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Abstract
Background/Objective: To develop a latent behavioral model by identifying and confirming the factor
structure of health behaviors of people with spinal cord injury (SCI) and their relationships with biographic,
injury, and educational characteristics.

Research Design: Survey data were collected from 1,388 adults with traumatic SCI of at least 1 year
duration.

Main Outcome Measures: Selection of health behaviors was based on a bidimensional behavioral risk
model. Behaviors were measured by core item sets from the Behavioral Risk Factor Surveillance System and
supplemented by an alcohol screening measure, select fitness proxies, and the SCI Health Survey.

Results: Latent variable structural equation modeling was used to identify underlying factors and their
relationship with participant characteristics. Seven specific factors were identified by exploratory factor
analysis and were cross-validated using confirmatory factor analysis. They included: (a) healthy nutrition, (b)
unhealthy nutrition, (c) fitness, (d) smoking, (e) alcohol use, (f) psychotropic prescription medications, and
(g) SCI healthy activities. Two higher-order dimensions were also identified, including a risk dimension (b, d,
e) and a protective dimension (a, c, g). Participant characteristics were associated with the domains. For
instance, participants with the most severe injuries scored lower on smoking and alcohol but higher on
psychotropic medications; age was positively correlated with healthy nutrition and negatively correlated
with alcohol and tobacco use but also negatively correlated with fitness.

Conclusion: Behaviors can be meaningfully combined into underlying dimensions to more efficiently use
them as predictors of secondary conditions.
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INTRODUCTION
The onset of spinal cord injury (SCI) is associated with a
lifelong heightened risk of secondary conditions, such as
pressure ulcers (1) and urinary tract infections (2), and
diminished life expectancy (3). The increased susceptibil-
ity to health problems magnifies the importance of
vigilance in performing healthy behaviors and avoiding
risky behaviors. An almost limitless number of behaviors
could be investigated in relation to outcomes after
disabling conditions, including SCI. Selection of behaviors

for investigation should be guided by both theoretical or
empirical research models as well as those behaviors most
widely used in previous research among participants with
and without SCI. We have selected behaviors for this study
based on 2 empirical models and prominent behaviors in
both the general and SCI literature.

Krause (4) developed 2 empirical models in the
investigation of risk and protective factors for secondary
conditions after SCI. The first model is a general empirical
risk model that identifies a series of hypothetical links
between 5 levels of variables, including (a) biographic
and injury factors, (b) psychological and environmental
factors, (c) behavioral factors, (d) secondary conditions,
and (e) mortality. With the exception of variables on the
extreme ends of the model (a, e), each level in the model
is predicted by the previous level of variables and predicts
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the subsequent level of variables. For instance, according
to the model, health behaviors are both predicted by
psychological (eg, personality) and environmental (eg,
access to care) factors and are predictive of secondary
conditions (eg, pressure ulcers). The first level of the
model is used to predict all subsequent levels, often as
statistical controls; therefore, the relationship of these
variables with other variables in the model is important to
define. For the model to be fully elaborated, it is also
necessary for each level of the model to be defined by the
major dimensions that summarize its content. In this
study, we define the behavioral level of the model by
identifying its underlying dimensions and relating these
to the first set of variables (biographic and injury factors).

The second empirical model is the bidimensional
behavioral model, which solely defines the behavioral
domains in the larger general empirical risk model (4).
This model mandates that behaviors include those that
lead to an elevated risk of a secondary condition and
those that relate to a diminished risk of a secondary
condition. In public health models, these are referred to
as risk and protective factors. According to the bidimen-
sional behavioral model, risk and protective behaviors
should be relatively independent of each other (mini-
mally correlated). Analysis of behaviors should result in 2
independent risk and protective domains, each of which
may include several subdomains, such as distinctive
factors comprising multiple behaviors. The intersection
of 2 behavioral dimensions results in 4 independent
quadrants defined by the combination of the 2 dimen-
sions, including: (a) high risk/high protective, (b) high
risk/low protective, (c) low risk/high protective, (d) low
risk/low protective. Therefore, what differentiates the
bidimensional behavioral model from the general public
health model is the hypothesized relationship between
the dimensions and the implications for the combination
of risk and protective variables in predicting secondary
conditions. The public health model does not necessarily
assume any particular relationship between risk and
protective factors, such that behaviors could be plotted
on a single continuum, with protective behaviors on one
end of the continuum and risk behaviors on the other
(1.00 correlation).

Investigators have focused on many behaviors that
are of importance in the general population, as reflected
by their prominence in surveillance and prevention
activities by the Centers for Disease Control (CDC). For
example, researchers have reported the protective effects
of physical activity for individuals with SCI for preventing
cardiovascular disease (5–7), hyperlipidemia (8,9), adi-
posity (10,11), diabetes (12,13), metabolic syndrome
(14), depression (15), orthopedic abnormalities (16,17),
urinary tract disease (18), pressure sores (19), and poor
general health (20). Conversely, among individuals with
SCI, researchers have reported risks associated with
smoking (1,18,21,22), taking prescription medicine

(1,15), lack of physical activity (23–27), alcohol misuse
(28–30), and inadequate nutrition (31).

The identification of multiple types of risk and
protective behaviors is important, because not all risk
and protective behaviors will have an equally immediate
impact. Whereas some behaviors, such as alcohol abuse,
may produce an immediate elevated risk for secondary
complications such as subsequent injuries (32), other
behaviors (eg, tobacco use, poor nutrition) may have a
cumulative effect that increases over time (15,18). It is
also likely that a particular set of behaviors will be
associated with an increased risk for particular conditions
but not others. For example, excessive risk taking may
lead to an elevated risk for events that lead to a need for
hospitalization (32), but it may not be associated (or only
indirectly associated) with other health conditions.

Because persons with SCI have an increased likeli-
hood of developing secondary conditions, rehabilitation
training includes education on behaviors to promote
general health (33) as well as to avoid secondary
conditions (34). Health maintenance behaviors specific
to SCI include weight shifts to reduce pressure, daily skin
checks for redness or breakdown of skin, range-of-motion
exercises to preserve joint flexibility, muscle-strengthen-
ing exercises, drinking extra water, and checking urine
regularly for any abnormalities (34,35). Engaging in
health maintenance behaviors is intended to minimize
the risk of developing secondary impairments such as
pressure sores, loss of joint flexibility, spasticity, deep vein
thrombosis, pneumonia, and urinary tract infections (4).

SUMMARY AND PURPOSE
Most investigations of health behaviors after SCI focus on
a single variable or a small number of health variables. To
more fully utilize predictive models such as the bidimen-
sional model, it is first necessary to evaluate the extent to
which different behaviors represent similar content areas
or underlying factors, the relationship between factors,
and their relationship to basic individual characteristics.
Whereas individual risk and protective behaviors are
manifestly observable variables, model building requires
us to identify clusters of behaviors that may form
underlying latent dimensions representative of broader
constructs that are not tied to specific observations.
Latent variables represent general tendencies to perform
risk and protective behaviors.

The purpose of this study was to evaluate the
dimensionality of health behaviors among individuals
with SCI, the relationship between the underlying
dimensions, their fit with the bidimensional behavioral
model, and how they relate to individual characteristics
(biographic, injury, and educational). There are 4 related
objectives: (a) to establish an initial measurement model
using exploratory factor analysis (EFA), (b) to cross-
validate the measurement model using confirmatory
factor analysis (CFA), (c) to determine with CFA whether
the observed factors reflect higher-order risk and protec-
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tive dimensions, and (d) to develop a complete model by
identifying any associations of individual characteristics
(exogenous observable variables) with the behavioral
dimensions identified in the measurement model (latent
dimensions). No particular relationships are assumed
between biographic and injury factors and model
dimensions, but identification of their relationship is a
necessary step in building the general empirical model.

METHODS
After receiving approval from the Institutional Review
Board, participants were selected from outpatient records
of a large specialty hospital in the Southeastern United
States that has been designated as a model system of care
for SCI. Participants were selected from both system and
registry cases, as well as general outpatient records.
Participants had to meet 3 inclusion criteria: (a) traumatic
SCI, (b) 18 years of age or older, and (c) at least 1 year
postinjury. All those with disease-related–onset SCI were
eliminated, although the sample does include surgical
onset, consistent with Model SCI System guidelines. A
total of 1,388 participants returned usable materials (72%
response rate).

Cover letters were sent to participants 4 to 6 weeks
prior to the mailing of the questionnaires. A second set of
materials was sent to all nonrespondents, followed by a
phone call. A third mailing was initiated only to
nonrespondents who had verbally stated a willingness
to participate and who requested additional materials.
Participants were offered $20 to participate in the study
and were made eligible for drawings totaling $1,500.
When responses were incomplete because of substantial
amounts of missing data (related to either printing errors
or pages sticking together and thus being inadvertently
skipped), we contacted participants by phone or by mail
to elicit the missing information. However, we did not
attempt to obtain responses to individual items that were
left blank.

Measures
The 2 primary considerations in selecting the behavioral
domains included use of the bidimensional behavioral
model (ie, intersecting risk and protective dimensions)
and those most frequently reported in the literature.

The Behavioral Risk Factor Surveillance System
(BRFSS) (36) was used to measure the majority of content
domains. These included alcohol use, tobacco use, and
nutrition. Because no single measure is comprehensive
enough to cover all primary domains relevant to special
populations like SCI, we used additional measures,
including the CAGE (37), a 4-item alcohol screening
measure based on 4 symptoms (cutting back, people
angry, guilty feelings, eye opener), and the Spinal Cord
Injury Health Survey (32), which measures psychotropic
prescription medication use, proxy variables for fitness
activities, and SCI-specific health-maintenance behaviors
(eg, weight shifts, skin checks).

The BRFSS (36) is a standardized instrument used by
the CDC to monitor relevant basic health behaviors
within the general population and in specific regions of
the country. The survey addresses core issues, including
smoking, alcohol use, and nutrition. We used the BRFSS
to measure alcohol behaviors and smoking behaviors, as
well as nutritional indicators, which were modified for
survey data collection. We used 2 alcohol items: number
of days consuming alcohol in the last month, and
number of occasions in the past month consuming 5 or
more drinks (ie, binge drinking). Participants were asked
3 questions regarding tobacco use: (a) Have you ever
been a regular smoker? (b) How many cigarettes do you
currently smoke per day? and (c) Do you smoke in bed?
The nutritional indicators were supplemented with items
to identify risk elements not incorporated in the BRFSS
based on the recommendations of a CDC fitness
specialist. There were 11 items: drink juice; eat fruit,
salad, carrots, vegetables, breakfast, potatoes, fried
foods, red meat, or junk food; and add salt to food.
Participants were asked to report frequency of consump-
tion using a 5-point scale: (a) never, (b) less than once a
month, (c) less than once a week but at least once a
month, (d) at least once a week but not every day, and
(e) once a day or more.

The CAGE (37) is a widely used 4-question screening
tool, with yes/no dichotomous items, designed by
primary care physicians to detect alcoholism in the
general population. It was used as a proxy measure for
alcohol misuse behaviors. The tool asks the patient/
participant whether he/she has thought about cutting
down on drinking, felt annoyance at others’ concern
about their drinking, had guilty feelings about drinking, or
used alcohol as an ‘‘eye-opener’’ in the morning. It was
used in this study to triangulate the measurement of
alcohol use behaviors with a proxy measure of misuse.
Internal consistency of the CAGE is 0.80 over the lifetime
and 0.78 for the past 12 months. While Cherpitel (38)
reported excellent sensitivity (0.68–0.89) and specificity
(0.85–0.91) for the CAGE, Cooney et al (39) and Kinney
(40) noted that sensitivity generally ranged from 60% to
95% and specificity ranged from 40% to 95%. Inciardi (41)
noted, however, that two ‘‘yes’’ answers will correctly
identify 75% of individuals with alcohol dependence and
accurately eliminate 96% of people without alcohol
misuse problems; thus the 2-question cutoff has been
recommended. Reliability information has not been
reported (42). Hays et al (43) investigated internal
consistency and reported a Cronbach alpha of 0.69.

The Spinal Cord Injury Health Survey (32) was
developed to measure relevant behavioral and secondary
condition domains after SCI. The behavioral items
surveyed were prescription medication use, exercise
and healthy lifestyle, and SCI-specific health-promotion
behaviors. Prescription medication usage was measured
to identify how frequently participants used prescription
medications that might have psychotropic effects.
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Participants were asked how frequently they used
medications for pain, spasticity, depression, and sleep
(all frequently prescribed after SCI). Each item had 4
response categories: never, sometimes, weekly, and
daily. Four health items were used to measure exercise
and healthy lifestyle, the first 2 of which (overall lifestyle
and overall fitness as a proxy for healthy behaviors) were
measured on a 5-point, self-report scale consistent with
the format of the self-reported general health items from
the BRFSS (ie, poor, fair, good, very good, excellent).
Two exercise items followed somewhat different formats.
The amount of exercise was compared to others with
similar SCI using a 5-point rating scale (much less, less,
about the same, more, much more), and the second
asked about the frequency of planned exercise grouped
into 6 categories (rarely, once per month, 2 to 3 times
per month, 1 to 2 times per week, 3 to 4 times per week,
and 5 or more times per week). Finally, a set of items
asked participants how frequently they performed certain
behaviors in an effort to maintain their health. These
items included skin checks, weight shifts, drinking extra
water, turning in bed, range-of-motion exercises, bath-
ing, or checking urine. Participants were presented with 4
response choices for each item, depending on how
frequently they did the activity: (a) never; (b) some-
times—only when a problem is starting; (c) regularly—to
prevent problems, but not every day; or (d) daily—1 or
more times every day to prevent problems.

At present, although the behaviors were grouped
into domains on an a priori basis, they do not represent
homogeneous content and have not been converted into
summative scales. By identifying and confirming the
underlying factor structure, we can identify the latent
dimensions that will serve as the building blocks for the
development of summative scales.

Analyses
Mplus, specialized software for a wide range of structural
equation models, was used to analyze the data (44). The
program offers a diverse selection of models, estimators,
and algorithms and has explicit features for missing data,
complex survey data, and multilevel data. Our ability to
estimate missing data was particularly important, be-
cause it allowed us to keep the maximum number of
participants using sophisticated imputation of missing
values. Mplus has special features for performing factor
analysis on items that are in different metrics, such as a
combination of dichotomous, multiple-category, and
continuous variables. We used the Mplus categorical
option that allows for skewness and kurtosis (44), since
the ability to analyze variables in different metrics was
central to development of our measurement model.

We used a combination of EFA and CFA consistent
with the procedures outlined for health status measures
by de Vet and colleagues (45). We also evaluated higher-
order dimensions after the preliminary analyses. There
were 4 stages in this process.

Stage 1. Prior to the first stage of analysis, the sample
was randomly split into 2 groups of approximately equal
sizes. EFA using a weighted least-square parameter
estimate was used to initially evaluate the factor
structure of the behavioral variables (46). Chi-square
and root mean square error of approximation (RMSEA)
were used to evaluate the fit of the model with varying
numbers of factors. RMSEA is a function of N, the chi-
square, and the degrees of freedom; it is determined by
the discrepancy per degrees of freedom and corrects for
model complexity. RMSEA of less than .05 represents an
excellent fit (47). The chi-square statistic measures
deviation from a perfect fit. In reality, it will always be
significant, as no model will represent a perfect fit, and
the statistic will be inflated with larger sample sizes, such
as that used in this study. Factor rotation was carried out
on these common factors using a Promax approach
(Varimax followed by Procrustean targets) so the
resultant factors could have a simple structure and be
correlated (48). The solution with the lowest RMSEA that
maintains a minimum of 3 items of loading for each
factor was used. A minimum of 3 items is necessary to
produce stable factors that can be evaluated for their
internal consistency.

Stage 2. Techniques in CFA with rigid constraints
(defined by the EFA) were then used to cross-validate the
factor structure using the second half of the sample (ie,
no overlapping cases). In contrast to the EFA, which has
no preset number of factors or pattern of loadings, with
CFA, the number of factors and the items that load with
each factor are specified a priori.

Stage 3. Higher-order factors were also produced
from confirmatory procedures that grouped factors into
risk and protective behavioral dimensions. This would
allow us to determine whether the bidimensional
behavioral model appeared to be a reasonable fit to the
data. This was done with the full sample.

Stage 4. The final step was to develop the full
structural model linking the latent variables to the
measurement model. It uses the full participant sample.
In the structural model presented here, the following
biographic, injury, and educational variables were used:
(a) gender, (b) race, (c) age, (d) injury severity, and (e)
years of education. Table 1 summarizes the weights for
these variables. The reference groups for gender and race
were male and white (all nonwhites were grouped
together). There were 4 groups for injury severity; these
were based on a combination of injury level and
ambulatory status. The ambulatory group served as the
reference group and included all ambulatory participants,
regardless of neurological level of injury. The other 3
nonambulatory groups were broken down according to
level of injury as follows: C1-C4, C5-C8, or noncervical.
Therefore, from most to least severe, injury severity was
broken down into the 4 following groups: (a) C1-C4,
nonambulatory; (b) C5-C8, nonambulatory; (c)
noncervical, nonambulatory; and (d) ambulatory, all
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levels. This scheme is based upon a widely used
convention that has been applied to employment (49)
and mortality (50). Age and years of education are
continuous variables. No specific relationships are
hypothesized between these variables and the factors
that were identified in the measurement model.

The structural equation model (SEM) approach used
here allows for correlation of exogenous (observable)
variables (eg, age, injury severity, years of education)
with the endogenous factors defined from the
measurement model (ie, the confirmed factors). Use of
factor analysis reduces the number of variables by
defining dimensions of combinations of behavioral
variables (ie, the measurement model). This addresses
collinearity between behaviors by combining multiple
indicators into a single dimension using unique
information from each variable to the factor. The use of
SEM also preserves degrees of freedom, making for a
more powerful analysis. Because the observable data are
used to identify a latent dimension, the newly defined
latent dimension, in theory, is not restricted to the
behaviors assessed in any given study. Therefore, similar
predictors measuring the same latent variable may be
introduced in lieu of those reported in a given study,

although the new variables must still be validated with
empirical data. Finally, SEM minimizes problems related
to missing data by virtue of computing estimated values
from available data using far more sophisticated
techniques than simple mean replacement.

RESULTS
Participants
Seventy-four percent of the sample was male, and 74.8%
was white, with another 22.2% African-American. Cervi-
cal injuries were reported by 54.2% of the participants.
The primary etiology was motor vehicle crashes (51%),
followed by falls or flying objects (17.2%), acts of violence
(12.7%), and sporting events (11.9%). Just over 21% of
participants retained some ability to walk. Participants
were an average of 31.8 years of age at the time of injury
and 41.6 years of age at the time of the study (an average
of just under 10 years had passed since SCI onset). The
average duration of education was 13.1 years.

Missing Data
Overall, 1,075 participants (77.3%) reported complete
data on all items. The average portion of missing
observations was approximately 1 of every 50 items
skipped (2.04%). We used a full-information estimation
algorithm in which all available information on all cases is
used under typical assumptions of informative missing
data (44,51). In essence, this means that each missing
value was estimated for a participant using all available
information from other variables that would predict the
missing value for that particular individual. Although
highly complex, such imputation is more accurate for
predicting an individual’s missing values than using more
general procedures such as mean replacement.

Exploratory Factor Analysis
Table 2 presents a summary of the EFA, detailing the
number of factors, RMSEA, the chi-square statistic, and
the number of factors with fewer than 3 items. Table 2

Table 1. Biographic and Injury Variables That Comprise the Latent Model

Variable Type Intercept/Weights Units/Origin Variable

Age Continuous Intercept ¼ 30 Units ¼ 10
Gender Categorical Weight ¼ �0.5 Gender ¼ male (ref group)

Weight ¼ 0.5 Gender ¼ female
Race Categorical Weight ¼ �0.5 Race ¼ white (ref group)

Weight ¼ 0.5 Race ¼ not white
Injury severity Ambulatory (ref group)

Dummy 1 Categorical Weight ¼ 1 Injury severity ¼ C1-C4
Weight ¼ 0 Injury severity 6¼ C1-C4

Dummy 2 Categorical Weight ¼ 1 Injury severity ¼ C5-C8
Weight ¼ 0 Injury severity 6¼ C5-C8

Dummy 3 Categorical Weight ¼ 1 Injury severity ¼ noncervical
Weight ¼ 0 Injury severity 6¼ noncervical

Years of education Continuous Intercept ¼ 12 Units ¼ 1

Table 2. Exploratory Factor Analysis: Number of Factors,
RMSEA, Chi-Square Statistic, and Number of Factors With
, 3 Items

No. of
Factors RMSEA Chi-Square

No. of Factors
, 3 Items

1 0.104 Chi (464) ¼ 3,966.4 0
2 0.095 Chi (433) ¼ 3,169.2 0
3 0.086 Chi (403) ¼ 2,498.7 0
4 0.074 Chi (374) ¼ 1,826.7 0
5 0.060 Chi (346) ¼ 1,225.1 0
6 0.043 Chi (319) ¼ 730.7 0
7 0.036 Chi (293) ¼ 561.3 0
8 0.031 Chi (268) ¼ 444.1 1
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summarizes comparisons with up to 8 factors, as the
solution with 8 factors was the first to produce a factor
with fewer than 3 items. Therefore, the solution with 7
factors was retained, as it had the lowest RMSEA (0.036)
(chi [293, n¼700]¼561.3, P , 0.001) of the 7 solutions
with no factor of fewer than 3 items. This is the solution
that is used throughout the remainder of the manuscript.

Table 3 is a summary of the factor loadings for the
EFA using the first half of the random sample. There are
no hard and fast rules regarding the size of the factor
loading needed to be included with the factor. We used
the more liberal 0.35 in the preliminary EFA, provided
that the item did not also load heavily with another
factor. The analysis resulted in identification of 7
dimensions.

Confirmatory Factor Analysis
Based on the pattern of loadings, 7 factors were created
for the CFA. They included prescription medication use
(pain, spasticity, sleep, depression); alcohol use (days
consuming alcohol, binge drinking, CAGE score); healthy

nutrition (drink juices, eat fruit, eat salad, eat carrots, eat
vegetables, eat breakfast); unhealthy nutrition (eat fried
foods, eat red meat, eat junk food, add salt to food);
smoking (smoke regularly, smoke in bed, number of
cigarettes per day); fitness (lifestyle, fitness, exercise
compared to others with SCI, planned exercise); and
SCI healthy activities (skin checks, weight shifts, drink
extra water, turn in bed, check urine). Table 4 is a
summary of the subsequent restricted confirmatory
solution with 7 factors. The RMSEA was 0.049 (chi
[140, n ¼ 688] ¼ 372.7, P , 0.001), indicating an
excellent fit (47). All items from the EFA were retained
except for eating breakfast, which was dropped since its
loading was only . 0.3 during the CFA.

The alpha coefficients for the 7 dimensions ranged
from a low of 0.58 for alcohol misuse to a high of 0.71 for
healthy nutrition, with an average of 0.66. In general,
higher coefficients were observed for protective dimen-
sions (eg, SCI behaviors¼ 0.70, fitness¼ 0.68) and lower
coefficients for risk dimensions (unhealthy nutrition ¼
0.62, smoking ¼ 0.64, prescription medication use ¼

Table 3. Promax Rotated Loadings for Health Behaviors from Exploratory Factor Analysis of Split Sample

1 2 3 4 5 6 7

Lifestyle (0.58) 0.11 0.16 –0.01 0.00 0.07 0.06
Fitness (0.79) 0.00 0.11 –0.03 –0.06 0.01 –0.01
Exercise compared to others with SCI (0.76) –0.06 –0.07 –0.10 –0.01 –0.05 –0.02
Planned exercise (0.44) –0.03 –0.08 0.01 0.15 0.02 0.00
How often drink juices 0.00 –0.05 0.05 0.04 (0.53) 0.00 0.03
How often eat fruit –0.03 0.04 0.00 –0.03 (0.70) 0.09 0.03
How often eat salad 0.04 –0.03 0.00 –0.09 (0.64) 0.00 –0.09
How often eat carrots 0.05 0.00 0.01 –0.03 (0.61) 0.03 0.01
How often eat vegetables –0.11 0.00 0.06 0.04 (0.63) –0.05 –0.09
How often eat breakfast –0.07 0.06 –0.01 0.00 (0.35) 0.05 0.09
How often eat potatoes 0.00 –0.01 –0.07 0.01 0.31 –0.28 0.01
How often eat fried food –0.03 0.01 0.08 0.06 –0.09 (�0.77) 0.05
How often eat red meat –0.03 0.02 0.02 –0.05 0.06 (�0.60) 0.03
How often eat junk food 0.07 0.02 0.00 –0.06 –0.03 (�0.57) 0.07
How often add salt to food 0.02 –0.04 –0.04 0.05 0.03 (�0.41) –0.08
Ever been a regular smoker –0.04 –0.02 0.07 –0.02 0.14 0.18 (�0.98)
Number of cigarettes per day 0.09 0.01 –0.04 –0.02 –0.06 –0.11 (�0.74)
Smoke in bed –0.01 0.03 –0.01 0.03 –0.16 –0.08 (�0.81)
Alcohol 0.05 (�0.77) 0.00 –0.08 0.09 0.01 0.07
5 drinks or more –0.03 (�0.78) 0.02 0.09 –0.03 0.01 –0.03
CAGE score 0.01 (�0.60) –0.05 0.01 –0.10 0.00 –0.05
Spasm medications 0.00 0.12 (�0.35) 0.18 0.05 –0.04 –0.08
Pain medications 0.03 0.01 (�0.74) –0.12 –0.05 0.06 0.02
Sleep medications –0.04 –0.02 (�0.71) –0.03 –0.03 0.03 0.04
Depression medications –0.14 –0.01 (�0.48) 0.03 0.03 0.03 0.03
Skin checks –0.13 –0.01 0.05 (0.77) –0.07 –0.05 0.03
Weight shift –0.04 –0.04 0.11 (0.74) –0.01 –0.04 –0.02
Drink extra water 0.04 0.04 0.02 (0.54) –0.02 0.05 0.01
Turn in bed 0.11 –0.06 0.00 (0.36) 0.11 0.00 0.07
Range of motion 0.18 –0.04 –0.08 0.27 0.09 0.00 0.00
Bathe 0.19 0.07 –0.08 0.23 –0.01 0.03 0.01
Check urine –0.02 0.01 –0.07 (0.58) –0.01 0.05 –0.01
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0.67). Because the dimensions represent behaviors, as
opposed to self-reported ratings (eg, satisfaction, atti-
tudes), somewhat lower coefficients may be expected.

Higher-Order Dimensions
To test for the presence of higher-order dimensions, we
added protective and risk dimensions to the CFA on the
full participant sample. Four factors were included in the
risk dimension on an a priori basis: smoking, alcohol,
prescription medication use, and unhealthy nutrition.

The remaining 3 factors were included in the protective
dimensions: healthy nutrition, fitness, and SCI-specific
behaviors. RMSEA for the CFA with the addition of
analysis of higher-order dimensions was 0.057 (chi [139,
n¼ 1,388]¼ 761.1, P , 0.001). Table 5 summarizes the
results. Correlation of the 3 factors with the protective
dimension ranged from 0.40 to 0.77, with an average
coefficient of 0.54. On the risk dimension, the correla-
tions were lower, ranging from 0.06 to 0.65, as the
prescription medication use factor clearly did not fit the
dimension. The average correlation of the other 3 factors
was 0.45. The correlation between the risk and protective
dimensions was �0.55.

Latent Variable Structural Path Model
Table 6 is a summary of the full latent path model,
including the items with the factors and the relationship
between the demographic, injury, and educational
factors and each of the observed factors (chi [248, n ¼
1,374] ¼ 1,135.2, P , 0.001; RMSEA ¼ 0.051). Table 7
summarizes the correlations between the factors, which
ranged from �0.23 to 0.37. Figure 1 graphically depicts
the primary information summarized in Table 6. Howev-
er, because of the number of significant relationships
between the exogenous variables (eg, age, injury
severity) and endogenous variables (ie, the latent
dimensions), only those significant at P , 0.001 are
summarized in the figure.

Injury Factors
Injury severity was significantly related to 5 behavioral
domains. The participants with cervical injury (C1-C4)
(nonambulatory) were significantly different from the
ambulatory participants, with 1 exception. They were

Table 4. Confirmatory Factor Analysis from Split Sample

Estimatesa SEb Est/Ec StdYXd

Prescription medications
Spasms 1.00 0.00 0.00 0.49
Pain 1.24 0.34 3.64 0.72
Sleep 1.01 0.27 3.72 0.64
Depression 1.01 0.29 3.47 0.61

Alcohol
Alcohol 1.00 0.00 0.00 0.69
5 drinks or more 0.59 0.05 11.88 0.80
CAGE score 0.12 0.01 11.94 0.70

Healthy nutrition
Drink juices 1.00 0.00 0.00 0.49
Eat fruit 1.12 0.13 8.38 0.67
Eat salad 0.95 0.13 7.35 0.61
Eat carrots 1.12 0.15 7.30 0.64
Eat vegetables 0.72 0.10 6.99 0.54
Eat breakfast 0.50 0.10 4.87 0.24

Unhealthy nutrition
Eat fried food 1.00 0.00 0.00 0.66
Eat red meat 0.61 0.10 6.03 0.37
Eat junk food 1.25 0.19 6.67 0.71
Add salt to food 0.99 0.20 4.97 0.43

Smoking
Smoke regularly 1.00 0.00 0.00 0.81
Smoke in bed 1.18 0.12 10.06 0.95
Number of cigarettes

per day
1.08 0.12 8.80 0.81

Fitness
Lifestyle 1.00 0.00 0.00 0.64
Fitness 1.09 0.09 11.66 0.70
Exercise compared to

others with SCI
1.18 0.12 10.17 0.71

Planned exercise 1.98 0.31 6.36 0.62
SCI healthy activities

Skin checks 1.00 0.00 0.00 0.55
Weight shift 1.27 0.18 7.19 0.60
Drink extra water 1.00 0.16 6.38 0.53
Turn in bed 1.03 0.16 6.52 0.52
Check urine 0.86 0.11 7.59 0.51

a Model estimated value for each parameter.
b Standard errors of the parameter estimates.
c Value of the parameter estimate divided by the standard error
(t value).
d Uses the variances of the continuous latent variables and of
the background and outcome variables for standardization
(standardized regression coefficient).

Table 5. Higher-Order Dimensions

Estimatesa SEb Est/SEc StdYXd

Risk dimension
Prescription medications 1.00 0.00 0.00 0.06
Alcohol 49.82 43.17 1.15 0.36
Unhealthy nutrition 7.71 6.65 1.16 0.35
Smoking 14.54 12.32 1.18 0.65

Protective dimension
Healthy nutrition 1.00 0.00 0.00 0.77
Fitness 0.51 0.09 5.65 0.44
SCI healthy activities 0.36 0.07 5.41 0.40

Risk with protective
dimension

–0.55 0.07 –8.36 –0.55

a Model estimated value for each parameter.
b Standard errors of the parameter estimates.
c Value of the parameter estimate divided by the standard error
(t value).
d Uses the variances of the continuous latent variables and of
the background and outcome variables for standardization
(standardized regression coefficient).
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more likely than ambulatory participants to report higher
levels of prescription medication use but reported lower
scores for alcohol use, smoking, and fitness. The
exception to the pattern was for SCI healthy activities,
where each of the 3 nonambulatory groups scored
significantly higher than those who were ambulatory
(some of these behaviors, such as weight shifts, are not
relevant to ambulatory). No other comparisons were
significant.

Biographic Characteristics
Each of the 3 biographic variables was significantly
related to at least 2 of the behavioral domains. Women
were more likely than men to report higher levels of
prescription medication use but were less likely to report
alcohol use, smoking, or unhealthy nutrition. They were
not significantly different from men with regard to either
healthy nutrition or fitness.

Minority participants were less likely to report
prescription medication use and less likely to report
unhealthy nutritional behaviors. They were no different

Table 6. Full Latent Model: Association of Exogenous
and Endogenous Variables (Latent Portion of the Model)

Estimatesa SEb Est/SEc StdYXd

Prescription medications
Years of education –0.04 0.01 –4.13þþþ –0.17
Gender (female) 0.27 0.06 4.33þþþ 0.18
Race (minority) –0.19 0.06 –2.96þþ –0.12
Nonambulatory

(C1-C4)
0.24 0.08 2.88þþ 0.12

Nonambulatory
(C5-C8)

0.08 0.06 1.22 0.05

Nonambulatory
(noncervical)

–0.08 0.06 –1.31 –0.05

Age 0.09 0.02 4.34þþþ 0.19
Alcohol

Years of education 0.09 0.06 1.59 0.05
Gender (female) –2.09 0.48 –4.37þþþ –0.18
Race (minority) 0.24 0.37 0.64 0.02
Nonambulatory

(C1-C4)
–2.22 0.70 –3.17þþ –0.15

Nonambulatory
(C5-C8)

–0.75 0.44 –1.68 –0.07

Nonambulatory
(noncervical)

0.14 0.41 0.35 0.01

Age –0.34 0.14 –2.44þ –0.09
Healthy nutrition

Years of education 0.08 0.01 8.21þþþ 0.30
Gender (female) 0.03 0.05 0.67 0.02
Race (minority) –0.04 0.05 –0.81 –0.02
Nonambulatory

(C1-C4)
–0.04 0.07 –0.57 –0.02

Nonambulatory
(C5-C8)

0.02 0.06 0.30 0.01

Nonambulatory
(noncervical)

–0.03 0.06 –0.46 –0.02

Age 0.12 0.02 6.73þþþ 0.22
Unhealthy nutrition

Years of education –0.03 0.01 –4.07þþþ –0.12
Gender (female) –0.25 0.05 –4.94þþþ –0.16
Race (minority) –0.25 0.05 –5.01þþþ –0.16
Nonambulatory

(C1-C4)
–0.13 0.07 –1.77 –0.06

Nonambulatory
(C5-C8)

–0.07 0.06 –1.20 –0.05

Nonambulatory
(noncervical)

0.03 0.06 0.45 0.02

Age –0.14 0.02 –8.49þþþ –0.28
Smoking

Years of education –0.09 0.01 –8.45þþþ –0.29
Gender (female) –0.26 0.07 –3.93þþþ –0.13
Race (minority) –0.22 0.07 –3.19þþ –0.11
Nonambulatory

(C1-C4)
–0.26 0.10 –2.71þþ –0.10

Nonambulatory
(C5-C8)

–0.01 0.07 –0.12 –0.01

Nonambulatory
(noncervical)

0.09 0.07 1.26 0.05

Age –0.01 0.02 –0.29 –0.01
Fitness

Years of education 0.04 0.01 6.00þþþ 0.20

Table 6. Continued

Estimatesa SEb Est/SEc StdYXd

Gender (female) –0.08 0.04 –1.88 –0.06
Race (minority) –0.03 0.04 –0.69 –0.02
Nonambulatory

(C1-C4)
–0.17 0.06 –2.74þþ –0.09

Nonambulatory
(C5-C8)

–0.03 0.05 –0.53 –0.02

Nonambulatory
(noncervical)

–0.05 0.05 –0.99 –0.04

Age –0.09 0.01 –6.28þþþ –0.20
SCI healthy activities

Years of education –0.01 0.01 –0.97 –0.03
Gender (female) –0.02 0.04 –0.56 –0.02
Race (minority) 0.11 0.04 2.49þ 0.08
Nonambulatory

(C1-C4)
0.79 0.08 10.38þþþ 0.43

Nonambulatory
(C5-C8)

0.68 0.06 11.68þþþ 0.51

Nonambulatory
(noncervical)

0.53 0.05 10.37þþþ 0.41

Age 0.07 0.01 5.67þþþ 0.17

a Model estimated value for each parameter.
b Standard errors of the parameter estimates.
c Value of the parameter estimate divided by the standard error
(t value). Values . 1.96 are statistically significant at þP , 0.05,
. 2.58 are significant at þþP , 0.01, and . 3.29 are significant
at þþþ P , 0.001.
d Uses the variances of the continuous latent variables and of
the background and outcome variables for standardization
(standardized regression coefficient).
Note: Each of the injury severity categories, (C1-C4, C5-C8, and
noncervical) were compared against a fourth category of all
ambulatory cases.
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from white participants in alcohol use or smoking
domains; nor were they significantly different on either
healthy nutrition or fitness. They were more likely to
report SCI healthy activities.

Chronologic age was significantly related to each of
the behavioral domains. The older the participants, the
less likely they were to report alcohol use, smoking, or
unhealthy nutritional habits. They were also less likely to
report fitness behaviors. Older participants were more
likely to report healthy nutritional practices, SCI healthy
activities, and prescription medication use.

Education
Duration of education was significantly related to all of
the behavioral domains, except for alcohol use and SCI
healthy activities. Those with more education were more
likely to report healthy nutritional patterns and fitness.

Higher education levels were negatively correlated with
prescription medication use, unhealthy nutritional pat-
terns, and smoking.

DISCUSSION
The purpose of this study was to identify and confirm the
underlying dimensions of health behaviors and develop a
latent model of their relationships to biographic, injury,
and educational characteristics. The unique contributions
of this study include the diversity of the health behaviors
under investigation, the size of the participant sample,
and the use of SEM to develop, test, and validate the
latent model. The combination of these factors allowed
us to perform the analyses required to identify the
underlying dimensions, account for multicollinearity
between predictors, and successfully compensate for
missing data.

Table 7. Correlation Coefficients Between Factor Scores

Prescription
Medications Alcohol

Healthy
Nutrition

Unhealthy
Nutrition Smoking Fitness

Alcohol –0.03
Healthy nutrition 0.01 –0.10b

Unhealthy nutrition 0.04 0.07 –0.08a

Smoking 0.12b 0.26c –0.21c 0.10a

Fitness –0.23c –0.02 0.37c –0.16c –0.15c

SCI healthy activities 0.22c –0.20c 0.33c –0.12b –0.07 0.20c

a P , 0.05; b P , 0.01; c P , 0.001.

Figure 1. Graphic depiction of the full latent path model, including the items with the factors and the relationship between
the biographic, injury, and educational factors with each of the observed factors. Note: Only correlations significant at P ,

0.001 are shown. A solid line indicates a positive correlation, and a dashed line indicates a negative correlation.
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These findings suggest that there is merit in
identifying and differentiating behavioral domains, as
behavioral factors were clearly identified. There was a
great deal of consistency between the exploratory and
confirmatory analyses, with the minor exception of 1
item dropping out during the CFA. The fit of the model
was exceptional. Taken together, this suggests that the
modeling was successful in identifying 7 relatively
independent domains (since no correlations exceeded
0.37), and these resulting factor scales may now be used
as predictor variables for health outcomes and future
research.

Our success in identifying higher-order dimensions
was more modest. Two clear dimensions were identified
that were correlated just less than 0.60. This indicates
they are not fully orthogonal. This is not particularly
problematic, because they will not be used as a basis for
prediction (the 7 domains with more narrowly defined
content will be better in this respect). There was
ambiguity regarding the extent to which the use of
psychotropic prescription medications represented a risk
dimension, and this will need to be clarified in future
research.

Multiple biographic, injury, and educational factors
were related to the behavioral factors. Typically, general
biographic and injury characteristics are not highly
correlated with outcomes, and the relationships observed
in the current study with health behaviors, although
statistically significant, were of modest strength. Howev-
er, the pattern of relationships that emerged was quite
interesting and informative.

Implications
There are several important implications of this study.
First, there were variations in patterns of behaviors related
to individual characteristics, suggesting that interventions
and prevention strategies to increase protective behaviors
and decrease risk behaviors can be targeted to the
individuals at highest risk for a particular domain. For
instance, with regard to prescription medication use,
those with high cervical injuries, women, and older
participants were particularly likely to report higher use.

Similarly, the findings that minority participants
engaged less frequently in 2 key risk behaviors—
prescription medication use and poor nutritional prac-
tices—suggest that other factors account for observed
health disparities among minority participants. The lower
levels of prescription medication use may be related to
the affordability of the medications. The majority of
effects were not particularly large, but they were
consistent. Of course, until the protective and risk
behaviors are linked to specific patterns of secondary
conditions, we can only speculate as to how changing
these behaviors would change the likelihood of second-
ary conditions developing.

Second, patterns of risk and protective behaviors
must be monitored closely with variations in injury

severity, as it appears that individuals with the most
severe high cervical injuries are more likely to use
prescription medications but less likely to use alcohol or
tobacco. This may represent an intentional attempt to
limit alcohol use that may have dangerous interactions
with prescription medication. Prescription medication
use should be closely monitored among those with
cervical injuries.

Third, in general, women reported lower scores on
the risk dimensions (alcohol use, tobacco use, unhealthy
nutritional practices), with the exception of prescription
medication use. Prescription medication use has previ-
ously been linked to a greater risk of injuries (32), so
clearly there are instances when it represents a risk
domain, but it may not represent a risk domain in all
cases. Women were no more likely to perform positive
protective behaviors, such as fitness or healthy nutri-
tional practices. This suggests that interventions target-
ed toward risk behaviors, with the exception of
prescription medication use, may best be targeted
toward men.

Fourth, there appear to be greater variations in the
risk domains, rather than the protective domains, as a
function of the characteristics under investigation.
Certainly, attention needs to be focused on both a
reduction in risk behavioral domains and an increase in
protective domains. It may be that, currently, less
attention is focused on the latter during inpatient
rehabilitation and at follow-up, at least in terms of diet
and exercise. This would not be surprising since a medical
model is still largely followed in rehabilitation, rather than
the more preventative public health–type model.

Fifth, because we are identifying latent domains,
behavioral domains are not as closely tied to observables,
particularly individual behaviors. Rather, the observable
variables (ie, individual behaviors) were used to identify
the underlying dimensions that, in theory, would
encompass other behaviors falling within the latent
domain (not just those used in the current study).
Therefore, additional behaviors may be introduced into
these domains or serve as alternatives (eg, other types of
foods that would fall within 1 of the 2 nutritional
domains).

Limitations
There were several noteworthy limitations to the study.
First, although they were objectively verifiable, all data
were self-reported. We did not anticipate wide variations
in self-reported and actual behaviors for items not
generally considered to be sensitive or highly personal
(eg, diet), but there could be underreporting of more
sensitive items (eg, smoking and alcohol use). The reason
for focusing on prescription medication use, rather than
the use of illicit drugs, was specifically to avoid this
problem. Although not exempt from these concerns,
tobacco and alcohol use are frequently used in assess-
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ments, such that any underreporting is likely to be
limited.

Second, all data were cross-sectional and correlation-
al. Longitudinal data would greatly facilitate our under-
standing of the behavioral factors, behavioral changes,
and the relationship of each to the characteristics under
study (52). The use of correlational data precludes causal
interpretations, so the observed relationships between
the exogenous and endogenous variables can only be
interpreted as associations.

Third, although we assessed multiple behavioral
domains, other domains could be identified (this is a
question for future research). It would also be possible to
identify additional items within the domains identified. In
fact, refining the measurement of each dimension and
identifying and developing measurement models for
additional dimensions will be central to the value of
research on health behaviors and secondary conditions
after SCI and other disabling conditions.

Fourth, the current study represents only the
beginning of the development of a full latent model
and testing of empirical models relating to secondary
health conditions. Identifying the behavioral domains
and individual factors associated with these domains is a
worthy first step in this process. However, it is simply
that—the first step. Additional research will be required
to determine the interrelationships of the health
behavior domains and secondary health conditions and
mortality.

Future Research
This is only the first stage in a program of research with
the ultimate goal of a design of behavioral interventions
to prevent secondary conditions. Although this study
establishes a necessary foundation for understanding the
interrelationships between health behaviors and their
association with individual characteristics, a much larger
question relates to the relationships of behavioral
domains and secondary conditions. It is necessary to
continue to build or operationalize the risk model relating
health behaviors to secondary conditions and mortality,
including precursors of health behaviors. Linking person-
ality and other psychological factors, as well as environ-
mental precursors to the propensity to perform health
behaviors, will help to interpret the circumstances under
which the behaviors are performed and which prevention
strategies could be implemented. Identifying the rela-
tionship between the health behaviors and specific
secondary conditions will similarly help to target inter-
ventions to the behaviors that are most detrimental to
well-being. Longitudinal research will then be needed to
identify the relationship between health behaviors and
future secondary health conditions.

Additional research may also clarify the differences in
behaviors, such as prescription medication use, as a
function of biographic characteristics. This research
should consider issues of medication compliance, as well

as potential misuse, because there is the potential to
abuse prescription medications that are used to treat
pain, spasticity, depression, and sleep.

Finally, we need to use information from this and
future studies for the development of interventions to
promote healthy behaviors and discourage risk behaviors.
Targeting those individuals at high risk for each domain
based on the current study findings will assist in this
endeavor.

It is only through continued research efforts that we
will understand who is at greatest risk for secondary
health conditions, the behaviors that place them at risk
for these conditions, and strategies that may successfully
prevent these conditions.
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