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Active Transportation and Cardiovascular
Disease Risk Factors in U.S. Adults

Gregg L. Furie, MD, MHS, Mayur M. Desai, PhD, MPH
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Background: Evidence of associations between active transportation (walking and bicycling for
transportation) and health outcomes is limited. Better understanding of this relationship would
inform efforts to increase physical activity by promoting active transportation.

Purpose: This study examined associations between active transportation and cardiovascular dis-
ease risk factors in U.S. adults.

Methods: Using the 2007–2008 and 2009–2010 cycles of the National Health and Nutrition Exam-
ination Survey (NHANES), adults (N�9933) were classifıed by level of active transportation. Mul-
tivariable linear and logistic regression analyses controlled for sociodemographic characteristics,
smoking status, and minutes/week of non-active transportation physical activity. Analyses were
conducted in 2011.

Results: Overall, 76% reported no active transportation. Compared with no active transportation,
mean BMI was lower among individuals with low (�0.9, 95%CI� �1.4,�0.5) and high (�1.2, 95%
CI� �1.7, �0.8) levels of active transportation. Mean waist circumference was lower in the low
(�2.2 cm, 95% CI� �3.2, �1.2) and high (�3.1 cm, 95% CI� �4.3, �1.9) active transportation
groups. The odds of hypertension were 24% lower (AOR�0.76, 95% CI�0.61, 0.94) and 31% lower
(AOR�0.69, 95% CI�0.58, 0.83) among individuals with low and high levels of active transporta-
tion, respectively, comparedwith no active transportation.High active transportationwas associated
with 31% lower odds of diabetes (AOR�0.69, 95% CI�0.54, 0.88). Active transportation was not
associated with high-density lipoprotein level.

Conclusions: Active transportation was associated with more-favorable cardiovascular risk factor
profıles, providing additional justifıcation for infrastructure and policies that permit and encourage
active transportation.
(Am J Prev Med 2012;43(6):621–628) Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine
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Introduction

Nearly 40% of adults in the U.S. do not obtain the
minimum 150 minutes/week of moderate phys-
ical activity recommended by the DHHS,1,2 in-

reasing their chances of acquiring cardiovascular disease
isk factors such as obesity,3,4 hypertension,5 diabetes,6,7

and serum lipid abnormalities.8 Despite evidence of
hysical activity’s health benefıts, particularly for seden-

From the Robert Wood Johnson Foundation Clinical Scholars Program
(Furie,Desai), Yale School ofMedicine, theDepartment ofChronicDisease
Epidemiology (Desai), Yale School of Public Health, New Haven, and VA
Connecticut Healthcare System, Department of Veterans Affairs (Furie),
West Haven, Connecticut

Address correspondence to:MayurM.Desai, PhD,MPH,Yale School of
Public Health, 60 College Street, Room 402, NewHaven, CT 06520. E-mail:
mayur.desai@yale.edu.
d
0749-3797/$36.00
http://dx.doi.org/10.1016/j.amepre.2012.06.034

Published by Elsevier Inc. on behalf of American Journal of Preventive
tary populations,9 efforts to increase population levels of
eisure-time or occupational physical activity have not
chieved desired results. Active transportation (walking
nd bicycling for transportation)may provide an alterna-
ive opportunity for physical activity. By transforming
outine daily living into an opportunity for physical ac-
ivity, active transportation overcomesmany of the tradi-
ional barriers to engaging in leisure-time or occupational
hysical activity.10 Public policy and built environment in-
erventions could increase levels of active transporta-
ion,11,12 but justifying these efforts on the groundsof health
romotion requires stronger evidence that active transpor-
ation, likeother formsofphysical activity, is associatedwith
linically meaningful health outcomes.
Numerous observational studies have demonstrated a
rotective effect of leisure-time physical activity on car-

iovascular disease risk factors. However, studies10,13 of
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active transportation have shown inconsistent effects.
Further, studies conducted in Scandinavia,14–24 Austra-
lia,25 and Asia26–28 may lack generalizability to U.S.
adults because of different racial and ethnic composition,
transportation policies and infrastructure, and cardiovas-
cular disease risk profıles. Two U.S. studies focused only
on adults aged 18–28 years29 and aged 38–50 years.30

Importantly, these studies14–30 evaluated walking or bi-
cycling to work or school and therefore fail to capture
populations that are unemployed, do not attend school,
or use active transportation for purposes other than com-
muting. Given these limitations, there is need for better
understanding of the potential health benefıts of active
transportation in U.S. adults.
It was hypothesized that engaging in active transporta-

tion would be inversely associated with selected cardio-
vascular disease risk factors, independent of time spent in
leisure-time and occupational physical activity. Because
the greatest health benefıts of physical activity accrue to
sedentary individuals, it also was hypothesized that the
associations would be stronger among individuals who
did not meet physical activity recommendations through
leisure-time and occupational physical activity.

Methods
Sample

The study employed a cross-sectional design using data from the
2007–2008 and 2009–2010 cycles of the National Health and Nu-
trition Examination Survey (NHANES), a stratifıed multistage
probability sample of the non-institutionalized U.S. civilian popu-
lation. Details of the complex survey design are described else-
where.31 Individuals aged �20 years who participated in both the
questionnaire and Mobile Examination Center portions of the
survey, were not pregnant, and did not report impaired mobility
were included in the analysis. Impaired mobility was defıned as
using special equipment to walk or reportingmuch diffıculty walk-
ing or being unable to walk one-quarter mile or up ten steps.

Measures

Outcomes of interest were cardiovascular disease risk factors for
which physical activity has well-established protective effects, in-
cluding BMI,3,4 abdominal waist circumference,3,4 hypertension,5

diabetes,6,7 and high-density lipoprotein (HDL) level.8 BMI and
abdominal waist circumference were treated as continuous vari-
ables; hypertension, diabetes, and HDL level were treated as di-
chotomous variables. Hypertension was defıned as either self-
reported use of pharmacologic therapy for high blood pressure,
mean systolic blood pressure (SBP) �140 mmHg, or mean dia-
stolic blood pressure (DBP) �90.32,33 Diabetes was defıned as
either self-reported use of pharmacologic therapy for diabetes or a
hemoglobin A1c (HbA1c) �6.5%.34 Low HDL was defıned as a
erum HDL level �40 mg/dL.35

The primary independent variable was time spent in active
transportation in a typical week. Participants were asked if they

“walk or use a bicycle for at least 10 minutes continuously to get to
nd from places.” If they responded affırmatively, they were asked
n howmany days in a typical week and for how manyminutes on
typical day. Individuals who did not engage in active transportation
ere considered to have 0 minutes/week. For all others, minutes/
eek of active transportation were calculated by multiplying the
inutes/day spent walking or bicycling for transportation by the
umber of days/week on which the activity was reported. Time
pent in active transportation was categorized into three levels:
one (0 minutes/week); low (1–149minutes/week); or high (�150
inutes/week). The cutoff reflects current recommendations for a
inimum of 150 minutes/week of moderate physical activity and
epresented the approximate median of the distribution of those
ith nonzero values for time spent in active transportation.
Minutes per week of time spent in leisure-time physical activity

nd occupational physical activity were calculated using the same
ethod. Because participants were asked independently about
oth moderate and vigorous leisure-time and occupational physi-
al activity, time spent in vigorous activity was weighted by a factor
f two in order to convert to moderate physical activity equiva-
ents.1 Time spent in leisure-time and occupational physical activity
were summed to create a single variable. This variable was then cate-
gorized into fıve levels: 0minutes/week; 1–149minutes/week; 150–
449 minutes/week; 450–899 minutes/week; 900–2249 minutes/
week; or �2250 minutes/week, with cutoffs based on approximate
quintiles of those with nonzero values for time spent in combined
leisure-time and occupational physical activity. NHANES uses the
WHO’s Global Physical Activity Questionnaire, which has been
evaluated for reliability and validity.36

Other covariates included age; gender; race/ethnicity (non-
Hispanic white, non-Hispanic black, Mexican-American, or other);
education level (�high school, high school, or �high school); and
smoking status (never, former, current). Ratio of family income to
the federal poverty level (�1, 1–2.9,�3),37 provided as a variable in
he NHANES data set and used in prior studies of NHANES, was
sed to adjust for SES.

Data Analyses

First, descriptive statistics were used to characterize the sample by
level of active transportation. Bivariate associations between sam-
ple characteristics and level of active transportationwere examined
using ANOVA and the �2 test for continuous and categoric vari-
ables, respectively. Second, unadjusted associations between level
of active transportation and each of the fıve cardiovascular disease
risk factors of interest were examined using ANOVA and the �2

test as appropriate.
Next, adjusted analyses of associationsbetween level of active trans-

portation and the cardiovascular disease risk factors were performed
using linear regression for continuous outcomes (BMI and waist cir-
cumference) and logistic regression for dichotomous outcomes (hy-
pertension, diabetes, and low HDL). All multivariable models were
adjusted for sociodemographic variables, smoking status, and time
spent in combined leisure-time and occupational physical activity.
Finally, in addition to analyses of the total sample, stratifıed

analyses were conducted to assess whether associations between
active transportation and cardiovascular disease risk factors dif-
fered in those who did and did not meet physical activity recom-
mendations (at least 150minutes/week of moderate physical activ-
ity) through combined leisure-time and occupational physical
activity. Stratifıed analyses were performed in order to evaluate

active transportation in an otherwise relatively sedentary popula-
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tion that, based on prior research,9 experiences the greatest benefıt
rom participating in physical activity. All analyses were weighted
o account for the complex survey design and were conducted
sing SAS 9.2 and SAS-Callable SUDAAN 9.0.3. Analyses were
onducted in 2011. The study was exempted from review by the

Table 1. Description of the sample, % unless otherwise n

Characteristic

N
tran

(n�7

Age (years; M�SE) 4

Gender

Male

Race/ethnicity

Mexican-American

Non-Hispanic white

Non-Hispanic black

Other

Education level

�High school

High school

�High school

Family income level, % FPL

�100

100 to �300

�300

Unknown

Smoking status

Never

Former

Current

Time spent in combined leisure-time and occupational
physical activity, minutes per week

None

1–149

150–449

500–899

900–2249

�2250

Note: All ns are unweighted and percentages are weighted; pe
transportation�0 minutes/week; low active transportation�1–149
aFor ANOVA or �2 test
PL, federal poverty level
ale University Human Investigation Committee.

ecember 2012
Results
The fınal analytic sample included9933participants, 43%of
whom did not meet physical activity recommendations
based on combined leisure-time and occupational physical

Total sample (N�9933)

tive
tation
; 76%)

Low active
transportation

(n�1129; 11%)

High active
transportation

(n�1520; 14%) p-valuea

.3 43�0.8 42�0.6 �0.001

0.001

51 55

0.003

15 19

65 60

13 12

8 8

�0.001

18 28

22 17

60 55

�0.001

15 20

32 35

45 37

9 8

0.038

55 56

23 21

22 23

�0.001

23 26

14 6

17 15

15 15

18 20

13 19

tages may not sum to 100% because of rounding. No active
es/week; high active transportation�150 minutes/week.
oted

o ac
spor
284

6�0

48

12

71

10

6

16

25

59

10

31

51

8

56

24

21

26

13

20

14

16

12

rcen
minut
activity. Overall, 76% of individuals did not walk or bike for
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more than 10 minutes continuously for transportation in a
typical week (i.e., no active transportation), and 19% of in-
dividuals engaged in no physical activity of any form.
Characteristics of the sample are shown in Table 1.

Individuals who engaged in the highest level of active
transportation, compared with those who engaged in no
or low active transportation, were younger and more
likely to be male, Mexican-American, lower income, and
less than high-school educated. Level of active transpor-
tation was positively associated with time spent in com-
bined leisure-time and occupational physical activity
(Table 1). In unadjusted analyses, there were signifıcant
inverse associations of level of active transportation with
meanBMI andmean abdominal waist circumference and
with prevalence of both hypertension and diabetes
(Table 2). No associationwas found between active trans-
portation and prevalence of low HDL.
After adjustment for all covariates, mean BMI re-

mained lower among individuals with low (�0.9, 95%
CI� �1.4, �0.5) and high (�1.2, 95% CI� �1.7, �0.8)
evels of active transportation versus no active transpor-
ation (Table 2). Similarly, mean abdominal waist cir-
umference remained lower among those engaged in low
�2.2 cm, 95%CI� �3.2,�1.2) and high (�3.1 cm, 95%

Table 2. Unadjusted and adjusteda associations between
isk factors in unstratified and stratifiedb analyses

Level of active transportation

Unadjusted

M�SE p-valuec

UNSTRATIFIED

All included participants �0.001

None 28.6�0.1

Low 27.6�0.2

High 27.3�0.3

STRATIFIED

Did not meet physical activity recommendations �0.001

None 29.3�0.2

Low 27.8�0.4

High 27.6�0.4

Met physical activity recommendations 0.011

None 28.1�0.1

Low 27.5�0.3

High 27.2�0.3

ote: Active transportation: none�0 minutes/week; low�1–149 minutes/we
aAdjusted for age, gender, race/ethnicity, education level, income, smoking s
bStratified by whether participants did or did not obtain �150 minutes/week
cp-value for ANOVA or �2 test

DL, high-density lipoprotein
I� �4.3,�1.9) levels of active transportation versus no
active transportation (Table 2). The odds of having hy-
pertension were 24% lower (AOR�0.76, 95% CI�0.61,
0.94) and 31% lower (AOR�0.69, 95% CI�0.58, 0.83)
among individuals with low and high levels of active
transportation, respectively, than individuals with no ac-
tive transportation (Table 2). Compared with no active
transportation, high active transportation was associated
with 31% lower odds of having diabetes (AOR�0.69, 95%
CI�0.54, 0.88); the odds of having diabetes among indi-
viduals with low active transportation also were reduced,
but did not reach signifıcance (Table 2).
Similar patterns were observed in stratifıed multivari-

able analyses (Table 2). Within the group that did not
meet physical activity recommendations through com-
bined leisure-time and occupational physical activity, in-
creasing active transportation was associated with lower
mean BMIs, smaller waist circumferences, and lower
odds of both hypertension and diabetes. Further, even
among the group that did meet physical activity recom-
mendations through combined leisure-time and occupa-
tional physical activity, engaging in a high level of active
transportation was associated with a lower mean BMI
and smaller mean waist circumference. However, the
magnitudes of these associations were smaller than those

l of active transportation and cardiovascular disease

Waist circumference, cm

Adjusted � (95% CI)

Unadjusted

Adjusted � (95% CI)M�SE p-valuec

�0.001

1 (ref) 97.9�0.3 1 (ref)

0.93 (�1.35, �0.51) 95.2�0.6 �2.22 (�3.25, �1.19)

1.24 (�1.68, �0.79) 94.3�0.8 �3.08 (�4.28, �1.89)

�0.001

1 (ref) 99.5�0.4 1 (ref)

1.48 (�2.34, �0.61) 95.3�0.9 �3.78 (�5.65, �1.90)

1.73 (�2.47, �0.99) 94.4�1.0 �5.04 (�6.82, �3.26)

0.007

1 (ref) 96.9�0.3 1 (ref)

0.64 (�1.30, 0.02) 95.0�0.7 �1.32 (�2.71, 0.07)

1.02 (�1.62, �0.42) 94.2�1.0 �2.17 (�3.74, �0.59)

h��150 minutes/week.
and combined leisure-time and occupational physical activity
bined leisure-time and occupational physical activity
leve

BMI

�

�

�

�

�

�

ek; hig
tatus,
of com
seen in the former group.
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Discussion
Less than one quarter of U.S. adults in a nationally repre-
sentative sample reported walking or bicycling for trans-
portation in a typical week. After adjusting for potential
confounders, engaging in active transportation was asso-
ciated with lower BMI, smaller waist circumference, and
lower odds of hypertension and diabetes. Based on the
CIs, there were no differences between the associations of
low and high levels of active transportation with the out-
comes of interest. However, there was a trend toward
higher levels of active transportation having stronger in-
verse associations with these four cardiovascular disease
risk factors. After stratifıcation of the sample into those
who did or did not meet physical activity recommenda-
tions through a combination of leisure-time and occupa-
tional physical activity, the magnitudes of the associa-
tions were larger among the more sedentary group.
However, even those who met physical activity recom-
mendations had a signifıcantly lower mean BMI and
lower mean waist circumference when they also engaged
in high levels of active transportation.
The present study’s fındings are interesting in light of

evidence that fıtness may be a more important determi-
nant of cardiovascular risk than adiposity.38 Although
se of continuous and dichotomous dependent variables
recludes direct comparison, the magnitude of associa-
ions between active transportation and BMI and waist

Table 2. (continued)

Hypertension D

Unadjusted

AOR (95% CI)

Unadjusted

%�SE p-valuec %�SE p-valuec

�0.001 �0.001

30.3�0.9 1 (ref) 8.9�0.4

22.5�1.7 0.76 (0.61, 0.94) 6.5�0.7

20.2�1.5 0.69 (0.58, 0.83) 5.8�0.6

�0.001 0.002

36.3�1.1 1 (ref) 12.3�0.8

28.3�2.7 0.75 (0.57, 0.98) 9.7�1.1

23.2�1.9 0.58 (0.44, 0.76) 7.8�1.0

�0.001 0.017

26.5�1.3 1 (ref) 6.8�0.4

19.0�2.1 0.77 (0.58, 1.02) 4.6�1.0

18.7�1.9 0.77 (0.59, 1.02) 4.9�0.8
ircumference appeared small relative to its associations f

ecember 2012
ith hypertension and diabetes. Prior studies have dem-
nstrated that fıtness is associated with reductions in
lood pressure5,39 and improved glycemic control40 in-
ependent of its effect on adiposity. No association was
bserved between active transportation and low HDL.
ctive transportationmay not be of suffıcient intensity to
aise HDL levels.41

Active transportation is an untapped reservoir of op-
portunity for physical activity for many U.S. adults. A
study using the National Household Transportation Sur-
vey found similar low utilization of active transportation,
with only 19% of Americans aged �5 years reporting
walking or bicycling for transportation.42 In contrast to
he U.S., many European countries experience high pop-
lation levels of active transportation.43 In Germany, the
roportion of individuals reporting any walking or cy-
ling for transportation are two and seven times greater
han in the U.S., respectively.12 These differences are in
part due to policies, community planning, and infrastruc-
ture design that make active transportation appeal-
ing.11,12,43,44 Implementing similar strategies in the U.S.
ould have important implications for individuals with
ime or fınancial constraints that prohibit leisure-time
hysical activity or with professions and work environ-
ents that are not conducive to occupational physical
ctivity.
Although the cross-sectional study design precludes in-

s Low HDL

AOR (95% CI)

Unadjusted

AOR (95% CI)%�SE p-valuec

0.767

1 (ref) 21.3�0.7 1 (ref)

0.77 (0.58, 1.02) 20.0�1.9 0.88 (0.67, 1.15)

0.69 (0.54, 0.88) 21.7�1.4 0.88 (0.73, 1.06)

0.438

1 (ref) 21.2�1.1 1 (ref)

0.83 (0.64, 1.07) 18.2�2.4 0.76 (0.53, 1.11)

0.62 (0.45, 0.87) 19.9�2.2 0.77 (0.57, 1.05)

0.846

1 (ref) 21.3�0.8 1 (ref)

0.71 (0.41, 1.24) 21.1�2.4 0.94 (0.68, 1.32)

0.73 (0.52, 1.03) 22.5�2.1 0.94 (0.73, 1.20)
iabete
erring a causal effect of active transportation on the out-
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comes of interest, the fındings are consistent with prior
longitudinal studies that demonstrate dose-dependent re-
ductions in cardiovascular disease risk factors associated
with physical activity.4,5,7,45–47 The fındings also are con-
sistent with prior studies of U.S. adults that found inverse
associations between active commuting and cardiovascu-
lar disease risk factors.29,30 This suggests a potential role
for active transportation in risk factor modifıcation. In-
creasing levels of active transportationmay have additive
health benefıts for individuals who are already physically
active. However, the greatest impacts could accrue to the
sedentary, highest-risk populations that are most sensi-
tive to barriers to engaging in other forms of physical
activity. Collectively, these fındings suggest that public
policy and built environment interventions to increase
levels of active transportation in the U.S. may be justifıed
on the grounds of health promotion. Additionally, these
strategies could help reduce morbidity and mortality
linked to motor vehicle emissions, including cardiopul-
monary disease48,49 and global climate change.50,51

Strengths and Limitations
The present study has several strengths, including use of a
sample representative of the U.S. adult population, as-
sessment of active transportation for any purpose rather
than just for commuting, use of objective measurements
of cardiovascular disease risk factors, adjustment for con-
tributions of other forms of physical activity, and a large
sample size. Nonetheless, this study does have limita-
tions. The cross-sectional design prohibits attributing
causality to the associations between active transporta-
tion and investigated cardiovascular disease risk factors.
However, excluding participants with impaired mobility
reduced the potential for reverse causation; individuals
with disabilities related to any of the outcomes of interest
might not have been able to engage in active transporta-
tion (e.g., an individual with an amputation due to diabe-
tes who, therefore, was unable to walk or bike without
diffıculty).
Confounding could occur if individuals who engage in

active transportation are more likely to make other
healthy lifestyle choices. To address this possibility, time
spent in non–active transportation physical activity and
smoking status were included in multivariable models.
The sample also was restricted to those who did not meet
physical activity recommendations through combined
leisure-time and occupational physical activity in the
stratifıed analyses. Interestingly, there was evidence to
refute a positive correlation between active transporta-
tion and other healthy behaviors.
First, smoking status did not differ substantially across

levels of active transportation. Second, analysis of data from

the 2007–2008 NHANES cycle, which included information
on self-reported diet quality, revealed no association between
active transportation and diet quality (data not shown).
Third, active transportation was more common among de-
mographic groups that tend to engage in less leisure-time
physical activity,2,52,53whichmayreflect their concentration
in urban areas and lower rates of car access. These groups’
high levelsof combined leisure-timeandoccupationalphys-
ical activity may be due to employment in more physically
demanding professions.53–55

The analysis did not adjust for rural, suburban, or urban
location or geographic region because of restricted access to
geographic variables. Systematic differences in cardiovascu-
lar disease risk factor profıles by region or degree of rurality
could have caused confounding if these geographic factors
also influenced levels of active transportation (e.g., due to
weather, cultural norms, or inconvenience). Additionally,
time spent in physical activity was based on self-report,
which is known to overestimate accelerometer-based mea-
surements of physical activity.1 However, there is little rea-
son to suspect systematic misreporting among certain
groups thatwould lead tobias. Itwasnotpossible toestimate
the intensity of active transportation without knowledge of
the relative contributionofwalking andbiking to time spent
in active transportation.

Conclusion
Evidence for the diverse health benefıts associated with
active transportation is mounting. Despite this knowl-
edge, levels of active transportation in the U.S. remain
low, largely because of policies and built environments
that discourage its use. This study provides support for
the value of active transportation in reducing the preva-
lence of important cardiovascular disease risk factors,
including obesity, hypertension, and diabetes. Interven-
tions to promote the use of active transportation in the
U.S. should be pursued.

Dr. Furie was supported by the RobertWood Johnson Founda-
tionClinical Scholars Programand theDepartment ofVeterans
Affairs.
No fınancial disclosures were reported by the authors of this

paper.

References
1. Tucker JM, Welk GJ, Beyler NK. Physical activity in U.S. adults: com-

pliance with the Physical Activity Guidelines for Americans. Am J Prev
Med 2011;40(4):454–61.

2. CDC. Prevalence of self-reported physically active adults—U.S., 2007.
MMWRMorb Mortal Wkly Rep 2008;57(48):1297–300.

3. Hankinson AL, Daviglus ML, Bouchard C, et al. Maintaining a high
physical activity level over 20 years and weight gain. JAMA

2010;304(23):2603–10.

www.ajpmonline.org



1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

Furie and Desai / Am J Prev Med 2012;43(6):621–628 627

D

4. Slentz CA, Duscha BD, Johnson JL, et al. Effects of the amount of
exercise on body weight, body composition, and measures of central
obesity: STRRIDE—a randomized controlled study. Arch Intern Med
2004;164(1):31–9.

5. Whelton SP, Chin A, Xin X, He J. Effect of aerobic exercise on blood
pressure: a meta-analysis of randomized, controlled trials. Ann Intern
Med 2002;136(7):493–503.

6. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the
incidence of type 2 diabetes with lifestyle intervention or metformin.
N Engl J Med 2002;346(6):393–403.

7. Hu G, Lindstrom J, Valle TT, et al. Physical activity, body mass index,
and risk of type 2 diabetes in patients with normal or impaired glucose
regulation. Arch Intern Med 2004;164(8):892–6.

8. Kodama S, Tanaka S, SaitoK, et al. Effect of aerobic exercise training on
serum levels of high-density lipoprotein cholesterol: a meta-analysis.
Arch Intern Med 2007;167(10):999–1008.

9. Blair SN, Kampert JB, Kohl HW 3rd, et al. Influences of cardiorespira-
tory fıtness and other precursors on cardiovascular disease and all-
cause mortality in men and women. JAMA 1996;276(3):205–10.

0. Hamer M, Chida Y. Active commuting and cardiovascular risk: a
meta-analytic review. Prev Med 2008;46(1):9–13.

1. de Nazelle A, Nieuwenhuijsen MJ, Antó JM, et al. Improving health
through policies that promote active travel: a review of evidence to
support integrated health impact assessment. Environ Int. 2011;
37(4):766–77.

2. Buehler R, Pucher J, Merom D, Bauman A. Active travel in Germany
and the U.S.: contributions of daily walking and cycling to physical
activity. Am J Prev Med 2011;41(3):241–50.

3. Wanner M, Gotshci T, Martin-Diener E, Kahlmeier S, Martin BW.
Active transport, physical activity, and bodyweight in adults: a system-
atic review. Am J Prev Med 2012;42(5):493–502.

4. Andersen LB, Schnohr P, Schroll M, Hein HO. All-cause mortality
associated with physical activity during leisure time, work, sports, and
cycling to work. Arch Intern Med 2000;160(11):1621–8.

5. Hu G, Qiao Q, Silventoinen K, et al. Occupational, commuting, and
leisure-time physical activity in relation to risk for type 2 diabetes in
middle-aged Finnishmen andwomen.Diabetologia 2003;46(3):322–9.

6. Hu G, Eriksson J, Barengo NC, et al. Occupational, commuting, and
leisure-time physical activity in relation to total and cardiovascular
mortality among Finnish subjects with type 2 diabetes. Circulation
2004;110(6):666–73.

7. BarengoNC,HuG, Lakka TA, et al. Low physical activity as a predictor
for total and cardiovascular disease mortality in middle-aged men and
women in Finland. Eur Heart J 2004;25(24):2204–11.

8. Barengo NC, Hu G, Kastarinen M, et al. Low physical activity as a
predictor for antihypertensive drug treatment in 25-64-year-old pop-
ulations in eastern and south-western Finland. J Hypertens 2005;
23(2):293–9.

9. Hu G, Sarti C, Jousilahti P, et al. Leisure time, occupational, and
commuting physical activity and the risk of stroke. Stroke 2005;
36(9):1994–9.

0. Wennberg P, Lindahl B, Hallmans G, et al. The effects of commuting
activity and occupational and leisure time physical activity on risk of
myocardial infarction. Eur J Cardiovasc Prev Rehabil 2006;13(6):
924–30.

1. HuG,Tuomilehto J, BorodulinK, Jousilahti P. The joint associations of
occupational, commuting, and leisure-time physical activity, and the
Framingham risk score on the 10-year risk of coronary heart disease.
Eur Heart J 2007;28(4):492–8.

2. Hu G, Jousilahti P, Borodulin K, et al. Occupational, commuting and
leisure-time physical activity in relation to coronary heart disease
among middle-aged Finnish men and women. Atherosclerosis
2007;194(2):490–7.

3. Hu G, Jousilahti P, Antikainen R, Tuomilehto J. Occupational, com-

muting, and leisure-time physical activity in relation to cardiovascular

ecember 2012
mortality among Finnish subjects with hypertension. Am J Hypertens
2007;20(12):1242–50.

4. Wang Y, Tuomilehto J, Jousilahti P, et al. Occupational, commuting,
and leisure-time physical activity in relation to heart failure among
Finnish men and women. J Am Coll Cardiol 2010;56(14):1140–8.

5. Ming Wen L, Rissel C. Inverse associations between cycling to work,
public transport, and overweight and obesity: fındings from a popula-
tion based study in Australia. Prev Med 2008;46(1):29–32.

6. Hayashi T, TsumuraK, SuematsuC, et al.Walking towork and the risk
for hypertension in men: the Osaka Health Survey. Ann Intern Med
1999;131(1):21–6.

7. Hu G, Pekkarinen H, Hänninen O, Tian H, Guo Z. Relation between
commuting, leisure time physical activity and serum lipids in aChinese
urban population. Ann Hum Biol 2001;28(4):412–21.

8. Hu G, Pekkarinen H, Hänninen O, et al. Commuting, leisure-time
physical activity, and cardiovascular risk factors in China. Med Sci
Sports Exerc 2002;34(2):234–8.

9. Gordon-Larsen P, Nelson MC, Beam K. Associations among active
transportation, physical activity, and weight status in young adults.
Obesity 2005;13(5):868–75.

0. Gordon-Larsen P, Boone-Heinonen J, Sidney S, et al. Active commut-
ing and cardiovascular disease risk: the CARDIA study. Arch Intern
Med 2009;169(13):1216–23.

1. CDC. National Health and Nutrition Examination Survey homepage.
www.cdc.gov/nchs/nhanes.htm.

2. FordES, ZhaoG, LiC, PearsonWS,MokdadAH.Trends in obesity and
abdominal obesity among hypertensive and nonhypertensive adults in
the United States. Am J Hypertens 2008;21(10):1124–8.

3. Zhao G, Ford ES, Li C, et al. Independent associations of serum con-
centrations of 25-hydroxyvitamin D and parathyroid hormone with
blood pressure among U.S. adults. J Hypertens 2010;28(9):1821–8.

4. The International Expert Committee. International Expert Committee
report on the role of theA1Cassay in the diagnosis of diabetes.Diabetes
Care 2009;32(7):1327–34.

5. Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive summary of the third report of the
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III). JAMA 2001;285(19):2486–97.

6. Bull FC, Maslin TS, Armstrong T. Global Physical Activity Question-
naire (GPAQ): nine country reliability and validity study. J Phys Act
Health 2009;6(6):790–804.

7. Spatz ES, CanavanME, DesaiMM. From here to JUPITER: identifying
new patients for statin therapy using data from the 1999–2004 Na-
tionalHealth andNutritionExamination Survey. CircCardiovascQual
Outcomes 2009;2(1):41–8.

8. Wei M, Kampert JB, Barlow CE, et al. Relationship between low car-
diorespiratory fıtness andmortality in normal-weight, overweight, and
obese men. JAMA 1999;282(16):1547–53.

9. Lee D, Sui X, Church TS, et al. Changes in fıtness and fatness on the
development of cardiovascular disease risk factors: hypertension, met-
abolic syndrome, and hypercholesterolemia. J Am Coll Cardiol
2012;59(7):665–72.

0. Boulé NG,Haddad E, KennyGP,Wells GA, Sigal RJ. Effects of exercise
on glycemic control and body mass in type 2 diabetes mellitus: a
meta-analysis of controlled clinical trials. JAMA 2001;286(10):
1218–27.

1. Kraus WE, Houmard JA, Duscha BD, et al. Effects of the amount and
intensity of exercise on plasma lipoproteins. N Engl J Med 2002;
347(19):1483–92.

2. Pucher J, Buehler R, MeromD, Bauman A.Walking and cycling in the
U.S., 2001–2009: evidence from the National Household Travel Sur-
veys. Am J Public Health 2011;101(S1):S310–S317.

3. Pucher J, Buehler R, Bassett DR, Dannenberg AL.Walking and cycling
to health: a comparative analysis of city, state, and international data.

Am J Public Health 2010;100(10):1986–92.

http://www.cdc.gov/nchs/nhanes.htm


628 Furie and Desai / Am J Prev Med 2012;43(6):621–628
44. Buehler R. Determinants of transport mode choice: a comparison of
Germany and the USA. J Transp Geogr 2011;19(4):644–57.

45. Warburton DER, Nicol CW, Bredin SSD. Health benefıts of physical
activity: the evidence. CMAJ 2006;174(6):801–9.

46. Kelley GA, Kelley KA, Vu Tran Z. Aerobic exercise and resting blood
pressure: ameta�analytic reviewof randomized, controlled trials. Prev
Cardiol 2001;4(2):73–80.

47. KelleyGA,KelleyKS.Aerobic exercise andHDL2-C: ameta-analysis of
randomized controlled trials. Atherosclerosis 2006;184(1):207–15.

48. Grabow ML, Spak SN, Holloway T, et al. Air quality and exercise-
related health benefıts from reduced car travel in the midwestern U.S.
Environ Health Perspect 2011;120(1):68–76.

49. Woodcock J, Edwards P, Tonne C, et al. Public health benefıts of
strategies to reduce greenhouse-gas emissions: urban land transport.

Lancet 200
50. Haines A, Kovats R, Campbell-Lendrum D, Corvalan C. Climate
change and human health: impacts, vulnerability, andmitigation. Lan-
cet 2006;367(9528):2101–9.

51. Patz JA, Campbell-LendrumD, Holloway T, Foley JA. Impact of regional
climate change on human health. Nature 2005;438(7066):310–7.

52. CDC. Prevalence of regular physical activity among adults—U.S., 2001
and 2005. MMWRMorb Mortal Wkly Rep 2007;56(46):1209–12.

53. Berrigan D, Troiano RP, McNeel T, DiSogra C, Ballard-Barbash R.
Active transportation increases adherence to activity recommenda-
tions. Am J Prev Med 2006;31(3):210–6.

54. Steele R, Mummery K. Occupational physical activity across occupa-
tional categories. J Sci Med Sport 2003;6(4):398–407.

55. CDC. Contribution of occupational physical activity toward meeting
recommended physical activity guidelines: U.S., 2007. MMWR Morb
9;374(9705):1930–43. Mortal Wkly Rep 2011;60(20):656–60.

Have you seen the AJPM website lately?
Visit www.ajpmonline.org today!
www.ajpmonline.org


	Active Transportation and Cardiovascular Disease Risk Factors in U.S. Adults
	Introduction
	Methods
	Sample
	Measures
	Data Analyses

	Results
	Discussion
	Strengths and Limitations
	Conclusion

	References


