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Abstract

Background—Over 60% of Latinas report not meeting moderate to vigorous physical activity 

(MVPA) guidelines of 150 minutes/week. Ecological models of health posit that intrapersonal and 

environmental factors interact with one another to influence physical activity. Understanding their 

interactions in relation to transportation behaviors may inform interventions to increase Latinas’ 

physical activity.

Purpose—To 1) objectively estimate walking and vehicle time in Latinas, 2) examine the 

association of, and interactions between, intrapersonal (socio-demographics and weight status) and 

neighborhood environmental correlates with objective daily walking and vehicle time.

Methods—A subsample of Latinas (n=87) participating in a health intervention wore an 

accelerometer and GPS device for at least two valid wear days at baseline. The Personal Activity 

Location and Measurement System (PALMS) software estimated daily walking and vehicle time. 

Participants’ anthropometrics were measured, and they completed a survey assessing socio-

demographic characteristics and perceived neighborhood environment. Generalized linear mixed 
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models examined main effects and interactions of four intrapersonal and five environmental 

factors on daily walking and vehicle time.

Results—On average, participants walked 16 min/day and spent 69 min/day in a vehicle. 

Overweight/obesity was negatively associated with walking time (p=.04) and positively associated 

with vehicle time (p=0.01). Household income was positively associated with vehicle time 

(p=0.02). For daily walking time, two interactions were significant: perceived access to 

destinations X household income (p=0.01), and perceived sidewalk maintenance X acculturation 

(p= 0.01). For daily vehicle time, two interactions were significant: perceived access to 

destinations X weight status (p<0.001), and perceived safety from crime X education (p=0.01).

Conclusion—Latinas participated in relatively low walking time and high amounts of vehicle 

time. Findings suggest intrapersonal sub-group differences in the association of the neighborhood 

environment with walking and vehicle time. Improving neighborhood environments to promote 

walking and reduce vehicle time may help improve Latinas’ overall physical activity.
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1. Introduction

Walking for transportation or leisure is lower in the US compared to other countries 1,2. In a 

large US travel survey, non-Whites had similar walking rates as Whites but higher obesity 

rates 3. Other travel behaviors like time spent in a vehicle may be contributing to this ethnic/

racial disparity in obesity rates. Longer time spent in vehicles has been linked to higher rates 

of obesity and high blood pressure 4. Racial/ethnic minority women report more time in a 

car (11.4 hours/week, on average) compared to non-Hispanic White women (9.4 hours/

week, on average) 5. These racial/ethnic disparities in car use are not observed among men. 

Given that Latina women report more time in vehicles, one of the highest rates of obesity of 

any racial/ethnic group (44.4%), and only 38.2% report meeting moderate to vigorous 

physical activity (MVPA) recommendations, a better understanding of their transportation-

related behaviors is needed 6,7. Few studies have assessed walking and vehicle time 

objectively 8,9. Objective measures account for potential biases in self-report measures, 

which can impair relationships with the neighborhood environment.

Given the importance of walking time and vehicle time as contributors to overall PA and 

sedentary behavior, there is a need to understand the correlates of these behaviors. 

Ecological models of health behavior posit that factors at multiple levels of influence (e.g., 

individual [inter/intrapersonal], social, environment, and policy) interact with one another to 

influence health behaviors like walking and vehicle use.10 Studies on self-reported walking 

for either leisure or transportation (i.e., to get to/from a destination) have identified several 

intrapersonal (e.g., socio-demographic) and neighborhood environmental factors. Among 

Latinos, low socioeconomic status (SES) and low acculturation are related to higher active 

transportation and lower leisure-time physical activity (PA) 11. Latinas with higher 

acculturation levels also report less time walking than those with lower levels 12.
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In terms of environmental factors, few studies have examined the association between the 

perceived neighborhood environment and walking in Latinas. Less favorable perceptions of 

neighborhood safety from crime have been linked to less walking among Latinas 13. Older 

Latinas have reported greater perceived neighborhood safety from crime and having access 

to destinations to walk to near the home as important facilitators of walking 14.

Similarly, in previous studies, intrapersonal and environmental factors have been linked to 

self-reported vehicle time 15–17. For example, higher income, full-time employment, having 

children, and living in the outer suburbs are significantly associated with higher reported 

vehicle time 15. Urban form and neighborhood design are also important factors of self-

reported vehicle time. Self-reported vehicle time has been found to be negatively related to 

higher land use mix, residential density, street connectivity, and overall neighborhood 

walkability among large US samples 16,17.

Furthermore, previous studies have shown that intrapersonal factors like SES moderate the 

relationship between the neighborhood environment and physical activity behaviors 3,18–20. 

In one study of a similar sample size, favorable aesthetics were related to higher leisure time 

MVPA among lower income women; additionally, better sidewalk maintenance was related 

to higher leisure time MVPA in higher income women 20.

Assessing objectively-measured walking by simultaneous global positioning system (GPS) 

and accelerometer monitoring can provide more accurate estimates of time spent walking/in 

a vehicle than self-report measures 21. This approach has been used to examine the 

relationship between the neighborhood environment and PA among Latino children and 

Latina adults 9,22,23. Objectively assessing transportation behaviors consist of a more valid 

approach towards examining correlates of different forms of PA and sedentary behaviors. 

However, no known studies have examined the association of the perceived neighborhood 

environment with objectively-measured walking and vehicle time among Latinas.

To better understand the correlates and moderators of walking behaviors and vehicle time 

among Latinas, the aims of the present study were to (1) objectively estimate walking and 

vehicle time among Latinas; to (2) investigate associations of five perceived neighborhood 

environmental (e.g., access of destinations and safety from crime) and four intrapersonal 

factors (e.g., weight status and acculturation) with these travel behaviors, and to (3) test 

interactions between intrapersonal and neighborhood environmental factors in relation to 

objectively-measured walking and vehicle time. We expect positive associations of favorable 

perceptions of the neighborhood environmental factors with daily walking time. We also 

expect higher perceptions of safety from traffic and safety from crime, as well as access to 

destinations to walk to, to be negatively associated with daily vehicle time. Finally, the test 

of interactions between intrapersonal and neighborhood environmental factors in relation to 

daily walking and vehicle time is exploratory, as there are few studies in this area. This study 

will add to the literature in understanding interactions of intrapersonal and neighborhood 

environmental factors for travel behaviors, with the potential to improve ecological models 

specific to Latinas.
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2. Methods

2.1 Participants and Procedures

The present analyses used baseline data collected in 2012 from a sample of church-going 

Latinas participating in the Fe en Acción [Faith in Action] intervention to promote PA in San 

Diego, California 24.

The main trial included 16 Catholic churches across San Diego County. Inclusion criteria for 

churches were to have at least 200 Latino families, have at least one Spanish mass, and 

commit to participate in the study for two years. Participants were then recruited from the 

participating churches through fliers, word of mouth, printed announcements in church 

bulletins, and verbal announcements during Spanish language masses. To be eligible, 

participants had to be between 18 and 65 years of age, self-identify as Latina, attend the 

church at least four times per month, self-report low physical activity levels (<150 minutes/

week of MVPA), have less than 250 minutes/week of accelerometer-assessed MVPA, and 

have no medical conditions that could prevent them from being physically active as assessed 

by the PAR-Q 25. A full explanation for our accelerometer cut-off is reported in another 

study 26.

Among the full baseline sample of 436 participants, 87 women from four churches (range: 

16–28 women per church) participated in a sub-study that involved simultaneous 

accelerometer and GPS monitoring. For the present analyses, data were collected from a 

sub-sample of participants from the main trial who agreed to wear a GPS device along with 

the accelerometer. The goal of the sub-study was to examine integrated GPS-accelerometer 

data using a geospatial research tool called the Personal Activity Location and Measurement 

System (PALMS)27. As such, separate power calculations for the sub-study were not 

performed a priori. Baseline measures were collected across two appointments at each 

church site by trained bilingual Research Assistants (RAs). During the first appointment, 

RAs assessed anthropometrics, as well as provided participants with an accelerometer and 

GPS device to wear for at least 12 hours/day for seven days. RAs then collected the 

accelerometer and GPS device during the second appointment, and administered a survey. 

The survey included items on demographics and perceptions of the neighborhood 

environment, and took approximately 60 minutes to complete. Prior to data collection, RAs 

obtained written informed consent from participants. Participants received $25 at the 

completion of both appointments. This study was approved by the Institutional Review 

Boards of the sponsoring institutions.

2.2 Measures

2.2.1 GPS-derived trips—Participants were asked to wear a Qstarz BT-Q1000XT Global 

Positioning System (GPS) travel recorder (Qstarz International Co., Taipei, Taiwan, R.O.C). 

Staff instructed participants to wear the device on a belt around their waist for at least 10 

hours per day for seven days. Additionally, participants were asked to charge the GPS device 

nightly and to only take the device off while sleeping, swimming, or showering.

Valid days could have no more than 480 minutes and 75% of wear time with missing GPS 

signal. Non-wear time was determined by the accelerometer criteria, which was set as 60 
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minutes of consecutive zero values. 28,29 Early during the data-cleaning phase, it was noted 

that participants had fewer valid wear time for GPS than accelerometer. This could have 

been due to non-compliance with wearing/charging the device or missing GPS signal. 

Because of the reduced GPS wear, for the sub-study, valid wear time was defined as at least 

two valid days with a minimum of eight valid hours/day of accelerometer wear and available 

GPS signal. When using both GPS and accelerometer devices, establishing eight hours/day 

or less of wear time to count as a valid day is accepted and has been used in previous studies 
23,30–32.

GPS data were uploaded as 60-second epoch files and processed in the PALMS using 

standard protocol. PALMS is a web based software system that integrates GPS and 

accelerometer data and can examine other variables of interest including transportation 

mode such as walking, bicycling, or in a vehicle 34. PALMS’ ability to detect trip 

classification (walking, bicycle, and vehicle) has been validated against the SenseCam 

(camera worn around the neck, capturing multiple images every minute), and was shown to 

be valid in processing GPS data to objectively measure walking, bicycle, and vehicle 

measure 34.

Data were processed using the following parameters to define trips 35: travel at ≥30 meters/

min, with a minimum of 100 meters for a duration of ≥120 seconds for walking trips and 

≥180 seconds for vehicle trips. The lower-bound speed cutoff for walking trips was 1 km/hr 

and for vehicle trips 10 km/hr.

From the file of walking and vehicle trips exported from PALMS, a day level data set was 

created which included summary data for walking and vehicle trips (e.g., number of trips, 

distance in trips, and time spent in trips) per day. For the purpose of this study, the two 

outcome variables were (1) daily walking time (min) and (2) daily vehicle time (min).

2.2.2 Neighborhood environment—Three perceived neighborhood environment 

subscales were adapted from the Abbreviated Neighborhood Environment Walkability Scale 

(NEWS-A) 36,37: safety from traffic (one item), safety from crime (two items, Cronbach’s 

α=0.70), and aesthetics (four items, Cronbach’s α=0.79). To reduce participant burden, only 

items deemed most relevant to churchgoing Latinas in San Diego were included. Response 

options for each item ranged on a 5-point Likert scale (1= “Strongly disagree” to 5 = 

“Strongly agree”). Negative statements were reverse coded, and items were averaged to 

compute scores for safety from crime and aesthetics. Higher scores were indicative of 

favorable perceptions. Two items were taken from the US Determinants of Exercise in 

Women Phone Survey (Eyler et al., 1999): sidewalk maintenance (1 item only asked to those 

who reported having sidewalks in their immediate neighborhood; response range:1=“Not at 

all maintained” to 4=“Very well maintained”) and access to destinations to walk to near the 

home (yes/no). All continuous perceived neighborhood environment variables were 

standardized to have a mean of zero and standard deviation of one.

2.2.3 Demographics—Using the 2005 Behavioral Risk Factor Surveillance System 

(BRFSS) questionnaire39, participants reported on their age, education, monthly household 

income, number of vehicles and adults living in the household, and employment status. 
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Education was dichotomized by having at least a high school education (i.e., < high school 

education vs. ≥ high school education). Monthly household income was dichotomized by 

using a median split of $2,000/month (i.e., <$2,000 vs. ≥$2,000), or roughly $24,000/year. 

We also computed a score for vehicle access by dividing the reported number of vehicles by 

the number of adults in the household. Furthermore, employment status was dichotomized 

by being employed or not. Acculturation was assessed using the Bi-dimensional 

Acculturation Scale (BAS) for Hispanics, which assesses language use, linguistic 

proficiency, and electronic media use in two domains (Hispanic and non-Hispanic).40 The 

BAS uses a four-point Likert scale based on participant agreement for language use and 

electronic media ranging from 1=“Almost Never” to 4=“Almost Always”. Items on 

linguistic proficiency were based on a four-point Likert scale ranging from 1=“Very poorly” 

to 4= “Very well”. A mean score of ≥ 2.5 on the non-Hispanic domain was indicative of high 

acculturation levels 40 (Cronbach’s α=0.92).

2.2.4 Body Mass Index (BMI)—Weight was measured using a digital scale (Health-o-

Meter Professional, McCook, IL) that was routinely calibrated. Additionally, height was 

measured using a Shorr board™ (Weigh and Measure, LLC, Olney, MD). Both height and 

weight measurements were taken twice and averaged using standard protocol. 41 A BMI <25 

kg/m2 was used to classify underweight and normal weight participants, and ≥25 kg/m2 for 

overweight or obese participants.

2.3 Analyses

The final analytical sample dropped from 87 to 72 participants due to missing data. 

Excluded participants were compared to the analytical sample using student t-tests or chi-

square tests. There was a total of 418 days of observation. A preliminary post-hoc power 

analysis was ran for some of the main effect variables. When examining average daily 

walking time, access to destinations was powered at 0.98, safety from traffic at 0.07, safety 

from crime at .80, sidewalk maintenance at 0.91, and aesthetics at 0.31. When examining 

average daily vehicle time, access to destinations was powered at 0.80, safety from traffic at 

0.22, safety from crime at 0.16, sidewalk maintenance at 0.12, and aesthetics at 0.31. 

However, the present study is exploratory and as such, is not dependent on this power 

analysis. Generalized linear mixed models were used for each outcome (walking and vehicle 

time), accounting for clustering effects of the days within participants, to examine 

associations with the intrapersonal and environmental factors. The models used negative 

binomial distributions due to the skewed distribution and high number of zeros in trips. 

Regression coefficients were exponentiated and can be interpreted as Rate Ratios. That is, 

results can be interpreted as the percent increase/decrease in the dependent variable (walking 

or vehicle time) associated with a one standard deviation (SD) increase in a continuous 

independent variable. For a dichotomous independent variable, the percent increase/decrease 

in daily walking or vehicle time is compared to the reference category of the independent 

variable. Models were adjusted for age, total wear time, and church.

Moderating effects were examined by testing two-way interactions between the 

intrapersonal and perceived neighborhood environment factors. A total of 20 interactions 

were tested separately for each outcome. Then, interactions with a significance level < 0.20 
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were tested in a full model. Using a backwards elimination approach, the least significant 

interactions were removed one by one until all interactions remaining in the model were 

significant at 0.05. This interaction analysis is exploratory, and should be interpreted with 

caution as multiple hypothesis testing was not adjusted for. All analyses were conducted 

using SAS software Version 9.4 (SAS Institute Inc, Cary, North Carolina).

3. Results

3.1 Sample Characteristics

The sample (mean age (SD) =45 (SD = 9) years) was predominantly of low SES and low 

acculturation (Appendix A, Table A1). Participant characteristics closely resembled those of 

the full study sample 24. On average, participants engaged in 16 (SD = 21) minutes/day in 

walking trips and spent 69 (SD = 56) minutes/day in a vehicle.

3.2 Associations of intrapersonal and environmental factors with daily walking and vehicle 
time (Main Effects)

Compared to normal weight participants, overweight or obese women had 41% (95% CI = 

2%, 65%) less walking time and 50% (95% CI = 11%, 103%) more vehicle time (Appendix 

A, Table A2). That is, overweight or obese participants walked less and spent more time in a 

vehicle than those of normal weight. In addition, high-income participants had significantly 

more vehicle time (31% [95% CI = 4%, 65%] than those of lower income. None of the 

perceived environmental factors were significantly related to daily walking or vehicle time.

3.3 Interactions between the intrapersonal and neighborhood environment factors in 
relation to daily walking and vehicle time

For walking time, two out of 20 interactions tested were statistically significant: perceived 

access to destinations by income (p = 0.005), and perceived sidewalk maintenance by 

acculturation (p = 0.01) (Appendix A, Table A3). Among participants reporting having 

access to destinations, those of low-income had higher walking time than those of higher 

income (Appendix A, Figure A1). Among those reporting favorable sidewalk maintenance, 

participants of low-acculturation had higher walking time than those of higher acculturation 

(Appendix A, Figure A2).

For daily vehicle time, two interactions were statistically significant: perceived access to 

destinations by weight status (p < 0.001), and perceived safety from crime by education (p = 

0.01) (Appendix A, Table A3). Among those who reported having access to destinations, 

normal-weight participants spent more time in a vehicle than their overweight or obese peers 

(Appendix A, Figure A3). Among those reporting lower safety from crime, high-education 

participants spent more time in a vehicle than those of lower education (Appendix A, Figure 

A4).

4. Discussion & Conclusion

4.1.1 Main effects—This study is one of the first to examine associations of intrapersonal 

and perceived neighborhood environment factors with objectively-measured walking and 
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vehicle time among a sample of Latinas. There are few GPS studies of walking and vehicle 

time for comparison, but one study among older adults found that participants walked for 10 

minutes and spent 15 minutes in a vehicle per day. This sample found similarly low levels of 

walking, and longer time spent in vehicle 8. When examining intrapersonal factors in this 

study, overweight/obesity Latinas walked less and spent more time in a vehicle than those of 

normal weight. Additionally, higher income Latinas spent more time in a vehicle. We also 

found intrapersonal sub-group differences in the relationship between the perceived 

neighborhood environment and daily walking and vehicle time.

Those who were overweight or obese walked less compared to those of normal weight; these 

findings are consistent with a previous study 4, and suggest walking is an important 

contributor to favorable weight status. As for vehicle time, those of high-income and those 

who were overweight or obese spent more time in a vehicle, consistent with other studies 

using self-report measures for time spent in a vehicle (McCormack & Virk, 2014; Sugiyama 

et al., 2012a). Previous studies show that vehicle time is lower in neighborhoods with mixed 

land use and higher residential density 9,42, and present findings imply that reducing vehicle 

time could have favorable effects on reducing rates of overweight and obesity in Latinas.

With regards to the perceived neighborhood environment, there were no significant 

associations with either daily walking or vehicle time. The lack of significant associations 

may be due to the lack of specificity as to where walking and vehicle time were occurring. 

Our assessment of walking and vehicle time was not specific to the participant’s own 

neighborhood and therefore these behaviors could have occurred anywhere. Because we 

assessed perceptions at the neighborhood level, aligning walking and vehicle time with 

parameters specifically occurring in the neighborhood may have led to stronger links 

between the environment and outcomes. Previous studies have shown associations between 

objectively measured built environments and walking and vehicle time, especially when the 

sample was recruited to vary in these characteristics 9.

4.1.2 Significant interactions between intrapersonal and neighborhood 
environment factors—Among low-income women, reporting access to destinations to 

walk to was associated with higher walking time. These findings are supported by a 

qualitative study that found access to destinations to walk to as a facilitator of walking in 

Latinos from a low-income neighborhood 14. Latinas of low income may be more likely to 

walk for transportation than those of higher income 43. It could be that those of low income 

walked for transportation out of necessity, such as to get groceries and walk their children to 

school. Having access to destinations to walk to such as businesses or grocery stores creates 

more opportunities to walk for transportation.

Among Latinas with high acculturation levels, favorable sidewalk maintenance was 

associated with lower walking time. Although sidewalks are essential to walking of any 

kind, it is possible that Latinas with high acculturation levels perceived their environment 

less favorably than less acculturated Latinas. One multi-country study showed that Latin 

American countries reported less favorable environmental perceptions compared to other 

countries 2. This could mean that those of high acculturation may be more sensitive to the 

disparities in the built and social environments of Latino communities compared to the ideal 
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American community. In comparison, less acculturated Latinos may come from poor quality 

or similar built and social environments, which could explain the more favorable perceptions 

of the current neighborhood environment from this group.

Having access to destinations to walk to was associated with more vehicle time only among 

the normal weight group. However, the perceived access to destinations questions only 

captures the perception that there are places to walk to not necessarily that these are places 

that participants actually go to. So despite high land use mix (access), if participants do not 

use these places, they are not likely to walk to them and will drive to other places outside 

their neighborhoods. Latino neighborhoods typically consist of high restaurant or fast food 

density and poor access to fresh foods 44. This could mean that most of the places of access 

are fast-food or chain restaurants, small markets with not much produce or healthy food 

options, or run-down parks. Normal weight women may not use these places because they 

may be looking for markets with healthy food options, good quality parks, etc. Thus, they 

have to drive to such places outside their neighborhood.

Furthermore, greater perceived safety from crime was associated with less vehicle time 

among those with a high school education or higher. One study showed that higher 

education levels were associated with higher vehicle time 15. Safety from crime may be 

critical to those of high education as they are more likely to drive than those of low 

education who may not have the means to drive (e.g., due to cost). For this reason, low 

education participants may be walking for transportation instead of using a vehicle. 

Additionally, those of lower education may limit their use of public transit or any type of 

vehicle to get to places outside of their neighborhood due to costs.

Distinguishing between choice or necessity of both walking and vehicle behaviors may help 

understand the mechanisms of the moderating effects of intrapersonal factors on the 

relationship between neighborhood environment and travel behaviors. If participants are 

walking or driving out of necessity, the neighborhood environment may be less relevant 

since they are performing either behavior out of need and not choice. Therefore, having 

more favorable neighborhood environment characteristics are irrelevant to these participants, 

but may be important to those who do have the choice to walk or drive.

4.2 Strengths and Limitations

Limitations include the potential for misclassification of walking as vehicle trips or missed 

walking trips due to GPS error. However, PALMS classification of trips has been validated 

against the SenseCam, which is a camera worn around the neck that captures multiple 

images every minute 34. Additionally, less recordings of GPS data could have been due to 

non-compliance of wearing and/or charging the device, or missing GPS signal. 

Understanding participant perceptions of using the GPS device may help inform future 

strategies towards successfully collecting GPS data. Although we did not distinguish 

between indoor and outdoor walking, the walking trip was required to last at least 100 

meters to be included and thus walking time likely included mostly outdoor walking. 

Because our walking and vehicle time measures were not specific to the neighborhood, this 

may have led to weakened associations with the neighborhood factors. Having a daily 

activity log paired with the monitoring devices, would have benefited the present study by 
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knowing where and for what purpose the travel behaviors were being performed. 

Interpretation of results could have been strengthened with this additional detail. 

Furthermore, this study was conducted in a small sample of Latinas in an urban environment 

of San Diego. Because participants were from areas around 4 churches with limited 

geographic variability, power to detect significant effects may have been limited and results 

may not be generalizable to other areas or populations. The cross-sectional nature of the 

study limits our ability to test cause-effect relationships. Finally, this study was exploratory 

and did not control for multiple hypothesis testing, which can lead to Type 1 error; more 

studies are needed to replicate these findings.

Strengths of the present study include the use of accelerometer and GPS devices to 

objectively assess daily walking and vehicle time. This study is also one of the first to 

examine the association between the perceived neighborhood environment and daily walking 

and vehicle time in a sample of low-active Latinas. Examining correlates in this population 

with disproportionately low levels of PA and high rates of chronic diseases may help inform 

efforts to promote walking and reduce vehicle time, which have been shown to have large 

public health implications.

4.3 Conclusion

Given the importance of walking time and vehicle time as contributors to overall PA and 

sedentary behavior respectively, there is a need to understand the correlates of these 

behaviors. Our results show that intrapersonal level characteristics are associated with 

walking and vehicle time and that these characteristics moderate the association of the 

perceived neighborhood environment with daily walking and vehicle time. Targeting the 

neighborhood environment may be a promising strategy to increase walking time or reduce 

vehicle time in low-income Latinas. The present study found intrapersonal moderators of the 

relationship between the neighborhood environment and travel behaviors, thereby providing 

support for ecological models. However, examining intrapersonal and neighborhood 

environment interactions may not fully explain why people engage in specific travel 

behaviors 45. Qualitative research can help to understand the complexities of decisions on 

walking and vehicle behaviors, by examining the context of individuals’ social lives. Future 

studies may complement GPS and accelerometer monitoring with qualitative research to 

better understand walking/vehicle time patterns. Prospective studies are needed examining 

how interventions targeting neighborhood environmental changes can promote walking and 

reduce vehicle use as a way to promote Latinas’ overall physical activity and health.

Acknowledgments

The authors would like to thank Melissa Estrada-Maravilla for her contribution to the processing of the data, as well 
as Jessica Haughton and Sherry Ryan for their support and contributions to the discussion of the study’s themes.

Funding: This study was funded by the National Institutes of Health/National Cancer Institute grants 
1R01CA138894, R01CA167693-01, 3R01CA138894-04S1, and F31CA206334-01. The analysis in this paper was 
supported in part through a collaboration with the PALMS Project (UCSD-Palms-Project.wikispaces.com) funded 
by NIH/NCI Grant 1 U01 CA130771. The first author was funded by National Institutes of Health/National Cancer 
Institute grant 1R01CA138894-05S2. The authors have no conflicts of interest. The content is solely the 
responsibility of the authors and does not necessarily represent the views of the National Institutes of Health.

Serrano et al. Page 10

J Transp Health. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Kerr J, Emond JA, Badland H, et al. Perceived Neighborhood Environmental Attributes Associated 
with Walking and Cycling for Transport among Adult Residents of 17 Cities in 12 Countries: The 
IPEN Study. Environ Health Perspect. 2016; 124(3):290–298. DOI: 10.1289/ehp.1409466 
[PubMed: 26186801] 

2. Sugiyama T, Cerin E, Owen N, et al. Perceived neighbourhood environmental attributes associated 
with adults recreational walking: IPEN Adult study in 12 countries. Health Place. 2014; 28:22–30. 
DOI: 10.1016/j.healthplace.2014.03.003 [PubMed: 24721737] 

3. Frank LD, Kerr J, Sallis JF, Miles R, Chapman J. A hierarchy of sociodemographic and 
environmental correlates of walking and obesity. Prev Med (Baltim). 2008; 47(2):172–178. DOI: 
10.1016/j.ypmed.2008.04.004

4. McCormack GR, Virk JS. Driving towards obesity: a systematized literature review on the 
association between motor vehicle travel time and distance and weight status in adults. Prev Med 
(Baltim). 2014; 66:49–55. DOI: 10.1016/j.ypmed.2014.06.002

5. Rosenberg DE, Norman GJ, Wagner N, Patrick K, Calfas KJ, Sallis JF. Reliability and validity of the 
Sedentary Behavior Questionnaire (SBQ) for adults. J Phys Act Health. 2010; 7(6):697–705. 
[Accessed September 30, 2015] http://www.ncbi.nlm.nih.gov/pubmed/21088299. [PubMed: 
21088299] 

6. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult obesity in the 
United States, 2011–2012. JAMA. 2014; 311(8):806–814. DOI: 10.1001/jama.2014.732 [PubMed: 
24570244] 

7. Blackwell DL, Lucas JW, Clarke TC. Summary health statistics for U.S. adults: national health 
interview survey, 2012. Vital Health Stat. 10(2014)(260):1–161. [Accessed March 2, 2015] http://
www.ncbi.nlm.nih.gov/pubmed/24819891. 

8. Takemoto M, Carlson J, Moran K, Godbole S, Crist K, Kerr J. Relationship between Objectively 
Measured Transportation Behaviors and Health Characteristics in Older Adults. Int J Environ Res 
Public Health. 2015; 12(11):13923–13937. DOI: 10.3390/ijerph121113923 [PubMed: 26528999] 

9. Carlson JA, Saelens BE, Kerr J, et al. Association between neighborhood walkability and GPS-
measured walking, bicycling and vehicle time in adolescents. Health Place. 2015; 32:1–7. DOI: 
10.1016/j.healthplace.2014.12.008 [PubMed: 25588788] 

10. Sallis J, Owen N. Ecological models of health behavior. Health Behavior: Theory, Research, and 
Practice. 2015:43–64.

11. Ham SA, Yore MM, Kruger J, Heath GW, Moeti R. Physical activity patterns among Latinos in the 
United States: putting the pieces together. Prev Chronic Dis. 2007; 4(4):A92. [Accessed October 
14, 2014] http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=2099290&tool=pmcentrez&rendertype=abstract. [PubMed: 17875267] 

12. O’Brien MJ, Davey A, Alos VA, Whitaker RC. Diabetes-related behaviors in Latinas and non-
Latinas in California. Diabetes Care. 2013; 36(2):355–361. DOI: 10.2337/dc12-0548 [PubMed: 
22961569] 

13. Amesty SC. Barriers to physical activity in the Hispanic community. J Public Health Policy. 2003; 
24(1):41–58. [Accessed October 6, 2015] http://www.ncbi.nlm.nih.gov/pubmed/12760243. 
[PubMed: 12760243] 

14. Marquez DX, Aguinaga S, Campa J, Pinsker EC, Bustamante EE, Hernandez R. A Qualitative 
Exploration of Factors Associated With Walking and Physical Activity in Community-Dwelling 
Older Latino Adults. J Appl Gerontol. May.2014 doi: 10.1177/0733464814533819

15. Sugiyama T, Merom D, van der Ploeg HP, Corpuz G, Bauman A, Owen N. Prolonged sitting in 
cars: prevalence, socio-demographic variations, and trends. Prev Med (Baltim). 2012; 55(4):315–
318. DOI: 10.1016/j.ypmed.2012.07.026

16. Frank LD, Andresen MA, Schmid TL. Obesity relationships with community design, physical 
activity, and time spent in cars. Am J Prev Med. 2004; 27(2):87–96. DOI: 10.1016/j.amepre.
2004.04.011 [PubMed: 15261894] 

Serrano et al. Page 11

J Transp Health. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/pubmed/21088299
http://www.ncbi.nlm.nih.gov/pubmed/24819891
http://www.ncbi.nlm.nih.gov/pubmed/24819891
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2099290&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2099290&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/12760243


17. Kozo J, Sallis JF, Conway TL, et al. Sedentary behaviors of adults in relation to neighborhood 
walkability and income. Health Psychol. 2012; 31(6):704–713. DOI: 10.1037/a0027874 [PubMed: 
22545974] 

18. Humpel N, Marshall AL, Leslie E, Bauman A, Owen N. Changes in neighborhood walking are 
related to changes in perceptions of environmental attributes. Ann Behav Med. 2004; 27(1):60–67. 
DOI: 10.1207/s15324796abm2701_8 [PubMed: 14979864] 

19. Foster C, Hillsdon M, Thorogood M. Environmental perceptions and walking in English adults. J 
Epidemiol Community Health. 2004; 58(11):924–928. DOI: 10.1136/jech.2003.014068 [PubMed: 
15483308] 

20. Perez LG, Slymen DJ, Sallis JF, Ayala GX, Elder JP, Arredondo EM. Interactions between 
individual and perceived environmental factors on Latinas’ physical activity. J Public Health (Oxf). 
Jul.2016 doi: 10.1093/pubmed/fdw061

21. Kelly P, Krenn P, Titze S, Stopher P, Foster C. Quantifying the Difference Between Self-Reported 
and Global Positioning Systems-Measured Journey Durations: A Systematic Review. Transp Rev. 
2013; 33(4):443–459. DOI: 10.1080/01441647.2013.815288

22. O’Connor TM, Cerin E, Robles J, et al. Feasibility study to objectively assess activity and location 
of Hispanic preschoolers: a short communication. Geospat Health. 2013; 7(2):375–380. DOI: 
10.4081/gh.2013.94 [PubMed: 23733298] 

23. Perez L, Carlson J, Slymen D, et al. Does the social environment moderate associations of the built 
environment with Latinas’ objectively-measured neighborhood outdoor physical activity? Prev 
Med Reports. 2016; 4:551–557. DOI: 10.1016/j.pmedr.2016.10.006

24. Arredondo EM, Haughton J, Ayala GX, et al. Fe en Acción/Faith in Action: Design and 
Implementation of a Church-Based Randomized Trial to Promote Physical Activity and Cancer 
Screening Among Churchgoing Latinas. Contemp Clin Trials. Sep.2015 doi: 10.1016/j.cct.
2015.09.008

25. Cardinal BJ, Esters J, Cardinal MK. Evaluation of the revised physical activity readiness 
questionnaire in older adults. Med Sci Sports Exerc. 1996; 28(4):468–472. [Accessed October 23, 
2015] http://www.ncbi.nlm.nih.gov/pubmed/8778552. [PubMed: 8778552] 

26. Arredondo EM, Sotres-Alvarez D, Stoutenberg M, et al. Physical Activity Levels in U.S. Latino/
Hispanic Adults. Am J Prev Med. 2016; 50(4):500–508. DOI: 10.1016/j.amepre.2015.08.029 
[PubMed: 26597505] 

27. [Accessed February 20, 2015] UCSD-PALMS-Project - PALMS Overview. http://ucsd-palms-
project.wikispaces.com/PALMS+Overview

28. Chaix B, Kestens Y, Duncan S, et al. Active transportation and public transportation use to achieve 
physical activity recommendations? A combined GPS, accelerometer, and mobility survey study. 
Int J Behav Nutr Phys Act. 2014; 11:124.doi: 10.1186/s12966-014-0124-x [PubMed: 25260793] 

29. Demant Klinker C, Schipperijn J, Toftager M, Kerr J, Troelsen J. When cities move children: 
development of a new methodology to assess context-specific physical activity behaviour among 
children and adolescents using accelerometers and GPS. Health Place. 2015; 31:90–99. DOI: 
10.1016/j.healthplace.2014.11.006 [PubMed: 25463922] 

30. Carlson JA, Bracy NL, Sallis JF, et al. Sociodemographic moderators of relations of neighborhood 
safety to physical activity. Med Sci Sports Exerc. 2014; 46(8):1554–1563. DOI: 10.1249/MSS.
0000000000000274 [PubMed: 25029166] 

31. Dunton GF, Almanza E, Jerrett M, Wolch J, Pentz MA. Neighborhood park use by children: use of 
accelerometry and global positioning systems. Am J Prev Med. 2014; 46(2):136–142. DOI: 
10.1016/j.amepre.2013.10.009 [PubMed: 24439346] 

32. Oreskovic NM, Goodman E, Park ER, Robinson AI, Winickoff JP. Design and implementation of a 
physical activity intervention to enhance children’s use of the built environment (the CUBE study). 
Contemp Clin Trials. 2015; 40:172–179. DOI: 10.1016/j.cct.2014.12.009 [PubMed: 25533728] 

33. Wolff-Hughes DL, McClain JJ, Dodd KW, Berrigan D, Troiano RP. Number of accelerometer 
monitoring days needed for stable group-level estimates of activity. Physiol Meas. 2016; 37(9):
1447–1455. DOI: 10.1088/0967-3334/37/9/1447 [PubMed: 27510765] 

Serrano et al. Page 12

J Transp Health. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/pubmed/8778552
http://ucsd-palms-project.wikispaces.com/PALMS+Overview
http://ucsd-palms-project.wikispaces.com/PALMS+Overview


34. Carlson JA, Jankowska MM, Meseck K, et al. Validity of PALMS GPS Scoring of Active and 
Passive Travel Compared with SenseCam. Med Sci Sports Exerc. 2015; 47(3):662–667. DOI: 
10.1249/MSS.0000000000000446 [PubMed: 25010407] 

35. Kerr J, Norman G, Godbole S, Raab F, Demchak B, Patrick K. Validating GPS Data With The 
PALMS System To Detect Different Active Transportation Modes. Med Sci Sport Exerc. 2012; 
44(5 Suppl)

36. Cerin E, Saelens BE, Sallis JF, Frank LD. Neighborhood Environment Walkability Scale: validity 
and development of a short form. Med Sci Sports Exerc. 2006; 38(9):1682–1691. DOI: 
10.1249/01.mss.0000227639.83607.4d [PubMed: 16960531] 

37. Saelens BE, Sallis JF, Black JB, Chen D. Neighborhood-based differences in physical activity: an 
environment scale evaluation. Am J Public Health. 2003; 93(9):1552–1558. [Accessed October 3, 
2015] http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=1448009&tool=pmcentrez&rendertype=abstract. [PubMed: 12948979] 

38. Eyler AA, Brownson RC, Donatelle RJ, King AC, Brown D, Sallis JF. Physical activity social 
support and middle- and older-aged minority women: results from a US survey. Soc Sci Med. 
1999; 49(6):781–789. [Accessed May 18, 2015] http://www.ncbi.nlm.nih.gov/pubmed/10459889. 
[PubMed: 10459889] 

39. [Accessed August 28, 2017] 2005 Behavioral Risk Factor Surveillance System Questionnaire 
Behavioral Risk Factor Surveillance System 2005 Questionnaire. 2005. https://www.cdc.gov/brfss/
annual_data/pdf-ques/2005brfss.pdf

40. Marin G, Gamba RJ. A New Measurement of Acculturation for Hispanics: The Bidimensional 
Acculturation Scale for Hispanics (BAS). Hisp J Behav Sci. 1996; 18(3):297–316. DOI: 
10.1177/07399863960183002

41. National Health and Nutrition Examination Survey (NHANES). [Accessed October 7, 2015] 
Anthropometry Procedures Manual. 2007. http://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/
manual_an.pdf

42. Winters M, Brauer M, Setton EM, Teschke K. Built environment influences on healthy 
transportation choices: bicycling versus driving. J Urban Health. 2010; 87(6):969–993. DOI: 
10.1007/s11524-010-9509-6 [PubMed: 21174189] 

43. Parra DC, Hoehner CM, Hallal PC, et al. Perceived environmental correlates of physical activity 
for leisure and transportation in Curitiba, Brazil. Prev Med (Baltim). 2011; 52(3–4):234–238. DOI: 
10.1016/j.ypmed.2010.12.008

44. Lovasi GS, Hutson MA, Guerra M, Neckerman KM. Built Environments and Obesity in 
Disadvantaged Populations. Epidemiol Rev. 2009; 31(1):7–20. DOI: 10.1093/epirev/mxp005 
[PubMed: 19589839] 

45. Guell C, Panter J, Jones NR, Ogilvie D. Towards a differentiated understanding of active travel 
behaviour: using social theory to explore everyday commuting. Soc Sci Med. 2012; 75(1):233–
239. DOI: 10.1016/j.socscimed.2012.01.038 [PubMed: 22486840] 

Appendix A

Table A1

Characteristics of Latina women (N=72 participants), Fe en Acción, San Diego, CA

Intrapersonal

Age, mean (SD) 44.9 (8.9)

< High school education, % 54.2

Household income <$2,000/month, % 61.1

Vehicle access, mean (SD) 0.8 (0.4)

Overweight or obese, % 83.3

High-acculturationa, % 36.1

GPS/accelerometer measures
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Device Wear Days, Mean (SD) 5.8 (0.9)

Average daily walking minutes, mean (SD) 15.5 (21.3)

Average daily vehicle minutes, mean (SD) 69.0 (56.0)

Perceived neighborhood environment b

Safety from traffic, mean (SD) 3.7 (1.3)

Safety from crime, mean (SD) 3.8 (1.2)

Aestheticsb, mean (SD) 3.1 (1.1)

Sidewalk maintenance, mean (SD) 3.5 (0.6)

Has access of destinations, (yes) % 78.2

a
a mean score of ≥ 2.5 on the BAS Scale for the non-Hispanic domain

b
Higher Scores indicative of more favorable evaluation

Table A2

Multivariate association of intrapersonal factors, perceived neighborhood environment with 

objective daily walking & vehicle time (N=418 days, n=72 participants)

Walking Time Vehicle Time

Rate Ratioa 95% CI P-Value Rate Ratioa 95% CI P-Value

Intrapersonal factors

Age 0.96 (0.79 – 1.18) 0.707 1.04 (0.93 – 1.17) 0.485

Vehicle access 1.06 (0.88 – 1.27) 0.554 0.98 (0.87 – 1.09) 0.658

≥ High school education 0.98 (0.64 – 1.50) 0.911 1.23 (0.97 – 1.57) 0.093

≥$2,000 (Household Income) 0.88 (0.58 – 1.33) 0.540 1.31 (1.04 – 1.65) 0.021

Overweight or obese 0.59 (0.35 – 0.98) 0.042 1.50 (1.11 – 2.03) 0.009

High-acculturationb 0.74 (0.46 – 1.18) 0.201 1.11 (0.86 – 1.44) 0.422

Perceived neighborhood environment

Access to destinations 1.25 (0.69 to 2.25) 0.466 1.16 (0.81 – 1.65) 0.421

Safety from traffic 0.98 (0.79 to 1.22) 0.866 0.94 (0.82 – 1.07) 0.319

Safety from crime 1.16 (0.94 to 1.45) 0.171 0.95 (0.84 – 1.09) 0.470

Sidewalk maintenance 0.84 (0.68 to 1.03) 0.093 0.96 (0.85 – 1.09) 0.525

Aesthetics 1.08 (0.87 to 1.35) 0.475 1.08 (0.95 – 1.23) 0.258

Note: bold indicates a significant association at p<0.05
a
Estimates are from generalized linear mixed models, adjusted for participant clustering effects, with negative binomial 

error distributions. Models are controlled for wear time and church.
b
a mean score of ≥ 2.5 on the BAS Scale for the non-Hispanic domain

Table A3

Significant intrapersonal moderators of the association between the perceived neighborhood 

environment with objective daily walking & vehicle time (N= 418 days, n=72 participants)

Walking Timea

Rate Ratio 95% CI p-value

≥$2,000 (Household Income) 1.96 (1.16 – 3.32) 0.012

High-acculturationb 0.88 (0.56 – 1.38) 0.578
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Walking Timea

Rate Ratio 95% CI p-value

Access to destinations 1.88 (1.03 – 3.46) 0.041

Safety from traffic 0.98 (0.80 – 1.20) 0.848

Safety from crime 1.26 (1.03 – 1.54) 0.024

Sidewalk maintenance 0.65 (0.50 – 0.85) 0.002

Aesthetics 1.14 (0.93 – 1.39) 0.207

Access to destinations X household income (<$2,000 vs. ≥$2,000 (reference)) 4.67 (1.58 – 13.78) 0.005

Sidewalk maintenance X acculturationc (high vs. low(reference)) 0.53 (0.32 – 0.88) 0.014

Vehicle Timea

≥ High school education 1.28 (1.05 – 1.55) 0.015

Overweight or obese 2.39 (1.66 – 3.46) 0.000

Access to destinations 2.03 (1.39 – 2.96) 0.000

Safety from traffic 0.92 (0.83 – 1.02) 0.117

Safety from crime 0.93 (0.84 – 1.04) 0.205

Sidewalk maintenance 0.98 (0.89 – 1.09) 0.765

Aesthetics 1.09 (0.97 – 1.22) 0.145

Access to destinations X weight status (overweight/obese vs. normal (reference)) 0.24 (0.12 – 0.51) 0.000

Safety from crime X high school education(≥ degree vs. < degree(reference)) 0.76 (0.62 – 0.95) 0.013

Notes: bold indicates a significant association at p<0.05
a
Estimates are from a generalized linear mixed model, adjusted for participant clustering effects, with negative binomial 

error distributions. Models are controlled for age, church, and total wear time..
b
a mean score of ≥ 2.5 on the BAS Scale for the non-Hispanic domain

Figure A1. 
Interaction between income status and access to destinations on objectively measured 

vehicle time. Fe en Accion, 2012, San Diego, CA
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Figure A2. 
Interaction between acculturation status and sidewalk maintenance on objectively measured 

walking time. Fe en Accion, 2012, San Diego, CA

Figure A3. 
Interaction between weight status and access to destinations on objectively measured vehicle 

time. Fe en Accion, 2012, San Diego, CA
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Figure A4. 
Interaction between education status and perceived safety from crime on objectively 

measured vehicle time. Fe en Accion, 2012, San Diego, CA
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Highlights

• Latinas participate in low levels of walking and high amounts of vehicle time.

• Overweight/obese Latinas had lower amounts of walking time and higher 

vehicle time.

• Latinas of higher income had higher amounts of vehicle time.

• Interaction findings can help improve ecological models specific to Latinas.
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