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ABSTRACT. Whiteneck G, Meade MA, Dijkers M, Tate
G, Bushnik T, Forchheimer MB. Environmental factors and

heir role in participation and life satisfaction after spinal cord
njury. Arch Phys Med Rehabil 2004;85:1793-803.

Objectives: To investigate environmental barriers reported
y people with spinal cord injury (SCI), and to determine the
elative impact of environmental barriers compared with de-
ographic and injury characteristics and activity limitations in

redicting variation in participation and life satisfaction.
Design: Cross-sectional, follow-up survey.
Setting: Individuals rehabilitated at 16 federally designated
odel Spinal Cord Injury Systems of care, now living in the

ommunity.
Participants: People with SCI (N�2726) who completed

outine follow-up research interviews between 2000 and 2002.
Interventions: Not applicable.
Main Outcome Measures: The Craig Hospital Inventory of

nvironmental Factors–Short Form (CHIEF-SF), the Craig
andicap Assessment and Reporting Technique–Short Form,

nd the Satisfaction With Life Scale.
Results: The top 5 environmental barriers reported by sub-

ects with SCI, in descending order of importance, were the
atural environment, transportation, need for help in the home,
vailability of health care, and governmental policies. The
HIEF-SF subscales accounted for only 4% or less of the
ariation in participation; they accounted for 10% of the vari-
tion in life satisfaction.

Conclusions: The inclusion of environmental factors in
odels of disability was supported, but were found to be more

trongly related to life satisfaction than to societal participa-
ion.

Key Words: Environment; Outcome assessment (health
are); Rehabilitation; Spinal cord injuries.

© 2004 by the American Congress of Rehabilitation Medi-
ine and the American Academy of Physical Medicine and
ehabilitation

HE SEVERITY OF A spinal cord injury (SCI) is not the
best predictor of most long-term outcomes. Researchers

ave found that while the level and extent of neurologic pres-
rvation does predict independence in activities of daily living
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ADLs),1,2 certain medical complications,3,4 and mortality,5
hey do not strongly predict such postinjury outcomes as per-
eived stress,6-8 emotional distress,9 marital stability,10,11 long-
erm job and employment stability,12 productivity,13,14 life sat-
sfaction, perceived well-being, or quality of life (QOL).15,16

nstead, these outcomes are influenced by such diverse factors
s family support, adjustment and coping, productivity, self-
steem, financial stability, education, and the physical and
ocial environment.6-16 Although our understanding of SCI
utcomes and the importance of noninjury-related factors has
een advanced by this research, more multivariate investiga-
ions of SCI outcomes are needed. Such research should be
rounded in current theories of disability, a sound conceptual-
zation of the domains of disability, and the many factors that
nfluence them.

In the last 2 decades of the twentieth century, dramatic
rogress was made in the conceptualization of disability. Two
orld Health Organization (WHO) international classification

ystems serve as bookends to this period.17,18 The WHO Inter-
ational Classification of Impairments, Disabilities and Hand-
caps17 (ICIDH), published in 1980, suggested conceptual
istinctions among 3 levels of disablement-affected perfor-
ance—impairment at the organ level, disability at the person

evel, and handicap at the societal level. The ICIDH scheme
parked controversy, however, because the societal level in-
luded the term “handicap” and the model failed to incorporate
nvironmental factors. In 2002, a revision of the ICIDH was
ublished as the WHO International Classification of Func-
ioning, Disability and Health18 (ICF). The newer model re-
laced the designation for the 3 dimensions with more appro-
riate labels: body structure and function/impairment at the
rgan level, activity/activity limitation at the person level, and
articipation/participation restriction at the societal level. Al-
hough the ICF combined the categorization system for activ-
ties and participation, it maintained a conceptual distinction
etween the 2 dimensions. The ICF also offered a modified
onceptual scheme of the links between these 3 aspects of
isability, which for the first time explicitly showed the role of
nvironmental factors. Last, the ICF added a categorization
ystem for environmental factors that covers the physical,
ocial, and attitudinal environment.

During this 1980 to 2002 period, several advances were
ade in the United States that articulated the significant role of

he environment in the lives of people with disabilities. From a
olicy and legislative perspective, the Americans with Disabil-
ties Act19 established full participation as the societal goal for
ll people with disabilities, and ensured their right to reason-
ble accommodation to achieve that goal. The National Insti-
ute on Disability and Rehabilitation Research20 (NIDRR) ar-
iculated the “New Paradigm of Disability” as the basis of its
esearch agenda, and focused attention on the imperative of
nvironmental modifications to improve the lives of people
ith disabilities. The Institute of Medicine released its report,
nabling America,21 which stressed the importance of environ-
ental factors in the lives of people with disabilities. In re-
ponse to these statements by federal agencies and institutes,

Arch Phys Med Rehabil Vol 85, November 2004
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esearchers focused their attention on developing instruments
ith which to measure societal participation and environmental
arriers. Their efforts produced the Craig Handicap Assess-
ent and Reporting Technique22 (CHART), the Community

ntegration Questionnaire,23 and the Craig Hospital Inventory
f Environmental Factors24 (CHIEF), among other measures.

Likewise, there was a growing international interest in dis-
bility issues and the importance of environmental factors. The
nited Nations (UN) focused attention on disability with its
isability Year25 and the Disability Decade and such efforts as

he World Programme of Action Concerning Disabled Per-
ons.26 The UN and Disabled Persons International have ad-
anced the international disability rights movement. The As-
essment of Life Habits27 and the Measure of the Quality of the
nvironment28 emerged from the Quebec Model of the Dis-
bility Creation Process,29 and the London Handicap Scale30

as focused on the subjective perception of participation.
Although the importance of environmental factors was in-

luded in the (revised) models of disability, there is little
mpirical evidence that supports the conceptualization. Re-
earch into participation by people with SCI has linked phys-
cal impairment and disability to societal participation, but has
ound that while severity of impairment was strongly related to
he performance of ADLs, neither impairment nor disability
easures were strongly related to participation.31,32 A meta-

nalysis33 concluded that participation was more strongly re-
ated to subjective QOL than either impairment or disability.
nvironmental factors were absent from the conceptual schema
nderlying these investigations. Therefore, measures were
eeded with which to appropriately assess environmental fac-
ors such as physical, attitudinal, and policy barriers in SCI
esearch.

Such measures as the ones cited above are currently being
sed in SCI research,24,34,35 in physical disability research,36

nd in population-based disability research.8 The results of this
esearch support the role of environmental factors in the lives
f people with disabilities. These investigations have not sys-
ematically examined the impact of environmental factors on
utcomes other than those in the physical functioning realm,
owever.
Few studies have examined the role of the environment in

ife satisfaction after SCI. “Life satisfaction” is a subjective
omponent of QOL, including the self-assessment of a person’s
unctioning and circumstances.37 Diener et al38 have described
ifferent aspects of subjective well-being: emotional aspects
uch as positive and negative affect, and a cognitive-judgmen-
al one, that is life satisfaction. The judgment of one’s life
atisfaction is based on comparisons with a standard that is
nique to the individual. Duggan and Dijkers39 speak of per-
onal expectations rather than standards. The valuation of one’s
xperience in light of personal expectations is then one’s ap-
raisal of QOL. Disability models also suggest that environ-
ental factors, as well as societal participation, will influence

isability outcomes, including life satisfaction. Previous re-
earch has documented that life satisfaction is greater for those
ho are involved in productive activities such as work, edu-

ation, and recreation.40 In fact, life satisfaction appears to be
elated to measures of disability and handicap but not to phys-
cal impairment.33

The complexity of this research should not be underesti-
ated. Because the word “disability” describes the outcome of

he interaction between a health condition and the context
environmental, personal) in which a person with the condition
nds her-/himself, cultural factors can play a critical moderat-

ng role with respect to influencing the exact pattern of these

nteractions.41 Cultural traditions, language differences, and

rch Phys Med Rehabil Vol 85, November 2004
hysical barriers can thus shape both society’s concept of
isability within this context and the perception of personal
utcomes such as life satisfaction.
It is beyond the scope of this study to investigate the role of

ultural differences, but this study does offer a first attempt at
dentifying environmental factors that influence outcomes after
CI. The study focuses on environmental barriers rather than
n environmental facilitators. Although neither the disability
odels nor previous research were adequate to suggest specific

ypotheses involving the role of the environment, our research
as guided by 2 basic questions: (1) What is the nature and

xtent of environmental barriers as perceived and reported by
eople with SCI, and do they differ among various subgroups
f SCI survivors? (2) What is the relative impact of environ-
ental barriers, compared with demographic and injury char-

cteristics and activity limitations, in predicting variation in
articipation and life satisfaction among people with SCI?

METHODS

articipants
The sample was composed of subjects with SCI who met the

riteria for participation in the Model Spinal Cord Injury Sys-
ems (MSCIS) program, an ongoing multicenter research effort
unded by NIDRR. Eligible for participation were those who:
1) sustained a traumatic SCI, (2) were admitted to 1 of 16
ffiliated MSCIS in the United States, (3) consented to partic-
pate in the MSCIS ongoing data collection effort, (4) partici-
ated in follow-up data collection in their 1st, 5th, 10th, 15th,
0th, or 25th anniversary of injury between January 1, 2000,
nd December 31, 2002, and (5) completed the Craig Hospital
nventory of Environmental Factors–Short Form24 (CHIEF-SF)
s part of the follow-up data collection.

A total of 2762 people met these criteria and provided the
ata analyzed for this report. The sample’s demographic and
njury characteristics are presented in the first 2 columns of
able 1. In the same time period, 1317 additional people met all
he criteria but did not complete the CHIEF-SF, and 3739
thers were lost to follow-up.

ata Collection
All data in this study were taken from the National Spinal

ord Injury Database (NSCID) in May 2003. Demographic
nd injury-related information was derived from the Initial
ospitalization and Rehabilitation Form I (originally ab-

tracted from medical records) and all outcome information
as taken from the Follow-up Form II (collected through

n-person or telephone interviews). Variables included in the
tudy were grouped into the following 6 categories:

1. Demographic and Personal Factors, including gender and
ethnicity; marital, educational, and occupational statuses
as well as age at injury; and years postinjury at follow-up.

2. Impairment and Injury-Related Factors, including the eti-
ology of injury and the neurologic classification at inpa-
tient rehabilitation discharge. Neurologic classification
was based on the level of injury and the extent of neu-
rologic preservation summarized into 4 groups: (1) peo-
ple with functionally complete tetraplegia (American Spi-
nal Injury Association [ASIA] grade A, B, or C) at a high
cervical level (C1-4); (2) people with functionally com-
plete tetraplegia at a low cervical level (C5-8); (3) people
with functionally complete paraplegia; and (4) people at
all levels of injury with functional preservation (ASIA
grade D), typically allowing ambulation.42

3. Activity Limitations, as measured by the motor subscale

of the FIM instrument43 at follow-up.
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4. Environmental Factors, as measured by the CHIEF-SF24

at follow-up.
5. Societal Participation, as measured by the Craig Handi-

cap and Reporting Technique–Short Form44 (CHART-
SF) at follow-up.

6. Life satisfaction, as measured by the Diener Satisfaction

Table 1: Average CHIEF-SF Scores by Demo

Variables N %
CHIEF
Total

Phy
and S

Demographic
Age at injury (y) 2762

�20 19% .65 0

20–29 35% .74 1

30–39 21% .89 1

40–49 14% .85 1

50� 11% .64 0

Gender 2762
Male 78% .73 1
Female 22% .88 1

Ethnicity 2752
White 73% .72 1
Minority 27% .87 1

Married at injury 2759
Not married 66% .79 1
Married 34% .70 1

Education at injury 2687
�HS grad 27% .74 1

HS grad 58% .77 1

�HS grad 15% .71 1

Occup at injury 2742
Work 65% .76 1
School 17% .64 0
Other 18% .88 1

Years postinjury 2762
1 Year 30% .95 1

5 Years 20% .73 1

10 Years 15% .77 1

15 Years 13% .73 1

20 Years 13% .59 0

25 Years 10% .50 0

Impairment
Etiology 2761

Vehicular 51% .76 1
Violence 14% .84 1
Sports 12% .73 1
Fall/falling 20% .68 1
Other 3% .98 1

Neurologic group (ASIA grade) 2686
C1-4 ABC 13% .90 1

C5-8 ABC 25% .78 1

Para ABC 41% .76 1

ASIA D 20% .63 1

Activity Limitation
Motor FIM 2507

Low quartile 25% .95 1

2nd quartile 24% .94 1

3rd quartile 25% .64 1

Top quartile 26% .55 0

OTE. Bold values indicate significant differences on a Kruskal-Wall
bbreviations: ASIA, American Spinal Injury Association; HS, high
Sample size for the work/school subscale is 35% of that for othe
ollow-up.
With Life Scale38 (SWLS) at follow-up. t
nstruments

Craig Hospital Inventory of Environmental Factors. The
HIEF24 is a 25-item instrument designed to quantify the

requency, magnitude, and overall impact of perceived envi-
onmental barriers. As conceptualized in the development of

hics, Impairments, and Activity Limitations

ral
Services

and Assistance
Work

and School*
Attitudinal

and Support Policy

0.70 .25 .50 .56

0.76 .26 .54 .70

0.89 .26 .64 .82

0.85 .33 .59 .65

0.73 .30 .41 .50

0.75 .27 .52 .65

0.93 .25 .67 .76

0.71 .25 .52 .67
0.99 .35 .63 .68

0.83 .28 .58 .71

0.69 .24 .48 .61

0.84 .25 .55 .55

0.79 .25 .54 .71

0.62 .30 .55 .75

0.77 .25 .52 .68
0.65 .32 .53 .60
0.96 .21 .65 .71

1.05 .30 .64 .75

0.75 .26 .53 .54

0.72 .36 .58 .81

0.72 .33 .57 .71

0.62 .14 .43 .61

0.47 .19 .38 .52

0.79 .27 .57 .66

0.95 .24 .59 .72

0.73 .28 .50 .73

0.65 .28 .45 .65

1.03 .25 .81 .67

0.95 .43 .64 .86

0.80 .25 .58 .71

0.80 .26 .56 .67

0.65 .21 .39 .50

1.04 .39 .69 .90

1.02 .29 .63 .84

0.62 .24 .50 .56

0.51 .19 .40 .46

t at the .05 level. Percentages do not � 100 due to a rounding error.
l; Occup, occupation; Para, paraplegia.
scales because only 35% of sample were working or in school at
grap

sical
tructu

.98

.05

.30

.39

.88

.09

.24

.12

.12

.13

.10

.04

.14

.12

.14

.92

.22

.33

.18

.18

.05

.81

.77

.10

.12

.13

.08

.48

.22

.16

.07

.09

.20

.31

.02

.99

is tes
schoo
his measure, environmental barriers are barriers that keep
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A

eople with disabilities from functioning within the household
nd community and from doing what they need or want to do.
hese include social, attitudinal, and policy barriers, as well
hysical and architectural barriers. Respondents are asked to
rovide information about the frequency of their encounters
ith each type of barrier listed (daily, weekly, monthly, less

han monthly, never) and the magnitude of the problem when
t occurs (big or little).

Scores for each of the 25 items are calculated by multiplying
he frequency score (range: never, 0; daily, 4) by the magnitude
core (range: little problem, 1; big problem, 2) to yield a
roduct or overall “impact” score. Items relating to work or
chool, when the respondent is neither working nor in school,
re considered “not applicable” and are not scored.24 Scores on
ach of the CHIEF’s 5 subscales are calculated based on the
ean of all the nonmissing questions comprising that subscale.
he 5 subscales—physical and structural barriers, attitudinal
nd support barriers, barriers to services and assistance, policy
arriers, and barriers at work and school—were identified
hrough factor analysis, account for 48% of the cumulative
ariance, and contain from 3 to 7 questions each. The total
HIEF score is the mean of up to 25 overall impact scores.
Content validity of the CHIEF is demonstrated by the con-

ensus of 4 panels of experts charged with developing an
nstrument to measure the impact of environmental barriers on
eople with disabilities. The expert panels created 4 separate
nstruments with considerable overlap, which were then syn-
hesized into one.

The CHIEF appears to have acceptable test-retest reliability
ver a 2-week period. The intraclass correlation coefficients
ICC) for the total CHIEF impact score across a sample of 103
eople with a range of disabilities (46 with SCI, 44 with
raumatic brain injury [TBI], 13 with other impairments) were
reater than .90, and subscale ICCs ranged from .77 to .89. The
HIEF differentiates between people with and without disabil-

ties and among people with different types of severe disabil-
ties or impairments.24 In a convenience sample of 409 people
ith severe disabilities (124 with SCI, 120 with TBI, 165 with
ther severe disabilities), clear differences were found among
he impairment groups.

We used the CHIEF-SF in this study. This is a 12-item
ersion of the CHIEF composed of those items with the great-
st conceptual clarity and discriminant validity.24

Craig Handicap Assessment and Reporting Technique.
he CHART44 is an assessment measure with which to exam-

ne handicap or level of participation across 6 domains: phys-
cal independence, cognitive independence, mobility, occupa-
ion, social integration, and economic self-sufficiency. Its
evelopment was based on WHO’s 1980 disablement model.17

he CHART quantifies the extent to which people fulfill var-
ous social roles, focusing on observable criteria rather than on
ubjective interpretation.44

Scoring is based on degree of participation, with higher
cores reflecting greater participation and less handicap. Each
omain is scored from 0 to 100. The maximum score of 100
epresents the participation level of most people without dis-
bilities and who would be expected to have no handicap.
cores of less than 100 indicate less than full participation in
ociety. The CHART total score results from the addition of
ach of the 6 scores for a maximum of 600 points.

For this report, we used the CHART-SF, a 20-item shortened
ersion of CHART, to provide an overall quantification of
ocietal participation subsequent to community reentry. Addi-
ionally, we used the CHART-SF subscales to measure phys-
cal and cognitive independence, productivity, economic self-

ufficiency, social integration, and community mobility. T

rch Phys Med Rehabil Vol 85, November 2004
FIM instrument. The FIM43 quantifies severity of activity
imitation by assessing performance in 6 areas: self-care, loco-
otion, mobility, sphincter control, communication, and social

ognition. Participants are rated on a 7-point scale based on the
egree of assistance or supervision received with each of 18
asks. Total FIM scores may range from 18 to 126 points, and
ubscores can be obtained in each of the 6 life-care areas and
ithin the broad domains of motor and cognitive indepen-
ence. The MSCIS currently collects only FIM scores related
o motor independence.

The FIM has good interrater reliability and high face and
onstruct validity. It is sensitive to changes in independence
ver time and accurately predicts burden of care.45 Moreover,
ts reliability has been established for both in-person observa-
ion and telephone survey formats.46

Satisfaction With Life Scale. The SWLS38 was designed
o measure overall life satisfaction. Five items are rated on a
-point Likert-type scale, with responses ranging from
strongly disagree” to ”strongly agree.” Higher scores reflect
reater life satisfaction. Internal consistency is good
��.80)38,47,48 and test-retest reliability is acceptable, espe-
ially over shorter time spans.38

tatistical Analyses
Data analysis included the use of descriptive statistics to

xamine the frequency and magnitude of reported barriers.
ruskal-Wallis tests determined the statistical significance of
ifferences in CHIEF-SF scores between various subgroups,
nd multivariate logistic regression with the Nagelkerke
seudo R2 was used to assess the relative impact of demo-
raphic, impairment, activity, and environmental variables
within and across categories) on participation and life satis-
action. These nonparametric statistical tests were selected
ecause of the skewed distribution on the CHIEF-SF,
HART-SF total and subscale scores, and the SWLS. These
ariables were dichotomized for use in logistic regression. A
core of 1 was the cut point for CHIEF-SF variables (separating
hose reporting no barriers or only infrequent small barriers,
rom those reporting more substantial barriers), and a score of
5 was used as the cut point for CHART-SF subscales and 375
or the CHART-SF total score (separating those with no or
ild participation restrictions from those with substantial par-

icipation restrictions).
Although the study eligibility criteria ensured that there

ould be no missing data on the CHIEF-SF (except for the
ork/school subscale, which is not applicable to people who

re neither working nor in school), many other variables had
ome missing data as indicated in table 1. For the regression
nalyses, the work/school subscale of the CHIEF-SF and the
conomic self-sufficiency subscale of the CHART-SF were
xcluded because of the high percentage of missing data, and a
ubset of 2103 study participants with no missing data in any
f the other variables was utilized. The CHART-SF total score
sed in the regression analyses was the sum of the 5
HART-SF subscales that had no missing data, and the
HIEF-SF total score was the average of all nonmissing items,
s described in the CHIEF manual.24

RESULTS

requency and Magnitude of Environmental Barriers

Figure 1 graphs the average scores of each of the 12 items in
he CHIEF-SF, indicating not only the average final product
cores, but also the average frequency and magnitude scores.

he top 5 environmental barriers reported by people with SCI
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in descending order of product scores) are barriers in the
atural environment, transportation, help at home, health care,
nd government policy. Barriers in one’s surroundings, which
as the sixth highest product score, ranks fourth on the fre-
uency score, indicating that barriers in one’s immediate sur-
oundings are relatively frequent but not very problematic. On
he other hand, business policies ranked higher on the magni-
ude scale than on the frequency scale, indicating barriers
esulting from business policy were relatively more problem-
tic, though infrequent. With these 2 exceptions, all frequency,
agnitude, and product scores followed the same pattern.
iscrimination, business policies, information availability, and

ttitudes at home posed less severe environmental barriers.
elp and attitudes at work or school received the lowest scores.
Figure 2 graphs the average CHIEF-SF subscores. People

ith SCI reported that barriers in the natural environment and

ig 1. CHIEF item frequency,
agnitude, and product scores

n descending product score
rder. Abbreviations: Bus, Busi-
ess; Gov, Government; Nat
nviron, Natural environment;
ch, School.
urroundings (the physical/structural subscale) were the most
roblematic, followed by barriers in transportation, help at
ome, health care, and information availability (which make up
he services/assistance subscale), barriers in business and gov-
rnment (the policies subscale), attitudes at home and discrim-
nation (attitudes/support subscale), and help and attitudes at
ork or school (work/school subscale).
Figure 3 shows the frequency distribution of the total

HIEF-SF scores in the sample. Although only 20% reported
o barriers (score of 0), the distribution was skewed with 75%
f the cases scoring less than 1, and the remaining 25% spread
cross the rest of the scale with a maximum score of 8.

ubgroup Differences in CHIEF-SF Scores
Table 1 indicates average CHIEF-SF total and subscale

cores across various subgroups, as defined by demographic,

Fig 2. CHIEF subscale scores

in descending product score
order.

Arch Phys Med Rehabil Vol 85, November 2004
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mpairment, and activity limitations variables. Statistically sig-
ificant differences at the .05 level (using Kruskal-Wallis tests)
cross the categories of an independent variable are indicated
y average scores in boldface. There were significant differ-
nces in CHIEF-SF total scores by age at injury (oldest and
oungest age groups reported the least barriers), by gender
women reported more barriers), by ethnicity (minorities re-
orted more barriers), by marital status at injury (unmarried
eople reported more barriers), and by years postinjury (barri-
rs lessened over time). There were also significant differences
n CHIEF-SF total scores by etiology (subjects injured by a fall
r falling object reported the fewest barriers, those in the
other” category reported the most barriers), by neurologic
roup (the more severely injured reported higher barrier lev-
ls), and by FIM scores (subjects with more activity limitations
eported more barriers). Similar trends were generally found
cross the CHIEF-SF subscales, with the services/assistance
cale and the attitudes/support scale showing the most signif-
cant differences that were consistent with the total score re-
ults.

redictors of Participation and Life Satisfaction
Tables 2 and 3 report the results of the regression analyses to

ssess the relation of demographic, injury-related, activity, and
nvironmental variables to participation and life satisfaction.
irst, separate regressions were performed within each inde-
endent variable category (table 2); next, variables in all cat-
gories were considered together (table 3). Both tables report
he Nagelkerke pseudo R2 value for each logistic regression,
hich is similar to a linear regression R2. It indicates the
redictive power or fit of the model to the data, in a manner
imilar to linear regression indicating the percentage of vari-
nce in the dependent variable predicted by the combination of
he independent variables in the regression equation. The in-
ependent variables included in the regressions are listed in the
rst column with the odds ratio (OR) for each of the variables

isted in the other columns. For each independent variable, a
eference group has been identified, and the OR for the other
roup(s) of that variable is provided relative to the reference
roup. The OR indicates the likelihood of the selected category
f the dependent variable occurring in the selected independent

Fig 3. Distribution of CHIEF-SF total scores.
roup, relative to its occurring in the reference group, after p
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ontrolling for all other variables in the regression equation. An
R of 2.0 indicates that the dependent variable is twice as

ikely to occur in the selected group as in the reference group;
n OR of 0.5 indicates it is only half as likely to occur as in the
eference group. If the OR is statistically significant at the .05
evel, then the confidence interval of the OR does not include
.0 and the OR is in boldface.
As a group, the demographic variables were comparable to

redicting 20% of the variance in the CHART-SF total score
table 2). People 50 years and older at injury were 6.43 times
ore likely to have a CHART-SF total score below 375 (in-

icating low participation) than the reference group of people
ess than 20 years old at injury. People in the 40 to 49 age group
ere 3.94 times more likely to report low participation than the

eference group of people under age 20; those in the 30 to 39
ge group were 1.93 times more likely to do so, but those in the
0 to 29 age group were not significantly more likely than the
nder 20 age group to have low participation. People who were
or more years postinjury were significantly less likely to

eport low participation than the reference group of people
-year postinjury. Members of minority groups were 2.33 times
ore likely to have CHART-SF total scores below 375 than
ere whites. High school graduates were only .71 times as

ikely to have low CHART-SF scores as were those who did
ot finish high school, and those with more than a high school
ducation were only .26 times as likely to report low
HART-SF scores compared with those with less than a high

chool education at injury. People in school when injured were
nly .62 times as likely to show low participation as those in
he occupation reference group of “other,” and those married at
njury were only .67 times as likely to have participation
eficits compared with those not married when injured.
Variables in the injury-related category were comparable to

redicting 14% of the variance in CHART-SF total scores
above and below 375). People with higher level injuries were
ore likely to report lower participation, and subjects injured

y violence or falls also had higher probabilities of having
ower participation. The FIM motor score, the only variable in
he activity limitations category, was comparable to predicting
0% of the variance in the CHART-SF total score, with more
evere activity limitations being associated with less participa-
ion. Finally, while 3 CHIEF-SF subscales (physical/structural,
ervices/assistance, attitudes/support) had significant ORs, in-
icating that more barriers were associated with less participa-
ion, the ORs were only 1.30 to 1.85; and taken together, the
HIEF-SF subscales were only comparable to predicting 4% of

he variability in CHART-SF scores.
The second column of table 3 shows that all the demo-

raphic, injury-related, activity, and environmental variables
ombined were comparable to predicting 40% of the variance
n the CHART-SF total score, with those having a motor FIM
core in the lowest quartile and those more than 50 years old at
njury reporting lower participation. The CHIEF-SF subscales,
owever, were not significant predictors in this model that
ncluded variables from all categories.

Among the CHART-SF subscales, physical independence
with a total comparable to 38% of its variance explained) had
ignificant ORs for activity limitations, impairment, and demo-
raphic variables. Cognitive independence (with a total com-
arable to 30% of explained variance) had significant ORs for
ctivity limitations, impairment, demographics, and CHIEF-SF
ttitudes and support. Mobility (with a total comparable to 32%
f explained variance) had significant ORs for activity limita-
ions, demographics, and the CHIEF-SF services/assistance
ubscale. Occupation (with a total comparable to 25% of ex-

lained variance) had significant ORs for activity limitations
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Table 2: Logistic Regression Models Within Variable Categories for Participation and Life Satisfaction
(N�2103 cases with no missing data) Indicating Nagelkerke R2 and ORs for Variables

Independent Variable Categories and Variables
Included in Regressions

CHART 5
Subscale

Total
(�375)

CHART Subscales
Life

Satisfaction
(SWLS)
(�20)

Physical
Indep
(�75)

Cognitive
Indep
(�75)

Mobility
(�75)

Occupation
(�75)

Social
Integration

(�75)

Demographic R2�.20 R2�.10 R2�.17 R2�.13 R2�.15 R2�.12 R2�.11

Age at injury (y) (referent, �20)
20–29 1.10 0.78 1.98 1.31 0.93 1.64 0.95
30–39 1.93 0.97 2.21 2.50 1.53 2.30 1.55

40–49 3.94 1.22 4.04 3.39 2.99 4.03 1.81

50� 6.43 1.68 4.05 4.56 4.27 4.32 1.31
Years postinjury (referent, 1y)

5 0.69 0.73 0.45 0.84 .77 0.97 0.48

10 0.58 1.07 0.58 0.70 .64 0.62 0.64

15 0.71 0.68 0.34 1.00 .81 1.28 0.46

20 0.66 0.43 0.19 1.22 .63 1.89 0.35

25 0.47 0.27 0.05 1.14 .70 1.25 0.33

Gender (referent, male)
Female 0.88 1.01 0.92 1.20 0.65 0.81 0.78

Ethnicity (referent, nonminor)
Minority 2.33 1.81 1.81 1.88 1.81 1.81 1.43

Education at injury (referent, �HS)
HS graduate 0.71 0.74 0.67 0.70 0.79 0.73 1.01
�HS 0.26 0.61 0.35 0.32 0.42 0.24 0.82

Occupation at injury (referent, other)
Working 0.94 0.79 0.63 0.84 1.02 0.73 0.98
In school 0.62 0.70 0.89 0.50 0.54 0.40 0.61

Marital status at injury (referent, not married)
Married 0.67 0.92 1.02 0.85 0.71 0.49 0.73

Injury related R2�.14 R2�.19 R2�.05 R2�.10 R2�.07 R2�.03 R2�.03

Etiology (referent, vehicular)
Violence 2.37 2.14 1.53 1.67 2.00 2.08 1.63

Sports 0.43 0.83 0.59 0.41 0.57 0.43 0.59

Fall/falling object 1.73 1.38 1.58 1.37 1.63 1.09 1.11
Other 1.49 1.05 1.63 1.79 1.40 0.92 1.30

Neurologic group (referent, ASIA grade D)
C1-4 ABC 5.47 11.75 3.37 5.29 2.86 1.21 1.59

C5-8 ABC 2.52 3.92 1.62 2.66 1.77 1.22 1.56

Para ABC 0.83 1.08 0.87 1.20 0.88 0.83 1.10
Activity Limitations R2�.20 R2�.24 R2�.11 R2�.18 R2�.09 R2�.01 R2�.03

FIM motor total (referent, 4th quartile)
Lowest quartile 7.17 12.91 5.03 7.76 3.50 1.40 1.66

2nd quartile 4.53 6.06 3.50 4.91 2.66 1.65 1.91

3rd quartile 0.99 1.08 0.66 1.43 1.12 1.00 0.97
Environmental factors R2�.04 R2�.03 R2�.03 R2�.04 R2�.02 R2�.01 R2�.10

CHIEF physical/structural (referent, 0–1)
�1 1.30 1.40 1.20 1.31 1.30 1.15 1.94

CHIEF services/assistance (referent 0–1)
�1 1.85 1.52 1.52 1.91 1.59 1.39 1.95

CHIEF attitudinal/support (referent, 0–1)
�1 1.33 1.38 1.90 1.02 1.10 1.21 1.77

CHIEF policy (referent, 0–1)
�1 0.89 1.11 0.92 0.98 0.86 0.81 0.96

Participation R2�.15

CHART physical independence (referent, 75–100)
�75 1.38

CHART cognitive independence (referent, 75–100)
�75 1.26

CHART mobility (referent, 75–100)
�75 1.51

CHART occupation (referent, 75–100)
�75 2.41

CHART social integration (referent, 75–100)
�75 2.14

2
OTE. Bold indicates that the Nagelkerke R or OR is significant at the .05 level.
bbreviation: Indep, independence.
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Table 3: Final Logistic Regression Models Across Variable Domains for Participation and Life Satisfaction
(N�2103 cases with no missing data) Indicating Nagelkerke R2 and ORs for Variables

Independent Variable Categories and Variables
Included in Regressions

CHART 5
Subscale

Total
(�375)

CHART Subscales
Life

Satisfaction
(SWLS)
(�20)

Physical
Indep
(�75)

Cognitive
Indep
(�75)

Mobility
(�75)

Occupation
(�75)

Social
Integration

(�75)

Demographic R2�.40 R2�.38 R2�.30 R2�.32 R2�.25 R2�.14 R2�.26

Age at Injury (y) (referent, �20)
20–29 1.05 0.70 1.89 1.30 0.89 1.69 0.84
30–39 1.70 0.69 1.58 2.34 1.35 2.34 1.13
40–49 4.03 1.03 3.05 3.17 2.64 4.15 1.07
50� 7.02 1.55 2.87 4.92 3.86 4.64 0.81

Years postinjury (referent, 1y)
5 0.65 0.64 0.39 0.85 0.77 1.00 0.52

10 0.54 1.15 0.57 0.70 0.61 0.63 0.74

15 0.56 0.51 0.25 0.92 0.72 1.28 0.45

20 0.52 0.28 0.14 1.19 0.56 2.04 0.36

25 0.41 0.20 0.03 1.25 0.68 1.32 0.37

Gender (referent, male)
Female 0.86 1.19 0.93 1.19 0.63 0.76 0.75

Ethnicity (referent, white)
Minority 2.38 2.17 1.94 1.84 1.65 1.51 1.06

Education at Injury (referent, �HS)
HS graduate 0.74 0.75 0.67 0.73 0.83 0.76 1.15
�HS 0.26 0.68 0.37 0.35 0.49 0.26 1.32

Occupation at Injury (referent, other)
Working 1.03 0.79 0.61 0.89 1.11 0.78 1.14
In school 0.54 0.49 0.71 0.44 0.52 0.47 0.87

Marital status at Injury (referent, not married)
Married 0.63 0.93 1.02 0.83 0.72 0.50 0.92

Injury related
Etiology (referent, vehicle)

Violence 1.70 1.37 1.04 1.28 1.49 1.49 1.22
Sports 0.61 1.23 1.00 0.54 0.72 0.54 0.78
Fall/falling object 1.47 1.30 1.48 1.14 1.29 0.89 0.94
Other 0.97 0.80 1.33 1.24 1.05 0.72 1.22

Neurologic group (referent, all ASIA grade D)
C1-4 ABC 1.74 3.68 0.75 1.57 1.20 1.03 0.95
C5-8 ABC 1.13 1.67 0.55 1.06 1.03 1.01 1.32
Para ABC 0.77 0.96 0.76 1.10 0.85 0.80 1.20

Activity limitations
FIM motor total (referent, 4th quartile)

Lowest quartile 10.27 9.82 10.47 9.44 4.40 1.36 1.10
2nd quartile 4.85 4.76 3.74 4.63 2.65 1.54 1.09
3rd quartile 1.37 1.16 0.87 1.64 1.45 0.91 0.89

Environmental factors
CHIEF physical/structural (referent, 0–1)

�1 1.19 1.30 1.04 1.27 1.18 1.15 1.73

CHIEF services/assistance (referent, 0–1)
�1 1.24 1.07 0.93 1.35 1.20 1.07 1.57

CHIEF attitudinal/support (referent, 0–1)
�1 1.33 1.31 1.87 0.94 1.08 1.18 1.81

CHIEF policy (referent, 0–1)
�1 0.83 0.96 0.85 0.96 0.85 0.91 0.99

Participation
CHART physical independence (referent, 75–100)

�75 1.13

CHART cognitive independence (referent, 75–100)
�75 0.96

CHART mobility (referent, 75–100)
�75 1.39

CHART occupation (referent, 75–100)
�75 2.17

CHART social integration (referent, 75–100)
�75 2.27
OTE. Bold Indicates that the Nagelkerke R2 or OR is significant at the .05 level.

rch Phys Med Rehabil Vol 85, November 2004



a
p
d

l
l
p
V
r
t
v
1
b
C
a
t
i
p
l
j

p
r
fi
l
m
a
f

1
b
8
s
b
t
i
d
p
r
b
p
d
g
p
a
s

s
a
t
t
r
g
m
t
l

d
S
b
t
a
(
s

s
5
s
t
o

l
o
r
w

L

p
t
r
e
w
C
a

f
p
c
i

e
e
t
m
t
s
f
t
c
p
c
b
r
n
o
w
t
t
w
w
C
r
n
p
s
m

e
p
a
r
p
c
m
p
q
m
a

1801ENVIRONMENTAL FACTORS AND SPINAL CORD INJURY, Whiteneck
nd demographics. Social integration (with a total only com-
arable to 14% of explained variance) had significant ORs for
emographics and activity limitations.
We found a somewhat different pattern of relationships for

ife satisfaction. A total comparable to 26% of the variance in
ife satisfaction scores (above or below 20 on the SWLS) was
redicted by a combination of variables from all categories.
ariables in the injury-related and activity limitations catego-

ies explained only 3% of the variance each (table 2), whereas
he demographic category explained 11% of the variance, en-
ironmental factors explained 10%, and participation explained
5%. When all categories were considered simultaneously (ta-
le 3), the only variables with significant ORs were 3
HIEF-SF subscales (physical/structural, services/assistance,
ttitudes/support), 3 CHART-SF subscales (mobility, occupa-
ion, social integration), and years postinjury. Subjects report-
ng high CHIEF-SF subscale scores (�1) and/or low partici-
ation subscale scores (�75) were more likely also to report
ow SWLS scores (�20). People who were more years postin-
ury were less likely to report low level of life satisfaction.

DISCUSSION
We used the NSCID to identify environmental barriers re-

orted in the years after injury, and to determine how the
eports of environmental barriers differed among groups de-
ned by demographic and injury characteristics and activity

imitations. We also assessed the relative impact of environ-
ental barriers compared with personal factors, impairment,

nd activity limitations on societal participation and life satis-
action.

Twenty percent of our participants reported that none of the
2 environmental areas assessed by the CHIEF-SF were ever
arriers for doing what they wanted or needed to do; the other
0% reported encountering barriers, ranging from infrequent
mall problems to large problems encountered daily. The 5 top
arriers, in descending order, were the natural environment,
ransportation, help at home, health care, and government pol-
cies. These barriers are consistent with environmental issues
iscussed in SCI literature and they appear to be related to the
hysical impairments, activity limitations, and participation
estrictions common to SCI. Although the scores on the top 5
arriers were relatively low (0.78–1.55) compared with the
ossible scale range of 0 to 8, the CHIEF-SF scores were
ramatically higher for the SCI sample than for nondisabled
eneral population norms. The top 4 SCI barriers all had
roduct scores more than twice those of people without dis-
bility, whereas the fifth barrier was 30% higher in the study
ample.24

The total CHIEF-SF score and many of the CHIEF-SF
ubscale scores differed significantly by several demographic
nd injury characteristics. Groups reporting more environmen-
al barriers included middle-aged subjects, women, minorities,
hose not married at the time of injury, those injured more
ecently, those with higher levels of injury, and those with
reater activity limitations. It seems possible that women and
inorities may have experienced added social exclusion and

hat those with higher levels of injury and greater activity
imitations may have encountered more physical barriers.

Contrary to the current conceptual models and theories of
isability, environmental factors (as measured by the CHIEF-
F) did not have a major effect on participation (as measured
y the CHART-SF), particularly when considered in conjunc-
ion with the influences of personal factors, impairment, and
ctivity limitations. Although 3 of the CHIEF-SF subscales
physical/structural, services/assistance, attitudes/support) were

ignificant predictors of the total CHART-SF and several of its c
ubscales, these CHIEF-SF subscales only explained less than
% of the variance in participation. Furthermore, when con-
idered with other variable categories, the environmental fac-
ors rarely added any significant explanatory value beyond that
f personal factors, impairment, and activity limitations.
However, environmental factors were major predictors of

ife satisfaction, with the CHIEF-SF subscales predicting 10%
f the variance. When considered with other categories, envi-
onmental factors, participation, years postinjury, and gender
ere the only significant predictors of life satisfaction.

imitations and Future Research

The generalizability of our results is limited by the high
roportion of cases lost to follow-up or who did not complete
he CHIEF-SF. The reasons for nonparticipation are likely not
andom and may be influenced by the key variables studied—
nvironmental factors. Furthermore, substantial information
as lost in the regression analyses because CHIEF-SF,
HART-SF, and SWLS scores were dichotomized as a way to
ddress their skewed distributions.

The instruments we used also have limitations. They do not
ully assess the conceptual domains they represent. For exam-
le, the demographics include only rudimentary individual
haracteristics. Most of the domains were measured by only 1
nstrument.

The CHIEF-SF, while covering representative content of
nvironmental factors, only assesses the negative aspects of
nvironmental factors—barriers—and does not measure the
heoretically important extent to which aspects of the environ-
ent facilitate participation. The CHIEF-SF scores were rela-

ively low and skewed, which required dichotomizing the mea-
ure and may have resulted in some loss of information. The
act that CHIEF-SF scores reflect the average of multiplicative
erms may weaken its measurement properties, despite the
ommon practice. More important, CHIEF-SF only assesses a
erson’s subjective perceptions. The relation between per-
eived and actual barriers is not known.49 Insurmountable
arriers that are always systematically avoided may not be
eported in the CHIEF-SF. Conversely, some respondents may
ot perceive as barriers environmental factors that can be
vercome. Environmental barriers that prevent people from
orking or going to school are systematically excluded within

he CHIEF-SF, because the 2 short-form items dealing with
his area are considered not applicable if the person is neither
orking nor in school. This may account for the finding that
ork/school barriers have the lowest scores of any of the
HIEF-SF subscales. That subscale only measures the barriers

eported by people who are working or in school and who may
ot report many barriers, but there may be substantial unre-
orted barriers that prevent people from working or going to
chool. The high proportion of missing data on the subscale
ade it unusable in the regression analyses.
Considering the above study limitations, the finding that

nvironmental factors are not critical determinants of societal
articipation (compared with personal factors, impairments,
nd activity limitations) may reflect methodologic weaknesses
ather than positive evidence that such factors add little to the
rediction of societal participation of people with SCI. A
entral tenet of the social model of disability is that environ-
ental factors are major influences and moderators of partici-

ation. Rather than calling this conceptual relationship into
uestion, our findings may reflect the inadequacy of environ-
ental measurement (assessing barriers but not facilitators,

ssessing subjective perceptions rather than more objective

riteria, and the dichotomization of the scale).

Arch Phys Med Rehabil Vol 85, November 2004
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Three types of future research are needed to adequately
ddress this issue. Improved measures of environmental factors
ay reveal stronger relationships between the environment and

articipation than we identified. Examining the relationship of
pecific environmental barriers to selected types of participa-
ion may be a more fruitful research strategy than our general
pproach in this study. Ultimately, interventional research sys-
ematically modifying environmental factors will be necessary
o test for causal relationships between environmental barriers
nd participation.

CONCLUSIONS
This study supports previous research findings that life sat-

sfaction is more strongly related to participation than to im-
airment or activity limitations.33 It also suggests that environ-
ental factors are substantial contributors to life satisfaction.

nterestingly, the reporting of environmental barriers was more
trongly related to life satisfaction than to participation. This
otentially indicates that people facing barriers may, with
dded difficulty, be able to overcome them, but that the expe-
ience of encountering barriers may reduce life satisfaction. It
aises the question whether the observed strength of the relation
etween environmental factors and life satisfaction is due to
arriers being assessed through subjective self-reports rather
han more objectively.49 Is life satisfaction more closely related
o perceived barriers than to objective environmental assess-
ents? Can or should environmental factors be assessed inde-

endently from the person with a disability? Many conceptual
nd empirical questions remain. Substantially more research is
eeded to adequately assess the role of environmental factors in
he lives of people with SCI.
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