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INTRODUCTION

Abstract—Little is known about the reasoning process clinicians use when prescribing wheeled mobility equipment
(WME) or about the outcomes of this process, i.e., how many
devices are prescribed, to whom, how often, and at what cost.
This study characterized veterans who received WME from the
Veterans Health Administration. We analyzed variance in
wheelchair provision based on sex, race/ethnicity, diagnosis,
and age. Three years of data from the National Prosthetics
Patient Database and the National Patient Care Database were
merged, yielding more than 77,000 observations per fiscal
year. Logistic regression analysis revealed associations
between WME provision and age, sex, and race/ethnicity,
when analysis was controlled for diagnosis and number of
comorbidities. Hispanics (odds ratio [OR] = 1.864), African
Americans (OR = 1.360), and American Indians/Asians (OR =
1.585) were more likely than Caucasians to receive standard
wheelchairs. Hispanics (OR = 0.4), African Americans (OR =
0.7), and American Indians/Asians (OR = 0.4) were less likely
than Caucasians to receive scooters.

Little is known about the decision process in which
clinicians engage when prescribing wheeled mobility
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equipment (WME), i.e., wheelchair or scooter. Equally
unknown are the outcomes of this decision process, i.e.,
how many devices are being prescribed, to whom, how
often, and at what cost. Demographic variance has been
found in several studies of assistive technology device
(ATD) provision, including wheelchairs, in the
nonveteran population [1–4]. One study described
demographic variance in wheelchair provision for
individuals with spinal cord injury (SCI) in the general
population [5]. No known studies have addressed
wheelchair provision within the veteran population.
Using National Health Interview Survey on Disability data, Kaye et al. found more women (58.8%) use
WME than men and wheelchair use was highest for
Native Americans (0.81%), followed by Caucasians
(0.63%), African Americans (0.56%), and Hispanics
(0.36%) [3]. Two studies found no significant difference
in WME use between African-American and Caucasian
older populations [2,4]. Using Canadian Aging Research
Network data, Zimmer and Chappell found rural older
people (mean age = 78) with more chronic conditions and
more mobility difficulties tended to use ATDs more often
[6]. Each year of age increased the chance of ATD use by
1.04. Each chronic condition increased the chance of
ATD use by 1.18, and each additional mobility problem
increased the chance of ATD use by 2.47. Tomita et al.’s
study counted devices owned [4], while Zimmer and
Chappell’s study counted the tasks for which devices
were used [6].
Typically, studies investigating demographic differences of individuals who receive and/or use ATDs consider all wheelchairs as one category of assistive
technology and thus assume all wheelchairs are created
equal [2,4,7]. To the contrary, wheelchairs span the technological spectrum [8], from “depot” manual wheelchairs
with standard sling upholstery, chrome-plated steel, and a
folding X-frame design to power wheelchairs with tilt,
recline, and seat elevation options and programmable
electronic controls that can be individualized for abnormal muscle tone, tremor, and cognitive impairment [9].
Substantial improvements in WME offer consumers
more and better choices [10–14]. However, as the technology becomes more complex, so do the decisions as to
who gets which wheelchair, with both cost and clinical
expertise as factors. Clinicians making these decisions
may not have training in WME options and features and
thus may have difficulty comprehending the complexity
of the technology and its application [15–19].

This study characterized veterans who received
WME from the Veterans Health Administration (VHA)
and determined whether characteristics varied significantly according to the type of WME provided. Our
hypothesis was that the type of wheelchair provided to veterans would differ significantly according to age, sex, and
race/ethnicity for fiscal years (FYs) 1999–2001 combined.

METHODS
Design and Participants
Using a cross-sectional, retrospective study design,
we merged 3 years of data from two VHA databases, the
National Prosthetics Patient Database (NPPD) and the
National Patient Care Database (NPCD), to create a data
set of demographic and clinical information on veterans
who received WME from the VHA during FYs 1999–
2001.
Databases
National Prosthetics Patient Database
The NPPD, which is housed at the Department of
Veterans Affairs (VA) Central Offices [20–21], contains
detailed information on the procurement of prosthetic,
orthotic, and sensory technology by tracking every
device issued to veterans by the VHA. Of the 25 data
fields included in the NPPD, 7 were used in this study:
device code, device description, service type (initial
issue, replacement, or spare), creation date, delivery date,
service category, and priority group.
National Patient Care Database
We used the NPCD, which is housed at the VA Austin Automation Center, to create SAS® (SAS Institute,
Inc, Cary, North Carolina) data sets that contained VHA
outpatient and inpatient healthcare data. The NPCD data
fields used in this study included date of birth, sex, race,
and primary and secondary International Classification of
Diseases-Revision 9 (ICD-9) codes [22]. We used data
from both the inpatient and outpatient databases to
decrease the number of missing values. For example, if
sex was missing in the inpatient data set, it was retrieved
from the outpatient data set.
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Confounding Variables

Operational Definitions of Variables

Age. We calculated veteran age by subtracting the
date of birth from the day on which the wheelchair order
was entered into the NPPD (VHA policy specifies the
device must be entered within 5 days of prescription).

Diagnoses. ICD-9 codes from the primary diagnoses
variables for all FY1999–2001 encounters were extracted
from the inpatient and outpatient NPCD data sets. Participants were then assigned one diagnosis most related to
their wheelchair use, which resulted in the following categories: amyotrophic lateral sclerosis (ALS), multiple
sclerosis (MS), SCI-tetraplegia (SCIT), SCI-paraplegia
(SCIP), stroke, traumatic brain injury (TBI), Parkinson’s
disease (PD), amputation, chronic obstructive pulmonary
disorder/chronic heart failure (COPD/CHF), arthritis, and
“other.” We used the “other” category only when creating the data set to provide an idea of the proportion of
veterans who did not receive WME for the 10 main diagnostic categories. However, the “other” category was not
included in the analyses since it would not yield useful
information.

Race/Ethnicity. Race/ethnicity was initially defined
according to the six NPCD race categories: Hispanic
black, Hispanic white, American Indian, African American, Asian, and Caucasian. However, because of inadequate cell size, we combined Hispanic black with
Hispanic white and American Indian with Asian.

Comorbidities. To determine the number of comorbidities, we extracted the ICD-9 codes that represented
secondary diagnoses from the FY1999–2001 inpatient
and outpatient NPCD data sets. The ICD-9 codes were
sorted into the 30 medical categories (anemia, CHF, diabetes, stroke, etc.) developed for the Veterans Health Study

Dependent Variable: Type of Wheelchair
Because of the large number of unique wheelchairrelated Healthcare Common Procedure Coding System
(HCPCS) codes included in the NPPD (n = 71), analysis
of each wheelchair code was not feasible; therefore, for
the purpose of this study, the HCPCS codes used in the
NPPD were assigned to one of eight types based on function, weight, and adjustability. See Table 1 for assigned
wheelchair types by HCPCS code.
Independent Variables

Table 1.
Operational definitions of dependent variable, wheelchair type. Devices identified in National Prosthetics Patient Database by Healthcare
Common Procedure Coding System (HCPCS) codes were assigned one of eight types according to function, weight, and adjustability.

Category
Manual

Assigned Type
M1

HCPCS Code
K0001
K0002
K0003

Power

Scooter

Description
>36 lb, nonadjustable; standard wheelchair.
>36 lb, nonadjustable, lower seat only; standard wheelchair,
hemiplegia.
≤36 lb, nonadjustable, lightweight; standard wheelchair.

M2

K0004

<34 lb, adjustable seat/back height, some adjustment in axle,
high strength, lightweight; rehabilitation wheelchair.

M3

K0005

<30 lb, adjustable seat/back, height/axle/wheel camber;
ultralightweight wheelchair.

M4

K0006
K0007
K0009

Miscellaneous, heavy-duty, predominantly bariatric; manual
wheelchair chair.

P1

K0010

Nonadjustable, seat height only, standard weight, nonprogrammable control.

P2

K0011
K0012

Miscellaneous, limited programmable controls.

P3

K0014

Custom, other motorized wheelchair base.

S1

E1230

Scooter.
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(VHS) [23–24]. A continuous variable was created that
represented the number of comorbidities. If a veteran had
a primary diagnosis that was also one of the 30 medical
categories, the comorbidity count was adjusted; i.e., if the
veteran’s primary diagnosis was stroke, the comorbidity
count was reduced by one, since stroke was also one of
the 30 medical categories developed for the VHS.
Other Variables Included in Descriptive Analyses
Service type designated whether the device was the
first the veteran had received from the VHA, a spare, or a
replacement. Four service categories were detailed: service-connected and inpatient, service-connected and outpatient (SC/OP), non-service-connected and inpatient,
and non-service-connected and outpatient (NSC/OP).
Categories were assigned for each device provided; for
example, a veteran could have one wheelchair that was
SC/OP and a scooter that was NSC/OP. Priority groups
[25] ranged from Group 1, veterans with disabilities rated
≥ 50 percent service-connected, to Group 7, high-income
veterans with disabilities rated 0 percent service-connected
or non-service-connected.
Data Cleaning
We applied procedures for data cleaning that were
developed during a collaborative validity study of the
NPPD [21]. For example, a comparison of the frequency
counts of the records contained in the “NPPD_Line” and
“HCPCSPSAS” fields determined that the “NPPD_Line”
field was the most reliable and valid method of selecting
the wheelchair and scooter items. When inconsistencies
between these fields were found, we considered other
fields including vendor, cost, and item description and
recoded the record accordingly. For all three FYs, only
three devices required recoding: a scooter and two manual wheelchairs. No algorithms for altering the data were
applied.
Miscoding of SCIT and SCIP was noted; for example, a veteran could be SCIT in one encounter and SCIP
in another. Since this miscoding would affect the validity
of the results (i.e., it does not make sense for an individual with high-level SCIT to receive a manual wheelchair), the two categories were combined for analyses.
ANALYSES
We used descriptive methods (frequency, mean,
standard deviation [SD], and median for skewed data) to

characterize veterans who received WME from the VHA.
Because an extensive research study with NPPD data was
not found and FY1999 was the first year the NPPD was
available to researchers, data were analyzed separately
for each of the three FYs.
To determine which demographic variables to enter
into the two logistic regression models, we performed
analysis of variance and chi-square univariate analyses
(α = 0.10) between the independent variables (IVs),
potential confounding variables (CVs), and the dependent variable (DV)—type of wheelchair. All IVs and
CVs were significant; thus, age, sex, race/ethnicity, diagnosis, number of comorbidities, and FY were entered into
both logistic regression models. Dummy variables were
created for race/ethnicity, diagnosis (ALS, SCIP, SCIT,
PD, MS, stroke, TBI, amputation, COPD/CHF, and
arthritis), and FY. Age and number of comorbidities were
continuous variables.
The DV for the first logistic regression model was
wheelchair type with all manual and power wheelchairs
and scooters included; the DV for the second logistic
regression model was wheelchair type with only power
mobility devices (power wheelchairs and scooters)
included. Both logistic regression models were tested at
α = 0.05. Odds ratios (ORs), Wald confidence intervals,
and p-values were reported [26–27].

RESULTS
Descriptive Statistics
The number of veterans who received wheelchairs
and scooters ranged from 52,309 in FY1999 to 59,877 in
FY2001, a 14 percent increase (Table 2). In contrast, the
number of wheelchairs, scooters, or related wheelchair
components provided to veterans was 77,249 in FY1999,
80,753 in FY2000, and 85,156 in FY2001 (data not
shown). These numbers are higher because not all veteran WME users acquired a wheelchair or scooter during
the study years; some only acquired an accessory, such as
a new seating system. In addition, some veterans
received more than one wheelchair during a FY. Approximately 70 percent of the WME provided during FYs
1999–2001 was either a wheelchair or a scooter; the
remaining 30 percent fell into the category of wheelchairrelated accessories, i.e., cup holder, oxygen holder,
gloves, or seating system not associated with a wheelchair purchase.
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Table 2.
Number of veterans who received devices from Veterans Health Administration during fiscal years (FYs) 1999–2001 as well as percent change
from FY1999 to FY2001 by sex, race/ethnicity, diagnosis, and age.

Variable
Unique Veterans
Sex
Male
Female
Missing
Race/Ethnicity
Hispanic, Black
Hispanic, White
American Indian
African American
Asian
Caucasian
Unknown
Missing
Diagnosis
ALS
MS
SCIT/SCIP
Stroke
TBI
PD
Amputation
COPD/CHF
Arthritis
Other
Missing
Age, yr (Mean ± SD)
Missing

FY1999 (n)
52,309

FY2000 (n)
55,752

FY2001 (n)
59,877

Change (%)
14

43,783
1,672
6,854

52,305
1,934
1,513

56,503
2,186
1,188

29
31
NA

2,180
110
210
6,749
143
30,091
5,972
6,854

2,961
187
233
7,724
164
34,916
8,054
1,513

3,157
208
220
7,905
228
36,710
10,261
1,188

45
89
5
17
59
22
NA
NA

431
1,661
3,692
7,645
56
1,199
2,106
10,245
5,059
13,227
6,988
66.6 ± 13.1
6,854

545
1,862
3,781
8,688
58
1,575
2,323
12,191
6,180
16,953
1,596
67.4 ± 13.1
1,513

532
1,957
3,932
8,619
48
1,835
2,176
13,035
7,033
19,297
1,413
67.8 ± 13.0
1,188

23
18
7
13
–14
53
3
27
39
NA
NA
2
NA

Note: No demographic data for 15% of veterans for FY1999, 3% for FY2000, and 2% for FY2001.
ALS = amyotrophic lateral sclerosis, COPD/CHF = chronic obstructive pulmonary disorder/chronic heart failure, MS = multiple sclerosis, NA = not applicable, PD
= Parkinson’s disease, SCIT/SCIP = spinal cord injury-tetraplegia/SCI-paraplegia, SD = standard deviation, TBI = traumatic brain injury.

Table 2 also displays the change in the number of
veterans who received WME per demographic/clinical
category (age, sex, race/ethnicity, diagnosis). COPD/
CHF (23%) was the most frequent primary diagnosis of
veterans who received WME followed by stroke (16%),
arthritis (11%), SCIP and SCIT inclusive (7%), amputation (4%), PD (3%), MS (3%), ALS (1%), and TBI
(<1%) (percentages not shown). The percentage of missing
values for demographic data obtained from the NPCD
(Table 2) was 15 percent for FY1999 and 2 to 3 percent
for FYs 2000 and 2001. This is most likely because
FY1999 was the first year the NPPD was available to
researchers following its creation on October 1, 1997; the
database may have had incorrect or improperly scrambled
Social Security numbers.

Table 3 displays the types of WME provided by the
VHA. Approximately 80 percent of the wheelchairs
provided in FY1999 were manual, with a decrease to
77 percent in FY2001. The proportion of power wheelchairs increased from 8 percent in FY1999 and FY2000
to 14 percent in FY2001, while the proportion of scooters
decreased from 13 percent in FY1999 and FY2000 to 9 percent in FY2001. The number of power wheelchairs
increased by more than 100 percent between FY1999 and
FY2001.
According to preliminary univariate analyses, more
variance in the type of wheelchair provided was noted
between Hispanics and Caucasians than between African
Americans and Caucasians (Table 4). When all WME was
compared (Table 4, first seven rows), Hispanics received
higher percentages of standard and ultralightweight
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Table 3.
Number and percentage of devices provided by Veterans Health
Administration during fiscal years (FYs) 1999–2001.

FY
1999
2000
2001

Wheelchair
Manual
Power
No.
%
No.
%
48,433
80
4,664
8
49,898
79
5,309
8
52,223
77
9,451
14

Scooter
No.
%
13
7,015
13
8,144
6,187
9

wheelchairs (types M1 and M3) and lower percentages of
standard power wheelchairs (type P1) and scooters than
other racial/ethnic categories. All three minority categories received a higher percentage of standard wheelchairs (type M1) than Caucasians. Caucasians received a
higher proportion of scooters than minorities.
When the proportion of manual and power wheelchairs and scooters per racial/ethnic group was compared
(Table 4, last three rows), 90 percent of the WME types
received by Hispanics were manual wheelchairs, 5 percent were power wheelchairs, and 5 percent were scooters. In contrast, 77 percent of the WME types received by
Caucasians were manual wheelchairs, 9 percent were
power wheelchairs, and 14 percent were scooters. The
percentages for African Americans were in between
those for Hispanics and Caucasians: 82 percent received
manual wheelchairs, 8 percent power wheelchairs, and
10 percent scooters. With the exception of standard
wheelchairs (type M1) and scooters, relatively little vari-

ance was noted in the types of wheelchairs received by
African Americans compared with Caucasians.
The average age of veterans who received ultralightweight manual and custom power wheelchairs (types M3
and P3) was 55.2 ± 15.8 and 59.9 ± 13.9, respectively,
compared with the average age of veterans who received
standard and lightweight rehabilitation wheelchairs
(types M1 and M2) and scooters: 67.0 ± 13.1, 65.5 ±
13.9, and 65.5 ± 11.6, respectively (Table 5). Age was
normally distributed for all wheelchairs types. Data are
presented as mean ± SD unless otherwise noted.
The most frequently prescribed wheelchair for all
diagnoses was the standard manual wheelchair (type
M1). Table 6 shows the significant relationship between
diagnosis and type of WME provided by displaying the
distribution of each type of WME for each diagnosis. For
example, 60 percent of veterans with ALS received manual and 40 percent received power wheelchairs (scooters
were included in the power category). Further, 37 percent
of the WME types received by veterans with ALS were
standard manual wheelchairs, 13 percent were lightweight manual rehabilitation wheelchairs, 16 percent
were scooters, and 6 percent were custom power wheelchairs (type P3).
The second most frequently prescribed wheelchair
type varied by diagnosis: lightweight rehabilitation
wheelchairs (type M2) for veterans with MS, SCIP/SCIT,
stroke, TBI, PD, and amputation and scooters for veterans with ALS, COPF/CHF, and arthritis. Power devices,

Table 4.
Distribution (frequency and percent) of wheelchairs by type (manual/power wheelchairs and scooters) across racial/ethnic groups for fiscal years
1999–2001 combined.

Dependent Variable:
Wheelchair Type
M1
M2
M3
M4
P1
P2
P3
Total Manual
Total Power
Total Scooter
Total

Hispanic
No.
%
6,677
68
1,461
15
435
4
237
2
199
2
141
1
171
2
8,810
90
511
5
522
5
9,843
—

Independent Variable: Race/Ethnicity
American
African
Indian/Asian
American
No.
%
No.
%
861
63
14,599
57
192
14
3,779
15
39
3
734
3
58
4
1,903
7
47
3
882
3
39
3
704
3
23
2
587
2
1,150
84
21,015
82
109
8
2,173
8
104
8
2,454
10
1,363
—
25,642
—

Note: Some percentages do not sum to given totals because of rounding.

Caucasian
No.
%
60,216
52
18,590
16
2,758
3
8,083
7
4,262
4
3,354
3
2,561
2
89,647
77
10,177
9
16,248
14
116,072
—

Total Devices
No.
%
82,353
53
24,022
16
3,966
3
10,281
7
5,390
4
4,238
3
3,342
2
120,622
79
12,970
8
19,328
13
152,920
—
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Table 5.
Distribution (frequency) of wheelchairs by type (manual/power
wheelchairs and scooters) across age groups (mean ± standard
deviation [SD]) for fiscal years 1999–2001 combined.

Dependent Variable:
Wheelchair Type
M1
M2
M3
M4
P1
P2
P3
Total Manual
Total Power
Total Scooter

Age Group
(Mean ± SD)
67.0 ± 13.1
65.5 ± 13.9
55.2 ± 15.8
62.5 ± 13.9
62.0 ± 13.6
62.7 ± 13.5
59.9 ± 13.9
65.8 ± 13.7
61.7 ± 13.7
65.5 ± 11.6

No.
33,053
9,749
1,835
4,732
3,025
1,838
1,670
49,369
6,533
8,787

i.e., power wheelchairs and scooters, were prescribed
more often for veterans with ALS, MS, and SCIT (~40%)
than for veterans with SCIP, stroke, TBI, PD, amputation, COPD/CHF, and arthritis (<30%).
For mean number of comorbidities per type of wheelchair (data not shown), veterans prescribed ultralightweight wheelchairs (type M3) had the least number of
comorbidities: 2.3 ± 2.1. The mean number of comorbidities was 3.0 ± 2.2 for manual wheelchair users, 2.9 ± 2.4
for power wheelchair users, and 3.2 ± 2.3 for scooter users.
Logistic Regression
Tables 7 and 8 display the likelihood that veterans
receive a certain type of wheelchair if they are older ver-

sus younger, male versus female, and Hispanic versus
Caucasian, American Indian/Asian versus Caucasian, or
African American versus Caucasian. The results displayed in Table 7 were derived from a data subset that
included manual and power wheelchairs only. The results
displayed in Table 8 include power wheelchairs and
scooters only.
Age
When all WME was compared, younger veterans
were more likely to receive custom power wheelchairs
(type P3) (p = 0.027) and scooters (p ≤ 0.001), whereas
older veterans were more likely to receive manual wheelchairs (p ≤ 0.001). When only manual wheelchairs were
compared (data not shown), older veterans were more
likely to receive standard wheelchairs (type M1) (p ≤
0.001), while younger veterans were more likely to
receive ultralightweight wheelchairs (type M3) (p ≤ 0.001).
According to adjusted ORs (when all WME was compared), a veteran aged 70 was 1.04 times more likely to
receive a manual wheelchair than a veteran aged 60. Similarly, a veteran aged 60 was 1.04 times more likely to
receive a power wheelchair or scooter than a veteran
aged 70. When adjusted ORs for manual wheelchairs
were compared, for every 10-year increase in age, a veteran
was 1.08 times more likely to receive a standard wheelchair (type M1) and 1.04 times more likely to receive a
lightweight rehabilitation wheelchair (type M2). For every
10-year decrease in age, a veteran was 1.25 times more
likely to receive an ultralightweight wheelchair (type M3).

Table 6.
Distribution (percent) of wheelchairs by type (manual/power wheelchairs and scooters) across diagnoses for fiscal years 1999–2001 combined.

Confounding
Variable:
Diagnosis
ALS
MS
SCIT
SCIP
Stroke
TBI
PD
Amputation
COPD/CHF
Arthritis

M1

M2

M3

37*
27*
23*
28*
55*
58*
59*
48*
52*
54*

13
16†
15†
20†
19†
14†
20†
19†
14
15

2
7
13
13
2
1
2
3
1
1

*Most frequently provided wheelchair type per diagnostic group.
†Second most frequently provided wheelchair type per diagnostic

Dependent Variable: Wheelchair Type
Total
M4
P1
P2
Manual
8
60
8
9
8
58
12
8
11
62
13
7
11
73
7
5
6
83
3
3
10
83
1
1
5
86
2
2
7
78
4
3
6
73
3
2
7
78
3
2

P3
6
9
12
5
1
1
1
2
1
1

Total
Power
40
43
38
27
17
17
14
22
27
22

Total
Scooter
16†
13
6
10
10
14†
9
13
21†
16†

group.
ALS = amyotrophic lateral sclerosis, COPD/CHF = chronic obstructive pulmonary disorder/chronic heart failure, MS = multiple sclerosis, PD = Parkinson’s disease, SCIT = spinal cord injury-tetraplegia, SCIP = SCI-paraplegia, TBI = traumatic brain injury.
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Table 7.
Regression results for manual (dependent variable) versus power wheelchairs for fiscal years (FYs) 1999–2001 combined (n = 62,377). Results
reported for veterans according to age, sex, and race/ethnicity.

1.003
1.061

95% Confidence
Interval
1.002 to 1.005
0.961 to 1.171

<0.001*
0.24

1.864
1.585
1.360

1.682 to 2.067
1.247 to 2.015
1.285 to 1.440

<0.001*
0.002*
<0.001*

Independent Variable

Odds Ratio

Age
Sex: Male
Race/Ethnicity
Hispanic vs Caucasian
American Indian/Asian vs Caucasian
African American vs Caucasian

p-Value

Note: Analysis was controlled for diagnosis, number of comorbidities, FY.
*Significant at 0.05, confidence interval does not include 1.

Table 8.
Regression results for power wheelchairs (dependent variable) versus scooters for fiscal years (FYs) 1999–2001 combined (n = 14,816). Results
reported for veterans according to age, sex, and race/ethnicity.

Independent Variable

Odds Ratio

Age
Sex: Male
Race/Ethnicity
Hispanic vs Caucasian
American Indian/Asian vs Caucasian
African American vs Caucasian

1.000
0.936

95% Confidence
Interval
0.997 to 1.003
0.784 to 1.118

1.850
1.928
1.256

1.518 to 2.254
1.190 to 3.124
1.129 to 1.397

p-Value
0.89
0.47
<0.001*
0.008*
<0.001*

Note: Analysis was controlled for diagnosis, number of comorbidities, FY.
at 0.05, confidence interval does not include 1.

*Significant

Race/Ethnicity
When all WME was compared (Table 7), Hispanics
(OR = 1.864), American Indians/Asians (OR = 1.585),
and African Americans (OR = 1.360) were more likely
than Caucasians to receive manual wheelchairs. Hispanics (OR = 0.8) and African Americans (OR = 0.9) were
less likely than Caucasians to receive power wheelchairs,
and Hispanics (OR = 0.4), American Indians/Asians (OR =
0.4), and African Americans (OR = 0.7) were less likely
than Caucasians to receive scooters (data not shown).
When power wheelchairs and scooters were included
in the analysis (manual wheelchairs excluded) (Table 8),
minorities were more likely than Caucasians to receive
power wheelchairs (Hispanics: OR = 1.850, American
Indians/Asians: OR = 1.928, and African Americans: OR =
1.256) and less likely to receive scooters (Hispanics: OR =
0.5, American Indians/Asians: OR = 0.5, and African
Americans: OR = 0.8) (data not shown).
DISCUSSION
Demographic and clinical factors related to WME
provision by the VHA were examined (1) to characterize

veterans who received WME (by age, sex, race/ethnicity,
diagnosis, number of comorbidities, and priority group)
and (2) to determine whether a significant relationship
existed between type of wheelchair and age, sex, or race/
ethnicity (when analysis was controlled for diagnosis and
number of comorbidities).
During the 3-year study period, more than 191,000
wheelchairs and scooters were provided by the VHA,
with a 14 percent increase in number of veterans who
received WME from the VA between FY1999 and
FY2001 (Table 2). Since the mean age of veterans who
received WME changed by less than 1 year from
FY1999 to FY2001, this increase is more likely attributed
to the increased number of veterans provided healthcare
by the VHA. According to VHA Allocation Resource
Center data, between FY1999 and FY2001, the unique
number of veterans who received complex care (e.g.,
for SCI or stroke) from the VHA increased by ~10 percent. One explanation for this increased services use is
the change in enrollment policy. Although this change
was mandated by the U.S. Congress in 1998, it has
taken years to implement. Interestingly, while the number of manual and power wheelchairs provided
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increased, the number of scooters provided decreased
(Table 3). Similarly, the proportion of manual wheelchairs and scooters provided decreased, while the proportion of power wheelchairs increased. The increased
provision of power wheelchairs is likely related to
advances in technology, e.g., multiterrain devices.
For the purpose of this study, wheelchairs and scooters
were categorized into eight types based on function,
weight, and adjustability. Most studies comparing types
of wheelchairs have focused on durability [28–31]. Only
one other known study categorized wheelchairs to
examine the relationship between customizability and
demographic and socioeconomic factors; participants
were 412 full-time wheelchair users with SCI [5]. The
results of that study indicate that wheelchair provision
patterns vary according to the type of wheelchair provided. Minorities were more likely to receive manual
wheelchairs, and Caucasians more likely to receive
power wheelchairs and scooters. Hunt et al. also found
minorities were more likely than Caucasians to receive
standard manual wheelchairs when only manual wheelchairs were considered, with no racial/ethnic differences for power wheelchairs [5].

Race/Ethnicity
In FY1999, 66 percent of veterans who received
WME from the VHA and 73 percent of veterans who
received healthcare from the VHA were Caucasian; 15
percent of veterans who received WME from the VHA
and 15 percent of veterans who received healthcare from
the VHA were African American; 5 percent of veterans
who received WME from the VHA and 6 percent of veterans who received healthcare from the VHA were Hispanic (race/ethnicity data for veterans who received
healthcare from the VHA could only be found in the
FY1999 VHS) [20,25]. In comparison, according to the
2001 National Survey of Veterans [20,25], 63 percent of
veterans who received WME from the VHA and 85 percent of the general veteran population were Caucasian;
13 percent of veterans who received WME from the
VHA and 9 percent of the general veteran population
were African American; and 5 percent of veterans who
received WME from the VHA and 4.5 percent of the general veteran population were Hispanic.
The claim that minorities have an increased risk for
injury in combat and increasingly more Hispanics are
being assigned to frontline combat is not supported in the

literature and thus does not explain the disproportionate
representation just described.*†‡
Since the Vietnam war, African-American soldiers
have opted for technical and communications positions
that do not involve direct combat, i.e., positions that provide marketable skills upon discharge.*†§ In the 1991
Persian Gulf war, 17 percent of the fatalities were African Americans and 4.1 percent were Hispanic§ at a time
when the U.S. population was 18 percent African American and 4 percent Hispanic [28]. In the Iraq war, the
frontline combat force is mostly Caucasian,‡ although
unfortunately, the noncombat support troops in Iraq have
been unexpectedly subject to battle.§
We conducted a secondary analysis to determine
whether a higher proportion of ultralightweight manual
wheelchairs were provided in regions with a higher Hispanic population, e.g., south Texas. However, we found
this was not the case. Secondary analysis results revealed
the highest proportion of ultralightweight wheelchairs
was provided in the upstate New York area, which suggests regional differences need further and more detailed
investigation. A description of regional differences will
be published in a forthcoming paper that describes the
VHA’s costs in providing WME. In addition, a study
examining variation at the facility level is currently
underway.
Cultural preferences are an additional factor influencing provision of ATDs. For example, cultures with
lower socioeconomic status may have smaller homes and
larger extended families and a folding manual wheelchair
may be preferred to a larger device, such as a power
wheelchair or scooter. Public and private transportation
of a power wheelchair or scooter may also be a problem,
although the VA will frequently provide a lift that can be
attached to the rear of an automobile. Further, we could
hypothesize that some cultures may tend to rely more on

*Hoffman

L, Hargrove T. Death has no bias among U.S. soldiers in
Iraq. USA: CBS; 2004.

†NewsMax.com.

Black, Hispanic casualties not disproportionate.
2003 Jul 16 [cited 2004 July]. Available from:
http://www.newsmax.com/archives/articles/2003/7/15/161239.shtml

‡Lacey

JA. Minority war deaths: An ugly myth. The New York Post.
2002 Oct 14.
§Hargrove

T. Conflict with Iraq: Study shows 20 percent of war
deaths are blacks. Naples Daily News. 2003 Apr 12.
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ATDs, while others rely on personal assistance. Minorities use personal assistance for disabilities 5 to 11 percent
more than Caucasians [32] and the assistance is more
likely to be informal versus paid [33]. Allen et al. found
that wheelchair users were more likely to receive paid
and nonpaid assistance than users of other types of
ATDs; unfortunately analysis of assistance use by race/
ethnicity for wheelchair users was not reported [33].
Thus the question remains: To what extent does availability of personal assistance account for variability in
manual versus power mobility prescription? This question is further compounded by cross-cultural variance in
community participation by individuals with disabilities.
Studies have found that the assumption that minorities
have more informal care through extended families than
Caucasians is false [34–35]: community-dwelling African Americans and Hispanics with disabilities were 38
percent more likely than Caucasians to have inadequate
help [34]. The difference in these findings may be related
to the measurement of “use of assistance” versus “adequacy of help.”
Diagnosis
Standard wheelchairs (type M1) were provided more
than 50 percent of the time for veterans with stroke, TBI,
PD, COPD/CHF, and arthritis. Standard wheelchairs may
be appropriate for temporary use for conditions such as
stroke and TBI. Garber et al. found that 31 percent of veteran participants who had had a stroke stopped using
their manual wheelchairs, typically because of improved
physical function or use of alternative devices such as
walkers or canes [36]. Veterans with COPD/CHF and
arthritis may be household ambulators but require a
wheelchair for longer distances. Standard wheelchairs
do, however, require more exertion and energy to propel
[13,37], which needs to be considered when wheelchairs
are prescribed for veterans with deconditioning disorders
such as COPD/CHF. Reissued lightweight rehabilitation
or ultralightweight manual wheelchairs would be a costeffective solution for part-time wheelchair users and
require less upper-limb exertion and overall endurance.
Veterans with SCI and some veterans with MS are
more likely to rely on their wheelchairs for mobility. Veterans with SCI and MS received standard wheelchairs
(type M1) less than 30 percent of the time: 28 percent of
veterans with SCIP received standard manual wheelchairs from the VHA and 20 percent received customizable, ultralightweight wheelchairs (Table 6). However,

some of the standard wheelchairs provided may have
been spares. In contrast, Hunt et al. found that 97 percent
of full-time wheelchair users with SCI who received their
wheelchairs from SCI centers of excellence received customizable, ultralightweight wheelchairs [5]. The remaining 3 percent received manual wheelchairs that were not
ultralightweight.
Service Connection
More than 50 percent of the more customizable manual and power wheelchairs were prescribed for nonservice-connected injuries. This finding may reflect the
aging status of the World War II veterans who now
require WME for non-service-connected conditions such
as COPD/CHF and arthritis. Very few minority veterans
fought in World War II and, therefore, the higher percentage of Caucasians who received scooters (mean age
~67) is not surprising.
Approximately 40 percent of veterans with SCI
received standard power wheelchairs without programmable controls from the VHA, 26 percent received standard power wheelchairs with programmable controls, and
33 percent received customizable wheelchairs. In contrast,
none of the power wheelchair users in the Hunt et al. study
received a standard power wheelchair without programmable controls, 46 percent received standard power
wheelchairs with programmable controls, and 54 percent
received customizable wheelchairs [5]. Perhaps veterans
with SCI are more likely to go to an SCI specialty-seating
clinic for their wheelchairs. Hunt et al. found participants
with customizable wheelchairs were more likely to have
private health insurance (p = 0.018) [5]. While specialtyseating clinics exist within the VHA, NPPD data does not
document the clinic in which the wheelchair was prescribed, which is a limitation of the NPPD and this study.
Nearly 80 percent of the wheelchairs were prescribed
for non-service-connected conditions. We should note
that within the NPPD, a veteran can receive WME for a
service-connected and a non-service-connected condition. For example, a veteran may receive an ultralightweight wheelchair for a service-connected injury
(perhaps an SCI incurred while serving in Vietnam) and a
scooter for a non-service-connected condition (e.g.,
COPD/CHF as the veteran ages, with a lifestyle that perhaps includes smoking and little exercise).
Secondary analyses revealed a higher proportion of
standard (37% vs 26%) and lightweight (24% vs 19%)
wheelchairs were provided for non-service-connected
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conditions than service-connected conditions (p ≤ 0.001).
A higher proportion of standard power wheelchairs
(7% vs 4%), custom power wheelchairs (5% vs 3%), and
scooters (22% vs 17%) were provided for serviceconnected conditions than non-service-connected conditions (p ≤ 0.001). One limitation of this analysis is that it
did not control for diagnosis. Diagnoses that resulted from
a service-connected condition are likely to differ from
those that resulted from a non-service-connected condition; i.e., a veteran is less likely to receive a wheelchair
for a diagnosis of COPD or arthritis while on active duty.
Age
Younger veterans were more likely to receive
ultralightweight wheelchairs. The mean age of veterans
who received ultralightweight wheelchairs was 55 ± 16;
these veterans are likely Vietnam veterans who may be
more active, be more likely to compete in sports, and
associate with peers who use sportier wheelchairs. The
mean age of veterans who received standard manual
wheelchairs was 67 ± 13; these veterans most likely
served in the Korean or Vietnam wars. If veterans in their
mid-to-late 60s are perceived as less active, they may
also be perceived as having less need for sportier wheelchairs. One problem with this logic is that standard
wheelchairs are heavier and nonadjustable and, therefore,
increase the demands upon already arthritic joints for
propulsion. The lighter the wheelchair, the easier it is to
push. Wheelchair propulsion requires the upper limbs to
produce repeated, forceful movements, which can result
in carpal tunnel syndrome and injury to the shoulder [38–
43]. Lighter wheelchairs reduce the propulsion workload
and thus lower the risk of secondary injuries to the user’s
arms and shoulders [37,44–46]. In addition, the heavier
standard wheelchairs are difficult for aging caregivers to
load into a car. When World War II veterans were
injured, standard wheelchairs (patented in 1937) were the
only available wheelchair design. Although standard
wheelchairs were the most frequently prescribed wheelchairs, lightweight rehabilitation wheelchairs were also
provided to older veterans (mean age 65.5 years). While
rehabilitation wheelchairs are lighter, they do not provide
the axle-position adjustability that reduces the repetitive
stress generated during propulsion [10].
The mean age of veterans who received WME from the
VHA during FYs 1999–2001 was 67 ± 13, 9 years older
than the general veteran population (mean age = 58) [25].
The mean ages of wheelchair users in the veteran and

general U.S. populations were similar, 67 and <65 years,
respectively [1,3].
Limitations
A limitation of studies that use administrative databases, which “are the by-product of running a healthcare
system” [47], is that they do not provide information
unique to each veteran, e.g., a description of their mobility, activity, and participation needs and functional levels. Because functional level data were not available, the
distinction between type of wheelchair and functional
level could not be made. For example, a veteran with a
mild stroke will have different mobility needs than a veteran with a more massive brain-stem stroke. A second
limitation of using this administrative database was that
no information was available on the circumstances under
which the devices were prescribed, i.e., the clinical environment and training and expertise of the clinician. However, veteran and system factors are included in a
subsequent VA funded study.
Limitations were also posed by the NPPD data itself.
In FY1999, 60,116 wheelchairs and scooters were provided by the VHA to 52,309 veterans. If a one-to-one
correspondence between WME and individuals receiving
the devices is assumed, there were 7,803 more wheelchairs and scooters provided than there were veterans to
receive them. This result suggests that some veterans
received more than one wheelchair during a FY, which is
in accordance with the VHA Handbook. In fact, ~1 percent of the wheelchairs provided were coded as spares,
which would account for as many as 6,000 of the 7,803
wheelchairs and scooters. Coding variation may also
explain the difference between the number of pieces of
WME provided and number of veterans who received
them. Wheelchair components were inconsistently coded
as wheelchairs, perhaps in an effort to associate the component with the wheelchair it accompanied. Another factor was coding error.
Although the NPPD did provide an HCPCS code, no
information on the make or model of the wheelchair was
provided, which would have assisted in validating some
of the other NPPD fields; i.e., having a brand name,
model number, and HCPCS code could help differentiate
inconsistencies in coding procedures across facilities and
data entry persons within facilities and identify coding
error. The capability to differentiate whether a wheelchair
was purchased from a vendor or from a manufacturer
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would also have been helpful. The vendor field did not
make this distinction clear.
While inquiring about the data entry process at the
facility level, we discovered that the potential for discrepancies between prescription and provision practices
existed. For example, a clinician prescribes a wheelchair.
The prescription is then given to a vendor. The vendor
purchase order is entered into the VA system and the
device is delivered to the veteran’s home (if outpatient).
Apparently, no check is built into the system to ensure
that the vendor has ordered what the clinician prescribed;
thus, prescription should not be used interchangeably
with provision.
While inquiring among wheelchair vendors with
assistive technology specialists (ATSs) certified by the
Rehabilitation Engineering and Assistive Technology
Society of North America, we found that the NPPD
includes outdated HCPCS codes from the 1970s. Possibly the use of outdated codes could contribute to confusion between vendors and the VHA. Where these
outdated “E” codes originated from was unclear: the vendor or the VHA, but ATS vendors interviewed by the
investigators were unfamiliar with most of the “E” codes.
Tracking WME after delivery to veterans could be
useful. Wheelchairs, especially power wheelchairs, are
expensive and frequently take many months to be delivered. In the meantime, a veteran’s condition can change
or the veteran may die (e.g., a veteran with ALS). A
wheelchair no longer beneficial to one veteran may benefit another and could eliminate the months of waiting.
While the VHA does refurbish and reissue wheelchairs,
this study found this process is not being well tracked by
the NPPD. A database designed to track veterans and
wheelchairs could improve the quality of care to veterans
and save money.

CONCLUSIONS
This was the first large-scale study to look at the
types of wheelchairs prescribed in the context of disability. The findings strongly suggested disparity in the
provision of wheelchairs by the VHA and that the standard of care for the provision of WME within the VHA is
not of the same quality as in other populations.
The results of this study indicate Caucasians were
more likely than Hispanics and African Americans to
receive power wheelchairs. Caucasians were more likely

than minorities (Hispanics, African Americans, Asians,
and American Indians) to receive scooters and less likely
to receive standard wheelchairs. Site-level analyses need
to be completed to further investigate these findings. In
addition, within the veteran population, the most frequently prescribed wheelchair for all diagnoses was the
standard manual wheelchair.
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