Evidence Portfolio – Exposure Subcommittee, Question 41
What is the relationship between step count per day and (1) all-cause and cardiovascular
disease mortality and (2) incidence for cardiovascular disease events and risk of type 2
diabetes?
a. Is there a dose-response relationship? If yes, what is the shape of the relationship?
b. Does the relationship vary by age, sex, race/ethnicity, socio-economic status, or weight status?
Sources of Evidence: Original Research
Conclusion Statements and Grade:
Insufficient evidence is available to determine whether a relationship exists between step counts per
day and all-cause and cardiovascular disease mortality. PAGAC Grade: Not assignable.
Limited evidence suggests that step count per day is associated with reduced incidence of cardiovascular
disease events and risk of type 2 diabetes. PAGAC Grade: Limited.
Limited evidence suggests a dose-response relationship between the measure of steps per day and
cardiovascular disease events and type 2 diabetes risk. PAGAC Grade: Limited.
Insufficient evidence is available to determine whether the relationship between the measure of steps
per day and cardiovascular disease events and type 2 diabetes risk is influenced by age, sex,
race/ethnicity, socioeconomic status, or weight status. PAGAC Grade: Not assignable.
Description of the Evidence
An initial search for systematic reviews, meta-analyses, pooled analyses, and reports did not identify
sufficient literature to answer the research question as determined by the Exposure Subcommittee. A
complete de novo search of original research was conducted.
Original Research
Overview
A total of 9 original research studies that examined the relationship between step counts and different
health outcomes were included as sources of evidence. Of these, 4 were prospective cohort studies,1-4 4
were cross-sectional studies,5-8 and 1 was a randomized control trial.9 The studies were published
between 2011 and 2017.
The analytical sample size ranged from 689 to 7,118.1 Of the studies that reported location, 1 was
conducted in Brazil,5 1 in Canada,6 1 in the United Kingdom,8 1 in Finland,9 and 1 in Australia.2
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Exposure
All the included studies examined step counts per day. All studies used pedometers to measure steps,
except for Herzig et al,9 in which the authors used an accelerometer.
Outcomes
The majority of the studies examined cardiometabolic risk factors, including blood glucose levels, using
measures such as fasting and 2-hour plasma glucose. One study examined metabolic syndrome1 and 1
examined risk of having a cardiovascular event.4 No study was found that examined the relationship
between step counts per day and mortality (all-cause or disease-specific).
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Populations Analyzed
The table below lists the populations analyzed in each article.
Table 1. Populations Analyzed by All Sources of Evidence
Sex
Colpani, 2013
Herzig, 2014

Race/
Ethnicity

Age

White

Mean
age 58.8

Adults
≥50

Johnson,
2017

Adults
≥55
Black or
African
American

Ponsonby,
2011

Other
Postmenopausal;
Perimenopausal/
Premenopausal
Impaired fasting glucose
or glucose tolerance

Overweight
and Obese
Existing
cardiovascular
disease
(if ≥50) or with at
least 1 additional
cardiovascular
risk factor
(if ≥55)

Impaired glucose
tolerance

Existing
cardiovascular
disease
(if ≥50) or with at
least 1 additional
cardiovascular
risk factor
(if ≥55)
Existing
cardiovascular
disease
(if ≥50) or with at
least 1 additional
cardiovascular
risk factor
(if ≥55)

Impaired glucose
tolerance

Adults
37–81
Adults
≥25

Adults
≥50

Yates, 2015

Adults
≥50

Yates, 2014

Yates, 2013

Chronic
Conditions

Adults
45–72

Female

Huffman,
2014

Newton, 2013

Weight Status

White
European,
South Asian

Mean
age 64

Impaired glucose
tolerance

High risk of impaired
glucose regulation
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Supporting Evidence
Original Research
Table 2. Original Research Individual Evidence Summary Tables

Original Research
Citation: Colpani V, Oppermann K, Spritzer PM. Association between habitual physical activity and
lower cardiovascular risk in premenopausal, perimenopausal, and postmenopausal women: a
population-based study. Menopause. 2013;20(5):525-531. doi:10.1097/GME.0b013e318271b388.
Purpose: To measure pedometer-determined habitual PA in a Brazilian cohort of premenopausal,
perimenopausal, and postmenopausal women and to assess its effect on anthropometric measures
and cardiovascular disease risk factors.
Study Design: Cross-sectional study Abstract:
OBJECTIVE: Menopause is associated with an increased risk of
Location: Brazil
cardiovascular disease. Habitual physical activity, defined as
Sample: 292
any form of body movement with energy expenditure above
Attrition Rate: 18.43%
resting levels, may improve health parameters. We assessed
Sample Power: Not Reported
the level of habitual physical activity and its effect on
Intervention: No
anthropometric measures and cardiovascular risk factors in a
Exposure Measurement
cohort of premenopausal, perimenopausal, and
Self-Reported:
postmenopausal women. METHODS: This cross-sectional study
Device-Measured: Pedometer:
habitual physical activity (steps/day) is nested on a longitudinal population-based study that was
begun in 1995 in the city of Passo Fundo, Brazil. For the
measured for 7 days and averaged.
present analysis, 292 women were included. Anthropometric
Participants were classified as
and metabolic profile was evaluated. Habitual physical activity
physically inactive (maximum of
was assessed by a digital pedometer for 7 days, and
5,999 steps/day) or active (≥6,000
participants were stratified into active and inactive (>/=6,000
steps/day).
and <6,000 steps/day, respectively). RESULTS: The mean (SD)
Measures Steps: Yes
age was 57.1 (5.4) years. The average number of steps per day
Measures Bouts: No
for the total sample was 5,250.7 (3,372.9): 3,472.4 (1,570.2) in
Examines HIIT: No
the inactive group (61.8%) and 9,055.9 (3,033.4) in the active
group (31.9%). A negative and statistically significant
correlation was found between physical activity and smoking
(P = -0.019), body mass index (P = -0.006), waist circumference
(P = -0.013), and waist-to-hip ratio of 0.85 or higher (P = 0.043). Inactive women presented a higher risk of
overweight/obesity (odds ratio [OR], 2.1; 95% CI, 1.233-3.622;
P = 0.006) and waist circumference larger than 88 cm (OR, 1.7;
95% CI, 1.054-2.942; P = 0.03), even after adjustment for age,
menopause status, smoking, and hormone therapy. Inactive
women also had a higher risk of diabetes mellitus (OR, 2.7;
95% CI, 1.233-6.295; P = 0.014) and metabolic syndrome (OR,
2.5, 95% CI, 1.443-4.294; P = 0.001). CONCLUSIONS: Habitual
physical activity, specifically walking 6,000 or more steps daily,
was associated with a decreased risk of cardiovascular disease
and diabetes in middle-aged women, independently of
menopause status.
4
Exposure Subcommittee: Q4. What is the relationship between step count per day and (1) all-cause and cardiovascular
disease mortality and (2) incidence for cardiovascular disease events and risk of type 2 diabetes?

Refers to Other Materials: Yes
Examine Cardiorespiratory Fitness
as Outcome: No

Populations Analyzed: Female;
Adults 45–72; Postmenopausal,
Perimenopausal/Premenopausal.

Outcomes Examined: Cardiovascular disease risk factors: Body
weight and height (BMI), waist circumference, hip
circumference, waist-to-hip ratio, total cholesterol, high
density lipoprotein cholesterol, triglycerides, glucose, lowdensity lipoprotein cholesterol, dichotomous hypertension.
Diabetes: self-report, use of anti-diabetic drugs, or a fasting
blood glucose level of 126 mg/dL or higher.
Author-Stated Funding Source: Conselho Nacional de
Desenvolvimento Científico e Tecnologico.
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Original Research
Citation: Herzig KH, Ahola R, Leppäluoto J, Jokelainen J, Jämsä T, Keinänen-Kiukaanniemi S. Light
physical activity determined by a motion sensor decreases insulin resistance, improves lipid
homeostasis and reduces visceral fat in high-risk subjects: PreDiabEx study RCT. Int J Obes (Lond).
2014;38(8):1089-1096. doi:10.1038/ijo.2013.224.
Purpose: To investigate the effects of a 3-month structured aerobic walking exercise on fasting and 2hour glucose and insulin concentrations and lipid homeostasis in sedentary overweight subjects with
impaired fasting glucose and/or impaired glucose tolerance.
Study Design: Randomized trial
Abstract:
OBJECTIVE: To examine physical activity (PA) thresholds
Location: Finland
affecting glucose, insulin and lipid concentrations and
Sample: 68
body fat composition in high-risk patients for type 2
Attrition Rate: 12.82%
diabetes (T2D). INTERVENTION: A total of 113 subjects of
Sample Power: Yes
both genders having abnormal glucose levels in the oral
Intervention: Yes
glucose tolerance test were contacted. A total of 78
Intervention Type: Provision of
subjects with age 58.8±10.4 years and body mass index
information/education, behavioral
31.7±5.3 kgm_2 were randomly assigned to intervention
Intervention Length: 12 weeks
and control groups. Intervention consisted of a supervised
Exposure Measurement
Self-Reported: Leisure-time PA assessed walking (60 min three times weekly) for 3 months. All the
subjects received standard care for PA and weight
by questionnaire and converted in
reduction and wore an accelerometer during the whole
metabolic equivalent hours per week
wakeful time. RESULTS: Over 80% of the daily steps
using reported intensity and duration.
Device-Measured: Accelerometer: mean clustered at an acceleration level of 0.3–0.7 g (2–3 km h_1
of walking) and were 5870 in the intervention and 4434 in
total number of steps per day and
the control group (Po0.029). Between 0 and 3 months no
number of steps at different
significant changes were observed in fasting and 2-h
acceleration; classes were used to
glucose, body weight or maximal oxygen uptake. In
describe PA during the 12-week trial.
contrast, changes in fasting and 2-h insulin (_3.4mUl_1,
Daily steps were further classified into
quartiles (I: 1,780–2,810, II: 2,940–4,010, P¼0.035 and _26.6, P¼0.003, respectively), homeostasis
model assessment-estimated insulin resistance (_1.0,
III: 4,010–6,020, IV: 6,520–21,000).
P¼0.036), total cholesterol (_0.55 mmol l_1, P¼0.041),
Measures Steps: Yes
low-density lipoprotein (LDL) cholesterol (_0.36 mmol l_1,
Measures Bouts: No
P¼0.008) and visceral fat area (_5.5 cm2, P¼0.030) were
Examines HIIT: No
significantly greater in the intervention than in control
Exposure/Intervention
subjects. The overall effects of PA were analyzed by
Frequency: 3 times per week
quartiles of daily steps of all subjects. There were
Intensity: Low intensity (walking speed
significant reductions in total and LDL cholesterol and
of 3–4 kilometers/hour)
visceral fat area between the highest (daily steps over
Time: 60 minutes (2 intervals of 20
6520) and the lowest quartile (1780–2810 daily steps).
minute walking with a 5-minute
The changes associated with PA remained significant after
stretching/balance break in between;
adjustments of baseline, sex, age and body weight
after 1.5 months, 45 minutes of
change. CONCLUSION: Habitual and structured PAs with
continuous walking.
the acceleration levels of 0.3–0.7 g and daily steps over
Type: Cardiorespiratory: walking;
6520, equivalent to walking at 2–3 km h_1 for 90 min
balance and flexibility: break and cool
daily, standing for the relative PA intensity of 30–35% of
down
the maximal oxygen uptake, are clinically beneficial for
overweight/obese and physically inactive individuals with
a high risk for T2D.
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Refers to Other Materials: Yes
Adverse Events Addressed: No
Examine Cardiorespiratory Fitness as
Outcome: Yes
Populations Analyzed: White; Mean age
58.8; Overweight and obese; Impaired
fasting glucose or glucose tolerance.

Outcomes Examined: Fasting and 2-hour glucose and
insulin: compare baseline and after 3-month intervention.

Author-Stated Funding Source: Finnish Diabetes
Foundation, Pohjois-Pohjanmaa Hospital District, and
Oulu University Hospital.
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Original Research
Citation: Huffman KM, Sun JL, Thomas L, et al. Impact of baseline physical activity and diet behavior
on metabolic syndrome in a pharmaceutical trial: results from NAVIGATOR. Metabolism.
2014;63(4):554-561. doi:10.1016/j.metabol.2014.01.002.
Purpose: To assess the association between PA (pedometer steps) at baseline and metabolic
syndrome.
Study Design: Prospective cohort
Abstract:
study
OBJECTIVE: The cardiometabolic risk cluster metabolic
syndrome (MS) includes >/=3 of elevated fasting glucose,
Location: Not Reported
hypertension, elevated triglycerides, reduced high-density
Sample: 7,118
lipoprotein cholesterol (HDL-c), and increased waist
Attrition Rate: 23.51%
circumference. Each can be affected by physical activity and
Sample Power: Not Reported
diet. Our objective was to determine whether determine
Intervention: No
whether baseline physical activity and/or diet behavior impact
MS in the course of a large pharmaceutical trial.
Exposure Measurement
MATERIALS/METHODS: This was an observational study from
Self-Reported: Pedometer, daily
NAVIGATOR, a double-blind, randomized (nateglinide,
steps.
Device-Measured: Pedometer, daily valsartan, both, or placebo), controlled trial between 2002 and
2004. We studied data from persons (n=9306) with impaired
steps; subsequently median daily
glucose tolerance and cardiovascular disease (CVD) or CVD risk
steps categorized into quartiles.
factors; 7118 with pedometer data were included in this
Measures Steps: Yes
analysis. Physical activity was assessed with 7-day pedometer
Measures Bouts: No
records; diet behavior was self-reported on a 6-item survey.
Examines HIIT: No
An MS score (MSSc) was calculated using the sum of each MS
Refers to Other Materials: Yes
component, centered around the Adult Treatment Panel III
Examine Cardiorespiratory Fitness
threshold, and standardized according to sample standard
as Outcome: No
deviation. Excepting HDL-c, assessed at baseline and year 3,
MS components were assessed yearly. Follow-up averaged 6
Populations Analyzed: Adults ≥50;
years. RESULTS: For every 2000-step increase in average daily
Impaired glucose tolerance and
steps, there was an associated reduction in average MSSc of
existing cardiovascular disease (if
0.29 (95% CI (-)0.33 to (-)0.25). For each diet behavior
≥50) or with at least 1 additional
endorsed, there was an associated reduction in average MSSc
cardiovascular risk factor (if ≥55).
of 0.05 (95% CI (-)0.08 to (-)0.01). Accounting for the effects of
pedometer steps and diet behavior together had minimal
impact on parameter estimates with no significant interaction.
Relations were independent of age, sex, race, region, smoking,
family history of diabetes, and use of nateglinide, valsartan,
aspirin, antihypertensive, and lipid-lowering agent.
CONCLUSIONS: Baseline physical activity and diet behavior
were associated independently with reductions in MSSc such
that increased attention to these lifestyle elements provides
cardiometabolic benefits. Thus, given the potential to impact
outcomes, assessment of physical activity and diet should be
performed in pharmacologic trials targeting cardiometabolic
risk.
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Outcomes Examined: Metabolic syndrome score: calculated as
the sum of each continuous component (fasting glucose,
triglycerides, high-density lipoprotein cholesterol, mean
arterial pressure [(systolic blood pressure +2 x diastolic blood
pressure)/3], and waist circumference), which was centered
around the sex-specific sample standard deviation.
Author-Stated Funding Source: Novartis Pharmaceuticals.
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Original Research
Citation: Johnson ST, Eurich DT, Lytvyak E, et al. Walking and type 2 diabetes risk using CANRISK
scores among older adults. Appl Physiol Nutr Metab. 2017;42(1):33-38. doi:10.1139/apnm-2016-0267.
Purpose: To determine whether objective estimates of ambulatory activity (i.e., pedometer steps)
were associated with diabetes risk, while accounting for demographic, health, and neighborhood
walkability variables.
Study Design: Cross-sectional study Abstract:
The objective of this study was to determine the association
Location: Canada
between pedometer-assessed steps and type 2 diabetes risk
Sample: 689
using the Public Health Agency of Canada-developed 16-item
Attrition Rate: 46.04%
Canadian Diabetes Risk Questionnaire (CANRISK) among a
Sample Power: Not Reported
large population-based sample of older adults across Alberta,
Canada. To achieve our study objective, adults without type 2
Intervention: No
diabetes (N = 689) aged 55 years and older provided
Exposure Measurement
demographic data and CANRISK scores through computerSelf-Reported:
assisted telephone interviews between September and
Device-Measured: Pedometer:
November 2012. Respondents also wore a step pedometer
number of steps for each of 3
over 3 consecutive days to estimate average daily steps.
consecutive days, recorded by
Logistic regression was used to assess the association between
participant, to be averaged into
achieving 7500 steps/day and risk of diabetes (low vs.
daily step counts (7,500 steps/day
moderate and high). Overall, 41% were male, average age was
was considered “sufficiently active” 63.4 (SD 5.5) years, body mass index was 26.7 (SD 5.0) kg/m2,
while less than 7,500 steps/day was and participants averaged 5671 (SD 3529) steps/day. All
“insufficiently active”). Doserespondents indicated they were capable of walking for at
response also assessed using tertiles least 10 min unassisted. CANRISK scores ranged from 13-60,
of step counts (≤3,719; 3,720–6,811; with 18% in the low-risk category (<21). After adjustment,
and ≥6,812).
those not achieving 7500 steps/day (n = 507) were more than
Measures Steps: Yes
twice as likely to belong to the higher risk categories for type 2
Measures Bouts: No
diabetes compared with those walking >/=7500 steps/day (n =
Examines HIIT: No
182) (73.6% vs. 26.4%; odds ratio: 2.37; 95% confidence
Refers to Other Materials: Yes
interval: 1.58 - 3.57). Among older adults without diabetes,
Examine Cardiorespiratory Fitness
daily steps were strongly and inversely associated with
as Outcome: No
diabetes risk using the CANRISK score. Walking remains an
important modifiable risk factor target for type 2 diabetes and
achieving at least 7500 steps/day may be a reasonable target
for older adults.

Populations Analyzed: Adults ≥55

Outcomes Examined: Type II diabetes risk: Canadian Diabetes
Risk Questionnaire.
Author-Stated Funding Source: Alberta Innovates – Health
Solutions.
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Original Research
Citation: Newton RL Jr, Han H, Johnson WD, et al. Steps/day and metabolic syndrome in African
American adults: the Jackson Heart Study. Prev Med. 2013;57(6):855-859.
doi:10.1016/j.ypmed.2013.09.018.
Purpose: To assess the relationship between pedometer-measured step count data and metabolic
syndrome in a large sample of African American adults.
Study Design: Cross-sectional study
Abstract:
OBJECTIVE: To examine the relationship between
Location: Not Reported
pedometer-measured step count data and the Metabolic
Sample: 379
Syndrome (MetS) in African American adults. METHOD:
Attrition Rate: 21.20%
379 African American adults (mean age 60.1 years; 60%
Sample Power: Not Reported
female) enrolled in the Jackson Heart Study (Jackson, MS)
Intervention: No
from 2000 to 2004 provided sufficient pedometer data for
Exposure Measurement
inclusion in this analysis. MetS was classified according to
Self-Reported: Step log, participants
the International Diabetes Federation Task Force on
recorded daily steps at the end of each
Epidemiology and Prevention. RESULTS: Using steps/day
day.
categorized as tertiles (<3717 (referent), 3717-6238,
Device-Measured: Pedometer: daily
>6238), participants taking 3717-6238 (Odds Ratio
steps for 3 consecutive days. Steps/day
(OR)(95% Confidence Interval (CI))=0.34 (0.19, 0.61)) and
was categorized into tertiles (tertile 1
>6238 steps/day (OR(95% CI)=0.43 (0.23, 0.78)) had lower
was <3,717 steps/day, tertile 2 was
3,717–6,238 steps/day, and tertile 3 was odds of having MetS compared to participants in the
>6,238 steps/day) and categories (“basal lowest tertile. Using previously suggested steps/day cutpoints (<2500 (referent), 2500-4999, 5000-7499,
activity” was <2,500 steps/day, “limited
>/=7500), the odds of having MetS were lower for
activity” was 2,500–4,999 steps/day,
“low active” was 5,000–7,499 steps/day, participants taking 2500-4999 (OR(95% CI)=0.32 (0.14,
0.72)), 5000-7499 (OR(95% CI)=0.22 (0.09, 0.53)), and
and “somewhat active” to “highly
>7500 (OR(95% CI)=0.26 (0.11, 0.65)) steps/day compared
active” was ≥7,500 steps/day).
to those taking <2500 steps/day. CONCLUSION: Compared
Measures Steps: Yes
to lower levels, higher levels of steps/day are associated
Measures Bouts: No
with a lower prevalence of MetS in this older African
Examines HIIT: No
American population.
Refers to Other Materials: Yes
Outcomes Examined: Metabolic syndrome (MetS): any 3
Examine Cardiorespiratory Fitness as
of the following 5 criteria were required to meet MetS
Outcome: No
definition: (1) large waist circumference (≥102 cm for men
and ≥88 cm for women); (2) high triglyceride levels (≥150
mg/dL or on drug treatment); (3) low high-density
lipoprotein cholesterol levels (≤40 mg/dL for men and ≤50
mg/dL in women or on drug treatment); (4) elevated
blood pressure (≥130 mm Hg systolic or ≥ 85 mm Hg
diastolic or on drug treatment); or, (5) elevated fasting
glucose (≥100 mg/dL or on drug treatment).
Populations Analyzed: Black or African
Author-Stated Funding Source: National Heart, Lung, and
American; Adults 37–81
Blood Institute; National Institute on Minority Health and
Health Disparities; National Institute on Biomedical
Imaging and Bioengineering.

11
Exposure Subcommittee: Q4. What is the relationship between step count per day and (1) all-cause and cardiovascular
disease mortality and (2) incidence for cardiovascular disease events and risk of type 2 diabetes?

Original Research
Citation: Ponsonby AL, Sun C, Ukoumunne OC, et al. Objectively measured physical activity and the
subsequent risk of incident dysglycemia: the Australian Diabetes, Obesity and Lifestyle Study
(AusDiab). Diabetes Care. 2011;34(7):1497-1502. doi:10.2337/dc10-2386.
Purpose: To investigate pedometer-measured PA in 2000 and change in PA over 5 years with
subsequent risk of dysglycemia by 2005.
Study Design: Prospective cohort study
Abstract:
OBJECTIVE: To investigate pedometer-measured physical
Location: Australia
activity (PA) in 2000 and change in PA over 5 years with
Sample: 458
subsequent risk of dysglycemia by 2005. RESEARCH
Attrition Rate: 0
DESIGN AND METHODS: This prospective cohort study in
Sample Power: Not Reported
Tasmania, Australia, analyzed 458 adults with normal
Intervention: No
glucose tolerance and a mean (SD) age of 49.7 (12.1) years
Exposure Measurement
in 2000. Variables assessed in 2000 and 2005 included PA,
Self-Reported: Active Australia
by pedometer and questionnaire, nutrient intake, and
Questionnaire, frequency and duration
other lifestyle factors. Incident dysglycemia was defined
of PA in the previous week. A weighted
as the development of impaired fasting glucose or
sum of the responses (with vigorousimpaired glucose tolerance revealed by oral glucose
intensity activity given doubletolerance testing in 2005, without type 2 diabetes.
weighting) was calculated to quantify
RESULTS: Incident dysglycemia developed in 26
total hours of PA.
participants during the 5-year period. Higher daily steps in
Device-Measured: Pedometer:
2000 were independently associated with a lower 5-year
steps/day were measured for 2
consecutive days at baseline and 5 years risk of incident dysglycemia (adjusted odds ratio [AOR]
0.87 [95% CI 0.77-0.97] per 1,000-step increment). Higher
later and averaged. Daily steps were
daily steps in 2005, after controlling for baseline steps in
classified into 5 categories: persistent
2000 (thus reflecting change in steps over 5 years), were
low steps (the lowest third tertile of
not associated with incident dysglycemia (AOR 1.02 [0.92daily steps in both 2000 and 2005),
1.14]). Higher daily steps in 2000 were also associated
decreasing steps (dropped by 1 or 2
with lower fasting blood glucose, but not 2-h plasma
categories between 2000 and 2005),
persistent moderate steps (middle third glucose by 2005. Further adjustment for BMI or waist
circumference did not remove these associations.
at both waves), increasing steps
CONCLUSIONS: Among community-dwelling adults, a
(increase of 1 or 2 categories), and
higher rate of daily steps is associated with a reduced risk
persistent high steps (highest third at
of incident dysglycemia. This effect appears to be not fully
both waves).
mediated through reduced adiposity.
Measures Steps: Yes
Measures Bouts: No
Examines HIIT: No
Refers to Other Materials: Yes
Outcomes Examined: Incident dysglycemia: fasting
Examine Cardiorespiratory Fitness as
plasma glucose and 2-hour plasma glucose levels were
Outcome: No
measured after a 5-year follow-up.
Populations Analyzed: Adults ≥25

Author-Stated Funding Source: Pharmaceutical
companies, laboratories, Australian Kidney Foundation,
Diabetes Australia, Queensland Health, South Australian,
Tasmanian and Victorian Department of Human Services,
and Health Department of Western Australia.
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Original Research
Citation: Yates T, Davies MJ, Haffner SM, et al. Physical activity as a determinant of fasting and 2-h
post-challenge glucose: a prospective cohort analysis of the NAVIGATOR trial. Diabet Med.
2015;32(8):1090-1096. doi:10.1111/dme.12762.
Purpose: To investigate whether previous PA levels are associated with blood glucose levels in
individuals with impaired glucose tolerance in the context of an international pharmaceutical trial.
Study Design: Prospective cohort
Abstract:
study
AIM: To investigate whether previous physical activity levels
are associated with blood glucose levels in individuals with
Location: Not Reported
impaired glucose tolerance in the context of an international
Sample: 3964
pharmaceutical trial. METHODS: Data were analyzed from
Attrition Rate: 57.40%
the NAVIGATOR trial, which involved 9306 individuals with
Sample Power: Not Reported
impaired glucose tolerance and high cardiovascular risk from
Intervention: Yes
40 different countries, recruited in the period 2002-2004.
Intervention Type: Provision of
Fasting glucose, 2-h post-challenge glucose and physical
information/education, behavioral
activity (pedometer) were assessed annually. A longitudinal
Intervention Length: 12 months
regression analysis was used to determine whether physical
Exposure Measurement
activity levels 2 years (t-2 ) and 1 year (t-1 ) previously were
Self-Reported:
associated with levels of glucose, after adjusting for previous
Device-Measured: Pedometer, daily
glucose levels and other patient characteristics. Those
step count was recorded by
participants in a log book. Pedometers participants with four consecutive annual measures of
glucose and two consecutive measures of physical activity
were worn for 7 consecutive days.
were included in the analysis. RESULTS: The analysis
Habitual PA levels were measured as
included 3964 individuals. Change in physical activity from tthe average number of steps taken
2 to t-1 and activity levels at t-2 were both associated with
per day (total summed pedometer
counts divided by the number of days 2-h glucose levels after adjustment for previous glucose
levels and baseline characteristics; however, the
that data were captured).
associations were weak: a 100% increase in physical activity
Measures Steps: Yes
was associated with a 0.9% reduction in 2-h glucose levels.
Measures Bouts: No
In addition, previous physical activity only explained an
Examines HIIT: No
additional 0.05% of the variance in 2-h glucose over the
Exposure/Intervention
Frequency: Personnel within each site variance explained by the history of 2-h glucose alone (R(2) =
0.3473 vs. 0.3468). There was no association with fasting
administered the program at each
glucose. CONCLUSIONS: In the context of a large
clinic visit (at 0.5, 1, 3, 6, and 12
international clinical trial, previous physical activity levels did
months).
not meaningfully influence glucose levels in those with a
Intensity: Not Specified
high risk of chronic disease, after taking into account
Time: Lifestyle intervention designed
participants' previous trajectory of glucose control.
to help increase PA to 150
minutes/week.
Type: Cardiorespiratory. The
NAVIGATOR study intervention
included educational material and
reinforcement calls. No additional
description in the present manuscript.
Refers to Other Materials: Yes
Outcomes Examined: Fasting glucose levels; 2-hour glucose
Adverse Events Addressed: No
levels.
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Examine Cardiorespiratory Fitness as
Outcome: No
Populations Analyzed: Adults ≥50,
Author-Stated Funding Source: Novartis Pharmaceuticals.
Individuals with impaired glucose
tolerance and either existing
cardiovascular disease (if ≥50) or with
at least 1 additional cardiovascular risk
factor (if ≥55).
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Original Research
Citation: Yates T, Haffner SM, Schulte PJ, et al. Association between change in daily ambulatory
activity and cardiovascular events in people with impaired glucose tolerance (NAVIGATOR trial): a
cohort analysis. Lancet. 2014;383(9922):1059-1066. doi:10.1016/S0140-6736(13)62061-9.
Purpose: To investigate whether baseline and change in objectively assessed ambulatory activity is
associated with the risk of a cardiovascular event in individuals at high cardiovascular risk with
impaired glucose tolerance.
Study Design: Prospective cohort study
Abstract:
Background The extent to which change in physical
Location: Not Reported
activity can modify the risk of cardiovascular disease in
Sample: 4,345
individuals at high cardiovascular risk is uncertain. We
Attrition Rate: 46%
investigated whether baseline and change in objectivelySample Power: Not Reported
assessed ambulatory activity is associated with the risk of
Intervention: Yes
a cardiovascular event in individuals at high
Intervention Type: Provision of
cardiovascular risk with impaired glucose tolerance.
information/education, behavioral
Methods We assessed prospective data from the
Intervention Length: 12 months
NAVIGATOR trial involving 9306 individuals with impaired
Exposure Measurement
glucose tolerance who were recruited in 40 countries
Device-Measured: Pedometer, habitual
between January, 2002, and January, 2004. Participants
ambulatory activity (steps/day) was
also either had existing cardiovascular disease (if age >50
assessed. Change in ambulatory activity
years) or at least one additional cardiovascular risk factor
(calculated by subtracting pedometer
(if age =55 years). Participants were followed-up for
counts at 12 months from those at
baseline). Results reported by category of cardiovascular events (defi ned as cardiovascular
mortality, non-fatal stroke, or myocardial infarction) for 6
change (more than 1,500 step per day
decrease, 0–1,500 step per day decrease, years on average and had ambulatory activity assessed by
pedometer at baseline and 12 months. Adjusted Cox
1–1,500 step per day increase, or more
proportional hazard models quantifi ed the association of
than 1,500 step per day increase) from
baseline and change in ambulatory activity (from baseline
baseline to 12 months.
to 12 months) with the risk of a subsequent
Measures Steps: Yes
cardiovascular event, after adjustment for each other and
Measures Bouts: No
potential confounding variables. This study is registered
Examines HIIT: No
with ClinicalTrials.gov NCT00097786. Findings During 45
Exposure/Intervention
211 person-years follow-up, 531 cardiovascular events
Frequency: Program administered at
occurred. Baseline ambulatory activity (hazard ratio [HR]
each clinic visit (at 0.5, 1, 3, 6, and 12
per 2000 steps per day 0.90, 95% CI 0.84-0.96) and
months).
change in ambulatory activity (0.92, 0.86-0.99) were
Intensity: Not Specified
inversely associated with the risk of a cardiovascular
Time: Lifestyle intervention designed to
event. Results for change in ambulatory activity were
help increase PA to 150 minutes/week.
Type: The NAVIGATOR study intervention unaff ected when also adjusted for changes in body-mass
index and other potential confounding variables at 12
included educational material and
months. Interpretation In individuals at high
reinforcement calls. No additional
cardiovascular risk with impaired glucose tolerance, both
description in the present manuscript.
baseline levels of daily ambulatory activity and change in
Refers to Other Materials: Yes
ambulatory activity display a graded inverse association
Adverse Events Addressed: No
with the subsequent risk of a cardiovascular event.
Examine Cardiorespiratory Fitness as
Funding Novartis Pharmaceuticals.
Outcome: No description in the present
manuscript.
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Populations Analyzed: Adults ≥ 50,
Individuals with impaired glucose
tolerance and either existing
cardiovascular disease (if ≥50) or with at
least 1 additional cardiovascular risk
factor (if ≥55).

Outcomes Examined: Risk of a cardiovascular event: a
single cardiovascular composite of time to death from
cardiovascular causes or non-fatal myocardial infarction
or non-fatal stroke.
Author-Stated Funding Source: Novartis
Pharmaceuticals.
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Original Research
Citation: Yates T, Henson J, Khunti K, et al. Effect of physical activity measurement type on the
association between walking activity and glucose regulation in a high-risk population recruited from
primary care. Int J Epidemiol. 2013;42(2):533-540. doi:10.1093/ije/dyt015.
Purpose: To establish, through a multi-ethnic cohort recruited from primary care, whether the
strength of the association of walking activity with glucose regulation varies across 2 of the most
widely used self-reported and objective measures: the International Physical Activity Questionnaire
and the pedometer.
Study Design: Cross-sectional study
Abstract:
BACKGROUND: We investigate associations of selfLocation: United Kingdom
reported and objectively assessed walking activity with
Sample: 2,532
measures of glucose regulation in a multi-ethnic
Attrition Rate: 26.60%
population at high risk of type 2 diabetes. METHODS: This
Sample Power: Not Reported
study reports data from a 2009-2011 screening
Intervention: No
programme for impaired glucose regulation (IGR) within a
Exposure Measurement
Self-Reported: IPAQ, total moderate-to- high-risk primary care population in Leicestershire, UK;
2532 participants (38% women, 8% South Asian) with a
vigorous intensity physical activity
mean age of 64 +/- 8 years and an average BMI of 32.1 +/(MVPA) and walking activity (metabolic
equivalent hours/week). Low, moderate, 5.6 kg/m(2) were included. Walking activity was measured
by self-report (International Physical Activity
and high tertiles of walking and
Questionnaire) and objectively (pedometer). Glucose
steps/day created for analysis.
regulation assessments included 2h post-challenge
Device-Measured: Pedometer:
glucose, fasting glucose and HbA1c. RESULTS: Higher
ambulatory activity measured over 7
levels of self-reported walking activity and pedometer
consecutive days, averaged, and
steps were associated with lower 2h post-challenge
reported as steps/day. Further placed
glucose after controlling for several known confounding
into low, moderate, and high tertiles.
variables, including BMI. Similarly, when categorized in
Measures Steps: Yes
tertiles, both measures were associated with a lower odds
Measures Bouts: No
of having any form of IGR; odds ratio for lowest vs highest
Examines HIIT: No
tertile was 0.64 (0.51-0.80) for self-report and 0.69 (0.550.87) for pedometer steps. There was no significant
difference between self-reported and objective measures
in the strength of associations with glucose regulation;
associations with self-report were maintained when
further adjusted for pedometer steps. Stronger
associations between self-reported walking activity and
glucose regulation were observed in South Asians
compared with White Europeans. CONCLUSIONS: Selfreported and objectively measured walking activity were
equally associated with indices of glucose regulation.
Associations with self-reported walking activity were
maintained when further adjusted for pedometer steps,
suggesting that self-reported walking activity may
measure facets of physical activity that are beyond total
volume.
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Refers to Other Materials: Yes
Examine Cardiorespiratory Fitness as
Outcome: No

Outcomes Examined: Oral glucose tolerance test:
diagnosis of diabetes; impaired fasting glucose; impaired
glucose tolerance; impaired glucose regulation; HbA1c.

Populations Analyzed: White European,
South Asian; Mean age 64; High risk of
impaired glucose regulation.

Author-Stated Funding Source: National Institute for
Health Research.
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Table 3. Original Research Bias Assessment Chart

Nutrition Evidence Library (NEL) Bias Assessment Tool
(BAT): Original Research
Colpani,
2013

Herzig,
2014

Huffma
n, 2014

Johnson
, 2017

Newton
, 2013

Yes

N/A

Yes

Yes

Yes

Yes

N/A

Yes

Yes

Yes

N/A

Yes

N/A

N/A

N/A

Group allocation concealed (i.e., assignments could not
be predicted).
Distribution of critical confounding factors similar across
study groups at baseline, or analysis controlled for
differences between groups.

N/A

Yes

N/A

N/A

N/A

Yes

Yes

Yes

Yes

Yes

Accounted for variations in execution of study from
proposed protocol or research plan.

N/A

N/A

N/A

N/A

N/A

Adherence to study protocols similar across study
groups.
Investigators accounted for unintended concurrent
exposures that were differentially experienced by study
groups and might bias results.

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Participants blinded to their intervention or exposure
status.

N/A

No

N/A

N/A

N/A

Investigators blinded to participants intervention or
exposure status.

N/A

No

N/A

N/A

N/A

Outcome assessors blinded to participants intervention
or exposure status.
Valid and reliable measures used consistently across
study groups to assess inclusion/exclusion criteria,
exposures, outcomes, and confounders.

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

N/A

Yes

Yes

N/A

Yes

N/A

N/A

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

(???) = Can't Determine
Inclusion/exclusion criteria similar across study groups.
Strategy for recruiting or allocating participants similar
across study groups.
Allocation sequence randomly generated.

Length of follow-up similar across study groups.
In cases of high or differential loss to follow-up, impact
assessed through sensitivity analysis or other
adjustment.
Other sources of bias taken into account in design
and/or analysis of study through matching or other
statistical adjustment.
Adequate statistical methods used to assess primary
outcomes.

19
Exposure Subcommittee: Q4. What is the relationship between step count per day and (1) all-cause and cardiovascular
disease mortality and (2) incidence for cardiovascular disease events and risk of type 2 diabetes?

Nutrition Evidence Library (NEL) Bias Assessment Tool
(BAT): Original Research
Ponson
by,
2011

Yates,
2015

Yates,
2014

Yates,
2013

N/A

N/A

Yes

Yes

N/A

N/A

Yes

Yes

N/A

N/A

N/A

N/A

Group allocation concealed (i.e., assignments could not be
predicted).
Distribution of critical confounding factors similar across
study groups at baseline, or analysis controlled for
differences between groups.

N/A

N/A

N/A

N/A

N/A

N/A

Yes

Yes

Accounted for variations in execution of study from
proposed protocol or research plan.

Yes

Yes

Yes

N/A

N/A

N/A

Yes

Yes

Yes

Yes

Yes

Yes

Participants blinded to their intervention or exposure
status.

N/A

N/A

N/A

N/A

Investigators blinded to participants’ intervention or
exposure status.

N/A

N/A

N/A

N/A

Outcome assessors blinded to participants’ intervention or
exposure status.
Valid and reliable measures used consistently across study
groups to assess inclusion/exclusion criteria, exposures,
outcomes, and confounders.

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

N/A

Yes

N/A

In cases of high or differential loss to follow-up, impact
assessed through sensitivity analysis or other adjustment.
Other sources of bias taken into account in design and/or
analysis of study through matching or other statistical
adjustment.

N/A

Yes

N/A

No

Yes

Yes

Yes

Yes

Adequate statistical methods used to assess primary
outcomes.

Yes

Yes

Yes

Yes

(???) = Can't Determine
Inclusion/exclusion criteria similar across study groups.
Strategy for recruiting or allocating participants similar
across study groups.
Allocation sequence randomly generated.

Adherence to study protocols similar across study groups.
Investigators accounted for unintended concurrent
exposures that were differentially experienced by study
groups and might bias results.

Length of follow-up similar across study groups.
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Appendices
Appendix A: Analytical Framework
Topic Area
Exposure
Systematic Review Question
What is the relationship between step count per day and (1) all-cause and cardiovascular disease
mortality and (2) incidence for cardiovascular disease events and risk of type 2 diabetes?
a. Is there a dose-response relationship? If yes, what is the shape of the relationship?
b. Does the relationship vary by age, sex, race/ethnicity, weight status, or socio-economic
status?

Population
Adults, 18 years and older
Exposure
 PA performed in step counts per day
assessed with a device.



Key Definitions
Scope of CVD incidence:
 Coronary heart disease/ischemic heart disease
 Coronary artery disease
 Stroke
 Heart failure
Exclusion:
 Congenital heart disease

Comparison
Different step counts per day

Endpoint Health Outcomes
 All-cause and cardiovascular
disease (CVD) mortality
 CVD incidence
 Type 2 diabetes incidence
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Appendix B: Final Search Strategy
Search Strategy: PubMed (Systematic Reviews, Meta-Analyses, Pooled Analyses, and High-Quality
Reports)
Database: PubMed; Date of Search: 5/4/2017; 233 results
Set
Physical activity

Limit:
Publication Type
Include
(Systematic
Reviews/MetaAnalyses)
Limit:
Publication Type
Exclude
(Systematic
Reviews/MetaAnalyses)
Limit: language
Limit: Exclude
animal only
Limit: Exclude
child only

Search Strategy
(("Activity bouts"[tiab] OR "Daily steps"[tiab] OR "High intensity activity"[tiab] OR
"Interval training"[tiab] OR "Pedometer"[tiab] OR "Step count"[tiab] OR
"Steps/day"[tiab] OR 'high intensity interval training'[tiab]) OR (( ("High
intensity"[tiab] AND "training")[tiab] OR 'Interval training'[tiab] OR
'Pedometer'[tiab]) NOT medline[sb])
AND
(systematic[sb] OR meta-analysis[pt] OR review [tiab] OR “systematic
review”[tiab] OR “systematic literature review”[tiab] OR metaanalysis[tiab] OR
"meta analysis"[tiab] OR metanalyses[tiab] OR "meta analyses"[tiab] OR "pooled
analysis"[tiab] OR “pooled analyses”[tiab] OR "pooled data"[tiab])
NOT (“comment”[Publication Type] OR “editorial”[Publication Type])

AND (English[lang])
NOT ("Animals"[Mesh] NOT ("Animals"[Mesh] AND "Humans"[Mesh]))
NOT (("infant"[Mesh] OR "child"[mesh] OR "adolescent"[mh]) NOT
(("infant"[Mesh] OR "child"[mesh] OR "adolescent"[mh]) AND "adult"[Mesh]))
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Search Strategy: CINAHL (Systematic Reviews, Meta-Analyses, Pooled Analyses, and High-Quality
Reports)
Database: CINAHL; Date of Search: 5/4/2017; 16 results
Terms searched in title or abstract
Set
Physical activity

Search Strategy
("Activity bouts" OR "Daily steps" OR "High intensity activity" OR "Interval training"
OR Pedometer OR "Step count" OR "Steps/day" OR 'high intensity interval training"
OR ("High intensity" AND "training"))

Systematic
Reviews and
Meta-Analyses

AND
(“systematic review” OR “systematic literature review” OR review OR metaanalysis
OR "meta analysis" OR metanalyses OR "meta analyses"" OR "pooled analysis" OR
“pooled analyses” OR "pooled data")

Limits

English language
Peer reviewed
Exclude Medline records
Human
All years searched
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Search Strategy: Cochrane (Systematic Reviews, Meta-Analyses, Pooled Analyses, and High-Quality
Reports)
Database: Cochrane; Date of Search: 5/4/17; 25 results
Terms searched in title, abstract, or keywords
Set
Physical
activity
Limits

Search Terms
("Activity bouts" OR "Daily steps" OR "High intensity activity" OR "Interval training"
OR Pedometer OR "Step count" OR "Steps/day" OR “high intensity interval training"
OR ("High intensity" AND training))
Word variations not searched
Cochrane Reviews and Other Reviews
All years searched
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Search Strategy: PubMed (Original Research)
Database: PubMed; Date of Search: 6/28/2017; 454 results
Set
Steps

Search Strategy
(("Walking"[mh] OR "Pedometer"[tiab] OR "Step count"[tiab] OR "Steps/day"[tiab]
OR "Daily steps"[tiab]) OR (("Walking"[tiab]) NOT medline[sb]))

(Cardiovascular
disease OR Type
2 diabetes)

AND

Incidence OR
Mortality

AND

Limit:
Publication Type
Exclude
(Original )

NOT (“comment”[Publication Type] OR “editorial”[Publication Type] OR
“review”[Publication Type] OR systematic[sb] OR "meta-analysis"[publication type]
OR “systematic review”[tiab] OR “systematic literature review”[tiab] OR
metaanalysis[tiab] OR "meta analysis"[tiab] OR metanalyses[tiab] OR "meta
analyses"[tiab] OR "pooled analysis"[tiab] OR “pooled analyses”[tiab] OR "pooled
data"[tiab])
(English[lang])
NOT ("Animals"[Mesh] NOT ("Animals"[Mesh] AND "Humans"[Mesh]))

Limit: Language
Limit: Exclude
animal only
Limit: Date
Limit: Exclude
child only

(("Arteriosclerosis"[mh] OR "Heart failure"[mh] OR "Myocardial ischemia"[mh] OR
"myocardial infarction"[mh] OR "Stroke"[mh] OR "Subarachnoid hemorrhage"[mh]
OR "Intracranial hemorrhages"[mh] OR "insulin resistance"[mh] OR "Blood
glucose"[mh] OR "insulin resistance"[tiab] OR Hyperglycemia[mh] OR "Diabetes
Mellitus, Type 2"[mh]) OR ((Arteriosclero*[tiab] OR Atherosclero*[tiab] OR
"Cerebral infarction"[tiab] OR "Cerebrovascular diseases"[tiab] OR
"Cerebrovascular disease"[tiab] OR "Coronary heart disease"[tiab] OR "Heart
failure"[tiab] OR "Intracerebral Hemorrhage"[tiab] OR "Intracerebral
Hemorrhages"[tiab] OR "Intracranial hemorrhage"[tiab] OR "Intracranial
hemorrhages"[tiab] OR "myocardial infarction"[tiab] OR "Stroke"[tiab] OR
"Subarachnoid hemorrhages"[tiab] OR "Subarachnoid hemorrhage"[tiab] OR
"Ischemic heart diseases"[tiab] OR "Ischemic heart disease"[tiab]) NOT
medline[sb]))

("risk"[tiab] OR "risks"[tiab] OR "Incidence"[tiab] OR "incident"[tiab] OR
"Death"[mh] OR "Death"[tiab] OR "Dying"[tiab] OR Fatal*[tiab] OR Mortalit*[tiab]
OR "Mortality"[mh] OR "Postmortem"[tiab])

(“2011/01/01”[PDAT] : “3000/12/31”[PDAT])
NOT (("infant"[Mesh] OR "child"[mesh] OR "adolescent"[mh]) NOT
(("infant"[Mesh] OR "child"[mesh] OR "adolescent"[mh]) AND "adult"[Mesh]))
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Search Strategy: CINAHL (Original Research)
Database: CINAHL; Date of Search: 6/28/2017; 26 results
Terms searched in title or abstract
Set
Steps

Search Strategy
("Pedometer" OR "Step count" OR "Steps/day" OR "Daily steps" OR "Walking")

(Cardiovascular
disease OR
Type 2
Diabetes)

AND

Incidence OR
Mortality

AND

Original
Research

NOT
(“systematic review” OR “systematic literature review” OR metaanalysis OR "meta
analysis" OR metanalyses OR "meta analyses"" OR "pooled analysis" OR “pooled
analyses” OR "pooled data")

Limits

English language
Peer reviewed
Exclude Medline records
Human
2011-present

(Arteriosclero* OR "Arteriosclerosis" OR Atherosclero* OR "Cerebral infarction" OR
"Cerebrovascular diseases" OR "Cerebrovascular disease" OR "Coronary heart
disease" OR "Heart failure" OR "Intracerebral Hemorrhage" OR "Intracerebral
Hemorrhages" OR "Intracranial hemorrhage" OR "Intracranial hemorrhages" OR
"Myocardial ischemia" OR "myocardial infarction" OR "Stroke" OR "Subarachnoid
hemorrhage" OR "Subarachnoid hemorrhages" OR "Ischemic heart diseases" OR
"Ischemic heart disease" OR "insulin resistance" OR "Blood glucose" OR
Hyperglycemia OR "Diabetes Mellitus, Type 2")

("risk" OR "risks" OR "Incidence" OR "incident" OR "Death" OR "Dying" OR Fatal* OR
Mortalit* OR "Mortality" OR "Postmortem")
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Search Strategy: Cochrane (Original Research)
Database: Cochrane; Date of Search: 6/28/17; 286 results
Terms searched in title, abstract, or keywords
Set
Steps
(Cardiovascular
disease OR Type
2 diabetes)

Risk OR
Mortality
Limits

Search Terms
("Pedometer" OR "Step count" OR "Steps/day" OR "Daily steps" OR "Walking")
AND
(Arteriosclero* OR "Arteriosclerosis" OR Atherosclero* OR "Cerebral infarction" OR
"Cerebrovascular diseases" OR "Cerebrovascular disease" OR "Coronary heart
disease" OR "Heart failure" OR "Intracerebral Hemorrhage" OR "Intracerebral
Hemorrhages" OR "Intracranial hemorrhage" OR "Intracranial hemorrhages" OR
"Myocardial ischemia" OR "myocardial infarction" OR "Stroke" OR "Subarachnoid
hemorrhage" OR "Subarachnoid hemorrhages" OR "Ischemic heart diseases" OR
"Ischemic heart disease" OR "insulin resistance" OR "Blood glucose" OR
Hyperglycemia OR "Diabetes Mellitus, Type 2")
AND
("risk" OR "risks" OR "Incidence" OR "incident" OR "Death" OR "Dying" OR Fatal*
OR Mortalit* OR "Mortality" OR "Postmortem")
Trials
Word variations will not be searched
2011-present
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Appendix C: Literature Tree

Identification

Existing Systematic Reviews, Meta-Analyses, Pooled Analyses, and Reports Literature Tree

PubMed database
search
N = 233

Cochrane database
search
N = 25

CINAHL database
search
N = 16

Included

Eligibility

Screening

Records after duplicates removed
N = 260

Titles screened
N = 260

Excluded based on title
N = 212

Abstracts screened
N = 48

Excluded based on
abstract
N = 45

Full text reviewed
N=3

Excluded based on full
text
N=3

Articles included
N=0
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Identification

Original Research Literature Tree

PubMed database
search
N = 454

Cochrane database
search
N = 286

CINAHL database
search
N = 26

Included

Eligibility

Screening

Records after duplicates removed
N = 653

Titles screened
N = 653

Excluded based on title
N =576

Abstracts screened
N = 77

Excluded based on
abstract
N = 68

Full text reviewed
N=9

Excluded based on full
text
N=0

Articles included
N=9
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Appendix D: Inclusion/Exclusion Criteria
Exposure Subcommittee
What is the relationship between step count per day and (1) all-cause and cardiovascular disease
mortality and (2) incidence for cardiovascular disease events and risk of type 2 diabetes?
a. Is there a dose-response relationship? If yes, what is the shape of the relationship?
b. Does the relationship vary by age, sex, race/ethnicity, socio-economic status, or weight
status?
Category
Publication
Language
Publication Status

Research Type

Study Subjects
Age of Study
Subjects
Health Status of
Study Subjects

Comparison
Date of
Publication
Study
Design/Type of
research

Inclusion/Exclusion Criteria

Notes/Rationale

Include:
 Studies published with full text in English
Include:
 Studies published in peer-reviewed journals
 Reports determined to have appropriate suitability
and quality by PAGAC
Exclude:
 Grey literature, including unpublished data,
manuscripts, abstracts, conference proceedings
Include:
 Original research
 Meta-analyses
 Systematic reviews
 Reports determined to have appropriate suitability
and quality by PAGAC
Include:
 Human subjects
Include:
 18 years of age and above
Include:
 Only studies conducted in general population.
Exclude:
 Studies on patients with existing cardiovascular
disease.
 Studies on high performance athletes.
Include studies in which the comparison is:
 Adults exposed to different doses of step counts.
Include:
 2011–present
Include:
 Original research articles
o Cross-sectional studies
o Longitudinal/cohort
o Intervention studies
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Size of Study
Groups
Intervention/
Exposure

Outcome

Multiple
Publications of
Same Data

Exclude:
 Systematic reviews
 Meta-analyses
 Report
 Pooled analysis
 literature reviews
 Commentaries
Include:
 All
Include:
 Studies that qualify steps per day as an exposure
(no other measure of walking should be included).
Exclude:
 Exposure measured by a single measure of
physical fitness (cardiovascular fitness, strength,
flexibility, walking speed in older adults)
 Studies of a specific therapeutic exercise (range of
motion exercise, inspiratory muscle training)
Include studies in which the outcome is:
 All-cause and cardiovascular disease (CVD)
mortality
 CVD incidence
 Type 2 diabetes incidence
Exclude:
 Congenital heart disease
 Studies on progression of CVD.
Include: More than 1 article per dataset.
Exclude: No restriction.
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Appendix E: Rationale for Exclusion at Abstract or Full-Text Triage for Existing Systematic Reviews,
Meta-Analyses, Pooled Analyses, and Reports
The table below lists the excluded articles with at least one reason for exclusion, but may not reflect all possible reasons.
Citation
Albright C, Thompson DL. The effectiveness of
walking in preventing cardiovascular disease in
women: a review of the current literature. J
Womens Health (Larchmt). 2006;15(3):271280. doi:10.1089/jwh.2006.15.271.
Azuma K, Matsumoto H. Potential universal
application of high-intensity interval training
from athletes and sports lovers to patients.
Keio J Med. 2017;66(2):19-24.
doi:10.2302/kjm.2016-0006-IR.
Bacon AP, Carter RE, Ogle EA, Joyner MJ.
VO2max trainability and high intensity interval
training in humans: a meta-analysis. PLoS One.
2013;8(9):e73182.
doi:10.1371/journal.pone.0073182.
Baker G, Gray SR, Wright A, et al. The effect of
a pedometer-based community walking
intervention “Walking for Wellbeing in the
West” on physical activity levels and health
outcomes: a 12-week randomized controlled
trial. Int J Behav Nutr Phys Act. Sept 2008:44.
doi:10.1186/1479-5868-5-44.
Barr-Anderson DJ, AuYoung M, Whitt-Glover
MC, Glenn BA, Yancey AK. Integration of short
bouts of physical activity into organizational
routine: a systematic review of the literature.
Am J Prev Med. 2011;40(1):76-93.
doi:10.1016/j.amepre.2010.09.033.
Batacan RB Jr, Duncan MJ, Dalbo VJ, Tucker PS,
Fenning AS. Effects of high-intensity interval
training on cardiometabolic health: a
systematic review and meta-analysis of
intervention studies. Br J Sports Med.
2017;51(6):494-503. doi:10.1136/bjsports2015-095841.
Bohannon RW. Number of pedometerassessed steps taken per day by adults: a
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