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TABLE III Regression Analysis: NHANES III Survey*

Odds Ratio and 95% Confidence Interval

Kellgren-Lawrence 
Score of ≥2

Kellgren-Lawrence Score of ≥2 and Evidence of 
Crepitus, Swelling, or Limitation of Knee Movement

Income (log) 1.099 (0.949 to 1.273) 1.084 (0.925 to 1.269)

Men: white 1.000 1.000

Men: black 2.197 (1.427 to 3.383) 2.115 (1.348 to 3.317)

Men: other 1.820 (0.496 to 6.680) 1.801 (0.278 to 11.651)

Women: white 1.523 (1.108 to 2.094) 1.379 (0.979 to 1.942)

Women: black 3.601 (2.332 to 5.560) 3.574 (2.296 to 5.563)

Women: other 4.930 (1.300 to 18.687) 1.448 (0.516 to 4.068)

Body-mass index (quartile 1) 1.000 1.000

Body-mass index (quartile 2) 2.126 (1.391 to 3.251) 1.832 (1.144 to 2.935)

Body-mass index (quartile 3) 4.007 (2.613 to 6.144) 4.618 (2.960 to 7.203)

Body-mass index (quartile 4) 9.088 (5.867 to 14.079) 8.641 (5.524 to 13.517)

South 1.000 1.000

Northeast 0.870 (0.594 to 1.274) 0.700 (0.457 to 1.073)

Midwest 1.356 (0.972 to 1.890) 1.069 (0.739 to 1.547)

West 1.021 (0.665 to 1.568) 0.712 (0.448 to 1.133)

*The dependent variable is a Kellgren-Lawrence Score of 2, 3, or 4 or the combination of a Kellgren-Lawrence Score of 2, 3, or 4 and the
presence of either crepitus, swelling, or limitation of knee motion on examination. N = 1926 for all estimates. All estimates are adjusted for
population weights and sampling strata. Age variables were included in the regression but are not reported. For these two measures (a
Kellgren-Lawrence score of ≥2, or a Kellgren-Lawrence score of ≥2 with evidence of crepitus, swelling, or limitation of knee movement), the
estimated odds ratio cannot be interpreted as a relative risk26.

Fig. 1

Illustration showing the odds ratio of total knee replacement in the Medicare population according to income quintile. The overall odds ratio of total 

knee replacement is shown for each zip code income quintile in the year 2000, ranging from the lowest 20% in Quintile 1 to the highest 20% in Quintile 

5. Ninety-five percent confidence intervals are also shown. The “Overall” regression shows how knee arthroplasty rates vary by income with controls for 

age, gender, and racial or ethnic identification. It describes a shallow inverted U shape, with slightly higher rates in the middle-income quintile (16% 

above the reference group) but with nearly identical rates in the bottom and top-income quintiles. The “Access to Care” regression adjusts for the pre-

vious factors but also includes the region of residence, so this can be interpreted as the effect of income within the same region. Access to care is bet-

ter for higher-income households, with an 18.5% greater chance of total knee arthroplasty in the highest-income quintile.
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respondents; 78% of the respondents in the top quintile who
reported pain on passive motion also were diagnosed with a
Kellgren-Lawrence score of ≥2, contrasting with 66% of those
in the lowest income group.

Discussion
cross the United States, there was little association between
socioeconomic status and the rate of total knee arthro-

plasty. Nor was there an association between socioeconomic
status and clinical evidence of knee osteoarthritis. This first re-
sult contrasts with those reported by Mahomed et al.7, who
found that the “dually eligible” individuals who were enrolled in
both Medicare and Medicaid (presumably reflecting poverty
status) were less likely to have a total knee arthroplasty. How-
ever, eligibility for Medicaid is often predicated on poor health
or nursing home residence, which could by itself reduce the ap-
propriateness of a total knee arthroplasty.

One puzzling result from the statistical analysis is why ac-
cess to care is greater for high-income Medicare enrollees within
a region, but the overall association between income and utili-
zation is essentially zero. The solution to the puzzle requires an
understanding of the geographic patterns of total knee arthro-
plasty in the United States, where there are large documented
variations in utilization rates1,25. For example, the average rate of
total knee arthroplasty for white women in Manhattan (New
York City) during 1998 to 2000 was 2.9 per 1000 enrollees. In
Little Rock, Arkansas, the corresponding rate was 6.6 per 1000
enrollees, and in McAllen, Texas, the rate was 8.8 per 1000
enrollees1. If we were to suppose that high-income residents

within the regions of Manhattan, Little Rock, and McAllen were
18.5% more likely to have a total knee arthroplasty (the result
that we found on the average across the United States) and we
were then to compare the rates of total knee arthroplasty among
high-income individuals in the United States, without adjusting
for region, a different pattern would emerge: even the wealthiest
residents of Manhattan would be less likely to have a total knee
arthroplasty than the lower-income residents of McAllen. One
measure is not better than the other; they each provide an an-
swer to a different question23.

The present study demonstrates that total knee replace-
ment rates among minority groups are substantially lower
than the rate for whites, and this result holds after controlling
for income. Thus, observed racial disparities, which are con-
sistent with earlier studies16,19,28,29, are not the consequence of
socioeconomic class but persist even when comparing black,
Asian, or white Medicare enrollees with similar economic sta-
tus. Nor can these differences be explained by variation in un-
derlying rates of osteoarthritis as these rates were higher still
among black men and women.

The work by Ibrahim et al. supports the idea that among
black patients with osteoarthritis, there is much greater belief
in the efficacy of physical therapy, Tylenol (acetaminophen),
herbal medicine, massage, and prayer, and considerably less
belief in the efficacy of surgery30. Less well understood is our
finding that Asian men and women also have very low rates of
total knee arthroplasty. One potential explanation could be
the poor quality of patient-doctor interactions. One study
demonstrated that Asian-American respondents (n = 621)

A

Fig. 2

Illustration showing the fraction of the population with clinical evidence of osteoarthritis and pain on passive motion according to income. Results 

from two separate regressions using the NHANES III data set (n = 1926) are shown. The logistic regression analysis was adjusted for population 

weight and strata and controls for age, gender, race, region, and body-mass index, with odds ratios converted to sample probabilities with use of 

the ADJUST command in STATA 9.0. Clinical evidence of osteoarthritis is defined as the presence of a Kellgren-Lawrence score of ≥2 and evidence 

of crepitus, swelling, or limitation of movement on examination. Ninety-five percent confidence intervals are also shown. There was no significant 

difference between the lowest and highest quintile with regard to clinical evidence of osteoarthritis, but there was a significant difference between 

the lowest and highest quintiles with regard to pain on passive motion (p = 0.04).
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were far less likely than black (n = 1037), Hispanic (n = 1153),
or white respondents (n = 3488) to understand what their
doctor told them, and only 49% strongly agreed with the
statement that the “doctor understands my background/val-
ues” as compared with rates of 60% for black respondents and
61% for white respondents31.

Pain on passive motion is sometimes considered to be a
symptom of late-stage osteoarthritis32 and was shown in the
present study to be a sensitive indicator of radiographic evi-
dence of osteoarthritis for individuals over the age of sixty
years. Unlike other clinical indicators of osteoarthritis, pain
on passive motion was negatively associated with income, a
result also noted in association with educational level in an
earlier study33. This finding raises the possibility that other fac-
tors may mediate the response to passive motion. The issue of
nonorganic signs has been considered in relation to lower
back pain34, but little is known about such factors in relation to
osteoarthritis of the knee.

 One important limitation of the present study is the use
of zip code or neighborhood income instead of individual in-
come. One advantage, however, is that zip code income avoids
measurement errors in individual income responses. It also
better captures housing or financial wealth, often an impor-
tant source of financial support among elderly individuals.
Previous researchers using data sources with both individual
and zip code income have shown zip code income to be a valid
measure of socioeconomic status35.

These results have potential implications for surgical
practice. They suggest that minority patients or patients with
lower income levels (within a given region) are currently less
likely to undergo total knee arthroplasty, despite a similar or
greater prevalence of osteoarthritis. In part, lower utilization
rates may reflect financial burdens for lower-income house-
holds without supplemental insurance, but even in the Cana-
dian system, in which financial barriers are minimal, Hawker et
al. found that fewer than one in five patients who were deemed

medically appropriate expressed an interest in having a joint re-
placement, with rates among lower-income groups being even
lower (p < 0.10)17. The real challenge is in creating an environ-
ment where patients are able to make well-informed decisions
that overcome past biases, language barriers, and distrust of the
health-care system36, for example, with the use of decision aids
to help patients to understand benefits and risks of surgery37.

Our findings also have implications for recent legisla-
tion mandating a tripling of Part-B premiums for the highest-
income Medicare enrollees. On the basis of our findings,
higher Part-B premiums cannot be justified because higher-
income taxpayers have better access to one common surgical
procedure, total knee arthroplasty. Whether these patterns
hold for other surgical procedures is not known. 
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