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Obesity and racial characteristics drive utilization of total joint
arthroplasty at a younger age
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A B S T R A C T

Background: Obesity is a growing public health problem. Obesity increases the risk of requiring total joint
arthroplasty (TJA). The purpose of this study was to examine the effect of obesity on the propensity for
TJA in patients at our institution. We hypothesized that obese patients would be younger and more likely
to be races other than non-Hispanic whites when compared to a normal weight cohort.
Methods: 568 consecutive patients undergoing primary TJA were reviewed. Demographic data and World
Health Organization Body Mass Index (BMI) class were compared statistically, with age at time of TJA
used as the main outcome of interest.
Results: The average age at TKA was 68.3 years, while the average age at THA was 67.5 years (p = 0.447
between procedure groups). Increased BMI class was associated with decreased age at TJA: normal
weight patients were 12.2 and 11.4 years older than class III obese patients at the time of TKA and THA,
respectively (p < 0.001). Among TKA patients, obese patients, when compared to non-obese patients,
were significantly less likely to be non-Hispanic whites (p = 0.016). Among THA patients, class III obese
patients were significantly less likely to be non-Hispanic whites (p = 0.007).
Conclusions: Obesity is a risk factor for both TKA and THA at a younger age. For patients in the study, for
each unit increase in BMI, the age at TKA decreased by 0.56 years and age at THA decreased by 0.52 years.
Obese patients were less likely to be non-Hispanic whites than normal weight patients.
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1. Introduction

Obesity is a growing problem for healthcare systems in the
United States and worldwide. More than one-third of American
adults are now classified as obese (BMI > 30), an increase of nearly
25% since 2000.1 Obesity is associated with a myriad of health
conditions, including type II diabetes, cardiovascular disease, and
osteoarthritis.2–4 The economic burden of obesity has been
estimated at greater than $215B annually in the United States
alone.5 Additionally, obesity does not affect all groups equally:
48.1% of non-Hispanic black and 42.5% of Hispanic adults are obese,
as compared to 34.5% of non-Hispanic white adults.1 Obesity also
increases the relative risk of requiring lower extremity total joint
arthroplasty (TJA). The risk of joint replacement increases
substantially with increasing BMI: patients with class I obesity
(BMI 30–34.9) are 3.4 times more likely to require total hip
arthroplasty (THA), and 8.5 times more likely to require total knee
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arthroplasty (TKA), when compared with normal weight patients.
With a BMI > 40, adults are 8.6 times more likely to require hip
replacement and a 32.7 times more likely to require knee
replacement.6 The BMI of patients undergoing TJA is increasing
along with the prevalence of obesity in the country. An analysis of
patients at the Mayo Clinic showed that 41.4% of patients
undergoing THA from 2002 to 2005 were obese, as compared to
33.1% of patients from 1993 to 1995.7

The purpose of this study was to examine the effects of
increasing BMI on the propensity for both TKA and THA with
respect to age, as well as to compare the racial composition of
patient populations across different BMIs. We hypothesized that
obese patients undergoing TJA would be younger and more likely
to be non-white than patients with BMI < 25.

2. Methods

Institutional review board approval was obtained for this
retrospective analysis of prospectively collected TJA database
patient records. Diagnosis codes for primary THA (81.51) or TKA
(81.54) were used to identify patients, which correspond with
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surgical CPT codes 27447 (TKA) and 27130 (THA). Revision
surgeries and partial joint replacements were excluded. Under-
weight patients (BMI < 18.5) and patients undergoing bilateral
joint replacement during the same hospitalization were excluded.
All patients were operated on at a single referral arthroplasty
center within an academic hospital system over a ten-year period
from 2005 to 2015. For each patient, data on height, weight, age,
self-reported race, length of stay, risk mortality index, and severity
of illness index were recorded. All height, weight, and age data was
from the time of surgery. Body Mass Index was calculated using the
standard formula, weight (kg)/height2 (m2), and patients were
grouped according to the WHO classifications of obesity.8

Descriptive statistics were performed using Microsoft Excel
(Microsoft, Redmond, WA). Comparative statistics were performed
using RStudio software (RStudio Inc, Boston, MA). Analysis of
variance testing (ANOVA) was used to compare continuous variables
across BMI classes. When a significant association was identified,
pairwise t-tests with Bonferroni’s correction were used to identify
between-groups differences. Categorical variables were compared
using Pearson’s X2 test. For these variables, two comparisons were
performed. First, patients with obese BMIs were compared to non-
obese patients. Next, patients with BMI > 40 were compared to
patients with BMI < 40 to determine whether class III obese patients
displayed different characteristics from normal weight, overweight,
and class I/II obese patients. A P value of 0.05 was used as the cutoff
for statistical significance in all analyses. Patient characteristics were
first compared betweenTHA and TKA patients. Between groups, age,
sex,average BMI, BMI class, race,diabetesstatus, and risk scoreswere
also compared. Separate analyses were then performed for THA and
TKA patients. Within each group, gender, racial composition, and
diabetes status of patient populations with different BMI classes
were compared. Length of stay, risk scores, and age were compared
across BMI classes.

3. Results

In total, 337 TKA patients were included in the analysis. The
average age at TKA was 68.3 � 10.8 years (range 24–89). The
patients had an average BMI of 35.7 � 8.4, indicating that the
Table 1
Demographic and clinical profile of total joint arthroplasty patients.

Total Knee Arthroplasty 

Overall 337 (100%) 

Age (Mean � SD) 68.3 � 10.8 

Gender 

Female 239 (70.9%) 

Male 98 (29.1%) 

Race 

White, non-Hispanic 144 (42.7%) 

Black, non-Hispanic 169 (50.1%) 

Asian 8 (2.4%) 

Hispanic 8 (2.4%) 

Other 8 (2.4%) 

Unknown 0 (0.0%) 

Risk Scores
Risk Mortality Index 1.88 � 0.83 

Severity Illness Index 2.28 � 0.73 

Diabetes 139 (41.2%) 

Length of Stay (days) 5.0 � 4.1 

BMI 35.7 � 8.4 

BMI Classification 

Normal Weight (BMI 18.5–24.9) 36 (10.7%) 

Overweight (BMI 25–29.9) 50 (14.8%) 

Obese Class I (BMI 30–34.9) 63 (18.7%) 

Obese Class II (BMI 35–39.9) 79 (23.4%) 

Obese Class III (BMI > 40) 109 (32.3%) 

Analysis of patient populations undergoing total hip arthroplasty and total knee arthrop
variables were compared using chi-squared tests. All categorical variables are presented
mean � standard deviation.
average patient undergoing knee replacement at our center during
the study period was class II obese. 74.5% of patients were obese by
WHO criteria, while only 10.7% were classified as normal weight.
The patient population showed a heavy female predominance,
with females representing 70.9% of TKA patients. Additional
demographic data are listed in Table 1.

231 THA patients were included in the analysis. The average age
at THA was 67.5 � 14.3 years (range 23–98). The patients had an
average BMI of 30.9 � 7.5, indicating that the average patient
undergoing knee replacement at our center during the study
period was class I obese. 52.4% of patients were obese by WHO
criteria, while 22.9% were classified as normal weight. The patient
population showed a slight male predominance, with males
representing 57.6% of THA patients. Additional demographic data is
listed in Table 1.

The patient populations undergoing THA and TKA were
compared (Table 1). There were no significant differences in
patient age or length of stay. The gender composition of the patient
populations was significantly different (X2 = 44.95, P < 0.001), with
TKA showing a heavy female predominance while THA patients
were more likely to be male. Additionally, the ethnic composition
of each population was different: THA patients were more likely
than TKA patients to identify as non-Hispanic whites. Risk
mortality index and severity of illness index scores were different
between the two groups, with THA patients displaying significant-
ly higher risk of mortality (p = 0.009) and severity of illness scores
(p = 0.011). Finally, the average BMI and distribution of BMI
classifications varied between groups: TKA patients had an average
BMI of 35.7, as compared to 30.9 among THA patients (p < 0.001).
By extension, the distribution of BMI classifications was also
different between the groups, with TKA patients more likely to be
obese than THA patients (X2 = 45.02, P < 0.001).

Further analysis of TKA patients (Table 2) revealed a significant
negative association between WHO BMI class and age at surgery
(p < 0.001, Fig. 1). Post-hoc analysis revealed that class III obese
patients were significantly younger than patients in any other
group at surgery (p < 0.001 compared to all other groups). While
normal weight patients were 73.6 years old, on average, at the time
of surgery, the average class III obese patient was 61.4 years old.
Total Hip Arthroplasty Comparison

231 (100%)
67.5 � 14.3 P = 0.447

P < 0.001
98 (42.4%)
133 (57.6%)

P = 0.002
127 (55.7%)
87 (40.0%)
0 (0.0%)
6 (2.6%)
8 (3.5%)
3 (1.3%)

2.06 � 0.85 P = 0.009
2.45 � 0.79 P = 0.011
59 (25.8%) P < 0.001
5.3 � 3.9 P = 0.359
30.9 � 7.5 P < 0.001

P < 0.001
53 (22.9%)
57 (24.7%)
53 (22.9%)
37 (16.0%)
31 (13.4%)

lasty. Continuous variables were compared using Student’s t-test, while categorical
 as N (% of total undergoing procedure). All continuous variables are presented as



Table 2
Characteristics of TKA Patients Grouped by WHO BMI Class.

Normal Weight
(BMI 18.5-24.9)

Overweight
(BMI 25-29.9)

Obese Class I
(BMI 30-34.9)

Obese Class II
(BMI 30-34.9)

Obese Class III
(BMI 30-34.9)

P Value

Total Patients 36 (100%) 50 (100%) 63 (100%) 79 (100%) 109 (100%) n/a
Age at Surgery 73.6 � 10.3 73.6 � 9.6 71.8 � 8.5 69.4 � 9.4 61.4 � 9.8 <0.001
Length of Stay (Days) 5.9 � 7.2 5.2 � 3.3 5.2 � 4.3 4.7 � 4.2 4.6 � 2.4 0.07
Risk of Mortality Index 2.0 � 0.8 1.9 � 0.6 2.0 � 1.0 1.8 � 0.9 1.8 � 0.7 0.06
Severity of Illness Index 2.3 � 0.9 2.2 � 0.6 2.3 � 0.8 2.1 � 0.8 2.4 � 0.6 0.17
Diabetes 4 (11.1%) 15 (30.0%) 26 (41.3%) 44 (55.7%) 50 (45.9%) <0.001
Race Racial Composition X2 Analysis

P = 0.016 (obese vs non-obese)
P = 0.48 (BMI > 40 vs BMI < 40)

White, non-Hispanic 18 (50.0%) 27 (54.0%) 27 (42.9%) 30 (38.0%) 42 (38.5%)
Black, non- Hispanic 15 (41.7%) 18 (36.0%) 32 (50.8%) 43 (54.4%) 61 (56.0%)
Asian 2 (5.6%) 3 (6.0%) 0 (0.0%) 2 (2.5%) 1 (0.9%)
Hispanic 1 (2.8%) 1 (2.0%) 2 (3.2%) 2 (2.5%) 2 (1.8%)
Other 0 (0.0%) 1 (2.0%) 2 (3.2%) 2 (2.5%) 3 (2.8%)

Analysis of patient populations undergoing total hip arthroplasty and total knee arthroplasty. Continuous variables were compared using one-way ANOVA with post-hoc
testing performed using paired t-tests with Bonferroni’s correction, while categorical variables were compared using chi-squared tests. All categorical variables are presented
as N (% of total in BMI class). All continuous variables are presented as mean � standard deviation.

Fig. 1. Age (in years) at the time of primary TKA according to BMI Class. Significance thresholds: * – p < 0.05; ** – p < 0.01; *** – p < 0.001.
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Linear regression revealed that in this patient series, increasing
BMI by 1 kg/m2 decreased the age at TKA by 0.56 years. Increasing
BMI classification was not significantly associated with risk of
mortality score, severity of illness score, or length of stay (P > 0.05
for all). A comparison of obese patients with non-obese patients
revealed a significant difference between the ethnic identities of
each patient population (X2 = 12.152, P = 0.016). Obese patients
were significantly less likely to be white non-Hispanics than non-
obese patients undergoing TKA. In contrast, a comparison of the
ethnic identities of patients with BMI > 40 to those of patients with
BMI < 40 did not reveal a difference between the two groups
(p = 0.48). Finally, increasing WHO BMI class led to an increased
proportion of patients with diabetes (p < 0.001).

Further analysis of THA patients (Table 3) also revealed a
negative association between BMI class and age at surgery
(p < 0.001, Fig. 2). Post-hoc analysis revealed that, among THA
patients, class III obese patients were significantly younger when
they received surgery than normal weight (p = 0.004) and
overweight patients (p = 0.016). Class III obese patients were
59.7 years old at surgery, on average, compared to an average age of
71.1 among normal weight patients. In this patient group, patient
age at THA decreased by 0.52 years for each 1 kg/m2 increase in
BMI. Body Mass Index classification was not significantly
associated with risk of mortality score or length of stay (P > 0.05
for all), although it was associated with an increased severity of
illness index (p = 0.03). Post-hoc analysis revealed that class III
obese patients had significantly higher severity of illness index
scores than overweight patients (p = 0.02). A comparison of obese
patients with non-obese patients did not reveal a difference in the
ethnic identities of THA patients (p = 0.474). In contrast, comparing
patients with BMI > 40 to patients with BMI < 40 revealed a
difference in ethnic identifies between the two groups (p = 0.007),
with class III obese patients significantly less likely to be non-
Hispanic white than patients who were not class III obese. Post-hoc



Table 3
Characteristics of patients undergoing total hip arthroplasty grouped by WHO BMI Class.

Normal Weight
(BMI 18.5-24.9)

Overweight
(BMI 25-29.9)

Obese Class I
(BMI 30-34.9)

Obese Class II
(BMI 30-34.9)

Obese Class III
(BMI 30-34.9)

P Value

Total Patients 53 (100%) 57 (100%) 53 (100%) 37 (100%) 31 (100%) n/a
Age at Surgery 71.1 � 17.8 70.0 � 13.5 67.9 � 12.7 64.8 � 10.9 59.7 � 11.0 <0.001
Length of Stay (Days) 5.9 � 3.4 5.5 � 5.6 4.9 � 2.9 5.1 � 2.9 4.7 � 3.5 0.13
Risk of Mortality Index 2.3 � 0.8 1.9 � 0.8 2.1 � 1.0 2.1 � 0.8 2.0 � 0.8 0.36
Severity of Illness Index 2.5 � 0.8 2.2 � 0.8 2.4 � 0.8 2.6 � 0.8 2.8 � 0.7 0.03
Diabetes 6 (11.3%) 13 (22.8%) 14 (26.4%) 14 (37.8%) 12 (38.7%) 0.02
Race Racial Composition X2 Analysis

P = 0.474 (obese vs non-obese)
P = 0.007 (BMI > 40 vs BMI < 40)

White, non-Hispanic 32 (60.4%) 35 (61.4%) 33 (62.3%) 15 (40.5%) 12 (38.7%)
Black, non- Hispanic 15 (28.3%) 20 (35.1%) 16 (30.2%) 19 (51.4%) 17 (54.8%)
Asian 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Hispanic 3 (5.7%) 0 (0.0%) 2 (3.8%) 1 (2.7%) 0 (0.0%)
Other 3 (5.7%) 1 (1.8%) 2 (3.8%) 2 (5.4%) 0 (0.0%)

Analysis of patient populations undergoing total hip arthroplasty and total knee arthroplasty. Continuous variables were compared using one-way ANOVA with post-hoc
testing performed using paired t-tests with Bonferroni’s correction, while categorical variables were compared using chi-squared tests. All categorical variables are presented
as N (% of total in BMI class). All continuous variables are presented as mean � standard deviation.

Fig. 2. Age (in years) at the time of primary THA according to BMI Class. Significance thresholds: * – p < 0.05; ** – p < 0.01; *** – p < 0.001.
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analysis did not reveal significant differences between groups.
Finally, increasing WHO BMI class led to an increased proportion of
patients with diabetes (p = 0.02).

4. Discussion

Our analysis revealed differences between knee and hip
replacement patients, the effect of obesity on the age at joint
replacement, higher rates of diabetes in obese patients undergoing
TJA, and the differing racial backgrounds among TJA patients in
different BMI classes. We confirmed our hypothesis that obese
patients would undergo TJA earlier than non-obese patients and
that obese patients had a different racial composition than non-
obese patients, with obese patients less likely to be non-Hispanic
whites.

An analysis of the populations of obese and non-obese patients
undergoing TJA revealed a highly significant association between
obesity and earlier joint replacement. This trend is well established
in the literature, and this study further confirms the association. In
this study, we determined that an increase of BMI by 1 kg/m2

decreased the age at TKA by 0.56 years and decreased the age at
THA by 0.52 years. The average age at surgery for TKA replacement
was 73.6 among normal weight patients, as opposed to 61.4 among
class III obese patients – a 12.2-year difference. Among THA
patients, the average age was 71.1 among normal weight patients
and 59.7 among class III obese patients, meaning class III obese
patients received hip replacements 11.4 years earlier than those in
the normal weight BMI range.

These results align with those of past studies of BMI and age at
joint replacement. Changulani et al.9 studied 1,025 THA and 344
TKA patients and reported that class III obese THA patients had
surgery 10 years younger than normal weight patients, and the
difference was 13 years for TKA patients. Similarly, Gandhi et al.10

found that THA and TKA patients with BMI > 35 had surgery 7.1
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and 7.9 years earlier, respectively, than the same procedure in
patients with BMIs in the normal range. Recently, Vulcano et al.11

studied 4,718 TKA patients and found that class III obesity patients
were having surgery 7 years earlier than those of normal weight.
While the magnitude of the effect has varied slightly between
trials, the link between increased BMI and earlier TJA is strongly
supported by the data.

Our study has socioeconomic implications. These data
suggest that a significantly higher proportion of obese patients
undergoing BMI will still be of a working age when they undergo
surgery. Age at surgery has been identified as a major predictor
of return to work following TJA, with a younger age at the time of
surgery strongly associated with increased return to work.12

Currently, the average age at retirement in the United States is
64 for men and 62 for women, both of which are higher than the
age at TJA in class III obese patients.13 Thus, these patients could
be more likely than older patients to return to the labor market
following their surgery. A few investigators have examined the
effects of BMI on return to work following TJA. One study
reported a lower rate of return to work following TJA in obese
patients,14 while two others reported no association between
BMI and return to work.12,15 This area warrants further
investigation, as the labor market activity of obese patients
following TJA is of important societal consequences.

We found that a substantial majority of the patients undergoing
TKA were female, which aligns with the literature.11,16 A possible
explanation of this finding is suggested by the epidemiology of
obesity. In the United States, obesity is more prevalent among
women than among men,1 and the rate of class III obesity is nearly
twice as high in women as in men.17 Since class III obesity increases
the relative risk of TKA by a factor of 32.7,6 the higher prevalence of
class III obesity in women as compared to men could explain the
higher rates of TKA. In our cohort, 74.5% of patients undergoing
TKA were obese, as opposed to 52.4% of those undergoing THA.
Obesity increases the risk of TKA by significantly more than it
increases the risk of THA,6 suggesting a plausible explanation for
this finding.

We also found an association between obesity at the time of TJA
and the proportion of patients with diabetes. Among TKA patients,
11.1% of normal weight patients had diabetes, while 55.7% and
45.9% of class II and III obese patients, respectively, were diabetic.
Among THA patients,11.3% of normal weight patients had diabetes,
while 37.8% and 38.7% of class II and III obese patients, respectively,
were diabetic. Vulcano et al. reported similar results among their
population of TKA patients.11 This result is not surprising, as
obesity and diabetes are strongly linked throughout the medical
literature.18

Since obesity does not affect all groups equally, it follows that
groups with more obesity may require more joint replacements.
However, it is well established that significant racial and ethnic
disparities exist in the healthcare system.19 In the face of increased
discussion about the relative risk/benefit ratio of performing joint
replacements in patients with especially high BMI,20 it is
important to understand the patients affected by these decisions.
BMI cutoffs have been imposed on TJA in the past (albeit not in the
United States),21 and if such policies were implemented, health
disparities might be exacerbated. Another finding in our analysis
was the link between BMI and the racial composition of patients
undergoing TJA. In our population of TKA patients, we found that
obese patients had significantly different racial backgrounds than
non-obese patients by chi-squared analysis. However, we found no
difference between the racial composition of the class III obese
patient population and patients who were not class III obese. By
contrast, among THA patients, we found no differences between
the racial composition of obese and non-obese patient popula-
tions, but class III obese patients were significantly more likely
than all other patients to be races other than non-Hispanic white.
While the results were not perfectly uniform, overall we
corroborate the analysis of Vulcano et al.11 who found a positive
relationship between BMI and non-white race among TKA
patients. Our findings among TKA patients may be explained, in
part, by the increased prevalence of obesity among non-white
Americans as compared to white Americans.1 Among THA patients,
we only found a significant association between BMI and non-
white race when comparing class III obese patients to all other
patients. These findings may have been limited by our sample size,
and they warrant validation in a larger cohort. However, our
database suggests differences in the racial composition of obese
and non-obese patients undergoing TJA, as well as suggesting that
these differences may not be the same for TKA and THA.

This study examined the relationship between BMI and
demographic variables with respect to age at the time of TJA.
These findings have implications for access to care. A growing body
of literature is emerging linking increased BMI, particularly class
II/III BMI, to increased complication rates following TJA.20,22–28 As
such, physicians are increasingly cautious about performing
surgery on class III obese patients, with patients being counseled
to lose weight prior to joint replacement.20,29 While these patients
clearly face higher surgical risk, studies have also found that
delaying arthroplasty can lead to increased costs and decreased
physical function prior to surgery.30 Additionally, obese patients
tend to have worse pain and function scores prior to surgery, but
they improve more dramatically than non-obese patients follow-
ing joint replacement.31,32 Taken together, obese patients are
more likely to be of working age at the time they undergo surgery
and more likely to be non-white. These patient groups may stand
to benefit equally from joint replacement, and the influence on
socioeconomic variables, including return to work, must be closely
examined in future studies.

5. Conclusions

Obesity is a risk factor for both TKA and THA at a younger age.
For patients in the study, for each unit increase in BMI, the age at
TKA decreased by 0.56 years, and age at THA decreased by 0.52
years. On average, a class III obese patient underwent TKA 12.2
years earlier or THA 11.4 years earlier than a normal weight patient.
Obese patients undergoing THA and TKA were more likely to have
diabetes than normal weight patients. Obese TJA patients were less
likely to be non-Hispanic whites than non-obese patients.
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