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Abstract 
While the health benefits of cycling and walking have been well established, questions remain 
about whether these benefits hold in varying socioeconomic contexts, including across 
demographic groups and in the context of neighborhood change. This study examines this 
relationship, identifying associations between cycling or walking and self-reported health, 
whether socioeconomic status moderates these associations, and whether gentrification 
influences the potential moderating effects. This study uses the 2017 National Household Travel 
Survey, subset to adults who lived in central cities (n = 88,698). Weighted ordered logistic 
regression models were fit to estimate self-reported health status separately for cycling and 
walking. Gentrification was measured using an indicator based on previous research using US 
Census data. People who had cycled in the past week and each additional walking trip were 
associated with higher odds of reporting better health. Socioeconomic status moderated the 
positive associations between active transportation and health in a few key cases. Cycling was 
not as strongly associated with health for Black cyclists or employed cyclists, while women had 
smaller benefits from each additional walking trip compared to men. Gentrification was an 
insignificant moderating factor in most cases. Findings suggest planning efforts that continue to 
support programs that promote cycling and walking are crucial tools in the public health toolbox. 
The health gains from active transportation might be experienced in a variety of neighborhood 
contexts. Nevertheless, infrastructure investments and policy must be attentive to inequities 
across neighborhoods. 
 
Keywords: bicycling, walking, gentrification, self-reported health, equity  



2 
 

1 Introduction 
A large body of evidence finds that walking and cycling for transportation are positively 
associated with health. Walking and cycling are beneficial not only in terms of physical activity 
and obesity (Pucher et al., 2010a; Wanner et al., 2012), but also for downstream health outcomes 
such as cardiovascular disease, type 2 diabetes, inflammatory markers, and all-cause mortality 
(Andersen et al., 2000; Dinu et al., 2019; Matthews et al., 2007; Saunders et al., 2013; Smith et 
al., 2019). This evidence has elevated the role of active modes in transportation planning, 
encouraging greater investment in infrastructure such as sidewalks and bike lanes, and in broader 
built environment patterns that support walking and cycling in daily travel (Alliance for Biking 
& Walking, 2016; Pucher et al., 2010b). 

While the health benefits of walking and cycling have been well established, questions 
remain about whether these benefits hold in varying socioeconomic contexts. There are several 
reasons to expect that people of color and those with lower socioeconomic status (SES) in the 
U.S. might not experience the full health benefits that research suggests walking and cycling can 
provide. First, while much of the literature on transportation and health focuses on the benefits of 
walking and cycling, these modes are also associated with health risks related to pollution 
exposure and injury. In the case of cycling, several studies have suggested that these pollution 
and injury risks are outweighed by the physical activity benefits (Mueller et al., 2015; Rojas-
Rueda et al., 2016; Tainio et al., 2016). However, these studies have generally not considered 
spatial variations in risk that might arise from differing infrastructure conditions like traffic 
volumes or infrastructure quality. Given evidence that people of color and low SES have 
disproportionately low access to active transportation infrastructure (Braun et al., 2019; Smith et 
al., 2017) and tend to live closer to major roadways (Hajat et al., 2015), they may be particularly 
vulnerable to the risks of active transportation and their net health benefits may be 
correspondingly lower. 

Second, emerging evidence points to potential associations between active transportation 
infrastructure investment and gentrification, which could mean that people of color and low SES 
are ultimately excluded from the types of environments that support walking and cycling. These 
associations likely stem in part from the value placed on “walkability” and “bikeability” as urban 
amenities that are capitalized into land values (Bartholomew and Ewing, 2011; Li and Joh, 2017) 
and the framing of active transportation investment as an economic development strategy for 
cities (Hoffmann and Lugo, 2014). In the case of walking, recent studies have found that greater 
walkability is associated with increasing housing values (Knight et al., 2018), lower housing 
affordability for renters and low-income households (Bereitschaft, 2019; Quastel et al., 2012), 
and other cultural markers of gentrification (Quastel et al., 2012), and that walkability tends to be 
clustered in stable and gentrifying neighborhoods (Knight et al., 2018). Walkability measures 
have even been used in San Francisco as part of an “early warning system” to identify 
neighborhoods at risk of gentrification (Chapple and Zuk, 2016). In the case of cycling, research 
has found that property values are higher in proximity to bike trails and paths (Krizek and 
Johnson, 2006; Welch et al., 2016) and that other cycling investments such as bike lanes and 
bicycle sharing programs are associated with increasing property values and other measures of 
gentrification over time (Flanagan et al., 2016; Hirsch et al., 2017; Immergluck and Balan, 2018; 
Pelechrinis et al., 2017). 

The causal direction of these associations is a subject of much debate, as is the definition 
of gentrification and whether it is inherently problematic if it does not lead to displacement of 
existing residents (Zuk et al., 2018). If the gentrification trends associated with walking and 
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cycling interventions do lead to displacement, people of color and low SES will be less likely to 
benefit from them and thus less likely to experience the health benefits of walking and cycling 
more broadly. Even in the absence of displacement, however, gentrification can still lead to 
exclusion from active transportation. Indeed, processes for creating “walkable” and “bikeable” 
spaces—particularly in gentrifying areas—are often exclusionary. This is especially evident in 
the case of cycling, as bicycle planning and advocacy tend to be dominated by white, male, and 
middle- to upper-class actors and interests (Golub, 2016). The impacts of these processes and the 
threat of gentrification can be seen in recent bike lane and trail projects in cities such as Chicago, 
Portland, and Washington, D.C., where residents of historically marginalized but gentrifying 
neighborhoods have pushed back against cycling interventions viewed as imposed upon them by 
cities and by wealthier, white newcomers (Benesh, 2015; Freed, 2015; Greenfield, 2012; 
Herrington and Dann, 2016; Lubitow et al., 2016). Exclusionary planning practices may work to 
exclude historically marginalized groups from the health benefits of walking and cycling, or 
minimize their effects. 

A final possibility lies in the distribution of active travel behavior and health status by 
socioeconomic characteristics. This possibility is best illustrated through the case of walking, 
which tends to be more common among low-income households. In 2017, 61 percent of 
households earning less than $10,000 per year reported walking for travel at least a few times per 
week, compared to 39 percent of all other households (U.S. Department of Transportation, 
Federal Highway Administration, 2017). Similarly, between 2014 and 2018 mode shares of 
walking to work were slightly higher for Black and Hispanic workers (2.7 and 2.9 percent, 
respectively) compared to white workers (2.5 percent); workers earning less than $25,000 per 
year made up the majority of pedestrian commuters (57 percent); and the median income of 
those walking to work was the lowest of all commute modes ($20,645 compared to $36,976 for 
all workers) (U.S. Census Bureau, 2018). Given that people of color and low SES also tend to 
have a disproportionately high burden of chronic disease (August and Sorkin, 2011), it is 
possible that the physical activity gains from active transportation are insufficient to overcome 
the substantial health disparities already faced by these populations. 

These factors suggest that the health benefits of walking and cycling may not be 
universal, and in fact may be unevenly distributed across socioeconomic groups, complicating 
the approach of creating walkable and bikeable communities. We examined these relationships 
in this study, asking three related research questions about cycling and walking and health: 

 
• What is the association between cycling or walking and self-reported health? 
• Does socioeconomic status moderate the association between cycling or walking and health? 
• Does gentrification influence the moderating effects? 

 
We tested these three research questions using the conceptual framework in Figure 1. First, we 
separately examined whether cycling and walking were associated with self-reported health, 
controlling for the built environment and socioeconomic characteristics (arrow 1). Then, we 
assessed whether these associations between cycling or walking and self-reported health differed 
by—that is, were moderated by—socioeconomic characteristics related to race, ethnicity, and 
SES (arrow 2). Finally, we tested whether the moderating effects of socioeconomic 
characteristics, in turn, differed by gentrification status (arrow 3). 
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FIGURE 1  Conceptual framework of expected associations between active transportation, 
health, socioeconomic characteristics, and gentrification 
 

2 Data and methods 

2.1 Data 
We used the 2017 National Household Travel Survey (NHTS) for data on travel and self-
reported health. The NHTS is a nationally representative survey administered about every eight 
years in the United States in which respondents report a full day of travel for all household 
members. We used a confidential version of the dataset that provided census tract identifiers to 
allow for measurement of neighborhood-level factors. 

For the first time, the 2017 NHTS asked a question about self-reported health, “Would 
you say that in general your health is…?”, offering a five-point response scale from poor to 
excellent. This measure of self-reported health was the key dependent variable in the statistical 
models, which are described in more detail in the next section. Key explanatory variables from 
the NHTS included the number of trips for which a respondent bicycled and walked for 
transportation in the previous seven days, recomputed by subtracting the number of trips made 
solely for exercise from the total number of bicycle and walk trips made. Socioeconomic 
variables were also taken from the NHTS, including race and ethnicity, household income 
quintile, educational attainment, employment status, age, gender, and immigrant status. 
Population density was taken from the American Community Survey (ACS). Continuous 
variables were standardized to aid with model fitting. 

To consider the dynamics of neighborhood change, we identified gentrifying tracts from 
ACS data using a definition from Freeman (2005). The period over which we examined 
gentrification was 2006 to 2017, using the five-year ACS data from 2006–2010 and 2013–2017.  
Other gentrification measures applied to a nationwide context exist (e.g. Landis, 2016), and such 
measures have been criticized for focusing on the outcome of gentrification to the exclusion of 
process, such as increasing public investment in disinvested neighborhoods (Zuk et al., 2018). 
Nevertheless, we used the Freeman definition because consistent data were available nationwide, 
it relied on multiple socioeconomic indicators, and has been commonly used in whole or in part 



5 
 

in other studies on gentrification (Bardaka et al., 2018; e.g. Flanagan et al., 2016). A census tract 
was defined as gentrifying if it was located in the central city, had a median income lower than 
the metropolitan area at the beginning of the study period, had a lower proportion of new 
housing compared to the metropolitan area, had an increase in educational attainment greater 
than the metropolitan area, and had an increase in real housing prices. This definition captures 
census tracts that have recently begun gentrifying or have recently accelerated gentrification 
while also allowing the use of stable census tract boundaries between the two survey periods. 

We restricted the data sample to adults aged 18 or older living in central cities; that is, 
those in census tracts eligible to gentrify per the definition above. 

2.2 Methods 
We examined associations between cycling or walking and self-reported health, and whether 
those associations were moderated by SES and by living in a gentrifying neighborhood, using a 
series of ordered logistic regression models. Ordered logistic regression models estimate the 
(logit of) the probability that an outcome 𝑌𝑌 is less than or equal to a specific category 𝑗𝑗 
(Christensen, 2020). The dependent variable for each model was the five-point self-reported 
health scale. We fit separate models for cycling and walking as explanatory variables. In the 
cycling models, the main independent variable was a binary indicator of whether the respondent 
cycled for transportation1 in the previous seven days. Although the NHTS provided data on trip 
frequency, only 6% of respondents had cycled at all, so we dichotomized the variable to increase 
statistical power. In the walking models, the main independent variable was the number of trips 
walked for transportation in the previous seven days. In each subsequent model, we stepped in 
control variables and interactions to help answer each of the three research questions. Models 
were weighted using replicate survey weights to account for oversampling in certain states and 
for non-response bias in certain demographic groups. 

Because associations between active travel, socioeconomic status, and gentrification 
could look different in different places, we also fit the same set of models as multilevel models 
with varying intercepts for core-based statistical areas. Likelihood ratio tests indicated that the 
multilevel models were not significant improvements over the single-level models, so we do not 
report those results. In other words, the associations tested in the models did not vary by 
metropolitan area. 

3 Results 

3.1 Descriptive statistics 
The associations between self-reported health and most analysis categories matched expectations 
(descriptive statistics are shown in Table 1). A substantial majority of the sample reported being 
in good health or better (90%), with 32% reporting being in excellent health. Cycling was more 
common among higher health statuses: around 2% of people in poor health cycled for 
transportation, while 11% of people in excellent health did. Walking for transportation was more 
common, and people in better health walked more than those in poorer health. 

Socioeconomic status was correlated with health status; people of color, lower-income 
people, and people with lower educational attainment were more likely to report being in poor 
health. Being employed was associated with better health, while women made up a declining 

 
1 The NHTS dataset did not directly report the frequency of cycling or walking for transportation. We constructed 
the variables by subtracting the number of trips made for exercise from the total number of trips made. 
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share of the sample in each category as health status increased. People in better health tended to 
be younger. Immigrants made up the same proportion of the sample regardless of health status. 

A small share of the sample lived in gentrifying tracts (7%). There was no statistically 
significant relationship between health status and gentrification. We also examined differences in 
active travel behavior across gentrification status of the census tract, not shown in Table 1. A 
greater proportion of cyclists (10%) lived in gentrified tracts compared to non-gentrified tracts 
(7%). Likewise, on average, people in gentrified census tracts walked more frequently (5.8 trips) 
than those in non-gentrified tracts (3.8 trips). Both differences were statistically significant. 
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TABLE 1  Weighted characteristics of NHTS sample, overall and by self-reported health 
status 

 
Overall, 

N = 
104491 

Poor, 
 N = 2388 

(2.4%)1 

Fair,  
N = 8765 
(8.2%)1 

Good,  
N = 25472 

(24%)1 

Very good,  
N = 36973 

(34%)1 

Excellent, 
N = 30893 

(32%)1 
p-

value2 

Cycled for 
transportation in 
previous week (% 
yes) 

6.9% 2.2% 3.1% 3.8% 6.6% 11% <0.001 

Walking trips for 
transportation in 
previous week (#) 

3.9 (7.9) 2.5 (6.8) 3.0 (6.9) 3.5 (7.5) 4.1 (8.2) 4.4 (8.3) <0.001 

Lives in gentrifying 
tract (% yes) 7.3% 6.5% 8.0% 7.6% 6.8% 7.5% 0.210 

Population density 
(km²) 

3,852 
(7,736) 

3,593 
(6,563) 

3,990 
(7,714) 

3,708 
(7,289) 3,836 (7,972) 3,960 

(7,887) 0.164 

Race/ethnicity       <0.001 
White 54% 40% 39% 50% 58% 57%  
Black or African 
American 16% 29% 27% 18% 14% 14%  

Hispanic/Latino 20% 23% 24% 22% 18% 19%  
Asian 5.7% 2.7% 3.7% 5.6% 6.3% 6.0%  
Other 4.4% 4.2% 5.4% 4.8% 4.1% 4.2%  

Household income 
(quintiles)       <0.001 

Less than $25,000 24% 58% 49% 30% 18% 18%  
$25,000 to $49,999 22% 23% 24% 25% 23% 18%  
$50,000 to $74,999 16% 7.2% 12% 16% 17% 15%  
$75,000 to $124,999 21% 7.6% 11% 18% 24% 24%  
$125,000 or more 17% 3.6% 4.5% 10% 18% 25%  

Educational 
attainment       <0.001 

Less than high school 12% 25% 18% 11% 7.6% 14%  
High school 48% 58% 63% 57% 45% 37%  
College degree 40% 17% 19% 32% 48% 49%  

Employed 62% 11% 32% 58% 70% 71% <0.001 
Immigrant 16% 19% 17% 17% 16% 14% 0.005 
Age 40 (21) 60 (17) 54 (18) 46 (20) 39 (20) 30 (19) <0.001 
Female 51% 53% 58% 52% 52% 49% <0.001 

1Statistics presented: %; mean (SD) 
2Statistical tests performed: chi-square test of independence; Wald test  
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3.2 Bicycling models 
The descriptive statistics in Table 1 indicated that cycling for transportation was positively 
associated with self-reported health status before adjusting for other covariates. This relationship 
held after adjustment for socioeconomic status and census tract population density (Table 2, 
model B1). All else equal, cyclists had odds of reporting better health 1.5 times that of non-
cyclists (95% CI = [1.28, 1.66]). Socioeconomic characteristics generally had the expected 
direction of association. Compared to white people, people of color were less likely to report 
higher health status. Better health was associated with higher levels of household income. For 
example, people in the second quintile of household income ($25,000–$49,999) had odds of 
reporting better health 1.4 times higher than those in the lowest income quintile, while those in 
the highest income quintile ($125,000 or more) had 3.3 times the odds of reporting better health. 
Higher educational attainment was associated with better health, as was employment status and 
younger age. Immigrants were more likely to report better health compared to people born in the 
United States. Population density was not significantly associated with self-reported health. 

Model B2 examined the potential moderating effects of socioeconomic status by 
interacting all the socioeconomic variables with the cycling indicator. The main effect of cycling 
became insignificant. While the main socioeconomic variables remained significant, only a few 
of the interacted variables—including Black or African American race, employment status, and 
age—were significant. We interpret this to mean that socioeconomic status moderates the health 
effect of cycling in a few key cases. For example, holding all other variables at their reference 
values, Black cyclists had 0.63 times the odds of reporting a higher health status compared to 
white non-cyclists. The odds ratio was slightly lower than for Black non-cyclists, who had 0.76 
times the odds of reporting better health compared to white non-cyclists. But comparing white 
and Black cyclists, the difference was even greater: Black cyclists had less than half the odds of 
reporting better health compared to white cyclists. Employed cyclists reported better health than 
unemployed cyclists, though not as great as the difference between employed non-cyclists and 
unemployed non-cyclists. Older adults were less likely to report better health compared to 
younger adults, but differences in the odds of higher health status between cyclists and non-
cyclists increased with age.    

Finally, in model B3 we tested whether living in a gentrifying tract changed the 
relationships we found in model B2 by adding interaction terms with gentrification status. 
Neither the main effects of gentrification, the two-way interaction terms with socioeconomic 
characteristics, nor the three-way interaction terms with cycling and socioeconomic status were 
statistically significant. 
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TABLE 2  Associations between cycling for transportation and self-reported health 

 B1 B2 B3 
Cycled for transp. in prev. week 1.460 *** 1.618 1.608 
 (1.280, 1.664) (0.729, 3.590) (0.639, 4.045) 
Gentrified tract   1.105 
   (0.595, 2.050) 
Race    
Black or African American 0.750 *** 0.764 ** 0.755 ** 
 (0.639, 0.880) (0.646, 0.902) (0.636, 0.896) 
Hispanic/Latino 0.821 *** 0.831 ** 0.835 ** 
 (0.738, 0.914) (0.741, 0.931) (0.740, 0.942) 
Asian 0.767 ** 0.783 * 0.788 * 
 (0.637, 0.923) (0.643, 0.954) (0.640, 0.970) 
Other 0.711 *** 0.712 *** 0.679 *** 
 (0.590, 0.857) (0.592, 0.858) (0.590, 0.782) 
Household income (quintiles)    
$25,000 to $49,999 1.446 *** 1.477 *** 1.477 *** 
 (1.258, 1.662) (1.294, 1.686) (1.244, 1.753) 
$50,000 to $74,999 1.938 *** 1.931 *** 1.904 *** 
 (1.669, 2.251) (1.677, 2.222) (1.654, 2.193) 
$75,000 to $124,999 2.265 *** 2.258 *** 2.281 *** 
 (2.010, 2.552) (2.013, 2.534) (2.005, 2.596) 
$125,000 or more 3.299 *** 3.323 *** 3.315 *** 
 (2.927, 3.719) (2.950, 3.743) (2.877, 3.820) 
Educational attainment    
High school 1.898 *** 1.879 *** 1.901 *** 
 (1.693, 2.126) (1.657, 2.132) (1.646, 2.196) 
College degree 3.013 *** 2.968 *** 2.992 *** 
 (2.653, 3.422) (2.590, 3.401) (2.580, 3.469) 
Employed 1.657 *** 1.678 *** 1.669 *** 
 (1.520, 1.807) (1.519, 1.855) (1.521, 1.832) 
Immigrant 1.212 *** 1.202 *** 1.204 *** 
 (1.139, 1.290) (1.132, 1.278) (1.142, 1.269) 
Female 0.996 0.998 0.997 
 (0.948, 1.046) (0.947, 1.051) (0.943, 1.055) 
Age (std.) 0.529 *** 0.525 *** 0.524 *** 
 (0.508, 0.551) (0.505, 0.546) (0.504, 0.545) 
Age (std.)² 1.341 *** 1.348 *** 1.359 *** 
 (1.296, 1.387) (1.302, 1.395) (1.312, 1.408) 
Population density (std.) 1.006 1.005 1.009 
 (0.991, 1.022) (0.990, 1.021) (0.991, 1.028) 
Interactions    
  Cycling No Yes Yes 
  Gentrification No No Yes 
Bike x Black or African American  0.515 *** 0.587 ** 
  (0.371, 0.714) (0.420, 0.820) 
Bike x Employed  0.694 * 0.765 ^ 
  (0.499, 0.965) (0.567, 1.032) 
Bike x Age  1.215 *** 1.280 ** 
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  (1.106, 1.335) (1.097, 1.494) 
N 88698 88698 88698 
 *** p < 0.001;  ** p < 0.01;  * p < 0.05;  ^ p < 0.1. std. = standardized. Reference cases: Race = White; Income 
= Less than $25,0; Education = Less than high school. Threshold values not shown. 

 

3.3 Walking models 
We used the same model specifications to examine associations between walking for 
transportation and self-reported health status. Overall, the walking models showed similar 
patterns to the cycling models, though the main effects of active transportation remained 
significant across all the models (Table 3). As for cycling, the descriptive statistics in Table 1 
indicated a positive association between walking and health before adjusting for covariates. 
Model W1 examined associations between walking and health controlling for socioeconomic 
characteristics. All variables other than walking were measured the same as in model B1, so the 
magnitude and direction of association of each remained roughly the same. Walking frequency 
had a significantly positive association with health. For every additional walking trip made, the 
odds of reporting better health increased by 0.6% (95% CI = [1.002, 1.011]).  

Model W2 tested whether the association between walking and health was moderated by 
socioeconomic characteristics. The main effects of walking remained significant and increased in 
magnitude as trips increased. A different set of interaction variables became significant. In 
particular, the racial variables no longer moderated the associations between walking and health, 
while gender, population density, and one income category did. Women had equivalent baseline 
odds of reporting better health than men, but the gap increased as the number of walking trips 
increased. Additional transportation walking trips had greater salutary effects for men. The 
models indicated a positive relationship between population density and health. In a census tract 
of average density, the odds of reporting a higher health status remained about the same for 
every walking trip. But in census tracts with density one standard deviation above the mean, the 
odds of reporting better health increased by 0.2% for every additional walking trip, a small but 
statistically significant difference.  

Model W3 tested whether gentrification influenced the moderation from socioeconomic 
status in any way. Gentrification slightly changed the results found in model W2. Walking 
interacted with income, employment, and age remained significant as in model W2, but 
interactions with gender and population density became insignificant. Gentrification status 
interacted with other races was marginally significant. None of the three-way interaction terms 
was significant.  



11 
 

TABLE 3  Associations between walking for transportation and self-reported health 
 W1 W2 W3 
Walk trips for transp. in prev. week 1.006 ** 1.024 ** 1.017 ^ 
 (1.002, 1.011) (1.009, 1.039) (0.997, 1.037) 
Gentrified tract   0.908 
   (0.628, 1.314) 
Race    
Black or African American 0.746 *** 0.753 *** 0.750 *** 
 (0.636, 0.873) (0.639, 0.888) (0.632, 0.889) 
Hispanic/Latino 0.822 *** 0.823 ** 0.821 ** 
 (0.738, 0.916) (0.720, 0.941) (0.707, 0.954) 
Asian 0.761 ** 0.771 * 0.787 ^ 
 (0.629, 0.920) (0.609, 0.976) (0.612, 1.011) 
Other 0.704 *** 0.716 ** 0.666 *** 
 (0.584, 0.849) (0.586, 0.874) (0.571, 0.776) 
Household income (quintiles)    
$25,000 to $49,999 1.445 *** 1.526 *** 1.513 *** 
 (1.258, 1.659) (1.312, 1.775) (1.263, 1.814) 
$50,000 to $74,999 1.943 *** 2.023 *** 1.990 *** 
 (1.671, 2.260) (1.680, 2.435) (1.639, 2.415) 
$75,000 to $124,999 2.268 *** 2.339 *** 2.320 *** 
 (2.002, 2.570) (2.027, 2.698) (2.010, 2.678) 
$125,000 or more 3.299 *** 3.430 *** 3.372 *** 
 (2.928, 3.717) (2.952, 3.986) (2.863, 3.970) 
Educational attainment    
High school 1.893 *** 1.799 *** 1.834 *** 
 (1.689, 2.121) (1.608, 2.013) (1.603, 2.098) 
College degree 3.029 *** 2.952 *** 2.979 *** 
 (2.657, 3.453) (2.591, 3.365) (2.587, 3.430) 
Employed 1.655 *** 1.758 *** 1.740 *** 
 (1.520, 1.802) (1.626, 1.901) (1.604, 1.888) 
Immigrant 1.217 *** 1.221 *** 1.232 *** 
 (1.147, 1.291) (1.132, 1.318) (1.150, 1.320) 
Female 0.984 1.026 1.021 
 (0.936, 1.035) (0.980, 1.073) (0.975, 1.070) 
Age (std.) 0.527 *** 0.515 *** 0.512 *** 
 (0.506, 0.550) (0.496, 0.536) (0.495, 0.530) 
Age (std.)² 1.340 *** 1.374 *** 1.366 *** 
 (1.296, 1.385) (1.329, 1.421) (1.313, 1.422) 
Population density (std.) 1.002 0.985 0.990 
 (0.986, 1.019) (0.964, 1.006) (0.966, 1.014) 
Interactions    
   Walking No Yes Yes 
   Gentrification No No Yes 
Walk x $25,000 to $49,999  0.985 ** 0.987 ** 
  (0.976, 0.994) (0.979, 0.995) 
Walk x Employed  0.985 *** 0.989 ** 
  (0.977, 0.993) (0.980, 0.997) 
Walk x Female  0.990 ** 0.992 
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  (0.983, 0.997) (0.983, 1.001) 
Walk x Age  1.006 * 1.010 ** 
  (1.001, 1.011) (1.004, 1.017) 
Walk x Population density  1.002 ** 1.001 
  (1.001, 1.004) (1.000, 1.003) 
Gentrified x Other   3.082 ^ 
   (0.924, 10.283) 
N 99062773.616 99062773.616 99062773.616 
 *** p < 0.001;  ** p < 0.01;  * p < 0.05;  ^ p < 0.1. std. = standardized. Reference cases: Race = White; Income 
= Less than $25,0; Education = Less than high school. Threshold values not shown. 

4 Discussion 
In this study, we examined associations between cycling or walking for transportation and self-
reported health in a representative sample of U.S. adults. We further examined whether these 
associations varied across population groups and whether the dynamics of neighborhood change 
via gentrification moderated those effects. The cross-sectional nature of the dataset limits the 
causal claims we can make about the direction of association, but the national sample of trips 
covering all purposes gives strength to the representativeness of the findings. 

First, both before and after adjusting for covariates, cycling and walking were positively 
associated with self-reported health status. People who had cycled in the past week had 
significantly higher odds of reporting better health, and each additional walking trip taken was 
associated with higher odds of reporting better health. These findings are in line with the vast 
body of literature that points to a strong positive association between active transportation and 
health, providing further justification for environmental interventions that facilitate and 
encourage active transportation. 

Second, while these relationships held across most population groups, socioeconomic 
status moderated the associations between active transportation and health in a few key cases. 
For instance, while Black cyclists reported better health than Black non-cyclists, they reported 
poorer health on average compared to white cyclists even after controlling for other 
socioeconomic characteristics. In other words, cycling was associated with better health for all 
racial groups, but Black cyclists saw smaller gains. One potential explanation for this finding is a 
lower baseline health status for Black individuals to begin with. As shown in the descriptive 
statistics (Table 1), a smaller fraction of the pool in each health category was Black as health 
status increased. Put another way, 7.9% of whites reported poor or fair health, while more than 
twice as many, or 18.1%, of Black participants did. These patterns are consistent with research 
on race and health disparities and suggest that poor health status may be difficult to overcome 
through cycling alone. But this is not to say socioeconomic disadvantage in general moderates 
the cycling–health relationship in the same way. We found the opposite with employment 
status—unemployed individuals saw higher odds of better health from cycling than employed 
individuals did—indicating that systemic factors unique to the Black experience in the U.S. must 
be addressed for cycling to have consistently positive effects on health. 

Another potential explanation has to do with the inequitable distribution of cycling 
infrastructure and safety outcomes in U.S. cities. Neighborhoods of color are less likely to have 
bicycle facilities funded and built (Braun et al., 2019; Cradock et al., 2009), and sufficient 
evidence links the absence of infrastructure to worse safety outcomes for cyclists (Reynolds et 
al., 2009). Indeed, national statistics bear out the potential consequences for such disparities: 
between 2016 and 2018, Black people were overrepresented in cycling fatalities relative to their 
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share of the population, their share of trips taken, and their share of distance traveled by bicycle 
(Federal Highway Administration, 2017; National Highway Traffic Safety Administration, 2019; 
U. S. Census Bureau, 2020). Even when bicycle facilities are available, their quality or other 
neighborhood characteristics may yield disparate safety outcomes in communities of color 
(Barajas, 2018). Moreover, people of color are more likely to live near major roadways (Hajat et 
al., 2015) and may therefore be more exposed to air pollution and injury risks. Thus, the findings 
of this study could reflect that Black cyclists tend to travel under poorer environmental 
conditions that attenuate the potential health benefits of cycling. 

In contrast, race and ethnicity did not have a moderating influence on the relationship 
between walking and health for any category. This was somewhat surprising given the negative 
experiences that people of color, and especially Black men, face in their daily interactions in 
public spaces, which contribute to higher stress and potentially poorer health. But it may be that 
because these experiences are not confined to the pedestrian environment, their effects were 
captured in the models by the race variables alone. Effects were different by gender, however, 
with women less likely to report better health as walking for transportation increased compared 
to men. This finding could reflect the broad experience of harassment that women face with 
increased exposure to walking, leading to anxiety that would negatively influence health 
(Davidson et al., 2016; Loukaitou-Sideris, 2016). 

Third, the relationship between active travel and health did not change under conditions 
of gentrification. In some respects, this should not be surprising and is good news from an equity 
perspective. Gentrification is defined by increased public and private investment in a 
neighborhood. Public investment might yield additional bike lanes, improved sidewalk quality, 
and better streetscapes, while private investment could result in more housing and destinations 
that are walkable and bikeable. In theory, the benefits of such infrastructure would accrue to all 
neighborhood residents. However, long-time residents are often skeptical of cycling and walking 
improvements that might be associated with “green gentrification,” causing them avoid using 
those modes if they do not see themselves as full participants (Harris et al., 2020; Lubitow and 
Miller, 2013).  

On the other hand, the gentrification index we used may not reflect displacement of 
current residents. Gentrification and displacement are separate phenomena, the former referring 
to the process of influx of people and capital, the latter referring to the outflow of lower-income 
people and people of color (Zuk et al., 2018). The two often go hand-in-hand, so some 
neighborhoods we identified as gentrifying may have lost lower-income populations and 
populations of color and the models may have only picked up the strongest effects. Furthermore, 
a small share of census tracts was marked as gentrifying. This is a limitation of relying on a 
single definition of neighborhood change. We used a simple, though accepted, definition of 
gentrification that allowed us to identify census tracts nationwide but ignored local context all 
too necessary to understand the process by which gentrification is taking place on the ground, 
and its potential effects on health. Future work should use both additional quantitative and 
qualitative measures to measure neighborhood change. 

The findings from this study yield several policy implications. Given the association 
between active transportation and health, planning efforts that promote cycling and walking are 
crucial strategies in the public health toolbox. These efforts could include a variety of policy, 
programmatic, environmental, and infrastructure interventions designed to encourage active 
transportation. However, these investments must be attentive to inequities across neighborhoods, 
recognizing that cycling and walking are not automatically “healthy” (or as healthy) for 
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marginalized groups. For instance, our findings indicate that Black people experience smaller 
gains in health from cycling compared to other racial groups, potentially due to traveling in 
poorer environmental conditions. This suggests that planners should focus on repairing 
inadequate facilities and prioritizing new facilities in neighborhoods of color. Through this 
approach, which should be done in consultation with residents, planners can work towards not 
just greater health, but also greater health equity. Finally, this study did not find widespread 
moderating effects of gentrification on active transportation and self-reported health, although 
some of the associations were significant. This finding, while unexpected, is encouraging in that 
it suggests the health gains from active transportation might be experienced in a variety of 
neighborhood contexts. However, it is important to recognize that gentrification may have health 
impacts not measured in the current study. Thus, planners should carefully consider how support 
for cycling and walking investments may result in changes to health in the context of complex 
neighborhood change. 

5 Conclusions 
The findings in this study suggest that cycling and walking are positively associated with self-
reported health, with some variations by race and SES. While cyclists in generally had higher 
odds of reporting excellent health, their odds of reporting better health were lower if they were 
Black than if they were white or in other racial and ethnic categories. Likewise, pedestrians who 
walked more had better health in general, but women also had lower odds of reporting better 
health than men per additional walking trip. There was minimal change in the relationships 
between active transportation and health when examining them in the context of neighborhood 
gentrification. 

Planners and policymakers should continue to promote programs and infrastructure that 
support cycling and walking to improve public health, but must contend with structural inequities 
that may work to suppress health benefits for certain groups in the population. These efforts must 
work to address deficiencies first and then work with communities to equitably invest and 
expand opportunities for active transportation. 
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