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Abstract

Background—Limited evidence exists on themetabolic and cardiovascul ar risk correlates of
commuting by vehicle, a habitual form of sedentary behavior.

Purpose—To examine the association between commuting distance, physical activity,
cardiorespiratory fitness (CRF), and metabolic risk indicators.

Methods—This cross-sectional study included 4297 adults who had a comprehensive medical
examination between 2000 and 2007 and geocoded home and work addresses in 12 Texas
metropolitan counties. Commuting distance was measured along the road network. Outcome
variables included weekly MET-minutes of self-reported physical activity, CRF, BMI, waist
circumference, triglycerides, plasma glucose, high-density lipoprotein (HDL) cholesterol, systolic
and diastolic blood pressure, and continuously measured metabolic syndrome. Outcomes were
also dichotomized using established cut-points. Linear and logistic regression models were
adjusted for sociodemographic characteristics, smoking, alcohol intake, family history of diabetes,
and history of high cholesterol, as well as BMI and weekly MET-minutes of physical activity and
CRF (for BMI and metabolic risk models). Analyses were conducted in 2011.

Results—Commuting distance was negatively associated with physical activity and CRF and
positively associated with BMI, waist circumference, systolic and diastolic blood pressure, and
continuous metabolic score in fully adjusted linear regression models. Logistic regression analyses
yielded similar associations; however, of the models with metabolic risk indicators as outcomes,
only the associations with elevated blood pressure remained significant after adjustment for
physical activity and CRF.

Conclusions—Commuting distance was adversely associated with physical activity, CRF,
adiposity, and indicators of metabolic risk.
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Introduction

Methods

Physical inactivity is a leading public health issue in the U.S.1 and internationally? and has
increased over time.3 Accumulating evidence suggests that time spent sitting has adverse
effects on cardiovascular and metabolic health, distinct from time spent being physically
active.4-8 Health risks associated with sedentary behavior may be attributed to the
physiologic effects of muscle inactivity on glucose uptake, cardiac function, and lipid
metabolism, as well as sedentary behavior displacing light-to-moderate activity and thus
reducing energy expenditure.’?

Although most research on sedentary behavior has focused on TV viewing, the metabolic
and cardiovascular health impacts of long commutes by automobile are less well
understood.> 10-15 Travel by motorized vehicle is the most common light activity reported
in the U.S.,16 and commuting to work is an especially important purpose of travel to study
because it is part of people’s routine and constitutes the largest share of annual vehicle miles
traveled per household in the U.S.17

Although active commuting has documented health benefits,18-19 it may be infeasible for
many adults. Understanding the health effects of passive commuting is also important given
that commuting by vehicle is prevalent and has increased in recent decades. In the U.S.
between 1960 and 2000, the number of workers commuting by private vehicle increased
from 41.4 million to 112.7 million.20-21 Moreover, average commuting distances and time
by private vehicle have increased from 8.9 miles and 17.6 minutes in 1983 to 12.1 miles and
22.5 minutes in 2001.17 These trends parallel population shifts from urban to suburban
settings, with the proportion of people living in suburbs having increased from 23% to 50%
between 1950 and 2000.2°

This study examined the association between commuting distance from home to work with
CRF, physical activity levels, and metabolic risk indicators among men and women without
known diabetes. By examining biomarkers and using objective home-to-work route
distance, this study illuminates possible mechanisms for the increased risk of cardiovascular
disease death associated with time driving in an automobile among men in this study
population.1®

Study Design and Population

The study population included participants in the Cooper Center Longitudinal Study (CCLS)
who were seen at the Cooper Clinic in Dallas TX for a preventive medical examination.
Most patients were referred by their personal physician or employer, or were self-referred.
Patients signed an informed consent for the clinical examinations. This study was approved
by the IRBs of The Cooper Institute and Washington University.

The current cross-sectional analysis, conducted in 2011, included data from the most recent
examination of participants aged 18-90 years who had a maximal treadmill test between
January 2000 and June 2007. In addition, the study included employed participants with
nonmissing geocodable home and work addresses in 11 counties of the Dallas—Fort Worth
TX metropolitan area and Travis County in the Austin TX metropolitan area where the
majority of participants resided. Participants were excluded if they reported >6 weeks of
sick days in the past year, had missing data on the primary outcomes or covariates of
interest, reported a personal history of heart attack, stroke, or diabetes, or were pregnant.
Participants who reported home addresses as work addresses were also excluded.
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Subanalyses with waist circumference excluded 991 participants with missing data on this
variable.

Data Collection

Measures

Clinical examination—Body composition, laboratory measurements, and assessment of
CRF by a maximal exercise treadmill test were performed at the clinical examination. In
addition, patients completed a detailed medical history questionnaire consisting of
demographic, health habits, and health history information.

Geocoding addresses—The home and work addresses of patients living in Texas who
had exams with a maximal treadmill test between January 2000 and July 2007 (/7=16,939)
were geocoded by a commercial firm. Eighty-nine percent of home and 75% of work
addresses were assigned to a latitude/longitude corresponding to the location of the address.
All other addresses were excluded due to low positional accuracy (i.e., geocoded to census
block group or census tract, ZIP code centroid, or post office box). Of the successfully
geocoded addresses, 7181 had home and work addresses within the study area.

Commuting distance—Shortest distance from home to work (in miles) along the road
network was calculated in ArcGIS 9 software. Commuting distance in miles was treated
both continuously and categorically based on meaningful cut-points in order to explore
nonlinear relationships: 1-5, 6-10, 11-15, 16-20, and >20 miles. Commuting mode was
unknown but likely by motorized private vehicles given travel patterns in this region.22

Health outcomes—Outcome measures of interest included physical activity, CRF, BMI,
and metabolic risk variables (waist circumference, fasting triglycerides, fasting plasma
glucose, high-density lipoprotein (HDL) cholesterol, systolic and diastolic blood pressure,
and metabolic syndrome). Self-reported weekly participation in moderate-to-vigorous
physical activity over the past 3 months was assessed using a validated self-administered
medical history questionnaire for walking, jogging/running, treadmill activity, outdoor or
stationary bicycling, swimming, aerobic dance or floor exercises, vigorous sports and
exercise, and an open-ended item about other activity.2324 Weekly minutes of moderate-to-
vigorous physical activity were derived by multiplying frequency and duration for each of
these types of physical activity, among those who had nonmissing data for all activities or
>0 minutes for at least one of the activities. Weekly minutes of activity were weighted by
each activity’s assigned METSs to yield weekly MET-minutes of moderate-to-vigorous
physical activity.2> Dichotomous variables were created to represent meeting U.S. public
health recommendations (=500 vs <500 MET-minutes/week).

Cardiorespiratory fitness was determined by a maximal exercise treadmill test using a
modified Balke protocol.26-29 Patients were encouraged to give a maximal effort, and the
test end point was volitional exhaustion or termination by the physician for medical reasons.
The speed and elevation of the final minute of the treadmill test were used to convert
treadmill performance to METs.39 Time on treadmill with this protocol is highly correlated
with maximal volume of oxygen uptake (r=0.94 in women3! and 7=0.92 in men32). CRF
was grouped as fit or unfit on the basis of the upper 20% and lower 80% of the age-
standardized CRF distribution.28

The standard measure for BMI was used. Obesity was defined as having a BMI =30. Waist
circumference was measured at the level of the umbilicus with a plastic anthropometric tape.
All clinical measurements were made in the morning following a fast of at least 12 hours. A
fasting blood sample was obtained by venipuncture, and serum triglyceride, HDL
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cholesterol, and plasma glucose levels were assayed using standardized techniques at the
Cooper Clinic Laboratory. Blood pressure measurements were obtained with a mercury
sphygmomanometer using auscultatory methods.

Metabolic syndrome was defined according to established criteria,33 which consists of three
or more of the following traits: central obesity (waist circumference =102 cm among men
and =88 cm among women); elevated triglycerides (=150 mg/dl); reduced HDL-cholesterol
(<40 mg/dl among men and <50 mg/dl among women); elevated blood pressure (systolic
>130 mmHg or diastolic 285 mmHg or self-reported high blood pressure); or elevated
fasting plasma glucose (=100 mg/dl).33 A validated continuous metabolic score was
calculated, as previously described.®* The mean metabolic score was 0+1.41 in men and
0+1.41 in women. This score has high validity3* and has been associated with sedentary
behavior, muscular strength, and aerobic fitness in other studies.3°36

Covariates—Information on sociodemographic factors, cigarette smoking, alcohol
consumption, personal history of high blood pressure and high cholesterol, and family
history of diabetes were self-reported and coded as categoric variables (Table 1). Alcohol
consumption was coded using evidence-based cut-points as none, light (<3 units/week),
moderate (3—-14 units/week for men; 3—7 units/week for women), and heavy (>14 units/week
for men; >7 units/week for women).3’

Statistical Analysis

Results

Statistical analyses were conducted using SAS Statistical Software 9.3. Multiple linear
regression analysis was used to examine the association of commuting distance with
physical activity, CRF, BMI, and metabolic risk variables. The natural logarithm of
triglycerides was used in regression analyses to account for its skewness. In addition,
multiple logistic regression analysis was used to examine dose—response effects between
categories of commuting distance and clinically meaningful cut-points of the outcomes.

Two models were examined for each statistical analysis. Model A was adjusted for age,
gender, education, marital status, children in home, smoking status, alcohol intake, family
history of diabetes, BMI (for all models except those with BMI, waist circumference, or
metabolic syndrome as the outcomes), personal history of high cholesterol (only for the
models with triglycerides and HDL cholesterol as outcomes), and personal history of high
blood pressure (only for the models with systolic and diastolic blood pressure as outcomes).
Model B was additionally adjusted for CRF and weekly MET-minutes of moderate-to-
vigorous physical activity to examine how adjustment of these indicators of total physical
activity attenuated relations with commuting distance.

Results were reported as unstandardized B coefficients for the linear regression models and
as ORs for the logistic regression models. A priori defined interactions of commuting
distance with gender, age, physical activity participation, and BMI were assessed.
Significance was set at p<0.05. Adjusted R? assessed model fit in multiple linear regression
analyses. Tests for linear association of the ORs were computed by the Mantel extension
test.38

Of the 7181 participants with geocoded addresses in the study areas, exclusions were made
based on the following criteria: working from home (/7=700), being unemployed, a
housewife, student or fully retired (/7=62), being sick for more than 6 weeks in the past year
(m7=1870), history of heart attack (/7=38), stroke (/7=23), or diabetes (/7=121); or currently
pregnant (/7=3). Of the remaining 6225 participants, 1003 were excluded with missing data
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on at least one outcome variable. An additional 925 were excluded with missing data on
marital status, history of high cholesterol, smoking, and/or alcohol consumption.

Because the study population was mostly homogeneous with respect to race/ethnicity and
education, those with missing data on either of these variables (7=494) were retained with
values assigned to a missing category. The final analytic sample was 4297 (778 women,
3519 men). Table 1 presents the distribution of demographic, health, and behavioral
characteristics of the study population.

Commuting Distance and Health Outcomes

Commuting distance was negatively associated with weekly MET-minutes of moderate-to-
vigorous physical activity and CRF and positively associated with BMI, waist
circumference, and diastolic blood pressure in multivariate models without adjustment for
CRF and physical activity (Model A; Table 2). Associations between commuting distance
with BMI, waist circumference, and diastolic blood pressure remained significant, albeit
attenuated for BMI and waist circumference, after adjustment for CRF and physical activity
(Model B). Both systolic blood pressure and continuously measured metabolic syndrome
became significant. Adjusted R2 values generally increased after adding CRF and physical
activity, particularly for the models with BMI and waist circumference as outcomes,
suggesting that CRF and physical activity explain a considerable amount of variation in
adiposity. No interactions were observed by gender, age, physical activity participation, or
BMI.

When health outcomes were analyzed dichotomously, commuting distances of >15 miles
were associated with lower odds of meeting moderate-to-vigorous physical activity
recommendations and achieving high fitness levels and with higher odds of obesity and
central adiposity (Model A; Table 3) with trends (p<0.01) observed for all of these outcomes
except high fitness levels. Commuting distances of >10 miles were associated with lower
odds of having elevated blood pressure (p-trend=0.006) but not with other metabolic risk
outcomes, specifically elevated triglycerides, elevated blood glucose, reduced HDL
cholesterol, and metabolic syndrome (data not shown). Significance was maintained only for
associations with elevated blood pressure, after controlling for CRF and physical activity
(Model B; Table 3).

Because self-reported history of high blood pressure does not accurately capture treatment
for hypertension, one of the conditions specified in the international metabolic syndrome
guidelines for high blood pressure,33 self-reported history of high blood pressure was
excluded from the definition of elevated blood pressure and added as a covariate. Because of
this, associations between commuting distance and elevated blood pressure were attenuated,
and significance remained only for commuting distance >20 miles (AOR=1.29, 95%
Cl=1.06, 1.58) suggesting that commuting distance is most strongly associated with the
combined presence and history of high blood pressure. In additional sensitivity analyses,
study findings were not appreciably different when assigning participants with missing
covariate data (/7=925) to missing categories. Associations were slightly attenuated (all by
<20%) with the majority of differences in effect sizes being <5%.

Discussion

This study yielded new information about biological outcomes and commuting distance, an
understudied and habitual source of sedentary behavior that is prevalent among employed
adults and important for individuals with the additional exposure of occupational sitting. The
findings suggest that commuting distance is adversely associated with moderate-to-vigorous
physical activity, CRF, adiposity, and blood pressure but not blood lipids or fasting glucose.
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This information provides important evidence about potential mediators in the relationship
between time spent driving and cardiovascular mortality observed previously in this study
population.1®

A plausible mechanism between commuting distance and adiposity could be that longer
commutes displace physical activity participation given (1) the independent associations
with physical activity and CRF and (2) attenuation in associations with adiposity after
adjustment by physical activity. At the same time, when examined as continuous variables,
both BMI and waist circumference were associated with commuting distance even after
adjustment for physical activity and CRF, suggesting an independent effect of commuting
distance on adiposity likely via a reduction in overall energy expenditure.3%40 Another
factor that may contribute to the observed associations with adiposity may be that
participants with long commutes were more likely to live in suburban neighborhoods, which
often possess built environment features that are associated with physical inactivity and
sedentary behavior.4142

Associations of commuting distance with the other metabolic risk indicators were largely
weak or nonsignificant, with the exception of blood pressure. This is plausible, given the
strong influence of individual and environmental factors on these health indicators#3-46 and
that commuting long distances via motorized travel represents only a portion of total
sedentary time. Yet, associations with blood pressure were as strong in magnitude as those
with physical activity and persisted even after adjustment for physical activity and adiposity.

Multiple mechanisms could be contributing to this relationship. First, automobile driving has
been identified as a salient source of everyday stress, especially when drivers are faced with
traffic congestion.#’-50 Because the Dallas—Fort Worth region is ranked among the top five
most congested metropolitan areas in the U.S.,51 those with longer commutes may be more
likely to be exposed to heavy traffic resulting in higher stress levels and more time sitting.
Daily commuting represents a source of chronic stress that has been positively correlated
with physiologic consequences including high blood pressure, self-reported tension, fatigue,
and other negative mental or physical health effects in some studies.*: 52-55 Another
explanation of the observed association between commuting distance and blood pressure, as
well as adiposity, may be that commuting distance is related to unmeasured risk factors of
hypertension, including worse diet, poor sleep, depression, anxiety, or social isolation.>6-58
These unmeasured variables may be related to long commutes as well as neighborhood
factors associated with suburban communities that may limit opportunities for physical
activity and social cohesion.59-61

This study has several strengths. Commuting distance was calculated based on street
networks using a GIS instead of relying on self-report. In addition, the extensive physical
examination provided a unique opportunity to assess CRF and measured BMI, as well as
elements of the metabolic syndrome.

Limitations include the cross-sectional study design and limited generalizability of the study
population, consisting of predominantly white, well-educated and healthier adults of middle-
to-upper SES and under-representation of women. Although the homogeneity of the
population with respect to education and race/ethnicity may improve internal validity, some
residual confounding may be present due to other unmeasured socioeconomic variables
(e.g., occupation and income). Other limitations include lack of information about the mode
and frequency of commuting; however, it was anticipated that the vast majority of
participants commuted by automobile given that more than 95% of the workers >16 years
who worked outside the home commuted by private vehicle in 2005-2007 in the Dallas—Fort
Worth-Arlington Metropolitan Statistical Area.2?
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In addition, information about time spent commuting and the validity of the network route to
actual distance traveled by the participant were lacking. Differences in shortest versus actual
route are expected for a variety of reasons (e.g., traffic, childcare). Categorizing commuting
distance may have minimized some of this measurement error. Also, participants whose
work addresses were their home addresses were excluded. Future studies are needed to
examine how telecommuting and working from home affects health indicators.

Finally, commuting by automobile represents only one of many forms of sedentary
behavior, and this study lacked data on other important contributors to sedentary time, such
as occupational sitting and TV viewing. At the same time, time spent riding in a car has been
shown to be a predictor of cardiovascular mortality in the population.1® In addition, TV
viewing is poorly correlated with total sedentary time in working populations,2 and
occupational sitting is expected to be common given that an estimated 90% or more of
adults in this study population work in sedentary professional or managerial positions based
on job title. Commuting distance represents a measured source of sedentary behavior with
variability in this study population. Because we cannot rule out all competing explanations
with these methodologic limitations, future prospective studies are needed in more-diverse
populations with precise assessment of sedentary time across multiple behavioral domains to
tease out the independent effects of passive commuting on health.*1

Conclusion

This study contributed additional information about possible mechanisms underlying the
increased risk of obesity, hypertension, and poor physical health observed among adults
living in more-sprawling communities.53-65 Multilevel strategies in the home, worksite, and
community settings will be needed to mitigate the negative health consequences of long
commutes faced by a substantial segment of the U.S. population.*!
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Characteristics of the study population, Cooper Center Longitudinal Study, 2000-2007

Table 1

Characteristic

M (SD) or %

N
Sociodemographics
Age
Male gender
Ethnicity
White
Other
Missing
Years of education
Less than college
College graduate or higher
Missing
Marital status
Single
Married
Divorced/widowed
Children in home
Health behaviors and history
Smoking
Never
Former
Current
Alcohol consumption
None
Light
Moderate
Heavy
Personal history of high cholesterol
Personal history of high blood pressure
Family history of diabetes
Exposure Measure
Commuting distance
Commuting distance, miles
1-5 miles
6-10 miles
11-15 miles
16-20 miles
>20 miles

Outcome Measures

Am J Prev Med. Author manuscript; available in PMC 2013 June 01.

4297

47.1 (8.7
81.9

92.2
53
2.6

125
77.8
9.7

6.3
87.0
6.7
57.9

56.8
30.5
12.8

16.4
28.9
43.7
111
28.9
14.8
21.4

12.1(9.1)

24.4
27.2
16.8
13.1
18.5
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Characteristic M (SD) or %

Weekly MET-min of moderate-to-vigorous physical activity — 1346.3 (1287.5)

Cardiorespiratory fitness (max MET level) 11.2 (2.2)
BMI 26.9 (4.3)
Waist circumference (cm) 90.9 (13.0)
Triglycerides (log, mg/dl) 4.6 (0.5)
HDL cholesterol (mg/dl) 52.3 (14.1)
Fasting plasma glucose (mg/dl) 95.7 (11.5)
Systolic blood pressure (mmHg) 121.4 (13.0)
Diastolic blood pressure (mmHg) 82.1(9.4)

HDL, high-density lipoprotein
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