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Objective. To study the HRQOL in veterans with prevalent total knee arthroplasty (TKA) or total hip arthroplasty (THA) and compare them

with age- and gender-matched US population and control veteran population without these procedures.
Methods. A cohort study and cross-sectional survey on veterans obtained demographics and HRQOL with Short-Form 36 for veterans (SF-

36V). Veterans were categorized into: primary TKA; primary THA; combination group (�1 primary and/or any revision TKA/THA); and control
population (no THA/TKA). Multivariable regression compared the physical and mental component summary scores (PCS and MCS scores,

respectively) in each group.
Results. Response rate was 58% (40 508/70 334): 531 with TKA, 254 with THA, 461 constituted the combination and 39 262, the control

group. Mean PCS scores in veterans with THA, TKA, and combination group were 2 S.D. lower than the US mean (29.5� 0.8; 30.1� 1.1 and
27.1� 0.8). MCS scores were similar to the US mean (47.3� 0.9; 49.1� 1.2 and 45.6� 0.9). Compared with controls, significantly more

veterans in TKA, THA or combination groups had multivariable-adjusted PCS� 30 (55, 64, 71 and 76%; P< 0.0001); similar proportion had
MCS� 30 (15, 12, 8 and 16%; P¼ 0.29); and mean scores on SF-36 physical domains (P� 0.0011), but not mental/emotional domains

(P� 0.01) were statistically and clinically lower.
Conclusions. Profound physical HRQOL deficits exist in veterans with TKA/THA and in combination group compared with age- and gender-

matched general US population and with veteran controls. In these groups, these deficits are not attributable to differences in

sociodemographics, comorbidity and healthcare access/utilization. Arthroplasty status may be a surrogate for poorer HRQOL and worse
outcomes. Future studies are indicated to determine HRQOL deficit causes and interventions to improve HRQOL in patients with arthroplasty.
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Introduction

Total knee arthroplasty (TKA) and total hip arthroplasty (THA)
are among the most common orthopaedic procedures performed
in the United States to relieve pain and improve the function of
patients with end-stage arthritis [1]. OA, the most common
underlying arthritic diagnosis in patients undergoing TKA or
THA, is the fifth most common condition among veterans [2] and
arthritis ranked among the top five conditions among the 3.4
million veterans who received care in fiscal year 1999 [3].
Approximately 208 600 primary THA and 402 100 primary TKA
procedures were performed in the United States in 2005, projected
to increase by 174% to 572 000 primary THA and 673% to 3.48
million primary TKA procedures per year by 2030 [4]. With
increasing longevity and younger age at procedure, the number of
revision THA and TKA procedures is also projected to increase
by 137% and 601% by 2030 [4].

TKA and THA are associated with significant improvement in
pain, function and health-related quality of life (HRQOL) compar-
ing pre- with post-surgery scores [5–11]. Very few studies have
reported the HRQOL of patients with prevalent TKA or THA, and
even fewer have compared that with control population without
these procedures or with the age- and gender-matched general
population. We know of no other large survey study using the Short
Form-36 or Short Form-36 for veterans (SF-36� or SF-36V) that
examined HRQOL in prevalent TKA/THA compared with a
control group controlled for demographic, comorbidity and health
care access/utilization. Most of the previous studies did not include

community-based sample, but rather hospital-based samples.
A community-based approach asks the specific questions: i.e. what
is the health status of patients with THA or TKA living in the
community and how does it compare with the rest of the population?

The current data regarding HRQOL of TKA/THA patients
compared with the general population is contradictory, with some
studies showing a similar [6, 12, 13] and some a lower HRQOL
than population norms [7, 14]. Four of these five studies used SF-
36� [7, 12–14]. The follow-up duration was variable, 3 months to
10 yrs [12, 13] vs 6 months to 1 yr [7, 14]. All studies had sample
sizes of <600 subjects and all except one study [14] included
hospital-based rather than community-based cohorts, thereby
introducing a referral bias. Many studies assessed only THA [13]
or only TKA [12]. Thus, studies of community-based cohorts of
patients with prevalent TKA/THA are needed to better under-
stand HRQOL of this cohort.

In a population-based cohort of veterans with TKA or THA,
our objectives were to: (i) describe physical and mental/emotional
HRQOL; (ii) compare the physical and mental/emotional
HRQOL with a control veteran population (controlling for socio-
demographics, comorbidity and health care access/utilization) and
to age- and gender-matched US general population.

Methods

Population

A cohort of veterans utilizing Upper Midwest Veterans Integrated
Service Network (VISN-13: Minnesota, North Dakota and South
Dakota, and selected counties in Iowa, Nebraska, Wisconsin and
Wyoming) for healthcare services between 1 October 1996 and
31 March 1998 with valid mailing addresses was identified. We
conducted a cross-sectional survey by mail: querying demographics,
self-reported physician-diagnosed comorbidity and HRQOL using
SF-36V (Details previously published as VISN 13 Veterans Quality
of Life Study [15]). Non-responders received the same survey
10 weeks after the first mailing. The study was approved by the
Minneapolis VA Institutional Review Board (IRB). Based on the
survey content, the IRB felt consent was not necessary and waived it.
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Data sources

Survey. Demographic questions included: education level, race
and current use of cigarettes. SF-36� is a generic measure of
HRQOL that is valid, reliable and responsive to change in patients
with OA, RA and PsA [16–19]; summing 36 questions into eight
domains: physical functioning (PF), role physical (role limitations
due to physical problems; RP), bodily pain (BP), general health
(GH), energy/vitality (VT), social functioning (SF), role emotional
(role limitations due to emotional problems; RE) and mental
health [MH; ranging from 0 (worst) to100 (best)], and physical
and mental component summary scores (PCS and MCS scores,
respectively), with normative distributions of 50 and S.D. of 10 in
the US population. SF-36V is a modified version, validated in
veterans [2, 20, 21], where RP and RE domains were changed
from dichotomous to 5-choice ordinal scales to avoid floor and
ceiling effects, similar to version 2.0 of SF-36� [22]. Survey data
were supplemented by data obtained from the national VA
databases, as given subsequently.

VA administrative and clinical databases. The VA inpatient
and outpatient administrative and clinical data sets provided
the following: (i) demographic characteristics (gender, age, race,
marital status, employment status); (ii) service-connected status
(refers to disability occurring during active military duty and
ranges from 0% to 100%; above 50%, one is given priority to
health care access at VA facilities); (iii) VA medical site use
(single- vs multi-site use for inpatient and outpatient health care
utilization for 1 yr after the survey); and (iv) International Classi-
fication of Diseases (ICD)-9 and Current Procedural Terminology
(CPT) codes for THA and TKA prior to the survey. These data-
bases have been shown to be reliable for demographics and valid
for most common [23] and specific diagnoses [24, 25].

Education level, self-reported physician diagnosis of six
common diseases—arthritis, asthma/COPD, diabetes, depression,
heart disease and hypertension—activities of daily living limita-
tion and HRQOL were obtained from the survey.

Study outcomes

Outcomes of this current study included the SF-36V domain,
PCS and MCS scores from the 1998 survey as continuous
and categorical variables comparing the veterans with THA,
TKA and the combination group vs the control group. We used
the National VA inpatient (available from 1988 to 1998) and
outpatient (available from 1991 to 1998) Patient Care databases
at the Austin Automation Center (AAC) to identify the presence
of CPT and ICD codes for THA or TKA prior to the
survey: 00.70–00.76, 00.8–00.84, 81.51–81.55; 27 437, 27 438,
27 440–27 443, 27 445–27 447, 27 486, 27 487, 27 125, 27 130,
27 132, 27 134, 27 137, 27 138 and 27 236. For each patient, we
identified the earliest date for knee or hip surgery; if they under-
went any additional surgery (among the codes above) after their
first THA or TKA, they were classified in the combination group.
The control population had no documentation of THA or TKA.

Clinically meaningful differences were based on definitions for
minimal clinically important differences (MCID) of 5–10 points in
domain and 2.5–5 points in summary component scores of SF-36�

derived from published randomized controlled trials and consis-
tently similar in RA, OA, PsA and SLE [26–29]. The values for
MCID represent the minimum improvement ‘perceptible’ to
patients enrolled in clinical trials, and thus offer a reasonable
benchmark for comparisons across patient and disease populations.

Confounding variables

The HRQOL estimates were adjusted in the multivariable
analyses for the following potential confounders and covari-
ates: (i) database-derived sociodemographic variables: age (in
years), gender (male, female), employment status (employed,

unemployed, retired, unknown), marital status (married, not
married); (ii) survey-derived sociodemographics: race (white,
non-white), education level (less than eighth grade, some high
school, high school graduate, college and beyond); (iii) current
smoking status: current smoker vs non-smoker; and (iv) survey-
derived self-reported physician-diagnosed comorbidity: arthritis,
asthma/chronic obstructive pulmonary disease (COPD), diabetes,
depression, hypertension and heart disease (presence/absence).

Database-derived variables were available for most of the
sample (�70 000). Survey-derived variables were available for
�35 000–40 000 responders to the questionnaire; range is provided
since the response rate for each survey question varied slightly.

Statistical analyses

Continuous and categorical variables among subjects with and
without TKA/THA were compared between survey responders
and non responders using Student’s t-test and chi-square test.
Comparisons with age- and gender-matched US general popula-
tion were made using the published norms by Ware et al. [30], and
comparing the mean values for men matched for age categories as
described by them. Linear regression analyses using least squares
means were done for SF-36V domain and summary scores to
compare the HRQOL in subjects with TKA/THA with that of
controls. All regression analyses adjusted for the following
confounders/covariates: sociodemographic (age, gender, race,
education level, employment status and marital status), comor-
bidity (arthritis, asthma/COPD, diabetes, depression, heart
disease and hypertension), current smoking status and health
care access variables (single vs multiple site use and percent service
connection). All analyses were performed using SPSS, version 11.5
(Chicago, IL, USA) and SAS, version 9.0 (Cary, NC, USA). Due
to multiple comparisons performed, P-values <0.01 were con-
sidered statistically significant. Since the results from unadjusted
analyses did not differ from the multivariable-adjusted regression
analyses, we present both, but discuss only the multivariable-
adjusted regression estimates.

Results

Demographic characteristics

Overall 58% responded to the survey (40 508 of the 70 334
population). Of these, 531 had TKA, 254 had THA, 461
constituted the combination group and 39 262, the control
group—HRQOL and functional data are reported from
this subset. Veterans with TKA or THA were 9–11 yrs older
than the control population, were more likely married, had higher
service connection, were less likely to be smokers or employed
and were less educated (Table 1). Veterans with TKA or THA
were more likely to have arthritis, diabetes and heart disease,
but had a similar prevalence of asthma/COPD, depression and
hypertension. The overall comorbidity load, as assessed by
number of comorbid conditions or the proportion with �2
comorbidities, was higher in veterans with TKA or THA
(Table 1). Minor differences in race and gender were noted
among the groups.

Survey non-responders were similar to responders in most
characteristics except that they were significantly younger (56.3
yrs vs 64.5 yrs), less likely to be married (47% vs 64.9%) and less
likely to be retired (26.7% vs 43.9%) as compared with
responders.

Comparison with age- and gender-matched US general
population

Veterans with TKA, THA and in the combination group
had physical domain scores 50–67% lower (mean scores ranging
from 28.7 to 38.3), psychosocial domain scores 4–51%
lower (mean scores ranging from 41.2 to 74.7), and general
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health/vitality scores 30–53% lower (mean scores ranging from
32.9 to 45.6) than age- and gender-matched US general
population (Fig. 1).

Physical but not mental/emotional HRQOL is worse in
TKA/THA patients compared with veteran controls

Veterans with TKA or THA or combination group had
statistically significantly lower PF, BP and RP subscale scores
than the controls, although only the PF scale differences reached
MCID of >5-points for comparison of each of the three groups vs
controls (7.2–12.1; Table 2). Differences for BP and RP scales
exceeded MCID only for comparison between controls and the
combination group (5.6 and 6.8, respectively). For GH scale,
differences were statistically but not clinically meaningful, and for
the rest of the SF-36V subscales differences were neither
statistically nor clinically meaningful. PCS scores were both
statistically and clinically lower in TKA/THA groups compared
with controls, but MCS scores were statistically and clinically
similar among groups. The PCS scores were statistically and
marginally clinically lower (difference of 2.4) in primary TKA
group compared with controls.

After multivariable adjustment, a significantly higher propor-
tion of veterans with TKA or THA or combination group had
PCS� 30 (difference was also clinically meaningful, P< 0.0001),
but similar proportion had MCS� 30 (P¼ 0.2875; Table 3 and
Fig. 2). Similar proportion of veterans had adjusted PCS and
MCS scores below population mean of 50. This was statistically
significant (P< 0.001) but the differences were not clinically
meaningful.

Discussion

The primary finding of this research is that community-dwelling
veterans with prevalent TKA and THA report profound deficits in
their physical well-being. While this result might seem intuitively
credible, the evidence to date has been mixed. Published studies
that compared the HRQOL of THA/TKA patients with popula-
tion norms have reported variable findings; some showing that
HRQOL is similar [12, 13] and others finding that it is lower than
norms [7, 14]. The remainder of this discussion puts the key
findings from this study into perspective of the literature and
clinical realities.
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FIG. 1. SF-36� V subscale scores of veterans with TKA, THA, combination group
compared with age- and gender-matched US population. Worst health¼0, best
health¼100.

TABLE 1. Demographic and clinical characteristics of subjects with and without TKA/THA

Control
(n¼ 38 146–29 262)

Primary TKA
(n¼ 516–531)

Primary THA
(n¼247–254)

Combination groupa

(n¼447–461) P-valueb

Age, mean� S.D., yrs 60.7�15.4 71.6�9 69.4�11.2 72.2�9.1 <0.001
Years since first arthroplasty

surgery, mean� S.D.
N/A 2.3�2.6 2.3�2.5 3.0�2.8 <0.001

Malec, % 95 97 97 97 0.003
Whitec, % 94 96 99 98 <0.001
Married, % 52 70 60 67 <0.001
Currently smokec, % 24 11 16 13 <0.001
Employment status <0.001

Employed, % 34 19 21 15
Unemployed, % 23 11 17 12
Retired, % 36 65 58 70
Unknown, % 7 5 4 3

Education levelc <0.001
<8th grade, % 16 31 31 27
Some high school, % 12 13 13 15
High school graduate, % 36 36 34 34
College and beyond, % 36 36 21 25

Presence of self-reported physician
diagnosis of
Arthritis, % 53 86 84 84 <0.001
Asthma/COPD, % 26 27 24 25 0.72
Depression, % 28 31 26 31 0.31
Diabetes, % 18 26 16 22 <0.001
Hypertension, % 35 36 39 40 0.056
Heart disease, % 34 42 33 42 <0.001

Number of comorbid conditions, mean� S.D. 1.7�1.2 2.1�1.2 1.9�1.2 2.1�1.2 <0.001
Percentage of with �2 comorbidities, % 53 66 56 67 <0.001
Number of ADLs with limitations, mean� S.D. 1.5�1.9 2.3�1.8 2.6�2 2.6�1.9 <0.001
Percentage of Service-connectiond, % <0.001

0% or no 61 49 63 54
1–49% 25 26 18 20
50–100% 14 25 20 26

aCombination group, �1 primary or 1 primary plus �1 revision TKA or THA. bP-values denote comparisons between subjects with and without TKA/THA (all three survey-derived
measures). Survey-derived measures were available for 36 978–39 297 subjects; All other measures were available from administrative databases for �70 542–70 991 subjects.
cRace data were available for 40 506 subjects without TKA/THA and 1448 with TKA/THA/combination; current smoking status (from survey data) was available for 35 852 subjects
without TKA/THA and 1126 TKA/THA/combination; gender data were available for 69 238 subjects without and 1753 with TKA/THA/combination; education status was available
for 38 102 subjects without TKA/THA and 1195 with TKA/THA/combination. dMean� S.D. for percentage of service-connection was as follows: TKA, 25� 33%; THA, 18� 31%;
Combination group, 25� 34%; and control, 16�28%; the range for percentage of service-connection was none–100% for all four categories. ADLs: activities of daily living.
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Limitations

These findings, while based on large population-based samples,
may not be generalizable to non-veterans, females or to other VA
service networks. Non-response bias limits generalizability. Since
this was a cross-sectional survey, residual confounding due to
unmeasured variables (i.e. other comorbidities such as alcohol use,
BMI, post-traumatic stress disorder, metabolic syndrome, renal
failure, etc.) is possible. We did not have any measure of severity
of arthritis, incidence/prevalence of arthritis in the opposite knee,
hip or other joints or rehabilitation status, strength and joint
motion status, adequacy of pain control and access to rehabilita-
tion pre- and post-operatively, which may have had an impact on
HRQOL.

HRQOL differences compared with age- and
gender-matched US population

Significantly lower scores on all physical domains with smaller
differences in psychosocial domains compared with age- and
gender-matched US population were evident. Results
from previous studies are contradictory. In a cohort study of
151 Australian veterans, among the younger patients (55–74 yrs),
significantly and profoundly lower 1-yr post-operative SF-
36� scores in physical domains and non- significantly lower
psychosocial domains after TKA (but not THA) were reported,
compared with general population norms [7]. Similarly, in a
community-based sample of 504 US patients who underwent
THA or TKA, despite large improvements in SF-36� physical
domains, scores did not reach age- and sex-matched population
norms 6-months post-arthroplasty (difference of 10–20 points for
PF and RP scales for both TKA and THA and 10 points for BP
for TKA; no statistical test reported) [14].

In contrast, scores similar to population norms or age-matched
population norms have been reported on SF-36� subscales at
10-yr post-TKA in 208 patients [12], and on the SF-36� physical

component summary in 104 older Australian patients at 12 weeks
post-THA [13]. Results from our study in veterans support the
findings from the study in Australian veterans only with regards
to TKA [7] and US community-based sample for both TKA and
THA [14] and are in contrast to other studies [12, 13]. Patients
with THA have a survival advantage over age-, gender-, race- and
comorbidity-matched Medicare controls [31], indicating that
although patients with arthroplasty may survive longer, their
HRQOL is poorer than controls.

The deficits in physical HRQOL observed in our study were
more profound than those typically seen in literature, even in
advanced cancer patients [32].

Comparison with control population

In addition, veterans with TKA and THA have significantly
poorer physical HRQOL but similar mental/emotional HRQOL
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FIG. 2. Proportion of THA, TKA, combination and control groups with PCS and
MCS scores 2 S.D. below mean (PCS�30). P<0.001 for comparison of groups for
PCS� 30 and P¼0.2875 for MCS� 30.

TABLE 2. Multivariable-adjusted� and unadjusted least square means values (�S.E.) for each SF-36V subscale and summary scale score for survey-respondent veterans
(n¼ 15 817–15 073)

Multivariable-adjusted Unadjusted

Subscale
and summary

scores
Control

population Primary TKA Primary THA
Combination

group P-value
Control

population Primary TKA Primary THA
Combination

group P-value

PF 49.3� 0.2 42.1�1.7 40.9�2.4 37.2� 1.8 <0.0001 49.6�0.2 34.3�1.9 38.3�2.7 28.8�2 <0.0001
BP 47.9� 0.2 45.2�1.4 45�2.1 42.3� 1.5 0.0003 48.1�0.2 40.3�1.6 42.9�2.3 36.7�1.7 <0.0001
RP 46.4� 0.2 46.4�1.7 42.5�2.5 39.6� 1.8 0.0011 46.6�0.2 39.8�2 41.1�2.8 32�2.1 <0.0001
GH 47�0.2 51.1�1.3 47.3�1.9 45.6� 1.4 0.0109 47.1�0.2 48.8�1.5 49�2.2 42.4�1.6 0.0127
VT 42.1�0.2 43.8�1.3 43.1�1.9 40.7� 1.4 0.4190 42.1�0.2 42�1.5 44.4�2.1 37.8�1.6 0.0314
SF 60.8�0.2 61.6�1.7 58�2.4 56.7� 1.8 0.0802 60.8�0.2 60.8�1.9 60.8�2.8 53.7�2 0.0081
RE 63�0.2 62.4�1.8 65.7�2.5 59.1� 1.9 0.1376 63.1�0.3 59.8�2 67�2.9 54.2�2.2 <0.0001
MH 65.6�0.1 66.1�1.2 67.4�1.7 64.8� 1.2 0.6356 65.6�0.2 67.9�1.4 70.7�2 64.8�1.5 0.0310

PCS 34.1� 0.1 32.7�0.7 31.1�0.9 30.5� 0.7 <0.0001 34.2�0.1 29.5�0.8 30.1�1.1 27.1�0.8 <0.0001
MCS 45.4�0.1 46.2�0.7 46.9�1 45.5� 0.7 0.2855 45.3�0.1 47.3�0.9 49.1�1.2 45.6�0.9 0.0031

Significant differences are in bold. �Adjusted for marital status, age, race, gender, education, employment status, smoking status, presence of arthritis, asthma/COPD, depression, diabetes,
hypertension and heart disease; single vs multiple site use and percent service connection.

TABLE 3. Proportion of patients with PCS and MCS below mean and 2 S.D. below US population mean of 50 (n¼ 15 097)

Multivariable-adjusted Unadjusted

Proportion with
Control

population Primary TKA Primary THA
Combination

group P-value
Control

population Primary TKA Primary THA
Combination

group P-value

PCS� 30, % 55.5 64.4 70.8 75.6 <0.0001 40.4 58.9 58.2 69.8 <0.0001
MCS� 30, % 15.4 12.3 8.1 15.7 0.2875 14 8.1 4.5 12.3 0.0004

PCS< 50, % 97.7 98 99.8 99.1 0.0013 88.6 96 99.1 98.8 <0.0001
MCS< 50, % 83 81.2 83.5 84 0.8163 59.2 56.2 54.5 62.6 0.4372

Significant differences are in bold.

HRQOL in total knee and total hip arthroplasty 1829



compared with veteran controls. Since these differences in physical
HRQOL are not attributable to differences in age, gender, race,
other sociodemographics, comorbidity and healthcare access/
utilization, further studies to investigate the reasons for these
differences are needed. If modifiable factors are identified,
targeted interventions are likely to improve the HRQOL of
veterans with arthroplasty.

Comparisons with non-veteran populations

In general, US veterans have reported worse HRQOL and have
more comorbidity than non-veteran populations [15, 33]. Veterans
undergoing arthroplasty have poorer pre-operative functional
status and are older at the time of arthroplasty than non-veterans
[34]. Higher comorbidity, older age and poorer pre-operative func-
tion are negatively associated with outcomes following arthro-
plasty [10, 35, 36]. In another study by Heck et al. [37] that
compared veterans with non-veterans undergoing TKA for OA,
despite being younger, veterans had increased length of hospital
stay, reduced range of knee motion at 1 and 2 yrs, and a higher
complication rate, 68% vs 23%, than the civilian population. Thus,
at least some HRQOL deficits in our study population may be
attributable to the veteran status, higher comorbidity and to
poorer post-arthroplasty outcomes in veterans vs non-veterans.

Implications

These data have implications for the costs associated with the care
of this patient population. The median cost for primary joint
arthroplasty was $12 846 at the United States hospitals between
1997 and 2001 [38]; Medicare paid $3.2 billion for these
procedures in 2000 [39]. The severe deficits in physical well-
being indicated by our data undoubtedly impart additional
burden to the healthcare system to deal with the concomitant
physical deficits. Hence, interventions targeted at preventing and
improving the physical deficits could potentially reduce the cost of
follow-up care for patients undergoing TKA or THA surgery.
There is ample evidence in the literature to demonstrate that
patients with improved QOL place fewer demands on healthcare
systems [40, 41]. This is true even for end-stage cancer care.
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