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Research suggests that transportation is an important social determinant of health, because the ability to get
around is consequential for accessing health care and nutritious food and for making social connections. We used
an inductive mixed-methods approach and a quantitative k-means clustering approach to identify 5 categories
of transportation insecurity using the validated 16-item Transportation Security Index. The resulting 5-category
measure distinguished among respondents with qualitatively different experiences of transportation insecurity.
Analyzing data from 2018 that were representative of the US adult population aged 25 years or older, we demon-
strated a nonparametric association between transportation insecurity and 2 different health measures (self-rated
health and depressive symptoms). There was a threshold relationship between self-rated health and any level of
transportation insecurity. High transportation insecurity had a very strong relationship with depressive symptoms.
The categorical Transportation Security Index will be useful for clinicians who wish to screen for transportation-
related barriers to health care. It will also facilitate research investigating the influence of transportation insecurity

on health outcomes and provide the basis for interventions designed to address health disparities.

categorical measures; health-care access; health outcomes; screeners; social determinants of health;
transportation; transportation insecurity; Transportation Security Index

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; Cl, confidence interval; FSI, Food Security Index; TSI,

Transportation Security Index.

Transportation is an important social determinant of
health (1), enabling people to access nutritious food (2,
3), seek medical care (4, 5), and obtain needed medication
(6, 7), including the coronavirus disease 2019 (COVID-
19) vaccine (8). Conversely, difficulties with transportation
contribute to social isolation (9), with adverse consequences
for mental and physical health (10, 11).

Despite the well-recognized interaction between trans-
portation and health, research investigating this relationship
has been stymied by the absence of a single concept and
measure with which to compare findings across populations
and health outcomes (for an overview, see Syed et al. (12)).
Therefore, Gould-Werth et al. (13) developed and validated
(14) the Transportation Security Index (TSI), a measure that
captures fransportation insecurity: a condition in which a
person is unable to regularly move from place to place in a

safe or timely manner due to the absence of resources for
transportation. Modeled after the Food Security Index (FSI)
(15), the TSI directly measures transportation insecurity at
the individual level by asking respondents how often in the
past 30 days they have experienced 16 different symptoms
of transportation insecurity.

To date, the TSI has been used to document the
prevalence of transportation insecurity nationwide and by
subgroup. One in 4 adults in the United States experiences
transportation insecurity, with the prevalence of insecurity
being especially high among persons living below the
poverty line (16) and those with disabilities (17). In a future
clinical trial, Sung et al. (18) plan to use the TSI as an
assessment tool to evaluate medication adherence among
human immunodeficiency virus (HIV) patients who inject
drugs.
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The initial development of the TSI resulted in a contin-
uous measure derived from the 16 items; however, a cate-
gorical measure would also be useful, for multiple reasons.
First, categorical measures can assess nonparametric (i.e.,
noncontinuous) relationships between transportation insecu-
rity and health outcomes. Second, a categorical measure can
help clinicians who wish to screen for transportation barriers
to health care and refer patients to supportive social services
(19, 20). Screeners have become critical tools with which
to identify and address social determinants of health in care
settings, especially since policies have devoted funding and
reimbursement for these tools (21, 22). Indeed, through its
categorization into 4 qualitatively meaningful categories, the
FSI has been used to great effect in precisely these ways
(23, 24).

In this paper, we propose a categorization of the TSI with
5 categories. We evaluate categories using both inductive
mixed-methods and k-means clustering approaches. The
synthesis of these methods leads to a final 5-category cat-
egorization that is supported by both quantitative and quali-
tative evidence. We use this categorical measure to estimate
associations between transportation insecurity and 2 health
outcomes: self-rated health and depressive symptoms. Our
results demonstrate that the categorical TSI can provide
new insights into patterns of nonparametric associations that
would be difficult to identify using continuous measures.

METHODS

We used data on transportation insecurity and health con-
ditions from a module included in a nationally representative
survey administered by GfK SE (Nuremberg, Germany) to
their online panel (“KnowledgePanel”) in 2018. GfK is a
global marketing research company (www.gfk.com) that
recruits panel members using probability-based sampling
and an address-based sampling frame; panel members are
provided with access to the Internet and hardware if neces-
sary. Panel members are assigned to specific study samples
based on the study’s sampling design and then invited to
complete the survey. GfK compensates participants using
an ongoing incentive program which includes special raffles
and sweepstakes with cash rewards.

Sample

The sampling frame was noninstitutionalized adults aged
25 years or over who resided in the United States; adults with
a household income at or below 100% of the federal poverty
level were oversampled. Although 2,447 panel members
completed the survey (completion rate = 52.9%), only 2,011
met the study’s eligibility criteria (for a description, see
Murphy et al. (14)), and another 12 were excluded from
the final analysis (7 = 1,999) because they did not complete
all 16 items that comprise the TSI. To ensure a nationally
representative analytical sample, GfK weighted the data to
account for unequal probabilities of inclusion and differ-
ential nonresponse. As illustrated in Table 1, the weighted
survey data aligned closely with the 2018 Current Population
Survey.
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Questionnaire

The questionnaire consisted of 136 items, including the
16-item TSI, and took respondents 23 minutes to com-
plete, on average. The TSI asks respondents how often
they have experienced 16 unique symptoms of transporta-
tion insecurity (see Web Table 1, available at https://doi.
org/10.1093/aje/kwad 145). Responses are given on a 3-point
scale: never (0), sometimes (1), and often (2); thus, the sim-
ple sum score of the TSI ranges from O to 32. The question-
naire also included 2 items that provide further information
about a respondent’s transportation situation: 1) a single-
item self-report that asked how often the respondent ex-
perienced transportation insecurity and 2) an open-ended
question about problems getting from place to place (see
Web Table 1).

Additionally, the questionnaire included items measuring
2 different health conditions. The first variable was a single
measure of self-rated health (“In general, how would you
rate your health?”—excellent, very good, good, fair, or poor)
that has been shown to be correlated with mortality and mor-
bidity (25, 26). Responses were dichotomized into fair/poor
versus excellent/very good/good. The second variable was
a 7-item version of the validated Center for Epidemiologic
Studies Depression Scale (CES-D) (27). Depressive symp-
toms may relate to transportation insecurity via restricted
access to social support and greater social isolation (10, 11),
a major predictor of depression (28). CES-D scores range
from O to 21. Based on a standard cutoff, we dichotomized
scores into depressive symptoms (CES-D score >9 = 1)
versus no symptoms (CES-D score <9 = 0).

Analytical approach

There is no universally accepted method for determining
category boundaries (see, for example, the 2002 US Depart-
ment of Agriculture report (29)). Indeed, as Busch (30) illus-
trates, there are any number of approaches that can be taken
to identify cutpoints. Therefore, following Busch’s advice
(30), we sought to balance the tradeoff between losing infor-
mation and gaining interpretability while keeping in mind
the specific context within which the measure will be used.
Although we used the FSI as our model to develop the TSI,
unlike the FSI (31), the TSI does not exhibit Guttman-like
properties such that items scale hierarchically by severity.
Therefore, unli ke the FSI, we could not categorize the TSI
based on item content alone. Instead, we used as our initial
input the continuous scale defined as the sum of TSI item
responses (i.e., TSI sum score).

To identify groups of respondents with similar response
patterns (i.e., categorize the continuous TSI), we analyzed
the unweighted data using 2 complementary approaches.
Our first approach was inductive and involved triangulating
between analyses of 4 sources of quantitative and qualitative
data: 1) TSI sum scores, 2) responses to the 16 individual
items in the TSI, and responses from 3) the self-report
and 4) the open-ended item. We began by evaluating the
distribution of self-responses within and across each of
the 32 TSI sum scores to determine whether there were
clusters (i.e., categories) of respondents who reported never,
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Table 1. Characteristics of Survey Respondents in a Study of Categories of Transportation Insecurity and Their
Associations With Health Conditions (n = 1,999), United States, 20182

Characteristic Unweighted %

Weighted %

No. of Persons CPS Benchmark, %

Race/ethnicity
White 67.5
Black 12.3
Hispanic 12.4
Other 7.6
Age group, years
25-39 29.3
40-64 49.4
>65 21.4
Sex
Male 48.6
Female 514
Education
Less than high school 10.4
High school 31.2
Some college 31.9
Bachelor’s degree or more 26.5
Household income, dollars/year
<15,000 36.6
15,001-29,999 10.5
30,000-49,999 9.9
50,000-74,999 11.8
>75,000 31.2
FPL status
<100% of FPL 41.9
101%-200% of FPL 1.2
>200% of FPL 46.9
Children
No 70.7
Yes 29.3

65.5 1,351 64.8
1.5 246 11.6
14.9 249 15.4

8.1 153 8.2
28.9 585 30.0
50.2 987 46.6
20.9 427 23.4
47.7 971 48.2
52.3 1,028 51.8
10.2 208 10.2
29.0 623 28.5
26.6 638 26.3
34.2 530 34.9

8.3 732 9.1
10.2 209 13.0
16.4 199 18.4
17.2 235 19.1
48.0 624 40.5

9.1 837 11.8
19.3 223 17.6
71.6 939 70.6
69.7 1,414 69.7
30.3 585 30.3

Abbreviations: CPS, Current Population Survey; FPL, federal poverty level; TSI, Transportation Security Index.
2 Mean TSI score = 3.823 (standard deviation, 6.488); possible range of TSI sum scores, 0-32.

sometimes, or often experiencing transportation insecurity.
Next, we sought to validate these preliminary categories. To
do so, we first examined whether patterns of endorsement
across the 16 items of the TSI were similar within cate-
gories and different between categories. We then assessed
how respondents described their qualitative experiences with
transportation insecurity in the open-ended item to confirm
that experiences were similar within (and different between)
categories.

Our second approach examined the data using k-means
clustering. K-means clustering is a purely quantitative,
nondeterministic partitional clustering method that clusters
observations into k mutually exclusive and exhaustive cate-
gories (32). Using each observation’s unweighted contin-

uous TSI sum score as input, the initial £ group means
are defined as the TSI sum score of k randomly selected
observations. Each observation is then assigned to the
group with the mean continuous 16-item TSI sum score
closest to its own based on Euclidian (or Minkowski)
distance. Once all of the observations have been assigned
to a group, each group’s mean value is recalculated. The
process repeats until group assignment does not change
between iterations. We desired to identify a k that provided
as much description of the population as could be generally
reproduced; thus, we fitted each model 10 times and selected
the solution that was generated a majority of the time.
Cutpoints were then defined as the range of TSI sum scores
within each of the k groups. These analyses were conducted

Am J Epidemiol. 2023;192(11):1854-1863



Developing Discrete Categories of Transportation Insecurity 1857

in Stata 15.1 (33). See the Web Appendix for additional
details.

After arriving at a final categorization scheme, we used lo-
gistic regression models to assess the associations with health
conditions by transportation insecurity category, accounting
for a standard set of demographic controls: age (<25, 25—
39, 40-64, or >65 years), sex (male or female), race/ethnic-
ity (Black non-Hispanic, Hispanic, White non-Hispanic, or
other non-Hispanic), annual household income (<$15,000,
$15,001-$29,999, $30,000-$49,999, $50,000-$74,999, or
>$75,000), level of educational attainment (less than high
school, high school, some college, or bachelor’s degree or
higher), and marital status (married, widowed, divorced, sep-
arated, never married, or living with a partner). All models
were weighted to be nationally representative of the US adult
population using the “survey” package in R software (34).

RESULTS
Inductive mixed-methods approach

We began by examining the distribution of transporta-
tion insecurity sum scores and considering how various
scores correlated with the qualitative information provided
by respondents and their direct self-reports of transporta-
tion insecurity. Using the single self-report measure of trans-
portation insecurity, 77.95% of respondents reported never
experiencing transportation insecurity, 16.17% reported ex-
periencing it sometimes, and 5.88% reported experiencing
it often. Among the 955 respondents (47.8%) with a TSI
sum score greater than or equal to 1, 59.6% reported never
experiencing transportation insecurity, 28.6% reported expe-
riencing it sometimes, and 11.7% reported experiencing it
often.

Figure 1 shows the unweighted distribution of self-
reported transportation insecurity by a respondent’s TSI
sum score for respondents with sum scores greater than 0
(less than 1% (0.7%) of respondents with sum scores of
0 or 1 reported experiencing insecurity). Just under 10%
of all respondents (n = 181) had a score of 1, meaning
they answered “sometimes” to a single item, and 5% of
respondents (n = 106) had a sum score of 2, most of whom
(91%) answered “sometimes” twice. Affirmative responses
all related to time (items labeled as “late,” “took longer,”
and “early” in Web Table 1), and no respondents with
sum scores of 1 or 2 indicated that transportation was a
barrier to getting where they need to go in open-ended
responses. Most problems involved traffic (e.g., “The ONLY
problem is horrendous traffic in Los Angeles!”). A small
percentage (2%) expressed mild stress (e.g., “Traffic and
long-distance driving are stressful to me”), but the stress did
not prevent them from regularly moving between places in
a safe or timely manner. Taken together, we felt confident
categorizing respondents with scores of 0, 1, and 2 as being
transportation-secure.

Among the 149 respondents with TSI sum scores of 3 or
4, 17.4% reported “sometimes” experiencing transportation
insecurity, compared with 10% among those with scores
of 1 or 2. Only 6% described worrying about car repairs
and breakdowns or relying on backup transportation in their
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Figure 1. Self-rated level of transportation insecurity by Transporta-
tion Security Index (TSI) sum score, United States, 2018. The figure
shows the unweighted distribution of respondents with self-reported
transportation insecurity by respondent’s TSI sum score for persons
with scores greater than 1 (n =939) in the 2018 GfK KnowledgePanel
(GfK SE, Nuremberg, Germany).

open-ended responses, and none indicated that transporta-
tion prevented them from getting around despite these prob-
lems. Only 2 respondents among those with a score of 3
(n = 80) or 4 (n = 69) reported experiencing transportation
insecurity “often,” and, in open-ended responses, they both
indicated that they could satisfactorily get where they needed
to go. Thus, although respondents with scores of 3 or 4 were
more likely to sometimes experience insecurity relative to
those with scores of less than 3, they were still able to get
around.

Among respondents with scores of 5 (n = 61), 13%
reported “often” experiencing transportation insecurity and
25% reported “sometimes” experiencing insecurity. These
values were higher than those from respondents with scores
of 3 and 4, yet the open-ended responses indicated similar
experiences with transportation: worrying about their car
breaking down but still being able to access essential des-
tinations, like work. As a result, we grouped respondents
with scores of 5 with respondents with scores of 3 and 4.
Respondents with scores of 3-5 were qualitatively differ-
ent from those we categorized as “transportation-secure”
because they were inconvenienced by transportation and
experienced transportation-related worry, so we classified
this group as experiencing marginal insecurity.
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Respondents with scores of 6 or more clearly experi-
enced transportation insecurity that affected their daily lives.
We classified this next group of respondents, those hav-
ing scores of 6-10, as experiencing low insecurity. Unlike
respondents in the marginal insecurity group, respondents
in the low insecurity group reported having constrained
travel. For example, one respondent with a score of 6 wrote,
“I don’t go out very much to save money, so I usually
go to places close to me by walking. I only take public
transportation a few times a month by depositing $20 to
my half fare Metro Card.” Among persons in this low
insecurity group, 34% reported that they “sometimes” expe-
rienced transportation insecurity in the self-report question,
and only 6.5% reported “often” experiencing transportation
insecurity.

We classified respondents with scores of 11-16 as experi-
encing moderate insecurity. Among persons in this group,
17% reported “often” experiencing transportation insecu-
rity. Respondents with scores of 11 or greater were also
more likely to affirm items that measured negative feelings
about their transportation. For instance, whereas fewer than
1% (n = 9) of those experiencing low insecurity reported
“often” feeling bad because of transportation, 17% of those
with scores of 11-16 reported “often” having such feelings.
Open-ended responses conveyed similar sentiments. One
respondent with a score of 11 described feeling embar-
rassed because they drove a vehicle in need of repairs
which they could not afford, writing, “I traveled less, felt
embarrassed because of the noise and safety concern. I
can’t afford a car payment plus full coverage insurance. Life
is hard.”

Figure 1 shows a sizeable jump in respondents with a
score of 16. Just over half (56%) of these respondents
answered “sometimes” to all 16 questions Among the 22
respondents who answered “sometimes” to all 16 items, 5
reported “never” experiencing transportation insecurity, 15
reported “sometimes,” and 1 reported “often.” We suspect
that some of these respondents may have “straightlined”
answers and not considered them individually (35), espe-
cially those who reported “never” experiencing transporta-
tion insecurity in the single self-report item. At the same
time, it was clear that respondents with scores of 16 did expe-
rience moderate problems with transportation. For instance,
among the 17 respondents with scores of 16 who did not
answer “sometimes” to all 16 items, 5 reported “often” expe-
riencing transportation insecurity and 10 reported experienc-
ing it “sometimes.” Similarly, their open-ended responses
revealed difficulties accessing reliable transportation and
constrained travel, with one person writing, “My car has
serious problems, and I cannot afford to pay for them. I have
no friends who drive. I use Medicaid-provided transportation
for doctor’s visits.” Thus, while we interpreted values of 16
cautiously, we classified these respondents as experiencing
moderate insecurity.

Finally, we determined that those with scores of 17 or
greater experienced high insecurity. Among respondents in
this group, 44% (n = 61) reported “often” experiencing
transportation insecurity, more than double the share of
respondents in the moderate-insecurity group. Furthermore,
respondents with scores of 17 or greater were more likely

to describe either not being able to go places at all or being
severely limited in the places they could go in their open-
ended responses. For example, one respondent (score of 24)
wrote, “We have no vehicle here, so we all have to walk or
ride the bus everywhere; it has really made getting a job
difficult.” Another (score of 17) wrote, “There are many
restrictions on when, where, and for how long I can get out.”
Such difficulty getting to places was also evident in how this
group endorsed items on the TSI that tap into constrained
travel behavior compared with those with lower scores. For
example, whereas only 8% (n = 12) of respondents with
scores of 11-16 reported that they were “often” not able
to leave the house, nearly half (49%) of respondents with
scores of 17 or higher (n = 67) reported “often” having this
experience.

In sum, this approach suggested the following 5-category
categorization of TSI sum scores: no insecurity/secure =
0-2; marginal insecurity = 3-5; low insecurity = 6-10;
moderate insecurity = 11-16; and high insecurity = 17-32.

K-means clustering approach

Table 2 illustrates the range of TSI sum scores observed
for each of the 3, 4, 5, or 6 groups identified across each of
the 10 iterations of the k-means clustering models. Because
we used k-means clustering to identify internal consistency,
we did not use weighted data for these analyses. For both
the k = 6 and k = 5 models, among the 10 iterations, there
were 5 unique solutions of which 3 and 4 of those solutions,
respectively, occurred more than once. In the k = 4 model,
one of the 10 solutions replicated 6 times (with 4 solutions
appearing 1 time each), and in the k = 3 model, one solution
replicated 8 times and a second replicated twice.

We ruled out kK = 6 and k = 5 solutions because none
were replicated across the majority of iterations. The k = 3
solution replicated 8 times but was less descriptive—
especially at the most insecure end of the distribution—than
the k£ = 4 solution, which still replicated across the major-
ity (n = 6) of iterations. We thus identified the following
categories of transportation insecurity with the k-means
approach: no insecurity/secure = 0-2; low insecurity = 3—
7; moderate insecurity = 8—15; and high insecurity = 16—
32.

Selecting the final categorization

Table 3 shows that the 2 methods of categorizing transpor-
tation insecurity demonstrated similar patterns, especially
in how they categorized the most extreme points (highest
and lowest sum scores). Both approaches identified the most
secure respondents as those with scores between 0 and 2,
leading us to retain the category of secure/no insecurity for
persons with these scores. However, the two approaches
differed in terms of the number of categories identified (5
vs. 4) and the different distributions of sum scores across
those categories.

While one approach identified the least secure (high
insecurity) respondents as those with scores greater than
16 (k-means clustering approach), the other identified

Am J Epidemiol. 2023;192(11):1854-1863
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@ For ease of interpretation, clustering solutions have been rearranged so that identical solutions are adjacent.

Table 3. Proposed Categorization of Transportation Insecurity
Using the 16-ltem Transportation Security Index

Categorization Method TSI Sum Score

Mixed methods

Secure 0-2
Marginal insecurity 3-5
Low insecurity 6-10
Moderate insecurity 11-16
High insecurity >17

K-means clustering
Secure 0-2
Marginal insecurity

Low insecurity 3-7
Moderate insecurity 8-15
High insecurity >16
Final categorization
Secure 0-2
Marginal insecurity 3-5
Low insecurity 6-10
Moderate insecurity 11-16
High insecurity >17

Abbreviation: TSI, Transportation Security Index.

the least secure respondents as those with scores greater
than 17 (mixed-methods approach). Since the quantitative
solution may have been influenced by ‘“straightlining,”
and because of a marked qualitative difference between
persons with scores of 16 and those with scores of 17,
we followed the recommendation of the mixed-methods
approach and defined high insecurity as scores of 17 and
above.

Table 3 shows that the other difference between the
two solutions was the categorization of the intermediate
points. Our mixed-methods approach categorized persons
with scores between 3 and 16 into 3 groups (3-5, 6-
10, and 11-16), whereas the k-means clustering approach
separated those with scores between 3 and 15 into 2
groups (3-7 and 8-15). The mixed-methods approach
provided compelling evidence that persons with scores of
3-5 were qualitatively different from those with scores
of 6-10 in that while they worried about transportation,
unlike those with scores of 6-10, they were able to
regularly get to their destinations. The mixed-methods
approach provided similarly compelling evidence that
persons with scores of 6-10 were qualitatively different
from those with scores of 11-16: Respondents with scores
between 6 and 10 were much less likely to report “often”
experiencing transportation insecurity and were less likely
to endorse items suggesting that they experienced negative
feelings because of their transportation insecurity—findings
supported by their open-ended responses as well. Given the
strength of the evidence that suggested that the marginal,
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Table 4. Odds Ratios for Associations Between Transportation Insecurity and Health Conditions, United States,
2018

Health Measure

Variable Poor Self-Rated Health? Depressive Symptoms®
(n = 1,989 Observations) (n = 1,946 Observations)
OR 95% CI OR 95% ClI
Level of transportation insecurity
None/transportation-secure 1.00 Referent 1.00 Referent
Marginal 1.94 1.16, 3.24 0.71 0.38, 1.32
Low 2.60 1.52, 4.47 1.89 0.99, 3.59
Moderate 1.97 1.06, 3.67 3.19 1.70, 5.97
High 2.71 1.33, 5.53 12.22 6.37,23.45
Household income, dollars/year
<15,000 1.00 Referent 1.00 Referent
15,001-29,999 0.43 0.27,0.70 0.71 0.40, 1.25
30,000-49,999 0.67 0.43, 1.07 0.79 0.45, 1.37
50,000-74,999 0.37 0.23, 0.61 0.51 0.28, 0.92
>75,000 0.25 0.15, 0.40 0.49 0.29, 0.84
Age group, years
25-39 1.00 Referent 1.00 Referent
40-64 1.48 0.97, 2.25 0.58 0.39, 0.85
>65 217 1.35, 3.47 0.48 0.29, 0.79
Highest level of education
Less than high school 1.00 Referent 1.00 Referent
High school 0.71 0.43, 1.16 0.97 0.53, 1.78
Some college 0.47 0.28, 0.81 0.85 0.46, 1.58
Bachelor’s degree or higher 0.40 0.23, 0.71 0.51 0.26, 0.99
Race/ethnicity
Black non-Hispanic 1.00 Referent 1.00 Referent
Hispanic 0.89 0.47,1.68 1.67 0.80, 3.50
Other non-Hispanic 0.81 0.34, 1.92 1.71 0.73, 4.02
White non-Hispanic 1.00 0.59, 1.68 1.38 0.71, 2.68
Marital status
Not married 1.00 Referent 1.00 Referent
Married 0.65 0.45, 0.95 0.94 0.64, 1.38
Sex
Male 1.00 Referent 1.00 Referent
Female 0.80 0.58, 1.11 1.41 0.99, 2.01

Abbreviations: AIC, Akaike information criterion; Cl, confidence interval; OR, odds ratio.

a AIC =1,602.

® AIC = 1,457
low, and moderate insecurity categories held meaningful Associations between transportation insecurity and
qualitative distinctions, we retained these 3 categories health conditions
in our final TSI categorization. This led us to a final
categorization of the TSI that included 5 categories, as rec- Table 4 shows the predicted odds ratios for poor self-rated
ommended by the mixed-methods approach (illustrated in health and depressive symptoms for individuals experienc-
Table 3). ing transportation insecurity at marginal, low, moderate,
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and high levels compared with those who were not
transportation-insecure. Models showed that the continuous
TSI variable was associated with worse conditions for both
outcome variables (see Web Table 2). Results using the
categorical variable showed that modeling a linear asso-
ciation may be misleading. Results predicting poor health
revealed a threshold effect: All 4 categories of transportation
insecurity were associated with higher odds of being in poor
health, with similar magnitudes. The odds ratios ranged
between 1.94 (95% confidence interval (CI): 1.16, 3.24)
and 2.71 (95% CI: 1.33, 5.53)—differences that cannot be
distinguished from sampling variation. The results suggest a
step function where poor health is higher among people with
any amount of transportation insecurity than among those
with no transportation insecurity, but there are no differences
between people with different levels of transportation
insecurity.

The risk of depressive symptoms exhibited a nonlinear
dose-response relationship with severity of transportation
insecurity, with large variation in magnitudes across
categories of transportation insecurity. Compared with
transportation-secure individuals, the odds of experiencing
depressive symptoms were 12.22 (95% CI: 6.37, 23.45)
times higher among those with high transportation insecu-
rity, 3.19 (95% CI: 1.70, 5.97) times higher among those
with moderate insecurity, and 1.89 (95% CI: 0.99, 3.59)
times higher among those with low insecurity. Persons with
a marginal level of transportation insecurity were slightly
less likely to experience depressive symptoms, but the result
could not be distinguished from random sampling error
(odds ratio =0.71, 95% CI: 0.38, 1.32). These results reflect
a sharp, nonlinear change in the influence of transportation
insecurity on depressive symptoms.

DISCUSSION

We arrived at a 5S-category TSI measure based on 2 distinct
approaches: a mixed-methods approach and a quantitative
k-means clustering approach. The categorical TSI distin-
guishes persons who experience no insecurity/are secure
(sum scores ranging from 0 to 2), marginal insecurity (3—
5), low insecurity (6—10), moderate insecurity (11-16), and
high insecurity (17-32) from each other. These discrete cat-
egories distinguish qualitatively different degrees of trans-
portation insecurity and have implications for understanding
the relationship between transportation insecurity and health
conditions. Indeed, we show sizeable, nonlinear associations
between transportation insecurity and key health measures:
poor self-rated health and depressive symptoms.

As with the findings derived from any survey, ours are
dependent on a specific survey methodology and context,
and their robustness hinges on their replicability in future
studies. For example, although GfK takes care to provide
its online panel members with access to the Internet and
hardware if needed, future researchers might consider target-
ing hard-to-reach individuals, including those without Inter-
net access or those lacking technological literacy. Future
researchers might also try to replicate these findings using
other modes of survey administration, such as paper or
interview modes.

Am J Epidemiol. 2023;192(11):1854-1863

As discussed above, we expect that some degree of
“straightlining” may have occurred in responses. However,
we suspect that the number of respondents who straightlined
answers was empirically small in our sample. Further, our
multimethod approach allowed us to ward off potential
straightlining bias. Specifically, our approach enabled us
to observe that persons with scores of 16 were qualitatively
different from those with scores of 17, something the k-
means clustering method alone could not detect. Thus, to
the extent that straightlining occurred, we do not believe
this skewed our final categorization.

Finally, the practice of categorization is fundamentally
one of data reduction that, by definition, results in the loss
of information. However, that information is only useful
if the continuous distributions are linear in their parame-
ters to outcome variables of interest. We found that not
to be the case. The log odds of both self-rated health and
depressive symptoms were associated with categorical dif-
ferences in transportation insecurity. Yet these were only 2
health measures. As health scholars continue to investigate
the role that transportation plays as a social determinant
of health, the categorical TSI will be a useful tool for
exploring the association between categorical differences
in transportation insecurity and additional health condi-
tions, especially those that require a high level of manage-
ment. Such research may be especially timely given the
focus on equity in funding of federal infrastructure projects
in the current US administration—projects which include
investigations into interventions that reduce transportation
insecurity (36).
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