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Abstract
Introduction: Total joint arthroplasty (TJA) is successful in improving health-related quality of life.
However, outcomes vary in the literature due to modifiable and non-modifiable factors. Modifiable factors
consist of body mass index (BMI), nutrition, and tobacco use. Non-modifiable risk factors include age, race,
sex, and socioeconomic status. Prior literature has focused on racial disparities in terms of the utilization of
lower extremity arthroplasty. The purpose of this study is to determine the effect of race and sex on the in-
hospital complication rate, length of stay, and charges associated with primary TJA.

Methods: This retrospective cohort utilized complex survey data from the National Inpatient Sample (NIS)
between 2016 and 2019. The use of the International Classification of Disease-10 Procedure Codes (ICD-10
PCS) for right hip, left hip, right knee, and left knee TJA yielded a preliminary total of 2,660,280 patients.
The exclusion criteria were bilateral arthroplasty and concomitant unilateral hip and knee arthritis. Major
complications were defined as acute myocardial infarction, cardiac arrest, pulmonary embolism, adult
respiratory distress syndrome, stroke, shock, and septicemia. Odds ratio (OR) and beta coefficients were
adjusted for age, sex, primary payer, hospital region, hospital teaching status, and year. Total charges were
adjusted for inflation using the Consumer Price Index data reported by the US Bureau of Labor Statistics.

Results: A total of 2,589,510 patients met our inclusion criteria; 87.6%, 5.9%, 4.8%, 1.4%, and 0.3% of people
were ‘White’, ‘Black’, ‘Hispanic’, ‘Asian, or Pacific Islander’, and ‘Native American', as defined by the National
(Nationwide) Inpatient Sample (NIS) Variable ‘RACE’. Black individuals experienced a significantly greater
major complication rate compared to White individuals (0.87% vs. 0.74%, OR 1.25, p-value = 0.0004). Black
and Hispanic individuals experienced a significantly greater minor complication rate compared to White
individuals (6.39% vs. 4.12%, odds ratio (OR) 1.61, p-value < 0.0001; 4.68% vs. 4.12%, OR 1.17, p-value <
0.0001). Black, Hispanic, Asian or Pacific Islander, and Native American individuals stayed, on average, 0.33,
0.19, 0.19, and 0.25 days longer than White individuals (2.78, 2.54, 2.55, 2.56 vs. 2.37 days, p<0.0001). None
of these statistically significant differences exceeded the established minimal clinically important difference
of two days. Black, Hispanic, and Asian or Pacific Islander patients were charged $5,751, $18,656, and
$12,119 more than White patients ($72,122, $85,027, $78,490, and $59,297 vs. $66,371, p ≤ 0.0165). Native
American patients were charged $7,074 less than White patients ($59,297 vs. $66,371, p < 0.0001).

Conclusions: Black and Hispanic TJA patients may have higher complication rates than White TJA patients.
The differences in length of stay between race groups may not affect outcomes. Hispanic patients received
significantly more charges than White patients, and Native American patients received significantly fewer
charges than White patients after controlling for non-modifiable risk factors. Addressing the charge
disparities may reduce the total national cost burden associated with TJA. The present study highlights the
need for further studies on healthcare outcomes related to race and sex.

Categories: Orthopedics, Quality Improvement
Keywords: racial disparities, knee reconstruction, hip reconstruction, equitable care, hip and knee arthroplasty, adult
reconstruction

Introduction
Total joint arthroplasty (TJA) is successful in improving quality of life [1]. Despite its success, there is some
variation in patient outcomes with modifiable and non-modifiable factors. Modifiable factors that increase
the risk of complications after TJA include body mass index (BMI) > 40 kg/m2, hemoglobin A1C > 8%, poor
dentition, malnutrition, Staphylococcus aureus colonization, and tobacco use [2]. Generally, these risk factors
can be addressed preoperatively. Non-modifiable factors include race, age, sex, and socioeconomic status.
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It is postulated that race plays a large role in many determinants of health, including education level,
economic opportunity, poor nutrition, and environmental risks [3]. Certain racial groups have a decreased
likelihood of being seen by a specialist and receive less preventative care [3]. The disparities seen by various
racial groups carry over into specialty care, with racially diverse groups less likely to receive mammograms,
colorectal screening, and implantable cardioverters [4-6].

These racial disparities carry over into the field of adult reconstruction. Many recent articles demonstrate a
difference in the utilization rates of TJA between racial groups [7, 8]. Shahid et al. performed a
comprehensive review of all primary studies on the topic and demonstrated decreased utilization among
African Americans as compared to Caucasian patients [9]. Since the publication of the article, newer studies
have provided an update regarding the utilization [10] and comorbidity profile [7, 8] of patients undergoing
lower extremity arthroplasty. However, the published data fails to divide patients into more than two ethnic
groups [7, 8]. Lastly, these studies fail to subgroup by sex and thus do not allow for commentary on the
intersection between race and sex.

The purpose of this study is to determine the effect of race and sex diversity on outcomes following TJA. The
primary outcome of our study was the major complication rate. The secondary outcomes are the minor
complication rate, length of stay (LOS), and total charges. We hypothesize that racially diverse groups will
experience higher complication rates [8], longer LOS [8], and similar total charges as compared to White
patients and that these discrepancies will persist after subgrouping by sex.

Materials And Methods
Database selection
This retrospective cohort study utilized the National Inpatient Sample (NIS) [11,12]. The NIS is a large
database containing summary data on inpatient hospital stays within the United States. It is one of many
from the Healthcare Cost and Utilization Project (HCUP), which provides the largest publicly available all-
payer inpatient databases concerning many aspects of care. The data collected represents an estimate of the
true national population through the utilization of summary data and the sampling weights as determined
by the NIS.

Patient population
The patient population of those aged ≥ 65 who received total hip and knee arthroplasty between 2016 and
2019 was searched on May 5th, 2022. The patient population was selected based on the codes from the
International Classification of Disease-10 Procedure Codes (ICD-10 PCS) (Appendix A), which yielded a
preliminary total of 2,660,280 patients. Patients undergoing bilateral arthroplasty, unilateral concomitant
hip and knee arthroplasty, or patients who could not be grouped into one of the five major ethnic groups as
defined by the NIS were eliminated. This maintained the same surgery across the five groups studied.

The application of our inclusion and exclusion criteria resulted in a total of 2,589,510 patients (Figure 1).
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FIGURE 1: A schematic diagram depicting the application of our
inclusion and exclusion criteria to the preliminary cohort to produce the
final patient population. 

Our study cohort was then categorized into mutually exclusive groups based upon patient race as defined by
the NIS Variable ‘RACE' (‘White’, ‘Black’, ‘Hispanic’, ‘Asian or Pacific Islander’, or ‘Native American’) and
‘SEX’ ('male' or 'female') to create 10 subgroups.

Data collection
The variables collected for this study included age, race, sex, median income quartile, primary payer
(Medicare, Medicaid, private insurance, self-pay, none), hospital region, hospital teaching status, LOS, total
charges, and complication rate (major and minor). Charges are defined as the total dollar amount for a good
or service by the involved providers and hospitals [13].

Complication rates were defined using the International Classification of Disease-10 Clinical Modification
(ICD-10-CM) diagnosis codes (Appendix B) and were categorized into major and minor complications. Major
complications included acute myocardial infarction, septicemia, septic shock, stroke, pulmonary embolism,
adult respiratory distress syndrome (ARDS), and cardiac arrest [14]. Minor complications included urinary
tract infections (UTI), pneumonia, acute renal failure, and deep venous thrombosis (DVT).

Statistical analysis
The mean and 95% confidence interval (CI) were estimated for continuous variables and the frequency and
proportion for categorical variables. For the primary outcome, adjusted logistic regression models were used
to estimate the odds ratio (OR) and corresponding 95% CI for experiencing a given complication. For the
secondary outcomes, the adjusted linear regression models were used to estimate the beta coefficient and its
respective 95% CI. Either White, White male, or White female patients were used as the reference category
for the analyses, as these groups currently comprise the largest portion of the NIS database. All models were
assessed for statistical assumptions and assumed independence of observations.

We assessed additional covariates for confounding and controlled for them in the primary analysis. We
selected all covariates a priori based on national data and background reviews. These included patient age,
primary payer information, hospital region, hospital teaching status, and year of admission. We also
performed a secondary analysis to determine whether the patient LOS and total charges differed among our
comparison groups. Potential confounders were controlled for, including age, sex, primary payer, hospital
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region, hospital teaching status, number of complications, comorbidities, and year. Both secondary
outcomes were treated as continuous, and total charges were adjusted for inflation using Consumer Price
Index data reported by the US Bureau of Labor Statistics. P-values were two-sided, and p < .0.05 was
considered statistically significant. All p-values were independent of each other. Statistical Analysis System
(SAS) version 9.4 (SAS Institute Inc., Cary, North Carolina, USA) was used for all statistical analyses.

Results
Descriptive statistics
A total of 2,589,510 hospitalizations were associated with unilateral TJA within NIS between 2016 and 2019;
there were 1,592,300 total knee arthroplasties (TKAs) and 997,210 total hip arthroplasties (THAs). The mean
age was 73.14 (95% confidence interval (CI): 73.11-73.16). The White cohort consisted of 2,267,199 (87.6%)
observations; 1,597,855 (61.7%) observations pertained to females. Our study cohort was evenly distributed
among income quartiles, hospital regions, and the year of admission (Table 1).
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Variables
Description (Quantitative) or Grouping
(Qualitative)

Value (Mean, 95% CI or Number, Frequency)

Agea, Mean (95% CI) Age of the patient in years 73.14 (73.11 – 73.16)

Race, N (%)

White 2,267,199 (87.6)

Black 153,750 (5.9)

Hispanic 123,225 (4.8)

Asian or Pacific Islander 37,230 (1.4)

Native American 8,105 (0.3)

Sex, N (%)
Male 991,655 (38.3)

Female 1,597,855 (61.7)

Median Income Quartile, N (%)

Lowest 522,715 (20.5)

Second 666,320 (26.1)

Third 698,155 (27.3)

Highest 666,215 (26.1)

Primary Payer, N (%)

Medicare 2,243,415 (86.7)

Medicaid 13,620 (0.5)

Private Insurance 285,755 (11.0)

Self-Pay 7,910 (0.3)

No Charge 335 (<0.1)

Other 36,115 (1.4)

Hospital Region, N (%)

Northeast 491,545 (18.98)

Midwest 638,336 (24.65)

South 942,950 (36.41)

West 516,679 (19.95)

Hospital Teaching Status, N
(%)

Rural 239,910 (9.26)

Urban, Non-teaching 696,635 (26.90)

Urbann Teaching 1,652,964 (63.83)

Year, N (%)

2016 636,721 (24.59)

2017 687,765 (26.56)

2018 640,914 (24.75)

2019 624,111 (24.10)

Length of Stay, Mean (95% CI) Days stayed in the hospital 2.41 (2.39 – 2.42)

Total Chargesb, Mean (95% CI) Total cost of care episode 67,752 (66,902 – 68,602)

TABLE 1: The demographics and patient characteristics of the 2,589,510 patients included in our
study.
aExclude all patients < 65 years old; bReported in US dollars, adjusted for inflation using Consumer Price Index data reported by the US Bureau of Labor
Statistics; CI: confidence interval

The observations associated with Medicare as their primary form of insurance were 86.7%. The average
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length of stay (LOS) was 2.41 days (95% CI: 2.39-2.42), and the average total charges for the hospital LOS
were $67,752 (95% CI: $66,902 - $68,602).

Complications
Racial Disparities: Overall Complication Rate

The Black cohort and the Asian or Pacific Islander cohort experienced a significantly greater overall
complication rate than the White cohort (6.9% vs. 4.57%, odds ratio (OR) 1.21, p-value < 0.001; 4.73% vs.
4.57%, OR 1.11, p-value < 0.0061, respectively). The individual complication rates are provided in Appendix
C.

Racial Disparities: Major Complication Rate

The Black cohort experienced a significantly greater major complication rate as compared to the White
cohort (0.87% vs. 0.74%, OR 1.25, p-value = 0.0004) (Table 2).

Race Number (Percentage) Adjusteda OR (95% CI) Associated p-value

Any Complication

Caucasian 103,670 (4.57) Reference Group Reference Group

African American 10,610 (6.90) 1.21 (1.16 – 1.26) < .0001>

Hispanic/Latino 6,220 (5.05) 1.06 (0.98 – 1.13) 0.1311

Asian or Pacific Islander 1,760 (4.73) 1.11 (1.03 – 1.21) .0061*

Native American 355 (4.38) 0.98 (0.83 – 1.16) 0.8183

Major Complications

Caucasian 16,725 (0.74) Reference Group Reference Group

African American 1,330 (0.87) 1.25 (1.11 – 1.42)* .0004*

Hispanic/Latino 865 (0.70) 0.99 (0.84 – 1.16) 0.8951

Asian or Pacific Islander 315 (0.85) 1.19 (0.93 – 1.53) 0.1642

Native American 75 (0.93) 1.39 (0.80 – 2.39) 0.2431

Minor Complications

Caucasian 93,490 (4.12) Reference Group Reference Group

African American 9,830 (6.39) 1.61 (1.52 – 1.70)* < .0001>

Hispanic/Latino 5,765 (4.68) 1.17 (1.08 – 1.26)* < .0001>

Asian or Pacific Islander 1,560 (4.19) 1.07 (0.95 – 1.21) 0.2556

Native American 320 (3.95) 1.06 (0.82 – 1.37) 0.6692

TABLE 2: The overall complication rate and grouped complication rates by ethnicity. The
Caucasian group is the reference group for all odds ratios provided. The individual complication
rates can be found in Appendix C.

*Indicates statistically significant result for alpha = 0.05; aAdjusted for age, sex, primary payer, hospital region, hospital teaching status, and year; OR:
odds ratio; CI: confidence interval

This resulted largely from increased rates of cardiac arrest, stroke, and septicemia, whereas no differences
were seen regarding rates of acute myocardial infarction, pulmonary embolism (PE), adult respiratory
distress syndrome (ARDS), or shock (Figure 2).
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FIGURE 2: The odds ratios for the individual major complications as
compared between our five major ethnic groups.
OR: odds ratio; CI: confidence interval

Racial Disparities: Minor Complication Rate

The Black cohort and the Hispanic cohort experienced a significantly greater minor complication rate as
compared to the White cohort (6.39% vs. 4.12%, OR 1.61, p-value < 0.0001; 4.68% vs. 4.12%, OR 1.17, p-value
< 0.0001) (Figure 3).
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FIGURE 3: The odds ratios for the individual minor complications as
compared between our five major ethnic groups.
OR: odds ratio; CI: confidence interval

Sex Subgrouping: Overall Complication Rate

The Black male subgroup, Hispanic male subgroup, Asian or Pacific Islander male subgroup, White female
subgroup, Black female subgroup, and Hispanic female subgroup experienced greater overall complication
rates compared to the White male subgroup (7.39%, 5.33%, 5.06%, 4.70%, 6.69%, and 4.89% vs. 4.38%) (Table
3).

Race/Sex Subgroup N (%) Adjusteda OR Relative to
White Male (95% CI)

Associated
P-Value

Adjusteda OR Relative to White
Female (95% CI)

Associated
p-value

Any Complication

  Caucasian Male
38,865
(4.38)

Reference Group
Reference
Group

N/A N/A

  African American
Male

3,390
(7.39)

1.80 (1.66 – 1.96)* < .0001> N/A N/A

  Hispanic/Latino Male
2,310
(5.33)

1.27 (1.15 – 1.41)* < .0001> N/A N/A

  Asian or Pacific
Islander Male

565
(5.06)

1.23 (1.01 – 1.48)* .0368* N/A N/A

  Native American
Male

140
(4.33)

1.10 (0.75 – 1.62) 0.6204 N/A N/A

  Caucasian Female
64,805
(4.70)

1.04 (1.01 – 1.08)* .0055* Reference Group
Reference
Group

  African American
Female

7,220
(6.69)

1.55 (1.45 – 1.65)* < .0001> 1.49 (1.40 – 1.58)* < .0001>

  Hispanic/Latino
Female

3,910
(4.89)

1.11 (1.02 – 1.22)* .0152* 1.07 (0.98 – 1.17) 0.1255

  Asian or Pacific 1,195 1.08 (0.94 – 1.24) 0.2595 1.05 (0.92 – 1.21) 0.4597
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Islander Female (4.59)

  Native American
Female

215
(4.41)

1.07 (0.78 – 1.47) 0.6585 1.01 (0.73 – 1.38) 0.9733

Major Complications

  Caucasian Male
7,010
(0.79)

Reference Group
Reference
Group

N/A N/A

  African American
Male

460
(1.00)

1.34 (1.09 – 1.67)* .0069* N/A N/A

  Hispanic/Latino Male
360
(0.83)

1.10 (0.86 – 1.39) 0.4474 N/A N/A

  Asian or Pacific
Islander Male

120
(1.07)

1.39 (0.93 – 2.06) 0.1075 N/A N/A

  Native American
Male

25
(0.77)

1.08 (0.44 – 2.61) 0.8726 N/A N/A

  Caucasian Female
9,715
(0.70)

0.86 (0.80 – 0.92)* < .0001> Reference Group
Reference
Group

  African American
Female

870
(0.81)

1.04 (0.89 – 1.22) 0.6244 1.22 (1.04 – 1.42)* .0143*

  Hispanic/Latino
Female

505
(0.63)

0.80 (0.64 – 0.98)* .0318* 0.93 (0.76 – 1.15) 0.5051

  Asian or Pacific
Islander Female

195
(0.75)

0.94 (0.69 – 1.30) 0.7224 1.11 (0.81 – 1.52) 0.527

  Native American
Female

50
(1.03)

1.39 (0.74 – 2.63) 0.3052 1.61 (0.85 – 3.03) 0.1444

Minor Complications

  Caucasian Male
34,665
(3.90)

34,665 (3.90)
Reference
Group

N/A N/A

  African American
Male

3,125
(6.81)

3,125 (6.81)
1.85 (1.70 –
2.02)*

N/A N/A

  Hispanic/Latino Male
2,100
(4.85)

2,100 (4.85)
1.29 (1.16 –
1.44)*

N/A N/A

  Asian or Pacific
Islander Male

495
(4.43)

495 (4.43)
1.20 (0.98 –
1.48)

N/A N/A

  Native American
Male

130
(4.02)

130 (4.02)
1.15 (0.78 –
1.71)

N/A N/A

  Caucasian Female
58,825
(4.27)

58,825 (4.27)
1.06 (1.03 –
1.10)*

Reference Group
Reference
Group

  African American
Female

6,705
(6.21)

6,705 (6.21)
1.60 (1.50 –
1.71)*

1.51 (1.41 – 1.61)* < .0001>

  Hispanic/Latino
Female

3,665
(4.59)

3,665 (4.59)
1.17 (1.07 –
1.28)*

1.10 (1.01 – 1.20)* .0336*

  Asian or Pacific
Islander Female

1,065
(4.09)

1,065 (4.09)
1.08 (0.94 –
1.25)

1.03 (0.89 – 1.20) 0.6602

  Native American
Female

190
(3.90)

190 (3.90)
1.06 (0.76 –
1.49)

0.98 (0.70 – 1.37) 0.8894

TABLE 3: The overall complication rates and the grouped complication rates by ethnicity and sex
subgroups. The rate of any given complication can be seen in Appendix D.
The Caucasian male group is provided as a reference group for all odds ratios provided (third column). The Caucasian female subgroup is provided as an
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additional reference group for the remaining female subgroups (fourth column). The individual complication rates can be found in Appendix B.

*Indicates the statistically significant result for alpha = 0.05; aAdjusted for age, sex, primary payer, hospital region, hospital teaching status, and year; OR:
odds ratio; CI: confidence interval

The individual complication rates are provided in Appendix D.

Sex Subgrouping: Major Complication Rate

The Black male subgroup experienced greater major complication rates compared to the White male
subgroup (1.00% vs. 0.79%, OR 1.34, p < 0.0069). The White female subgroup and Hispanic female subgroup
experienced fewer major complications compared to the White male subgroup (0.70% vs. 0.79%, OR 0.86, p <
0.0001; 0.63% vs. 0.79%, OR 0.80, p-value < 0.0318) (Figure 4).
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FIGURE 4: The odds ratios for individual major complications as
compared between our 10 ethnic/sex subgroups.
OR: odds ratio; CI: confidence interval

Sex Subgrouping: Minor Complication Rate

The Black male subgroup, Hispanic male subgroup, White female subgroup, Black female subgroup, and
Hispanic female subgroup experienced greater minor complication rates compared to the White male
subgroup (6.81%, 4.85%, 4.27%, 6.21%, 4.59% vs. 3.90%) (Figure 5).

2023 Vij et al. Cureus 15(7): e42485. DOI 10.7759/cureus.42485 11 of 28

https://assets.cureus.com/uploads/figure/file/672729/lightbox_8add7400155011ee9c7f4572358dab24-Figure-4.png
javascript:void(0)


FIGURE 5: The odds ratios for individual minor complications as
compared between our ten ethnic/sex subgroups.

Length of stay
Racial Disparities

The Black cohort, Hispanic cohort, Asian or Pacific Islander cohort, and Native American cohort stayed, on
average, 0.41, 0.17, 0.18, and 0.19 days longer than the White cohort (2.78, 2.54, 2.55, 2.56 vs. 2.37 days,
respectively, p < 0.0001) (Table 4, Figure 6).
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Race LOS (Days) Adjusteda Beta Coefficient Associated p-value

Caucasian 2.37 (2.35 – 2.39) Reference Group Reference Group

African American 2.78 (2.73 – 2.82) 0.33 (0.30; 0.37)* < .0001*

Hispanic/Latino 2.54 (2.50 – 2.58) 0.19 (0.15; 0.23)* < .0001*

Asian or Pacific Islander 2.55 (2.48 – 2.61) 0.19 (0.13; 0.24)* < .0001*

Native American 2.56 (2.46 – 2.67) 0.25 (0.14; 0.35)* < .0001*

TABLE 4: The length of stay as compared between the five ethnic groups in our study. The
adjusted beta coefficients use Caucasians as the reference group.

*Indicates statistically significant result for alpha = 0.05; aAdjusted for age, sex, primary payer, hospital region, hospital teaching status, number of
complications, and year; LOS: length of stay

FIGURE 6: The length of stay as compared between the five major racial
groups in our study.

Sex Subgrouping

The Black male subgroup, Hispanic male subgroup, Asian or Pacific Islander male subgroup, and Native
American male subgroup stayed 0.48, 0.19, 0.26, and 0.15 days longer than the White male subgroup (2.72,
2.43, 2.50, 2.39 vs. 2.24 days, respectively, p ≤ 0.004) (Table 5, Figure 7).
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Race/Sex
Subgroup

Length of
Stay (Days)

Adjusteda Beta Coefficient
relative to Caucasian Males

Associated
p-value

Adjusteda Beta Coefficient
relative to Caucasian Females

Associated
p-value

Caucasian Male
2.24 (2.22 –
2.26)

Reference Group
Reference
Group

N/A N/A

African American
Male

2.72 (2.65 –
2.79)

0.41 (0.35 – 0.46)* < .0001* N/A N/A

Hispanic/Latino
Male

2.43 (2.38 –
2.49)

0.23 (0.18 – 0.28)* < .0001* N/A N/A

Asian or Pacific
Islander Male

2.50 (2.40 –
2.61)

0.26 (0.17 – 0.36)* < .0001* N/A N/A

Native American
Male

2.39 (2.26 –
2.51)

0.19 (0.06 – 0.32)* .0035* N/A N/A

Caucasian
Female

2.45 (2.44 –
2.47)

0.17 (0.16 – 0.18)* < .0001* Reference Group
Reference
Group

African American
Female

2.80 (2.75 –
2.85)

0.47 (0.43 – 0.51)* < .0001* 0.31 (0.27 – 0.34)* < .0001*

Hispanic/Latino
Female

2.60 (2.56 –
2.64)

0.34 (0.30 – 0.38)* < .0001* 0.17 (0.13 – 0.21)* < .0001*

Asian or Pacific
Islander Female

2.57 (2.50 –
2.64)

0.32 (0.26 – 0.38)* < .0001* 0.15 (0.08 – 0.21)* < .0001*

Native American
Female

2.68 (2.55 –
2.81)

0.45 (0.33 – 0.58)* < .0001* 0.28 (0.16 – 0.41)* < .0001*

TABLE 5: The length of stay as compared between our 10 ethnic/sex subgroups. The adjusted
beta coefficients are relative to the Caucasian male subgroup (third column). For all ethnically
diverse female groups, the beta coefficients are additionally provided relative to the Caucasian
female group (fourth column).

 *Indicates statistically significant result for alpha = 0.05; aAdjusted for age, sex, primary payer, hospital region, hospital teaching status, number of
complications, and year; LOS: length of stay

2023 Vij et al. Cureus 15(7): e42485. DOI 10.7759/cureus.42485 14 of 28



FIGURE 7: The length of stay as compared between the 10 race/sex
subgroups of our study.

The White female subgroup, Black female subgroup, Hispanic female subgroup, Asian or Pacific Islander
female subgroup, and Native American female subgroup stayed 0.21, 0.56, 0.36, 0.33, and 0.44 days longer
than the White male subgroup (2.45, 2.80, 2.60, 2.57, 2.68 vs. 2.24 days, respectively, p < 0.0001). The Black
female subgroup, Hispanic female subgroup, Asian or Pacific Islander female subgroup, and Native American
female subgroup stayed 0.35, 0.15, 0.12, and 0.23 days longer than the White female subgroup (2.80, 2.60,
2.57, 2.68 vs. 2.45 days, respectively, p < 0.0001).

Total charges
Racial Disparities

The Black cohort, Hispanic cohort, and Asian or Pacific Islander cohort were charged $5,751, $18,656, and
$12,119 more than the White cohort ($72,122, $85,027, $78,490, $59,297 vs. $66,371, respectively, p <
0.0165) (Table 6).
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Race Total Chargesa (Dollars) Adjustedb Beta Coefficient Associated p-value

Caucasian 66,371 (65,529 - 67,213) Reference Group Reference Group

African American 72,122 (70,694 - 73,550) 1,876 (757; 2,995)* .0010*

Hispanic/Latino 85,027 (83,060 - 86,995) 10,975 (9,168; 12,783)* < .0001*

Asian or Pacific Islander 78,490 (75,868 - 81,112) 2,971 (543; 5,399)* .0165*

Native American 59,297 (56,550 - 62,044) -11,469 (-13,927; -9,011)* < .0001*

TABLE 6: The total charges as compared between our five ethnic groups. The beta coefficients
are provided relative to the Caucasian group.

*Indicates statistically significant result for alpha = 0.05; aReported in US dollars, adjusted for inflation using Consumer Price Index data reported by the
US Bureau of Labor Statistics; bAdjusted for age, sex, primary payer, hospital region, hospital teaching status, number of complications, year, and length
of stay

The Native American cohort was charged $7,074 less than the White cohort ($59,297 vs. $66,371, p < 0.0001)
(Figure 8).

FIGURE 8: The total charges as compared between the five major racial
groups of our study.

Sex Subgrouping

The Black male subgroup, Hispanic male subgroup, and Asian or Pacific Islander male subgroup were
charged $6,778, $19,004, and $11,031 more than the White male subgroup ($73,526, $85,752, and $77,779 vs.
$66,748, respectively, p ≤ 0.01) (Table 7).
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Race/Sex
Subgroup

Total

Chargesa

(Dollars)

Adjustedb Beta Coefficient
relative to Caucasian Males

Associated
P-Value

Adjustedb Beta Coefficient
relative to Caucasian Females

Associated
p-value

Caucasian Male
66,748
(65,894 –
67,603)

Reference Group
Reference
Group

N/A N/A

African American
Male

73,526
(71,897 –
75,155)

1,730                    (355; 3,105)* .0137* N/A N/A

Hispanic/Latino
Male

85,752
(83,718 –
87,787)

10,742                (8,828; 12,656)* < .0001* N/A N/A

Asian or Pacific
Islander Male

77,779
(74,745 –
80,813)

1,403                            (-1,687;
4,495)*

0.3734 N/A N/A

Native American
Male

58,863
(55,696 –
62,029)

-13,281                       (-16,604; -
9957)*

< .0001* N/A N/A

Caucasian
Female

66,128
(65,283 –
66,973)

-2,409                          (-2,691; -
2,128)*

< .0001* Reference Group
Reference
Group

African American
Female

71,525
(70,069 –
72,981)

-461                              (-1,701;
778)

0.4658 2,226                       (1,023; 3,429)* .0003*

Hispanic/Latino
Female

84,634
(82,653 –
86,616)

8,698                  (6,775; 10,622)* < .0001* 11,228                    (9,329; 13,127)* < .0001*

Asian or Pacific
Islander Female

78,795
(76,098 –
81,491)

1,245                            (-1,207;
3,696)*

0.3195 3,673                      (1,247; 6,099)* .0030*

Native American
Female

59,584
(56,816 –
62,352)

-12,681                        (-15,288; -
10,075)*

< .0001*
-10,148                              (-12,747;
-7,549)*

< .0001*

TABLE 7: The total charges as compared between our ethnic/sex subgroups. The adjusted beta
coefficients are relative to the Caucasian male subgroup (third column). For all ethnically diverse
female groups, the beta coefficients are additionally provided relative to the Caucasian female
group (fourth column).

*Indicates statistically significant result for alpha = 0.05; aReported in US dollars, adjusted for inflation using Consumer Price Index data reported by the
US Bureau of Labor Statistics; bAdjusted for age, sex, primary payer, hospital region, hospital teaching status, number of complications, year, and length
of stay

The Native American male subgroup was charged $7,885 less than the White male subgroup ($58,863 vs.
$66,748, p < 0.0001, Figure 9).
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FIGURE 9: The total cost as compared between the 10 race/sex
subgroups of our study.

The Black female subgroup, Hispanic female subgroup, and Asian or Pacific Islander female subgroup were
charged $5,397, $18,506, and $12,667 more than the White female subgroup ($71,525, $84,634, $78,795 vs.
$66,128; respectively, p ≤ 0.003). The Native American female subgroup paid $6,544 less than the White
female subgroup ($59,584 vs. $66,128, p < 0.0001).

Discussion
This was a retrospective cohort study that utilized the NIS to study the population ≥ 65 years of age
undergoing unilateral lower extremity TJA between 2016 and 2019. We hypothesized that racially diverse
groups would experience higher complication rates, longer lengths of stay, and equivalent charges compared
to the White cohort. We found that racially diverse cohorts experienced higher complication rates with
persistence after subgrouping by sex. We also found that racially diverse cohorts experienced longer lengths
of stay and higher total charges, which also persisted after subgrouping by sex. The exception was the Native
American cohort, which experienced decreased total charges as compared to the White cohort.

In this study, we found many significant differences in complication rates among racially diverse groups
compared to the White cohort. Specifically, the Black cohort was found to have significantly higher rates of
cardiac arrest, stroke, septicemia, and acute renal failure. Additionally, the Hispanic cohort was found to
have significantly higher rates of acute renal failure and deep venous thrombosis, while the Asian or Pacific
Islander cohort experienced significantly greater deep venous thrombosis. These results are consistent with
a systematic review of 82 articles relating to outcomes based on race in total hip and knee arthroplasty
performed by Alvarez et al. [15]. They demonstrated that even after adjusting for comorbidities, Black
individuals had higher postoperative complications compared to White individuals. It is important to note
that of the 82 articles included in this study, only four examined complication rates for Asian Americans and
Hispanic/Latino individuals, and none examined complication rates for Native American individuals.
Similarly, they reported that Hispanic patients had a higher rate of major complications and readmission
compared to White patients. However, their study found that Asian patients had similar or better outcomes
in terms of major complications compared to White individuals, which is inconsistent with our finding of
greater overall complication rates (contributed primarily from deep venous thrombosis) in Asian or Pacific
Islander individuals. Much can be done to address these disparities, including physician education on
implicit bias and the incentivization of value-based care.

When subgrouping by sex, our study generally demonstrated the persistence of racial disparities regarding
complication rates, length of stay, and total charges. However, an interesting additional finding was the
difference between the White male subgroup and the White female subgroup. The White female subgroup
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demonstrated a decreased rate of acute myocardial infarction, cardiac arrest, stroke, shock, septicemia, and
acute renal failure and an increased rate of PE, ARDS, and UTI. These findings are in concordance with those
of Patel et al. [16].

Subgrouping also revealed an interesting example of effect modification. The Hispanic female subgroup
demonstrated an odds ratio of 1.46 concerning PE risk as compared to the White male subgroup, though no
difference was seen in this complication rate between either of the race groups initially. These findings are
in concordance with those of Cheah et al. [17]. This retrospective cohort of the NIS between 2006 and 2011
found an OR > 1 for women for nearly all complications studied. These findings may apply to the effect
modification seen in our study; however, it is also important to consider the effect that access to care may
have had.

When analyzing LOS, the data showed marginally longer lengths of stay for racially diverse groups, with
persistence upon subgrouping by sex. The reasons for this are multifactorial and may include a baseline
higher level of disease, access to care, and institutional-level biases. These findings are in concordance with
Alvarez et al. [15] and Amen et al. [8]. However, a LOS of greater than two days has been associated with a
poorer clinical outcome after lower extremity arthroplasty [18]. Thus, the statistically significant differences
seen may have limited clinical significance.

The largest disparity in total charges associated with all hospital care was seen in the Hispanic cohort, who
were charged $18,656 more than the White cohort after controlling for comorbidities, primary payer, and
hospital region. Our study also revealed that the Native American cohort was charged $7,074 less than White
individuals. Disparities in the costs of osteoarthritis (OA) treatment contribute to the total national cost
burden [19] and could reduce the overall national cost by $2.3 billion [19]. The results of our study
demonstrate that addressing the disparities between Hispanic and Black individuals may have the most
profound effects. This may include increasing awareness of racial disparities in arthroplasty care and
training on comorbidity management in diverse populations. Though our model controlled for hospital
region and hospital teaching status (rural, urban: non-teaching, urban: teaching), the effect of the Urban
Indian Health Program affiliation on our data remains unclear. Hospitals with this affiliation may
experience differences in healthcare utilization [20] and access [21]. Subsidization of costs may also explain
the difference in total charges seen in our study [22]. Further research is required to determine where the
additional charges experienced by Hispanics are being incurred.

Limitations
As a retrospective cohort study, our study is unable to draw inferences regarding causality between a certain
racial or race/sex subgroup and a given outcome. The complex stratification or clustered design of the NIS
dataset introduces a selection bias. During the search of our patients, 50,155 patients had a race variable
corresponding to 'Other', 'Missing', or 'Valid'. It is unclear whether these patients may have represented
racially diverse groups and thus introduced an additional selection bias. Lastly, our study only represents
complications and costs associated with the inpatient stay.

Conclusions
Black and Hispanic TJA cohorts may have higher complication rates than the White TJA cohort. The
differences in length of stay between race groups may not affect outcomes. The Hispanic cohort was charged
significantly more than the White cohort, and the Native American cohort was charged significantly less
than White patients. Addressing the charge disparities may reduce the total national cost burden associated
with TJA. The present study highlights the need for further studies on healthcare outcomes related to race
and sex.

Appendices
Appendix A 
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Clinical
Entity

ICD-10 Procedure Codes Utilized

R Hip
Replacement

0SR901, 0SR9019, 0SR901A, 0SR901Z, 0SR902, 0SR9029, 0SR902A, 0SR902Z, 0SR903, 0SR9039, 0SR903A,
0SR903Z, 0SR904, 0SR9049, 0SR904A,0SR904Z, 0SR906, 0SR9069, 0SR906A, 0SR906Z, 0SR90J, 0SR90J9,
0SR90JA, 0SR90JZ

L Hip
Replacement

0SRB01, 0SRB019, 0SRB01A, 0SRB01Z, 0SRB02, 0SRB029, 0SRB02A, 0SRB02Z, 0SRB03, 0SRB039, 0SRB03A,
0SRB03Z, 0SRB04, 0SRB049, 0SRB04A, 0SRB04Z, 0SRB06, 0SRB069, 0SRB06A, 0SRB06Z, 0SRB0J, 0SRB0J9,
0SRB0JA, 0SRB0JZ

R Knee
Replacement

0SRC06, 0SRC069, 0SRC06A, 0SRC06Z, 0SRC0J, 0SRC0J9, 0SRC0JA, 0SRC0JZ, 0SRC0L, 0SRC0L9, 0SRC0LA,
0SRC0LZ, 0SRC0M, 0SRC0M9, 0SRC0MA, 0SRC0MZ, 0SRC0N, 0SRC0N9, 0SRC0NA, 0SRC0NZ

L Knee
Replacement

0SRD06, 0SRD069, 0SRD06A, 0SRD06Z, 0SRD0J, 0SRD0J9, 0SRD0JA, 0SRD0JZ, 0SRD0L, 0SRD0L9, 0SRD0LA,
0SRD0LZ, 0SRD0M, 0SRD0M9, 0SRD0MA, 0SRD0MZ, 0SRD0N, 0SRD0N9, 0SRD0NA, 0SRD0NZ

TABLE 8: A listing of the International Classification of Disease-10 Procedure Codes (ICD-10 PCS)
used to define the study population.
R: right; L: left

 Appendix B

Complication Category Complication ICD-10-CM Code

Major

Acute Myocardial Infarction I21

Septicemia A40, A41

Shock T81.12, R65.20, R65.21, R57.0, R57.8, R57.9

Stroke I63, G8836, G8837, G46.4, G46.3

Pulmonary Embolism I26

Adult Respiratory Distress Syndrome J80, R06.03

Cardiac Arrest I46

Minor

Urinary Tract Infection N39.0

Pneumonia J13, J14, J15, J16, J17, J18

Acute Renal Failure N17, N99.0

Deep Venous Thromboses I82.2, I83.3 I82.4, I82.6, I82.8, I82.9, I82.A, I82.B I82.C

TABLE 9: A listing of the International Classification of Disease-10 Clinical Modification (ICD-10-
CM) codes utilized to quantify the complications of interest.
'Acute Life-Threatening' categories and ‘Other’ categories were adapted from Hustedt et al.'s 2017 definitions of ‘Major’ and ‘Minor’ complications.

Appendix C 

Race Number (Percentage) Adjusteda OR (95% CI) Associated p-value

Acute Myocardial Infarction

Caucasian 3,680 (0.16) Reference Group Reference Group

African American 225 (0.15) 1.07 (0.78 – 1.47) 0.6914

Hispanic/Latino 145 (0.12) 0.81 (0.56 – 1.18) 0.2714
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Asian or Pacific Islander 65 (0.17) 1.15 (0.67 – 1.96) 0.6215

Native American 10 (0.12) 0.87 (0.21 – 3.53) 0.8454

Cardiac Arrest

Caucasian 1,055 (0.05) Reference Group Reference Group

African American 115 (0.07) 1.76 (1.15 – 2.71)* .0099*

Hispanic/Latino 35 (0.03) 0.62 (0.29 – 1.34) 0.2261

Asian or Pacific Islander 10 (0.03) 0.63 (0.16 – 2.53) 0.5174

Native American 5 (0.06) 1.50 (0.21 – 10.94) 0.6874

Pulmonary Embolism (PE)

Caucasian 4,745 (0.21) Reference Group Reference Group

African American 405 (0.26) 1.26 (1.00 – 1.59) 0.0502

Hispanic/Latino 290 (0.24) 1.17 (0.89 – 1.55) 0.2675

Asian or Pacific Islander 45 (0.12) 0.60 (0.31 – 1.15) 0.1247

Native American 20 (0.25) 1.25 (0.47 – 3.33) 0.6584

Acute Respiratory Distress Syndrome (ARDS)

Caucasian 550 (0.02) Reference Group Reference Group

African American 25 (0.02) 0.62 (0.25 – 1.51) 0.2876

Hispanic/Latino 20 (0.02) 0.72 (0.26 – 1.99) 0.5212

Asian or Pacific Islander 5 (0.01) 0.67 (0.09 – 4.94) 0.6936

Native American 0 (0.0) NA NA

Stroke

Caucasian 1,825 (0.08) Reference Group Reference Group

African American 175 (0.11) 1.57 (1.10 – 2.23)* .0126*

Hispanic/Latino 115 (0.09) 1.30 (0.85 – 1.97) 0.2254

Asian or Pacific Islander 50 (0.13) 1.90 (1.00 – 3.62) 0.0508

Native American 15 (0.19) 2.72 (0.97 – 8.53) 0.0858

Shock

Caucasian 4,205 (0.19) Reference Group Reference Group

African American 255 (0.17) 0.93 (0.70 – 1.24) 0.6351

Hispanic/Latino 235 (0.19) 1.00 (0.74 – 1.36) 0.9773

Asian or Pacific Islander 95 (0.26) 1.32 (0.83 – 2.09) 0.237

Native American 25 (0.31) 1.94 (0.81 – 4.67) 0.1378

Septicemia

Caucasian 4,370 (0.19) Reference Group Reference Group

African American 385 (0.25) 1.41 (1.12 – 1.79)* .0041*

Hispanic/Latino 230 (0.19) 0.95 (0.70 – 1.28) 0.7205

Asian or Pacific Islander 140 (0.38) 1.91 (1.29 – 2.81)* 0.0012

Native American 15 (0.19) 1.05 (0.34 – 3.25) 0.9367

Urinary Tract Infection
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Caucasian 33,385 (1.45) Reference Group Reference Group

African American 2,225 (1.45) 0.93 (0.84 – 1.03) 0.1527

Hispanic/Latino 2,015 (1.64) 1.09 (0.97 – 1.22) 0.1587

Asian or Pacific Islander 595 (1.60) 1.09 (0.90 – 1.33) 0.3749

Native American 95 (1.17) 0.83 (0.53 – 1.29) 0.4041

Pneumonia

Caucasian 915 (0.04) Reference Group Reference Group

African American 45 (0.03) 0.83 (0.42 – 1.64) 0.584

Hispanic/Latino 30 (0.02) 0.76 (0.34 – 1.71) 0.5033

Asian or Pacific Islander 15 (0.04) 1.42 (0.45 – 4.44) 0.5474

Native American 0 (0.0) NA NA

Acute Renal Failure

Caucasian 58,155 (2.57) Reference Group Reference Group

African American 7,630 (4.96) 2.08 (1.96 – 2.22)* < .0001>

Hispanic/Latino 3,575 (2.90) 1.19 (1.09 – 1.30)* .0002*

Asian or Pacific Islander 860 (2.31) 0.98 (0.84 – 1.16) 0.8416

Native American 190 (2.34) 1.05 (0.77 – 1.44) 0.7605

Deep Venous Thrombosis (DVT)

Caucasian 5,540 (0.24) Reference Group Reference Group

African American 460 (0.30) 1.23 (0.99 – 1.53) 0.0666

Hispanic/Latino 420 (0.34) 1.42 (1.13 – 1.78)* .0024*

Asian or Pacific Islander 140 (0.38) 1.52 (1.04 – 2.22)* .0324*

Native American 25 (0.31) 1.40 (0.59 – 3.32) 0.4433

TABLE 10: The rate of any given complication among our study population undergoing unilateral
lower extremity arthroplasty by ethnicity. The Caucasian group is the reference group for all odds
ratios provided. This appendix corresponds to Table 2.

*Indicates statistically significant result for alpha = 0.05; aAdjusted for age, sex, primary payer, hospital region, hospital teaching status, and year

Appendix D 

Race/Sex Subgroup N (%) Adjusteda OR Relative to
White Male (95% CI)

Associated
P-Value

Adjusteda OR Relative to White
Female (95% CI)

Associated
p-value

Acute Myocardial Infarction

Caucasian Male
1,785
(0.20)

Reference Group
Reference
Group

N/A N/A

African American
Male

95
(0.21)

1.16 (0.72 – 1.86) 0.5541 N/A N/A

Hispanic/Latino Male
75
(0.17)

0.95 (0.56 – 1.59) 0.8342 N/A N/A

Asian or Pacific
Islander Male

25
(0.22)

1.12 (0.46 – 2.71) 0.8058 N/A N/A
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Native American
Male

5 (0.15) 0.88 (0.12 – 6.34) 0.8965 N/A N/A

Caucasian Female
1,895
(0.14)

0.65 (0.56 – 0.75)* < .0001> Reference Group
Reference
Group

African American
Female

130
(0.12)

0.65 (0.43 – 0.99)* .0439* 1.05 (0.70 – 1.59) 0.8117

Hispanic/Latino
Female

70
(0.09)

0.45 (0.26 – 0.78)* .0041* 0.74 (0.43 – 1.27) 0.2727

Asian or Pacific
Islander Female

40
(0.15)

0.75 (0.38 – 1.49) 0.4096 1.24 (0.63 – 2.41) 0.5353

Native American
Female

5 (0.10) 0.56 (0.08 – 4.00) 0.5615 0.90 (0.13 – 6.42) 0.9124

Cardiac Arrest

Caucasian Male
530
(0.06)

Reference Group
Reference
Group

N/A N/A

African American
Male

30
(0.07)

1.18 (0.52 – 2.69) 0.689 N/A N/A

Hispanic/Latino Male
10
(0.02)

0.38 (0.09 – 1.55) 0.1788 N/A N/A

Asian or Pacific
Islander Male

0 (0.00) NA NA N/A N/A

Native American
Male

5 (0.15) 3.02 (0.41 – 22.13) 0.2774 N/A N/A

Caucasian Female
525
(0.04)

0.60 (0.45 – 0.78)* .0002* Reference Group
Reference
Group

African American
Female

85
(0.08)

1.29 (0.77 – 2.16) 0.3331 2.20 (1.32 – 3.67)* .0027*

Hispanic/Latino
Female

25
(0.03)

0.50 (0.20 – 1.25) 0.1364 0.85 (0.34 – 2.12) 0.7337

Asian or Pacific
Islander Female

10
(0.04)

0.65 (0.16 – 2.63) 0.5441 1.10 (0.28 – 4.39) 0.8909

Native American
Female

0 (0.00) NA NA NA NA

Pulmonary Embolism (PE)

Caucasian Male
1,540
(0.17)

Reference Group
Reference
Group

N/A N/A

African American
Male

120
(0.26)

1.56 (1.03 – 2.36)* .0369* N/A N/A

Hispanic/Latino Male
95
(0.22)

1.34 (0.84 – 2.13) 0.221 N/A N/A

Asian or Pacific
Islander Male

15
(0.13)

0.82 (0.26 – 2.54) 0.7257 N/A N/A

Native American
Male

5 (0.15) 0.96 (0.13 – 6.84) 0.9634 N/A N/A

Caucasian Female
3,205
(0.23)

1.32 (1.15 – 1.52)* < .0001> Reference Group
Reference
Group

African American
Female

285
(0.26)

1.54 (1.16 – 2.04)* .0032* 1.18 (0.89 – 1.56) 0.2437

Hispanic/Latino 195
1.46 (1.03 – 2.07)* .0350* 1.12 (0.79 – 1.58) 0.5251
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Female (0.24)

Asian or Pacific
Islander Female

30
(0.12)

0.69 (0.31 – 1.56) 0.3747 0.53 (0.24 – 1.19) 0.1236

Native American
Female

15
(0.31)

1.84 (0.58 – 5.78) 0.298 1.40 (0.44 – 4.41) 0.5677

Acute Respiratory Distress Syndrome (ARDS)

Caucasian Male
150
(0.02)

Reference Group
Reference
Group

N/A N/A

African American
Male

5 (0.01) 0.59 (0.08 – 4.17) 0.5934 N/A N/A

Hispanic/Latino Male
10
(0.02)

1.47 (0.34 – 6.35) 0.6025 N/A N/A

Asian or Pacific
Islander Male

0 (0.00) NA NA N/A N/A

Native American
Male

0 (0.00) NA NA N/A N/A

Caucasian Female
400
(0.03)

1.80 (1.16 – 2.79)* .0084* Reference Group
Reference
Group

African American
Female

20
(0.02)

1.12 (0.39 – 3.18) 0.833 0.58 (0.21 – 1.60) 0.2924

Hispanic/Latino
Female

10
(0.01)

0.85 (0.20 – 3.66) 0.8275 0.46 (0.11 – 1.89) 0.2826

Asian or Pacific
Islander Female

5 (0.02) 1.51 (0.20 – 11.44) 0.692 0.90 (0.12 – 6.71) 0.9147

Native American
Female

0 (0.00) NA NA NA NA

Stroke

Caucasian Male
825
(0.09)

Reference Group
Reference
Group

N/A N/A

African American
Male

40
(0.09)

1.02 (0.50 – 2.09) 0.9508 N/A N/A

Hispanic/Latino Male
60
(0.14)

1.65 (0.92 – 2.96) 0.0964 N/A N/A

Asian or Pacific
Islander Male

25
(0.22)

2.62 (1.06 – 6.43)* .0363* N/A N/A

Native American
Male

5 (0.15) 1.97 (0.27 – 14.19) 0.5028 N/A N/A

Caucasian Female
1,000
(0.07)

0.75 (0.61 – 0.93)* .0075* Reference Group
Reference
Group

African American
Female

135
(0.13)

1.40 (0.92 – 2.11) 0.1132 1.87 (1.24 – 2.82)* .0030*

Hispanic/Latino
Female

55
(0.07)

0.79 (0.43 – 1.44) 0.4421 1.01 (0.55 – 1.85) 0.9723

Asian or Pacific
Islander Female

25
(0.10)

1.12 (0.46 – 2.74) 0.8037 1.39 (0.56 – 3.47) 0.4768

Native American
Female

10
(0.21)

2.53 (0.62 – 10.23) 0.1937 3.27 (0.80 – 13.30) 0.0986

Shock

1,795 Reference
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Caucasian Male (0.20) Reference Group Group N/A N/A

African American
Male

85
(0.19)

0.95 (0.58 – 1.55) 0.843 N/A N/A

Hispanic/Latino Male
80
(0.18)

0.92 (0.55 – 1.52) 0.7328 N/A N/A

Asian or Pacific
Islander Male

40
(0.36)

1.67 (0.84 – 3.32) 0.1402 N/A N/A

Native American
Male

5 (0.15) 0.88 (0.12 – 6.29) 0.8952 N/A N/A

Caucasian Female
2,410
(0.17)

0.83 (0.73 – 0.96)* .0096* Reference Group
Reference
Group

African American
Female

170
(0.16)

0.77 (0.54 – 1.09) 0.1441 0.91 (0.64 – 1.29) 0.5941

Hispanic/Latino
Female

155
(0.19)

0.88 (0.60 – 1.29) 0.519 1.05 (0.72 – 1.53) 0.8038

Asian or Pacific
Islander Female

55
(0.21)

0.95 (0.51 – 1.77) 0.8751 1.15 (0.61 – 2.16) 0.6684

Native American
Female

20
(0.41)

2.32 (0.86 – 6.25) 0.0947 2.68 (1.00 – 7.19) 0.0507

Septicemia

Caucasian Male
2,025
(0.23)

Reference Group
Reference
Group

N/A N/A

African American
Male

175
(0.38)

1.78 (1.26 – 2.52)* .0012* N/A N/A

Hispanic/Latino Male
95
(0.22)

0.95 (0.60 – 1.50) 0.8119 N/A N/A

Asian or Pacific
Islander Male

65
(0.58)

2.40 (1.38 – 4.15)* .0019* N/A N/A

Native American
Male

10
(0.31)

1.47 (0.37 – 5.87) 0.5827 N/A N/A

Caucasian Female
2,345
(0.17)

0.72 (0.63 – 0.82)* < .0001> Reference Group
Reference
Group

African American
Female

210
(0.19)

0.86 (0.62 – 1.18) 0.3465 1.19 (0.86 – 1.63) 0.2939

Hispanic/Latino
Female

135
(0.17)

0.68 (0.45 – 1.01) 0.0572 0.95 (0.63 – 1.42) 0.8017

Asian or Pacific
Islander Female

75
(0.29)

1.15 (0.67 – 1.97) 0.6082 1.63 (0.94 - 2.81) 0.0827

Native American
Female

5 (0.10) 0.48 (0.07 – 3.40) 0.4592 0.66 (0.09 – 4.71) 0.6801

Urinary Tract Infection

Caucasian Male
5,945
(0.67)

Reference Group
Reference
Group

N/A N/A

African American
Male

480
(1.05)

1.62 (1.32 – 1.99)* < .0001> N/A N/A

Hispanic/Latino Male
335
(0.77)

1.16 (0.90 – 1.51) 0.2504 N/A N/A

Asian or Pacific
Islander Male

60
(0.54)

0.86 (0.49 – 1.50) 0.5923 N/A N/A
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Native American
Male

20
(0.62) 0.97 (0.36 – 2.61) 0.9565 N/A N/A

Caucasian Female
27,440
(1.99)

2.92 (2.74 – 3.11)* < .0001> Reference Group
Reference
Group

African American
Female

1,745
(1.62)

2.42 (2.14 – 2.74)* < .0001> 0.82 (0.73 – 0.92)* .0007*

Hispanic/Latino
Female

1,680
(2.10)

3.13 (2.73 – 3.59)* < .0001> 1.07 (0.94 – 1.21) 0.3364

Asian or Pacific
Islander Female

535
(2.05)

3.29 (2.67 – 4.06)* < .0001> 1.13 (0.92 – 1.39) 0.2398

Native American
Female

75
(1.54)

2.32 (1.41 – 3.83)* < .0001> 0.78 (0.48 – 1.29) 0.3397

Pneumonia

Caucasian Male
395
(0.04)

Reference Group
Reference
Group

N/A N/A

African American
Male

20
(0.04)

1.11 (0.40 – 3.04) 0.8479 N/A N/A

Hispanic/Latino Male
20
(0.05)

1.27 (0.47 – 3.42) 0.6435 N/A N/A

Asian or Pacific
Islander Male

10
(0.09)

2.65 (0.66 – 10.60) 0.1678 N/A N/A

Native American
Male

0 (0.0) NA NA N/A N/A

Caucasian Female
520
(0.04)

0.81 (0.60 – 1.09) 0.1587 Reference Group
Reference
Group

African American
Female

25
(0.02)

0.55 (0.22 – 1.39) 0.2051 0.69 (0.28 – 1.74) 0.4352

Hispanic/Latino
Female

10
(0.01)

0.34 (0.08 – 1.39) 0.1328 0.42 (0.10 – 1.71) 0.2261

Asian or Pacific
Islander Female

5 (0.02) 0.59 (0.08 – 4.31) 0.6039 0.71 (0.10 – 5.21) 0.7337

Native American
Female

0 (0.0) NA NA NA NA

Acute Renal Failure

Caucasian Male
27,685
(3.12)

Reference Group
Reference
Group

N/A N/A

African American
Male

2,640
(5.76)

1.94 (1.77 – 2.13)* < .0001> N/A N/A

Hispanic/Latino Male
1,665
(3.84)

1.30 (1.15 – 1.47)* < .0001> N/A N/A

Asian or Pacific
Islander Male

400
(3.58)

1.22 (0.96 – 1.54) 0.099 N/A N/A

Native American
Male

85
(2.63)

0.98 (0.61 – 1.57) 0.927 N/A N/A

Caucasian Female
30,470
(2.21)

0.68 (0.65 – 0.70)* < .0001> Reference Group
Reference
Group

African American
Female

4,990
(4.63)

1.47 (1.36 – 1.58)* < .0001> 2.17 (2.01 – 2.34)* < .0001>
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Hispanic/Latino
Female

1,910
(2.39)

0.75 (0.67 – 0.85)* < .0001> 1.12 (1.00 – 1.26) 0.0551

Asian or Pacific
Islander Female

460
(1.77)

0.57 (0.46 – 0.71)* < .0001> 0.86 (0.70 – 1.07) 0.1817

Native American
Female

105
(2.15)

0.76 (0.48 – 1.19) 0.2222 1.10 (0.70 – 1.72) 0.6927

Deep Venous Thrombosis (DVT)

Caucasian Male
2,170
(0.24)

Reference Group
Reference
Group

N/A N/A

African American
Male

180
(0.39)

1.62 (1.15 – 2.29)* .0059* N/A N/A

Hispanic/Latino Male
145
(0.33)

1.40 (0.96 – 2.05) 0.0806 N/A N/A

Asian or Pacific
Islander Male

45
(0.40)

1.61 (0.83 – 3.14) 0.1585 N/A N/A

Native American
Male

20
(0.62)

2.82 (1.06 – 7.47)* .0375* N/A N/A

Caucasian Female
3,370
(0.24)

0.99 (0.88 – 1.11) 0.842 Reference Group
Reference
Group

African American
Female

280
(0.26)

1.04 (0.79 – 1.38) 0.7596 2.17 (2.01 – 2.34)* < .0001>

Hispanic/Latino
Female

275
(0.34)

1.41 (1.06 – 1.87)* .0199* 1.12 (1.00 – 1.26) 0.0551

Asian or Pacific
Islander Female

95
(0.36)

1.45 (0.91 – 2.31) 0.1167 0.86 (0.70 – 1.07) 0.1817

Native American
Female

5 (0.10) 0.46 (0.06 – 3.30) 0.4403 1.10 (0.70 – 1.72) 0.6927

TABLE 11: The individual complication rates among our study population undergoing unilateral
lower extremity arthroplasty by ethnicity and sex subgroups. The Caucasian male group is
provided as a reference group for all odds ratios provided (third column). The Caucasian female
subgroup is provided as an additional reference group for the remaining female subgroups
(fourth column). This appendix corresponds to Table 3.

*Indicates statistically significant result for alpha = 0.05; aAdjusted for age, sex, primary payer, hospital region, hospital teaching status, and year

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Räsänen P, Paavolainen P, Sintonen H, Koivisto AM, Blom M, Ryynänen OP, Roine RP: Effectiveness of hip

or knee replacement surgery in terms of quality-adjusted life years and costs. Acta Orthop. 2007, 78:108-15.
10.1080/17453670610013501

2. Bonasia DE, Palazzolo A, Cottino U, Saccia F, Mazzola C, Rosso F, Rossi R: Modifiable and nonmodifiable
predictive factors associated with the outcomes of total knee arthroplasty. Joints. 2019, 7:13-8. 10.1055/s-

2023 Vij et al. Cureus 15(7): e42485. DOI 10.7759/cureus.42485 27 of 28

https://dx.doi.org/10.1080/17453670610013501?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/17453670610013501?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-0039-1678563?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-0039-1678563?utm_medium=email&utm_source=transaction


0039-1678563
3. Fiscella K, Franks P, Gold MR, Clancy CM: Inequality in quality: addressing socioeconomic, racial, and

ethnic disparities in health care. JAMA. 2000, 283:2579-84. 10.1001/jama.283.19.2579
4. Jerant AF, Fenton JJ, Franks P: Determinants of racial/ethnic colorectal cancer screening disparities. Arch

Intern Med. 2008, 168:1317-24. 10.1001/archinte.168.12.1317
5. Sabatino SA, Coates RJ, Uhler RJ, Breen N, Tangka F, Shaw KM: Disparities in mammography use among US

women aged 40-64 years, by race, ethnicity, income, and health insurance status, 1993 and 2005. Med Care.
2008, 46:692-700. 10.1097/MLR.0b013e31817893b1

6. Thomas KL, Al-Khatib SM, Kelsey RC 2nd, et al.: Racial disparity in the utilization of implantable-
cardioverter defibrillators among patients with prior myocardial infarction and an ejection fraction of . Am J
Cardiol. 2007, 100:924-9. 10.1016/j.amjcard.2007.04.024

7. Amen TB, Varady NH, Wright-Chisem J, Bovonratwet P, Parks ML, Ast MP: Emerging racial disparities in
outpatient utilization of total joint arthroplasty. J Arthroplasty. 2022, 37:2116-21.
10.1016/j.arth.2022.05.008

8. Amen TB, Varady NH, Rajaee S, Chen AF: Persistent racial disparities in utilization rates and perioperative
metrics in total joint arthroplasty in the U.S.: a comprehensive analysis of trends from 2006 to 2015. J Bone
Joint Surg Am. 2020, 102:811-20. 10.2106/JBJS.19.01194

9. Shahid H, Singh JA: Racial/ethnic disparity in rates and outcomes of total joint arthroplasty . Curr
Rheumatol Rep. 2016, 18:20. 10.1007/s11926-016-0570-3

10. Hartnett DA, Lama CJ, Brodeur PG, Cruz AI Jr, Gil JA, Cohen EM: Socioeconomic disparities in the
utilization of total knee arthroplasty. J Arthroplasty. 2022, 37:1973-1979.e1. 10.1016/j.arth.2022.04.033

11. Khera R, Angraal S, Couch T, et al.: Adherence to methodological standards in research using the National
Inpatient Sample. JAMA. 2017, 318:2011-8. 10.1001/jama.2017.17653

12. Teng TL, Menendez ME, Okike K, Cassidy C, Salzler M: Most orthopaedic studies using the National
Inpatient Sample fail to adhere to recommended research practices: a systematic review. Clin Orthop Relat
Res. 2020, 478:2743-8. 10.1097/CORR.0000000000001355

13. Arora V, Moriates C, Shah N: The challenge of understanding health care costs and charges . AMA J Ethics.
2015, 17:1046-52. 10.1001/journalofethics.2015.17.11.stas1-1511

14. Hustedt JW, Goltzer O, Bohl DD, Fraser JF, Lara NJ, Spangehl MJ: Calculating the cost and risk of
comorbidities in total joint arthroplasty in the United States. J Arthroplasty. 2017, 32:355-361.e1.
10.1016/j.arth.2016.07.025

15. Alvarez PM, McKeon JF, Spitzer AI, Krueger CA, Pigott M, Li M, Vajapey SP: Race, utilization, and outcomes
in total hip and knee arthroplasty: a systematic review on health care disparities. JBJS Rev. 2022,
10:10.2106/JBJS.RVW.21.00161

16. Patel AP, Gronbeck C, Chambers M, Harrington MA, Halawi MJ: Gender and total joint arthroplasty: variable
outcomes by procedure type. Arthroplast Today. 2020, 6:517-20. 10.1016/j.artd.2020.06.012

17. Cheah C, Hussein IH, El Othmani A, Rizvi SA, Sayeed Z, El-Othmani MM: Assessing preoperative risk factors
with sex disparities in total joint arthroplasty patients and financial outcomes from the National Inpatient
Sample database. J Am Acad Orthop Surg. 2020, 28:e969-76. 10.5435/JAAOS-D-19-00716

18. Kirkland PA, Barfield WR, Demos HA, Pellegrini VD Jr, Drew JM: Optimal length of stay following total joint
arthroplasty to reduce readmission rates. J Arthroplasty. 2020, 35:303-308.e1. 10.1016/j.arth.2019.08.059

19. Karmarkar TD, Maurer A, Parks ML, et al.: A fresh perspective on a familiar problem: examining disparities
in knee osteoarthritis using a Markov model. Med Care. 2017, 55:993-1000. 10.1097/MLR.0000000000000816

20. Riley WT, Keberlein P, Sorenson G, Mohler S, Tye B, Ramirez AS, Carroll M: Program evaluation of remote
heart failure monitoring: healthcare utilization analysis in a rural regional medical center. Telemed J E
Health. 2015, 21:157-62. 10.1089/tmj.2014.0093

21. Kruse CS, Bouffard S, Dougherty M, Parro JS: Telemedicine use in rural Native American communities in the
era of the ACA: a systematic literature review. J Med Syst. 2016, 40:145. 10.1007/s10916-016-0503-8

22. Wong ST, Kao C, Crouch JA, Korenbrot CC: Rural American Indian Medicaid health care services use and
health care costs in California. Am J Public Health. 2006, 96:363-70. 10.2105/AJPH.2004.050880

2023 Vij et al. Cureus 15(7): e42485. DOI 10.7759/cureus.42485 28 of 28

https://dx.doi.org/10.1001/jama.283.19.2579?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.283.19.2579?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.168.12.1317?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.168.12.1317?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MLR.0b013e31817893b1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MLR.0b013e31817893b1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjcard.2007.04.024?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjcard.2007.04.024?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arth.2022.05.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arth.2022.05.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2106/JBJS.19.01194?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2106/JBJS.19.01194?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11926-016-0570-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11926-016-0570-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arth.2022.04.033?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arth.2022.04.033?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2017.17653?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2017.17653?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/CORR.0000000000001355?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/CORR.0000000000001355?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/journalofethics.2015.17.11.stas1-1511?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/journalofethics.2015.17.11.stas1-1511?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arth.2016.07.025?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arth.2016.07.025?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2106/JBJS.RVW.21.00161?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2106/JBJS.RVW.21.00161?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.artd.2020.06.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.artd.2020.06.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5435/JAAOS-D-19-00716?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5435/JAAOS-D-19-00716?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arth.2019.08.059?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arth.2019.08.059?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MLR.0000000000000816?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MLR.0000000000000816?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/tmj.2014.0093?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/tmj.2014.0093?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10916-016-0503-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10916-016-0503-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2105/AJPH.2004.050880?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2105/AJPH.2004.050880?utm_medium=email&utm_source=transaction

	Race and Sex Disparities in Lower Extremity Total Joint Arthroplasty: A Retrospective Database Study
	Abstract
	Introduction
	Materials And Methods
	Database selection
	Patient population
	FIGURE 1: A schematic diagram depicting the application of our inclusion and exclusion criteria to the preliminary cohort to produce the final patient population.

	Data collection
	Statistical analysis

	Results
	Descriptive statistics
	TABLE 1: The demographics and patient characteristics of the 2,589,510 patients included in our study.

	Complications
	TABLE 2: The overall complication rate and grouped complication rates by ethnicity. The Caucasian group is the reference group for all odds ratios provided. The individual complication rates can be found in Appendix C.
	FIGURE 2: The odds ratios for the individual major complications as compared between our five major ethnic groups.
	FIGURE 3: The odds ratios for the individual minor complications as compared between our five major ethnic groups.
	TABLE 3: The overall complication rates and the grouped complication rates by ethnicity and sex subgroups. The rate of any given complication can be seen in Appendix D.
	FIGURE 4: The odds ratios for individual major complications as compared between our 10 ethnic/sex subgroups.
	FIGURE 5: The odds ratios for individual minor complications as compared between our ten ethnic/sex subgroups.

	Length of stay
	TABLE 4: The length of stay as compared between the five ethnic groups in our study. The adjusted beta coefficients use Caucasians as the reference group.
	FIGURE 6: The length of stay as compared between the five major racial groups in our study.
	TABLE 5: The length of stay as compared between our 10 ethnic/sex subgroups. The adjusted beta coefficients are relative to the Caucasian male subgroup (third column). For all ethnically diverse female groups, the beta coefficients are additionally provided relative to the Caucasian female group (fourth column).
	FIGURE 7: The length of stay as compared between the 10 race/sex subgroups of our study.

	Total charges
	TABLE 6: The total charges as compared between our five ethnic groups. The beta coefficients are provided relative to the Caucasian group.
	FIGURE 8: The total charges as compared between the five major racial groups of our study.
	TABLE 7: The total charges as compared between our ethnic/sex subgroups. The adjusted beta coefficients are relative to the Caucasian male subgroup (third column). For all ethnically diverse female groups, the beta coefficients are additionally provided relative to the Caucasian female group (fourth column).
	FIGURE 9: The total cost as compared between the 10 race/sex subgroups of our study.


	Discussion
	Limitations

	Conclusions
	Appendices
	Appendix A
	TABLE 8: A listing of the International Classification of Disease-10 Procedure Codes (ICD-10 PCS) used to define the study population.

	Appendix B
	TABLE 9: A listing of the International Classification of Disease-10 Clinical Modification (ICD-10-CM) codes utilized to quantify the complications of interest.

	Appendix C
	TABLE 10: The rate of any given complication among our study population undergoing unilateral lower extremity arthroplasty by ethnicity. The Caucasian group is the reference group for all odds ratios provided. This appendix corresponds to Table 2.

	Appendix D
	TABLE 11: The individual complication rates among our study population undergoing unilateral lower extremity arthroplasty by ethnicity and sex subgroups. The Caucasian male group is provided as a reference group for all odds ratios provided (third column). The Caucasian female subgroup is provided as an additional reference group for the remaining female subgroups (fourth column). This appendix corresponds to Table 3.


	Additional Information
	Disclosures

	References


