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Abstract

Background Obesity is a well-established risk factor for

total joint arthroplasty (TJA) and a number of complica-

tions including prosthetic joint infection. The annual

changes in the prevalence of obesity among primary,

revision, and infected TJA has not been studied at a

national level. Given the higher costs of complications of

TJA, it is important to understand the association of obesity

with the annual trends of revision and infected TJA.

Questions/purposes (1) Is the prevalence of obesity

increasing among patients undergoing THA/TKA? (2) Is

the prevalence of obesity increasing among patients

undergoing revision THA/TKA? (3) Is the prevalence of

obesity increasing among patients with infected THA/

TKA?

Methods Annual volumes of primary, revision, and

infected THA and TKA from 1998 to 2011 were obtained

from the Nationwide Inpatient Sample. Using mathemati-

cal equations, the prevalence of obesity was estimated from

relative risks and national obesity prevalence. National

obesity prevalence was obtained from public health sources

and the relative risk estimates were obtained from previ-

ously published meta-analyses and population-based

studies. Annual prevalence of obesity was obtained by

dividing the number of obese primary/revision/infected

procedures in each year by the total number of corre-

sponding procedures in that year. Annual changes in the

prevalence of obesity were analyzed using linear

regression.

Results The prevalence of obesity is increasing among

patients undergoing THA (1998: 60,264 of 154,337 [39%],
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2011: 160,241 of 305,755 [52%], increase of 1.05%/year

[confidence interval {CI}, 0.95%–1.15%], p\ 0.001) and

TKA (1998: 143,681 of 251,309 [57%], 2011: 448,712 of

644,243 [70%], increase of 0.97%/year [CI, 0.87%–

1.07%], p\0.001). There was an increasing prevalence of

obesity with THA revisions (1998: 16,322 of 34,139

[48%], 2011: 33,304 of 54,453 [61%], increase of 1.04%/

year [CI, 0.94%–1.15%], p\0.001) and in TKA revisions

(1998: 16,837 of 26,539 [63%], 2011: 52,151 of 69,632

[75%], increase of 0.89%/year [CI, 0.79%–0.99%], p \
0.001). There was an increasing prevalence of obesity with

THA infections (1998: 2068 of 3018 [69%], 2011: 6856 of

8687 [79%], increase of 0.80%/year [CI, 0.71%-0.89%], p

\ 0.001) and in TKA infections (1998: 3563 of 4684

[76%], 2011: 14,178 of 16,774 [85%], increase of 0.65%/

year [CI, 0.57%–0.73%], p\ 0.001).

Conclusions The prevalence of obesity has increased in

patients undergoing primary, revision, and infected TJA in

United States. The obesity epidemic appears to be related

to the growing trends of revision and infection after TJA.

With the obesity rates expected to grow further, the revi-

sion and infection burden associated with obesity may

increase in the future.

Level of Evidence Level II, prognostic study.

Introduction

Obesity has been described as an epidemic in the United

States [33]. Approximately one-third of the US adult

population is estimated to be obese, representing a serious

public health issue [38]. With knee and hip osteoarthritis

being more prevalent in obese patients, it is not surprising

that the rise in obesity rates is expected to be associated

with an increase in use of total joint arthroplasty (TJA) in

the United States [2, 20, 27, 36]. Obese patients are also at

a higher risk for complications after TJA, including

infection, wound complications, and revision arthroplasty

[8, 14, 18, 40, 42, 43].

The prevalence of obesity among patients undergoing

TJA at a national level is yet to be studied. To the best of

our knowledge, the only study that evaluated the national

trends was performed by Odum et al. [37] using the

Nationwide Inpatient Sample (NIS) database. Although

they identified an annual increase in the obesity prevalence

in patients undergoing TKA in the United States, the

prevalence of obesity among patients undergoing TKA

reported in their study (approximately 20%) was much

lower than what has been previously reported in studies

from a single institution (50%–60%) and even lower than

the prevalence seen in the general population (approxi-

mately 30%) [11, 19, 38, 39]. Even if one assumes the risk

of undergoing TJA to be equal in obese and nonobese

individuals, the prevalence of obesity in patients under-

going TJA would be expected to be at least comparable to

the general population. The lower estimates using the NIS

database are possibly the result of the inaccuracies of

obesity coding in administrative databases [12, 29]. With

the advancements in surgical techniques and implant

designs, the success rates of TJA are anticipated to improve

[23, 44]. However, previous studies have reported an

increasing infection burden and a relatively stable revision

burden of TJA in the United States [20, 22]. The associa-

tion of obesity toward the growing infection burden and

stable revision burden has not been studied. Given the

greater costs of revision surgeries, it is important to

understand the impact obesity has on revision and infection

burden after TJA [7, 16].

We therefore asked: (1) Is the prevalence of obesity

increasing among patients undergoing THA/TKA? (2) Is the

prevalence of obesity increasing among patients undergoing

revision THA/TKA? (3) Is the prevalence of obesity

increasing among patients with infected THA/TKA?

Materials and Methods

The prevalence of obesity in the US population was used in

conjunction with the estimates of risk for undergoing TJA in

obese individuals to determine the prevalence of obesity

among TJA from 1998 to 2011. Similarly, the prevalence of

obesity in revision and infected TJA was obtained using the

obesity prevalence data and the corresponding risk of revision

and infection in obese individuals. The annual trends in the

procedure volumes, revision burden, and infection burden

were studied and the association with obesity was evaluated.

Analyses were performed for knees and hips separately.

The annual number of TKAs and THAs was obtained

from the NIS database [35]. As a result of the stratified

sampling format of the NIS, all frequencies and analyses

were converted to national estimates using weights and

accounting for the complex sample design. The Interna-

tional Classification of Disease, 9th Revision, Clinical

Modification (ICD-9-CM) codes were used to identify

primary TKA and THA (81.54 and 81.51, respectively).

The ICD-9-CM codes for revision TKA were 80.06 and

81.55,00.80–84 [6] and for revision THA were 80.05 and

81.53,00.70–73 [5]. Infected TJA was defined as any pri-

mary/revision TJA with the ICD-9 code 996.66 in the same

hospitalization episode [22].

The prevalence of obesity among primary, revision, and

infected TJA was calculated as described subsequently.

TKA and THA calculations were performed separately

using the general equations shown subsequently. The

number of obese individuals undergoing a primary TJA in

a given year, t, can be expressed as:
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TJAobese
t ¼

TJAtotal
t � Ot � JTJA

� �

Ot � JTJA
� �

þ 100 � Otð Þ

where TJAt
total represents the total number of primary TJAs

for year t, Ot represents the national obesity prevalence (in

percentage) for year t, and JTJA is the risk of undergoing a

TJA in obese patients compared with nonobese individuals.

The number of obese individuals undergoing a revision

TJA in a given year, t, can be expressed as:

RTJAobese
t ¼ RTJAtotal

t � Ot � JTJA � RTJA

Ot � JTJA � RTJA
� �

þ 100 � Otð Þ

where RTJAt
total represents the total number of revision

TJAs for year t and RTJA is the risk for undergoing a

revision procedure in obese patients undergoing TJA

compared with nonobese patients undergoing TJA.

The number of obese individuals with an infected TJA

in a given year, t, can be expressed as:

ITJAobese
t ¼ ITJAtotal

t � Ot � JTJA � ITJA

Ot � JTJA � ITJA
� �

þ 100 � Otð Þ

where ITJAt
total represents the total number of infected

TJAs (primary or revision) for year t and ITJA is the risk of

acquiring a deep infection in obese patients undergoing

TJA compared with nonobese patients undergoing TJA.

The relative risks were assumed to remain constant

throughout the study period. The relative risks used in this

study were obtained from previously published studies. A

literature search was performed in PubMed/Medline

(1995–2015) using a combination of keywords: obesity,

meta-analysis, arthroplasty, population, and risk. Because

the results of different studies show considerable varia-

tions, only meta-analyses or population-based studies were

considered to obtain the risk estimates. The search yielded

one population-based study reporting the risk of TJA in

obese patients (Bourne et al. [2]), one meta-analysis

reporting the outcomes after TKA in obese patients (Ker-

khoffs et al. [18]), and two meta-analyses reporting the

outcomes after THA in obese patients (Haverkamp et al.

[14] and Liu et al. [24]). Because the meta-analysis by

Haverkamp et al. [14] involved more patients, the estimates

of their study were used. Relative risks for THA (JTHA) and

TKA (JTKA) were assigned the values 2.86 and 5.96,

respectively. These values were obtained from the study by

Bourne et al. [2], which evaluated the risks for undergoing

TJA in obese individuals based on a national joint registry

and population data. The values of revision TKA (RTKA)

and revision THA (RTHA) were 1.30 (95% confidence

interval [CI], 1.02–1.67) and 1.43 (95% CI, 1.10–1.86),

respectively. The values of infected THA (ITHA) and TKA

(ITKA) were 3.4 (95% CI, 2.09–5.53) and 2.38 (95% CI,

1.28–4.55), respectively. Except for revision THA, all of

the other values (ITHA, ITKA, RTKA) were obtained from

meta-analyses reporting odds ratio for the respective

complications [14, 18]. Because a meta-analysis reporting

the risk for revision from all causes for THA was not

available in the literature, the input for revision THA was

calculated from pooling the results of multiple studies

obtained from the studies included in the meta-analyses by

Haverkamp et al. [14] and Liu et al. [1, 15, 17, 24, 26, 30].

The fixed-effects forest plot showing the pooled odds ratio

is given in Appendix 1 (Supplemental materials are avail-

able with the online version of CORR1.). Although the

formulas used in this study were designed to use the rela-

tive risk, this statistic could not be obtained from case-

control studies [14, 18]. Zhang et al. [46] demonstrated that

the relative risks and odds ratios tend to be similar when

the prevalence of an outcome is low with correction

desirable only when the odds ratio is[ 2.5 (or\ 0.5) and

the prevalence of the outcome was[ 10%. Most studies

have reported the prevalence of revision to be less than

10%, whereas the reported prevalence of infection is usu-

ally 1% to 2% [14, 15, 21, 22, 26, 30, 31]. Therefore,

correction was not performed for the odds ratios included

in this study.

Obesity prevalence was defined as the percentage of the

population with a body mass index (BMI) of C 30 kg/m2

according to the World Health Organization classification

[45]. Annual prevalence of obesity (term Ot in the equa-

tions) from 1998 to 2011 was obtained from the Behavioral

Risk Factor Surveillance System (BRFSS), a nationwide

cross-sectional health survey run by the Centers for Disease

Control and Prevention, which collects data from more

than 400,000 adults annually [3]. Although the BRFSS

does not take the actual measures of height and weight of

respondents, it is the largest survey in the United States and

provides the annual obesity prevalence [3, 4]. The infection

burden and revision burden were defined in agreement with

other studies [20, 22]. The revision burden in a given year

was defined as the total number of revision TJAs divided

by the total number of TJAs (primary + revision). The

infection burden was defined as the number of infected

TJAs among all TJAs (primary + revision). The revision

and infection burdens associated with obesity were calcu-

lated by dividing the number of obese patients undergoing

a revision or infected TJA by the total number of TJAs

(primary + revision) for any given year.

Statistical Analysis

The annual growth in prevalence of obesity among primary,

revision, and infected TJAs was studied using linear regres-

sion analysis. Annual changes in the revision and infection

burden were assessed using a simple linear regressionmodel.
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The slope or coefficient of the linear regression model pro-

vided the changes/year of prevalence and burden. A positive

slope denotes an increasing prevalence or burden, whereas a

negative slope denotes a decreasing prevalence or burden. If

the slope was not statistically significant, the preva-

lence or burden was considered to be stable across the study

period. Sensitivity analyseswere performed to understand the

variations in the results with changes in relative risks (Ap-

pendix 1). A p value of 0.05 was used as the cutoff for

statistical significance.

Results

The prevalence of obesity is increasing among patients

undergoing THA (1998: 60,264/154,337 [39%], 2011:

160,241/305,755 [52%], increase of 1.05%/year [CI,

0.95%–1.15%], p \ 0.001) and TKA (1998: 143,681 of

251,309 [57%], 2011: 448,712 of 644,243 [70%], increase

of 0.97%/year [CI, 0.87%–1.07%], p \ 0.001) (Table 1;

Fig. 1).

There was an increasing prevalence of obesity in revi-

sion THA (1998: 16,322 of 34,139 [48%], 2011: 33,304 of

54,453 [61%], increase of 1.04%/year [CI, 0.94%–1.15%],

p\ 0.001) and in revision TKA (1998: 16,837 of 26,539

[63%], 2011: 52,151 of 69,632 [75%], increase of 0.89%/

year [CI, 0.79%–0.99%], p\0.001) (Table 2; Fig. 2). The

revision burden declined in THA (1998: 34,139 of 188,476

[18.1%], 2011: 54,453 of 360,208 [15.1%], decrease of

0.39%/year [CI, �0.50% to �0.24%], p \ 0.001) but

remained unchanged in TKA (1998: 26,539 of 277,848

[9.6%], 2011: 69,632 of 713,875 [9.8%], decrease of

0.03%/year [CI, �0.11% to 0.04%], p = 0.356) (Table 3;

Fig. 3). Interestingly, there was no change in the revision

burden associated with obese patients in THA (1998:

16,322 of 188,476 [8.7%], 2011: 33,304 of 360,208 [9.2%],

decrease of 0.04%/year [CI, �0.10% to 0.02%], p = 0.214)

and an increase in the obese revision burden in TKA (1998:

16,837 of 277,848 [6.1%], 2011: 52,151 of 713,875 [7.3%],

increase of 0.06%/year [CI, 0.01%, �0.11%], p = 0.020).

In the meantime, there was a decrease in revision burden

from nonobese patients in THA (1998: 17,817 of 188,476

[9.5%], 2011: 21,149 of 360,208 [5.9%], decrease of

0.33%/year [CI, �0.41% to �0.26%], p\0.001) and TKA

(1998: 9702 of 277,848 [3.5%], 2011: 17,481 of 713,875

[2.4%], decrease of 0.09%/year [CI, �0.12% to �0.06%], p

\ 0.001). The annual growth in revision burden in obese

patients was higher than that in nonobese patients for both

THA (difference in slopes = 0.30%/year [CI, 0.21–0.39], p

Table 1. Prevalence of obesity among patients undergoing total joint

arthroplasty

Year THA TKA

1998 39% (60,264/154,337) 57% (143,681/251,309)

1999 41% (64,374/156,706) 59% (155,596/262,687)

2000 42% (68,564/164,458) 60% (168,468/281,534)

2001 43% (79,475/184,646) 61% (191,813/313,618)

2002 45% (89,529/201,167) 63% (219,051/350,122)

2003 46% (92,569/201,544) 64% (242,647/379,719)

2004 46% (104,706/225,900) 64% (277,406/431,485)

2005 48% (114,069/237,645) 66% (327,279/497,419)

2006 49% (111,766/228,382) 67% (330,567/496,077)

2007 51% (127,224/251,882) 68% (374,213/550,161)

2008 51% (141,092/276,528) 69% (421,543/615,716)

2009 51% (145,991/284,708) 69% (425,970/620,192)

2010 52% (157,038/301,798) 69% (455,255/656,635)

2011 52% (160,241/305,755) 70% (448,712/644,243)

Table 2. Prevalence of obesity among patients undergoing revision

total joint arthroplasty

Year THA TKA

1998 48% (16,322/34,139) 63% (16,837/26,539)

1999 50% (16,639/33,327) 65% (18,171/27,792)

2000 51% (18,495/36,584) 66% (18,356/27,832)

2001 52% (21,521/41,437) 67% (20,871/31,066)

2002 53% (21,221/39,725) 68% (23,370/34,127)

2003 55% (20,554/37,475) 70% (24,708/35,445)

2004 55% (22,157/40,092) 70% (27,662/39,480)

2005 57% (22,791/40,057) 71% (32,119/44,963)

2006 58% (22,475/38,873) 72% (32,538/45,069)

2007 59% (24,607/41,468) 73% (35,968/48,977)

2008 60% (27,208/45,471) 74% (43,053/58,308)

2009 60% (26,297/43,770) 74% (41,925/56,630)

2010 61% (29,752/48,931) 75% (48,928/65,577)

2011 61% (33,304/54,453) 75% (52,151/69,632)

Fig. 1 The figure shows the annual trends in the prevalence of

obesity in primary THA (slope = 1.05%/year [CI, 0.95%–1.15%],

p\ 0.001) and TKA (slope = 0.97%/year [CI, 0.87%–1.07%],

p\ 0.001) performed in the United States.
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\0.001) and TKA (difference in slopes = 0.15%/year [CI,

0.10–0.20], p\ 0.001).

There was an increasing prevalence of obesity in

infected THA (1998: 2068 of 3018 [69%], 2011: 6856 of

8687 [79%], increase of 0.80%/year [CI, 0.71%–0.89%], p

\0.001) and in infected TKA (1998: 3563 of 4684 [76%],

2011: 14,178 of 16,774 [85%], increase of 0.65%/year [CI,

0.57%–0.73%], p\0.001) (Table 4; Fig. 4). The infection

burden increased in THA (1998: 3018 of 188,476 [1.6%],

2011: 8687 of 360,208 [2.4%], increase of 0.05%/year [CI,

0.04%–0.06%], p \ 0.001) and TKA (1998: 4684 of

277,848 [9.6%], 2011: 16,774 of 713,875 [9.8%], increase

of 0.04%/year [CI, 0.03%–0.05%], p \ 0.001) (Table 5;

Fig. 5). In the meantime, there was an increase in the

infection burden associated with obese patients in THA

(1998: 2068 of 188,476 [1.1%], 2011: 6856 of 360,208

[1.9%], increase of 0.05%/year [CI, 0.04%–0.06%], p \
0.001) and TKA (1998: 3563 of 277,848 [1.3%], 2011:

14,178 of 713,875 [2.0%], increase of 0.05%/year [CI,

0.03%–0.06%], p \ 0.001). Interestingly, there was no

change in the infection burden associated with nonobese

patients in THA (1998: 950 of 188,476 [0.5%], 2011: 1831

of 360,208 [0.5%], decrease of 0.01%/year [CI, �0.01% to

0.00%], p = 0.085) and a slight decrease in the nonobese

infection burden in TKA (1998: 1121 of 277,848 [0.4%],

2011: 2596 of 713,875 [0.4%], decrease of 0.01%/year [CI,

�0.01% to 0.00%], p = 0.002). The annual growth in

infection burden in obese patients was higher than that in

nonobese patients for both THA (difference in slopes =

0.06%/year [CI, 0.05–0.07], p\ 0.001) and TKA (differ-

ence in slopes = 0.05%/year [CI, 0.04–0.06], p\ 0.001).

Discussion

The obesity epidemic in the United States is believed to be

at least partly responsible for the growing demand for TJA T
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Fig. 2 The figure shows the annual trends in the prevalence of

obesity in revision THA (slope = 1.04%/year [CI, 0.94%–1.15%],

p\ 0.001) and TKA (slope = 0.89%/year [CI, 0.79%–0.99%],

p\ 0.001) performed in the United States.
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[9, 25]. With more frequent complications reported in

obese individuals, the increasing obesity prevalence may

result in a dramatic increase in expensive revision surgeries

[18]. In the present study, we aimed to study the annual

changes in the prevalence of obesity among primary,

revision, and infected TJA using data estimated from NIS

data, obesity prevalence in the general population, and

relative risk estimates for TJA and its complications.

The primary challenge of this study was in obtaining

reliable risk estimates for various procedures in obese

patients compared with nonobese patients. Because a single

study reporting all the risk values was not available, the

values were obtained from multiple studies, which in itself

can act as a potential source of error as a result of under-

lying variations in the study populations. To minimize the

errors, the inputs were obtained from population-based

studies, meta-analyses, or by compiling the results of

multiple studies. The use of estimates from such large

studies is expected to provide the most reliable results and

is a strength of this article. However, it should be noted that

various studies have conflicting reports on the risk of

infection/revision in obese patients, and the impact of

obesity is less clear with respect to THA [40, 42]. More-

over, the risk estimates for TJA were obtained from a study

based on a Canadian population and may be different from

that seen in the US population, especially if there is a

selection bias against performing TJA in obese patients [2].

Additionally, the relative risk values can change during the

period of study and might influence the study results

(Appendix 1). Although it is possible that gender, age, and

comorbidities can potentially modify the association of

obesity with TJA, stratified risks based on gender, age, and

each comorbidity for every procedure were not available

and, hence, they could not be assessed. In the current study,

obesity was considered as a single category (BMI C 30 kg/

m2), although higher rates of complications are expected in

morbidly obese and super obese patients [8, 43]. Infection

burden was analyzed for all TJAs (primary and revision)

Table 4. Prevalence of obesity among infected total joint

arthroplasty

Year THA TKA

1998 69% (2068/3018) 76% (3563/4684)

1999 70% (2194/3119) 78% (3901/5029)

2000 71% (2556/3608) 78% (4087/5239)

2001 72% (2851/3960) 79% (4675/5922)

2002 73% (3355/4586) 80% (5669/7094)

2003 74% (3468/4669) 81% (6626/8199)

2004 75% (3958/5305) 81% (7332/9043)

2005 76% (3886/5124) 82% (8694/10,593)

2006 77% (4347/5681) 83% (8811/10,665)

2007 78% (5006/6448) 84% (9538/11,422)

2008 78% (5359/6872) 84% (11,300/13,487)

2009 78% (5253/6721) 84% (10,933/13,027)

2010 79% (5898/7497) 84% (13,477/15,982)

2011 79% (6856/8687) 85% (14,178/16,774)

Fig. 3A–B The figure shows the annual trends in the revision burden

of THA (A) and TKA (B) in the United States stratified by obesity.

The annual growth in revision burden in obese patients was higher

than that in nonobese patients for both THA (difference in slopes =

0.30%/year [CI, 0.21–0.39], p\ 0.001) and TKA (difference in

slopes = 0.15%/year [CI, 0.10–0.20], p\ 0.001).

Fig. 4 The figure shows the annual trends in the prevalence of

obesity in infected THA (slope = 0.80%/year [CI, 0.71%–0.89%],

p\ 0.001) and TKA (slope = 0.65%/year [CI, 0.57%–0.73%],

p\ 0.001) performed in the United States
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similar to previous studies, although separate analyses for

primary and revision TJAs could have produced different

results [22]. The infection burden reported in this study is

obtained from a cross-sectional database like NIS and is

different from the incidence of infection, which can be

obtained only from longitudinal cohorts. The study is also

limited by lack of recent data because the NIS database was

available only until 2011 when we started the study.

Finally, although an ideal approach for this study would

have been to directly estimate the number of obese indi-

viduals undergoing these procedures from a national joint

registry, such a registry is not available in the United States

and the numbers reported in the study are crude estimates

of obesity prevalence.

We found an increasing prevalence of obesity among

patients undergoing THA and TKA. The prevalence

estimated in this study is higher than the national preva-

lence reported by Odum et al. [37] and closer to the

prevalence reported in various single-institution studies

[11, 19, 28]. For year 2008, Odum et al. [37] estimated the

national prevalence of obesity in primary TKA to be 19%,

whereas Kremers et al. [19] reported it to be 59%. Fehring

et al. [11] reported an obesity prevalence of approximately

42% in patients undergoing primary TKA at a single center

in 1990, which increased to 60% by 2005. This suggests

that obesity coding in NIS data can be highly unreliable in

addition to validating the methodology used in the present

study. Although obesity was associated with the majority

of the growth of TJA, the results of the current study

suggests that growth in TJA was evident in the nonobese

population also. This is in agreement with the study by

Losina et al. [25], who demonstrated that obesity alone

Table 5. Infection burden of total joint arthroplasty stratified by obesity

Year THA (infected procedures/total procedures) TKA (infected procedures/total procedures)

Total Obese Nonobese Total Obese Nonobese

1998 1.6% (3018/188,476) 1.1% (2068/188,476) 0.5% (950/188,476) 1.7% (4684/277,848) 1.3% (3563/277,848) 0.4% (1121/277,848)

1999 1.6% (3119/190,033) 1.2% (2194/190,033) 0.5% (925/190,033) 1.7% (5029/290,479) 1.3% (3901/290,479) 0.4% (1128/290,479)

2000 1.8% (3608/201,042) 1.3% (2556/201,042) 0.5% (1052/201,042) 1.7% (5239/309,366) 1.3% (4087/309,366) 0.4% (1152/309,366)

2001 1.8% (3960/226,083) 1.3% (2851/226,083) 0.5% (1109/226,083) 1.7% (5922/344,684) 1.4% (4675/344,684) 0.4% (1247/344,684)

2002 1.9% (4586/240,892) 1.4% (3355/240,892) 0.5% (1231/240,892) 1.8% (7094/384,249) 1.5% (5669/384,249) 0.4% (1425/384,249)

2003 2% (4669/239,019) 1.5% (3468/239,019) 0.5% (1201/239,019) 2% (8199/415,164) 1.6% (6626/415,164) 0.4% (1573/415,164)

2004 2% (5305/265,992) 1.5% (3958/265,992) 0.5% (1347/265,992) 1.9% (9043/470,965) 1.6% (7332/470,965) 0.4% (1711/470,965)

2005 1.8% (5124/277,702) 1.4% (3886/277,702) 0.4% (1238/277,702) 2% (10593/542,382) 1.6% (8694/542,382) 0.4% (1899/542,382)

2006 2.1% (5681/267,255) 1.6% (4347/267,255) 0.5% (1334/267,255) 2% (10665/541,146) 1.6% (8811/541,146) 0.3% (1854/541,146)

2007 2.2% (6448/293,350) 1.7% (5006/293,350) 0.5% (1442/293,350) 1.9% (11422/599,138) 1.6% (9538/599,138) 0.3% (1884/599,138)

2008 2.1% (6872/321,999) 1.7% (5359/321,999) 0.5% (1513/321,999) 2% (13487/674,024) 1.7% (11300/674,024) 0.3% (2187/674,024)

2009 2% (6721/328,478) 1.6% (5253/328,478) 0.4% (1468/328,478) 1.9% (13027/676,822) 1.6% (10933/676,822) 0.3% (2094/676,822)

2010 2.1% (7497/350,729) 1.7% (5898/350,729) 0.5% (1599/350,729) 2.2% (15982/722,212) 1.9% (13477/722,212) 0.3% (2505/722,212)

2011 2.4% (8687/360,208) 1.9% (6856/360,208) 0.5% (1831/360,208) 2.3% (16774/713,875) 2% (14178/713,875) 0.4% (2596/713,875)

Fig. 5A–B The figure shows the annual trends in the infection

burden of THA (A) and TKA (B) in the United States stratified by

obesity. The annual growth in infection burden in obese patients was

higher than that in nonobese patients for both THA (difference in

slopes = 0.06%/year [CI, 0.05–0.07], p\ 0.001) and TKA (differ-

ence in slopes = 0.05%/year [CI, 0.04–0.06], p\ 0.001).
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would not explain the growth in TKA. Although the

methodology used in the present study is different from

that used by Losina et al., our results support the fact that

there has also been considerable growth among nonobese

individuals. The increase of TKA (1.8 times) and THA (1.5

times) in nonobese individuals was higher than the US

population growth of 1.1 times for the same time period,

suggesting expanding indications for TJA [41].

There was an increasing prevalence of obesity among

patients undergoing revision THA and TKA. The revision

burden associated with obesity increased in TKA while

remaining unchanged in THA. The prevalence of obesity

among revision TJA reported in this study is similar to that

reported by Kremers et al. in a large series of revision TKA

and THA from a single center [19, 28]. With obesity

known to result in higher medical costs, even in patients

without other comorbidities, the high prevalence of obesity

is likely to result in additional financial burden to the health

system [19]. Although obesity may be associated with a

higher complication rate, the functional outcomes in obese

patients are often comparable to that in nonobese patients

and should also be considered while offering TJA to obese

patients [31]. McLawhorn et al. [32] showed that func-

tional improvements were higher in obese patients

undergoing THA suggesting that higher BMI alone should

not prevent a patient from undergoing TJA.

The present study demonstrated an increasing preva-

lence of obesity among infected THA and TKA. The

infection burden associated with obesity increased in THA

and TKA, whereas the infection burden associated with

nonobese patients either remain unchanged (THA) or

decreased (TKA). Although the increase in infection bur-

den has been previously reported, the factors contributing

to this rise are unknown, although some have suggested it

may in part be a result of increased antibiotic resistance

[22]. However, the resistance patterns were not shown to

have changed with the prophylactic use of antibiotic

cement [13]. Obesity is rarely an isolated comorbidity and

often predisposes to other comorbidities like diabetes

mellitus, hyperlipidemia, and atherosclerosis, which place

patients at higher risk for infection and wound complica-

tions [10, 34, 37]. Given the strong association of obesity

and infection, the present study suggests that obesity may

be associated with the increasing infection burden of TJA.

The growing prevalence of obesity in the United States

has been accompanied by an increase in the prevalence of

obesity in TJA. The influence of the obesity epidemic was

more obvious in the increased use of revision and infected

surgeries. The obesity epidemic could perhaps explain the

increasing infection burden and stable revision burden in

the United States despite the advancements in the field of

joint replacement. With the obesity rates projected to rise

further, the economic burden of complications after TJA is

expected to grow. Although obese patients benefit from

TJA, surgeons should be aware of the potential implica-

tions of the growing obesity prevalence and efforts should

be undertaken to reduce complications in obese patients.
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