999 MET minutes), and 
highly active (≥8000 MET minutes) categories was 
reduced by 3%, 6%, and 14%, respectively. Compared 
with insufficiently active individuals (both men and 
women), the risk of colon cancer among those in the 
low active, moderately active, and highly active cate-
gories was reduced by 10%, 17%, and 21%, respec-
tively. The corresponding reductions in risk were 
14%, 25%, and 28% for diabetes, 16%, 23%, and 25% 
for ischemic heart disease, and 16%, 19%, and 26% 
for ischemic stroke, respectively.

Assessment of risk of bias and publication bias
Tables A-E in appendix 4 show the quality assessment 
scores for each study. The scores varied from a maxi-
mum of 9 to a minimum of 3. Sensitivity analyses in 
which we excluded studies with a score <7 showed sim-

ilar results, except for diabetes (table 2 ). The strength of 
association between total physical activity and diabetes 
was weaker for moderately active and highly active cat-
egories when we restricted the analysis to higher qual-
ity studies (table 2).

The study covariate indicating whether or not the 
MET minutes were estimated with the GBD 2013 expo-
sure data was not significant for all outcomes except 
for breast cancer. Sensitivity analyses for breast cancer 
studies did not show a significant difference between 
those that assessed physical activity quantitatively and 
those that assessed it qualitatively, though the latter 
tended to show slightly stronger associations (table G, 
appendix 4).

Egger’s test27 for publication bias was significant 
(P<0.05) for diabetes, ischemic heart disease, and 
 ischemic stroke. Sensitivity analyses in which we 
included the missing studies identified through the trim 
and fill method showed similar results (data not 
shown). There was no significant evidence of publica-
tion bias for breast cancer and colon cancer.

Discussion
This is the first meta-analysis to quantify the dose-re-
sponse association between total physical activity 
across all domains and the risk of five chronic diseases. 
Using data from 174 cohort studies, we estimated rela-
tive risks of diseases for each dose of total physical 
activity in MET minutes/week. The results of our 
meta-analysis showed that higher levels of total physi-
cal activity were significantly associated with lower risk 
for all outcomes: major gains occurred at lower levels of 
activity and there were diminishing returns at levels 
higher than 3000-4000 MET minutes/week. There was 
no evidence that the findings differed between studies 
with a higher or lower risk of bias for activity levels 
where most health gains occurred.

Comparison with previous work
The findings of this study extend previous meta-analy-
ses in several important ways. First, this study included 
a lot more studies than previous quantitative dose-re-
sponse meta-analyses. For example, we included 55, 35, 
and 43 cohort studies on diabetes, breast cancer, and 
ischemic heart disease, respectively, in our study com-
pared with 16 studies on diabetes,2  13 studies on breast 
cancer,1  and nine studies on ischemic heart disease3  
included in previous dose-response meta-analyses. No 
studies have systematically quantified the dose-re-
sponse associations between physical activity and the 
remaining outcomes (colon cancer and ischemic 
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Fig 7 | Continuous risk curves for association between 
physical activity and breast cancer, colon cancer, diabetes, 
ischemic heart disease, and ischemic stroke

Table 1 | Categorical dose-response relations between physical activity and breast cancer, colon cancer, diabetes, ischemic heart disease, and ischemic stroke

Physical activity in 
MET minutes/week

Pooled relative risk (95% uncertainty interval)
Breast cancer Colon cancer Diabetes Ischemic heart disease Ischemic stroke

<600 Reference Reference Reference Reference Reference
600-3999 0.967 (0.937 to 0.998) 0.903 (0.851 to 0.952) 0.857 (0.816 to 0.902) 0.837 (0.791 to 0.886) 0.843 (0.779 to 0.918)
4000-7999 0.941 (0.904 to 0.981) 0.833 (0.771 to 0.896) 0.748 (0.701 to 0.799) 0.769 (0.698 to 0.838) 0.810 (0.690 to 0.937)
≥8000 0.863 (0.829 to 0.900) 0.789 (0.735 to 0.850) 0.722 (0.678 to 0.768) 0.754 (0.704 to 0.809) 0.736 (0.659 to 0.811)
Heterogeneity 0.002 (0.0001 to 0.008) 0.005 (0.0003 to 0.018) 0.050 (0.040 to 0.070) 0.042 (0.025 to 0.061) 0.016 (0.001 to 0.043)

Kyu HH,Bachman VF, Alexander L et al. Physical activity and risk of breast 
cancer, colon cancer, diabetes, ischemic heart disease, and ischemic stroke 
events: systematic review and dose-response meta-analysis for the Global 
Burden of Disease Study 2013 BMJ, 354.



Figure 2
Risk of selected health events by hours/week of moderate to 

vigorous physical activity
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Steps



Implications 
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The measure of steps per day has the 
potential to significantly improve the 
translation of research findings into 
public health recommendations, 
policies, and programs. 



Importance 

33

• Steps are a basic unit of locomotion
– Easy to understand metric of ambulation

• Measuring step counts shown to motivate diverse samples of individuals to 
increase physical activity levels

• Self-assessment of steps through objective, readily obtainable technology
• Step counts per day provides a comparable denominator to caloric intake per 

day
– Tool for researchers and the public addressing a variety of health and physical 

activity issues 
• Steps can be at light-, moderate-, and vigorous-intensity levels
– Range of exertion choice for the promotion of walking
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cardiovascular event. Moreover, each 2000 step per day 
change from baseline to 12 months was associated 
with an additional 8% diff erence in the cardiovascular 
event rate. This diff erence was unaff ected when further 
adjusted for change in body-mass index and other 
potential confounding factors at 12 months. Results were 
not modifi ed by sex, age, level of baseline activity, or pre-
existing cardiovascular disease. To our knowledge, this is 
the fi rst study to investigate the association between daily 
ambulatory activity and cardiovascular events in at-risk 
adults (panel).

Walking is known to be the most common and 
preferred choice of physical activity,19–21 and behaviour 
change programmes aimed at increasing total daily 

ambulatory activity through pedometer use have been 
highly eff ective across a broad range of groups, including 
those with impaired glucose toler ance.22,23 However, the 
eff ect of changing overall daily ambulatory activity levels 
on cardiovascular events has not been elucidated by 
controlled intervention studies. This observational study 
therefore extends previous research by suggesting that 
baseline ambulatory activity and change in ambulatory 
activity are both important and independent determinants 
of future cardiovascular disease in high-risk adults. 
Moreover, the lack of an interaction between the asso-
ciation of baseline and change in ambulatory activity 
with future cardiovascular events suggests that the 
relative benefi t of increased ambulatory activity, or 
deleterious eff ect of decreased ambulatory activity, 
remains consistent irrespective of the starting level. 
These fi ndings support both the promotion of increased 
ambulatory activity, and the avoidance of decreased 
ambulatory activity irrespective of the starting level, as 
important targets in the prevention of chronic disease.

The relation between change in ambulatory activity 
and cardiovascular events remained signifi cant after 
adjustment for both baseline body-mass index and 
change in body-mass index. Previous smaller obser-
vational studies using objective measures of ambulatory 
activity or total physical activity have provided equivocal 
evidence on whether the relation between physical 
activity and cardiometabolic risk factors are mediated 
through adiposity.24–27 By contrast, large observational 
studies that have shown a strong inverse dose-response 
relation between objectively assessed cardiorespiratory 
fi tness and cardiovascular events after adjustment for 
body-mass index.28,29 However, cardiorespiratory fi tness is 
determined by multiple factors, not just physical activity. 
Our study therefore provides novel evidence for the 
cardioprotective role of daily ambulatory activity, 
independent of bodyweight status. This observational 
fi nding is strengthened by several biological mechanisms 
that have consistently been linked to increased physical 
activity, including improved lipid metabolism, change in 
low-density lipoprotein particle size, increased tissue 
plasminogen activator activity, and decreased coronary 
artery calcium.30

This study has several strengths. First, the analysis was 
adjusted for a comprehensive list of possible confounding 
variables, both at baseline and 12 months, shown to be 
related to cardiovascular events in this cohort. Second, 
the sample comprised a large international population 
with impaired glucose tolerance and at high cardio-
vascular risk, making the results broadly generalisable to 
diabetes and cardiovascular disease prevention pro-
grammes globally. Third, the large study cohort was 
recruited over a relatively short time frame (2 years), 
minimising the possibility of temporal factors aff ecting 
the results. Finally, in the absence of randomised 
controlled trials assessing the eff ect of physical activity 
on morbidity or mortality outcomes, this study represents 

Panel: Research in context

Systematic review
We searched PubMed, Medline, and Google Scholar with the search terms “physical 
activity”, “exercise”, “mortality”, and “cardiovascular”. We were unable to identify any 
studies that examined the association between objectively assessed physical activity and 
cardiovascular events. Recent studies have reported meta-analyses of observational 
studies looking at the eff ect of self-reported physical activity and non-vigorous physical 
activity on the risk of cardiovascular disease and mortality.8–10 However, because of the 
nature of the self-reported instruments used within the included studies, the reviews 
were unable to adequately quantify the amount of physical activity needed to gain 
specifi c benefi ts. Moreover, the association between change in physical activity and 
cardiovascular disease has not been investigated in high-risk adults.

Interpretation
In this study involving adults at high risk of type 2 diabetes and cardiovascular disease, every 
2000 step per day increment in ambulatory activity at baseline was associated with a 10% 
lower risk of a cardiovascular event and each 2000 step per day change from baseline to 
12 months was associated with an additional 8% diff erence in the cardiovascular event rate. 
Results for change remained consistent across men and women, region, age, and baseline 
level of activity. 

Figure: Relation between change in ambulatory activity and adjusted 5-year 
cardiovascular event rates
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Yates (2014) used Navigator data to 
show change in steps per day was 
associated with reduce risk for 
cardiovascular events, specifically, a 
yearly 2,000 steps per day increase 
resulted in an 8% yearly reduction in 
cardiovascular event rate. The dose-
response appeared linear. Baseline level 
of steps per day was inversely 
associated with cardiovascular event 
incidence, specifically at baseline each 
2000 steps per day increment was 
associated with a 10% lower 
cardiovascular event rate. 

NAVIGATOR
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Do Bouts Matter?

Whence did this whole idea originate?
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