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Abstract

Objectives: While racial and ethnic differences in acute osteomyelitis incidence have been 

found, evaluation of disparities in outcomes such as length of stay (LOS) by race and ethnicity has 

been limited. We examined the association between race and ethnicity and LOS for children with 

acute osteomyelitis in the US.

Study design: Using the Kids’ Inpatient Database, we conducted a cross-sectional study of 

children <21 years old hospitalized in 2016 or 2019 with acute osteomyelitis. Using survey-

weighted negative binomial regression, we modeled LOS by race and ethnicity, adjusting for 

clinical and hospital characteristics and socioeconomic status. Secondary outcomes included 

prolonged LOS, defined as LOS exceeding 7 days (equivalent to LOS in the highest quartile).

Results: We identified 2,388 children discharged with acute osteomyelitis. Median LOS was 5 

days (IQR 3–7). Compared with White children, children of Black race (adjusted incidence rate 

ratio [aIRR] 1.15, 95%CI 1.05–1.27), Hispanic ethnicity (aIRR 1.11, 95%CI 1.02–1.21), and other 

race and ethnicity (aIRR 1.12, 95%CI 1.01–1.23) had significantly longer LOS. The odds of Black 
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children experiencing prolonged LOS was 46% higher compared to White children (aOR 1.46, 

95%CI 1.01–2.11).

Conclusions: Children of Black race, Hispanic ethnicity, and other race and ethnicity with 

acute osteomyelitis experienced longer LOS than White children. Elucidating the mechanisms 

underlying these race- and ethnicity-based differences—including social drivers such as access to 

care, structural racism, and bias in provision of inpatient care—may improve management and 

outcomes for children, and particularly Black and brown children, with acute osteomyelitis.
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Background

The incidence of acute osteomyelitis has increased over the past two decades in the US.1–3 

Decreasing hospital length of stay (LOS) has been a primary focus of efforts to improve 

osteomyelitis care for children.4–6 To date, most efforts aimed at reducing LOS for children 

with acute osteomyelitis have aimed to decrease use of long-term intravenous antibiotics, 

supported by data showing comparable outcomes with fewer complications among children 

receiving oral rather than IV antibiotics.7, 8

Prior studies have identified disparities in hospitalization rates for children with acute 

osteomyelitis.9, 10 Meanwhile, racial and ethnic disparities in hospital LOS have been found 

among children with septic arthritis, and these disparities have been found to persist despite 

broader improvements in LOS for these children.11 Yet despite its importance for children’s 

well-being, and its relevance as a quality marker for musculoskeletal infection care,5 LOS 

has not been systematically evaluated as a key outcome in studies evaluating social drivers 

of health in patients children with acute osteomyelitis.

To fill this gap, we investigated racial and ethnic differences in hospital LOS among children 

presenting with acute osteomyelitis. Differences in health outcomes are “disparities”—

and represent inequity—when they are linked to social and economic disadvantage.12 

Importantly, increasing LOS for an individual child with osteomyelitis can be appropriate 

and equitable care, such as when a patient presents with more severe disease or 

when discharge safety is not assured. Nonetheless, we interpret race and ethnicity-based 

population differences in LOS for children with acute osteomyelitis as representing 

disparities resulting from social drivers of health. Uncovering and describing these 

population effects is important for directing future research and creating interventions. 

We hypothesized that racial and ethnic disparities are evident in hospital LOS among 

US children presenting with acute osteomyelitis, despite overall recent trends towards 

decreasing LOS. Furthermore, we hypothesized that these disparities would persist even 

when accounting for debridement procedures and central venous catheter (CVC) insertion.
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Methods

We conducted a cross-sectional study of children and adolescents (henceforth “children”) 

hospitalized in 2016 and 2019 and included in the Kids’ Inpatient Database (KID). These 

study years were selected to leverage exclusive use of ICD-10 codes in the database. The 

database uses discharge abstracts for hospitalized children <21 years old, derived from 

administrative billing data. The KID is nationally representative, with 48 states and the 

District of Columbia contributing to the database. The KID does not include outpatient 

or longitudinal data. The database reports data for individual discharges (i.e. the unit of 

analysis is discharges rather than patients). Our study followed STROBE guidelines for 

reporting of observational studies.13 The study was reviewed by the Boston Children’s 

Hospital institutional review board and was deemed exempt.

Study population

We identified all children ≥1 year old with acute osteomyelitis, defined using ICD-10 

billing codes M86.0 and M86.1 in the first or second diagnosis code field, as has been 

previously used to document temporal trends in osteomyelitis incidence in the United States 

(online table 1)2 We excluded discharges associated with: (1) hardware-related infections; 

(2) LOS greater than 42 days (i.e., longer than standard course of antibiotics for acute 

osteomyelitis) or less than 2 days (which likely would not represent hospitalization for acute 

osteomyelitis based on our clinical experience and previously-reported LOS ranges1, 2); (3) 

transfer from or to another acute care hospital; (4) debridement procedure performed prior to 

hospitalization (day of operation listed as before the day of hospitalization in the database); 

and (5) associated endocarditis, sickle cell disease, or severe sepsis or septic shock14, 15 

(i.e., separate disease processes that would independently affect management and prolong 

hospitalization). Exclusion variables were defined using diagnostic and procedure codes 

(online table 1), or length of stay and procedure timing data routinely reported in the KID.

Outcomes

The primary outcome was hospital LOS in days, as recorded in the KID database. Secondary 

outcomes were (1) prolonged LOS, defined as LOS in the highest quartile (equivalent 

to more than 7 days of hospitalization), (2) placement of a CVC, (3) performance of a 

debridement procedure, and (4) days to first debridement (among patients who underwent a 

debridement procedure).

Exposures

The primary exposure was race and ethnicity category. We grouped race and ethnicity into 

the following categories, as provided in the KID database: White, Black, Hispanic, other 

race and ethnicity (including Asian or Pacific Islander, Native American, or “other”), and 

missing. We included a missing race and ethnicity category in the analysis because refusal 

or failure to report race and ethnicity may be meaningful unto itself, as has been previously 

used in analyses from the KID.16
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Covariates

Covariates were age (in years), sex, insurance status (grouped as: Medicaid or self-pay; 

private; and Medicare/no charge/other), ZIP code median income quartile, presence of a 

chronic complex condition,17 hospital location/teaching status (rural, urban non-teaching, 

urban teaching), hospital region (Northeast, Midwest, South, West), hospital size (small, 

medium, or large; based on number of beds normalized to hospital region), admission on a 

weekend vs. weekday, admission quarter (to align our analysis with prior studies that have 

evaluated seasonality in pediatric osteomyelitis outcomes 18), and year of hospitalization 

(2016 or 2019). We also included placement of a CVC and use of a debridement procedure 

in the main model.

Analysis

We used descriptive statistics to present characteristics of the overall cohort, exposures, 

covariates, and outcomes, and used the chi-squared test to compare proportions of covariates 

by exposures. We used proportions to summarize categorical variables, and medians and 

interquartile ranges to summarize continuous variables.

Because LOS was right-skewed and over-dispersed (alpha for the main model was 0.15 

[95%CI 0.13–0.18]), we used negative binomial regression with a maximum likelihood 

estimator to construct univariable and multivariable models of the relationship between 

exposures, covariates, and LOS.19, 20 Results are presented as unadjusted and adjusted 

incident rate ratios (IRRs). To facilitate interpretation of results, we computed the marginal 

mean LOS by race and ethnicity, setting continuous variables at their means and treating 

categorical variables as having a balanced number of discharges in each category. We used 

an adjusted Wald test to compare marginal mean predicted LOS between race and ethnicity 

groups.

To evaluate secondary outcomes, first, we used logistic regression to test whether race and 

ethnicity was associated with prolonged (i.e. highest quartile) LOS. We used multivariable 

logistic regression to determine adjusted odds of CVC placement, and then conducted a 

stratified analysis using multivariable negative binomial regression to test differences in LOS 

among children who (a) did and (b) did not have a CVC placed. As with the analysis of 

CVC placement, we used multivariable logistic regression to determine adjusted odds of 

undergoing debridement, and then conducted stratified analysis using multivariable negative 

binomial regression to test differences in LOS among children who (a) did and (b) did not 

have a debridement procedure. We conducted these stratified analyses to isolate the effects 

of race/ethnicity from the effects of undergoing CVC placement or debridement. Fourth, we 

used negative binomial regression to model the effect of race and ethnicity on length of time 

from admission to first debridement procedure, for patients who underwent debridement.

Due to the relatively high proportion of patients with missing race and ethnicity data (8.6%), 

we conducted multiple sensitivity analyses in addition to the primary analysis. Based 

on the primary multivariable negative binomial regression model, first, we conducted a 

complete case analysis in which patients with missing race and ethnicity data were removed. 

Second, we sequentially classified patients with missing race and ethnicity as White, Black, 
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Hispanic, and other race/ethnicity. Finally, we conducted a sensitivity analysis including 

patients with sickle cell disease.

All analyses were performed using hospital sampling weights to account for the weighted 

survey design of the KID database, unless otherwise noted. All analyses were conducted 

with Stata v17.0 (College Station, Texas).

Results

Out of 6,206,696 (12,168,823 weighted) discharges in the combined KID database, 2388 

(3277 weighted) discharges were included in the primary analysis of acute osteomyelitis. 

Figure 1 illustrates the total number of included and excluded discharges. Among discharges 

in the primary analysis, median LOS was 5 days (IQR 3–7). Table 2 summarizes covariates 

by race and ethnicity for discharges included in the primary analysis. The distribution of 

LOS by race and ethnicity is presented in figure 2.

Table 3 summarizes length of stay by race and ethnicity, and by covariates in univariable 

and multivariable analyses. In the multivariable analysis adjusting for CVC placement, 

debridement, medical complexity, demographic, and hospital variables, children of Black 

race (aIRR 1.15 [95%CI 1.05–1.27], P = 0.004), Hispanic ethnicity (aIRR 1.11 [95%CI 

1.02–1.21], P=0.014), and other race and ethnicity (aIRR 1.12 [95%CI 1.01–1.28], P=0.024) 

had longer LOS on average, compared to White race. The marginal mean LOS for Black 

patients (6.6 days [95%CI 5.6–7.6]), Hispanic patients (6.4 days [95%CI 5.5–7.3]), and 

patients of other race and ethnicity (6.4 days [95%CI 5.5–7.3]) were significantly longer 

than the mean LOS for White patients (5.7 days [95%CI 5.0–6.4]) (adjusted Wald test 

P=0.008, P=0.019, and P=0.031 respectively) (online figure 3). The marginal mean LOS 

for patients with missing race/ethnicity (6.3 days [95%CI 5.3–7.2]) was not significantly 

different than white race (P=0.090).

Prolonged LOS

In terms of secondary outcomes, we found that the odds of prolonged LOS (exceeding 7 

days) was significantly higher for Black children (aOR 1.45 [95%CI 1.01–2.10], P=0.046) 

and children of other race and ethnicity (aOR 1.56 [95%CI 1.05–2.31], P=0.029), compared 

to White children, adjusting for CVC placement, debridement, medical complexity, 

demographic, and hospital variables. Hispanic ethnicity (aOR 1.25 [95%CI 0.90–1.70], 

P=0.192) and missing race/ethnicity (aOR 1.30 [95%CI 0.91–1.89], P=0.144) were not 

significantly associated with prolonged LOS.

Analysis of CVC placement and debridement

In a multivariable model, no race or ethnicity category was associated with increased odds 

of having a CVC placed (online table 4). There were no differences by race and ethnicity 

on LOS among patients who did not have a CVC (online table 5). However, Black race was 

associated with prolonged LOS among children with a CVC (P=0.029) (online table 5).

Hispanic ethnicity (aOR 0.69 [95%CI 0.52–0.91], P=0.008) and missing race/ethnicity 

(aOR 0.76 [95%CI 0.59–0.98], P=0.035) were significantly associated with lower odds of 

Campbell et al. Page 5

J Pediatr. Author manuscript; available in PMC 2023 September 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



receiving a debridement procedure (online table 6). Among those patients who did undergo 

debridement, Black race was significantly associated with increased LOS (P=0.022) (online 

table 7). However, among patients who did not undergo debridement, Hispanic ethnicity 

and other race and ethnicity were significantly associated with increased LOS (P=0.012 and 

P=0.010, respectively) (online table 7).

Analysis of time to debridement

In a model of LOS that only included patients who underwent debridement, increased time 

to procedure was significantly associated with increased LOS (IRR 1.10 per 1-day increase 

in time to debridement [95%CI 1.09–1.12], P<0.001). In an adjusted analysis, no race or 

ethnicity category was significantly associated with time to first debridement (data not 

shown).

Sensitivity analysis

Because 8.6% of our sample had missing race/ethnicity data, we conducted a complete 

case analysis in which patients with missing race and ethnicity were excluded, as well as 

multiple sensitivity analysis in which patients in the “missing” race and ethnicity category 

were assigned to the other categories. Results of these sensitivity analyses produced similar 

effect sizes and significance levels as the main analysis (results not shown). A sensitivity 

analysis that included patients with sickle cell disease also produced similar effect sizes and 

significance levels as the main analysis (results not shown).

Discussion

In this analysis of hospital discharges of children with acute osteomyelitis in the US, we 

found significant differences in LOS based on race and ethnicity. Our results were largely 

driven by differences in children requiring prolonged LOS: the odds of a Black child being 

in the highest LOS quartile were 46% higher than a White child. Our results suggest 

that while LOS is similar for most patients with acute osteomyelitis, there are marked 

differences in the subset of patients who experience prolonged LOS, likely driving the 

population-level effects observed. Our results demonstrate that Black children, Hispanic 

children, and children of other race and ethnicity experience approximately 1-day increased 

LOS compared to White children with acute osteomyelitis—counteracting the reduction in 

LOS achieved through biomedical interventions, such as early transitions to oral antibiotics.

The role of LOS in equity-oriented osteomyelitis outcomes research is complex. The 

population-level associations we identified indicate that underlying social drivers—namely, 

structural racism—directly or indirectly affect management of patients with acute 

osteomyelitis. Additional days spent in the hospital may also lead to disparate social and 

economic consequences for families. However, for many patients with acute osteomyelitis, 

a longer LOS may be medically appropriate to ensure safe discharge and may represent an 

“equitable” outcome. We were unable to measure variables that could have yielded insights 

into need for longer or shorter hospitalization at the individual patient level, such as illness 

severity on admission or discharge case management complexity. Ultimately, addressing the 
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underlying social drivers of LOS disparities, rather than simply focusing on reducing LOS, 

should be the focus of equity-oriented research in this field.

Several mechanisms could underlie the observed disparities, including but not limited to 

(1) access to care, (2) engagement with care teams during hospitalization, and/or (3) 

discharge co-ordination and preparation. McKay and Parente developed a framework to 

describe pathways leading to disparities in health outcomes among hospitalized children. 

This framework posits that race and ethnicity intersect with both social and medical 

determinants to influence pre-hospitalization access to care, in-hospital family-centeredness 

and engagement with care teams, and peri-discharge instruction and preparation—all of 

which contribute to adverse hospitalization-related outcomes such as LOS.21 Differential 

and delayed access to primary care, urgent care, or emergency care services could lead 

to delayed diagnosis and more severe disease at time of admission. Delayed access to 

care leading to increased disease severity at presentation has been hypothesized to link 

socioeconomic vulnerability to increased LOS for other pediatric conditions, such as 

bronchiolitis.22 Notably, while a prior study of musculoskeletal infections among children 

at a single pediatric center (N=173) did not identify differences in disease severity at 

presentation by race or ethnicity,23 differences in disease severity at presentation leading 

to differences in LOS could have been amplified in our larger, national dataset. The KID 

database does not include granular clinical data to characterize severity (e.g. laboratory or 

imaging markers). CVC placement and debridement procedures, which were both associated 

with increased LOS, may reflect severity at presentation, though prior research also suggests 

that institutional norms as well as biomedical indications of disease severity affect decisions 

to pursue procedures for children with acute hematogenous osteomyelitis.24 A study of 

children enrolled in a US military insurance program found that Black children were more 

likely than White children to undergo surgical procedures for osteomyelitis,25 though this 

was not the case in our sample. Meanwhile, Hispanic patients and patients with missing race 

and ethnicity were less likely to undergo debridement in our study. Furthermore, we did not 

identify differences in time to debridement, suggesting that delays in surgical management 

did not account for observed differences in LOS. Taken together, these findings indicate that 

further research is needed to determine if observed differences in LOS by race and ethnicity 

are attributable to delayed access to initial care and more severe illness at presentation.

During the hospitalization, medical complexity and disparities in post-operative 

complications could have contributed to observed differences in LOS. Complex conditions 

were more prevalent in Black than White children in our sample, and presence of a pre-

existing complex condition was associated with increased LOS. Although we adjusted for 

a validated marker of medical complexity, unmeasured (i.e. unbilled) medical complexity 

may have contributed to observed differences in LOS. Differing prevalence of complex 

conditions has been cited as a potential driver in disparities by race and ethnicity in sepsis 

outcomes in the KID database.14 In addition, prior research has found disparities in rates 

of post-operative complications between Black and White children.26 One aspect of our 

analysis that supports this hypothesis is the finding that LOS was significantly longer among 

Black children who underwent debridement procedures.
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Differences in discharge planning may also have affected LOS. Discharges may have been 

delayed for families with limited resources or inadequate access to care, who may have 

experienced difficulties arranging home IV therapies and subspecialty follow-up. Racial and 

ethnic disparities in access to paid family leave may similarly have affected logistics of safe 

home discharges.27 We found that Black children with CVCs had significantly increased 

LOS, potentially attributable to differences in discharge planning needed to safely send 

children home with intravenous antibiotics. Black children without CVCs did not have 

significantly increased LOS compared to White children without CVCs; although there 

was a non-significant trend towards increased LOS in this group, this contrasting finding 

may suggest discharge factors as a driver of race and ethnicity differences in this study 

population. In addition, differences in discharge preparation may be exacerbated by cultural 

or language barriers and could lead to prolonged LOS and/or hospital readmission.21 We 

were unable to measure readmission rates in our study, though this outcome could be 

particularly revealing of differences in care at time of discharge.

Factors in addition to race and ethnicity were associated with increased LOS in our 

study. First, Medicaid/self-pay was associated with increased LOS compared to those with 

private insurance. In our study, insurance status may have acted both as a specific driver 

of prolonged hospitalization (e.g. by complicating discharge planning), and as a proxy 

for socioeconomic status. Second, as expected, children with complex medical conditions 

have increased LOS. Third, our finding of increased LOS in urban hospitals and teaching 

hospitals is consistent with those hospitals likely being referral centers for sicker patients. 

Our results point to the need to understand variability in LOS within different hospital 

settings.

Our study has several limitations. First, as a cross-sectional study, one cannot infer 

causality from the associations detected. Second, the KID does not include detailed clinical 

information that may be relevant to understanding LOS in children with acute osteomyelitis, 

such as location of infection or causative pathogen. Third, administrative databases are 

susceptible to billing coding errors and duplications. We applied stringent exclusion criteria 

to narrow our sample to those children with acute osteomyelitis, and our patient population 

likely excludes some patients with acute osteomyelitis whose billing information did not 

match our inclusion criteria. Fourth, race and ethnicity data are provided in the KID in 

aggregate, and we were not able to account for independent effects of race and ethnicity 

in children with multiple racial and ethnic identities. Fifth, the KID does not provide patient-

level identifiable information, and so we were unable to distinguish initial admissions from 

re-admissions in our study. Sixth, we excluded patients who were transferred into or out of 

the hospital, because these transfers would introduce inaccuracies in measurement of LOS. 

However, children requiring hospital transfer may themselves represent unique social and 

medical risk groups—for example, patients living in rural areas with severe disease requiring 

transfer to urban tertiary hospitals may be at risk for increased LOS. Seventh, KID does 

not include data on need for intensive care unit stay, or data on readmission rates, both of 

which could provide additional insights into disparities in osteomyelitis outcomes in future 

analyses with other datasets. Finally, although we adjusted for several sociodemographic 

factors, we could not adjust for factors such as household income, parental education, or 
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parental employment, which can influence both severity of illness and discharge planning. 

These factors are also functions of social drivers of health and structural racism.

In conclusion, we identified disparities in LOS by race and ethnicity among children 

hospitalized with acute osteomyelitis in the United States, as well as disparities in 

prolonged LOS. Accounting for available covariates, Black children stayed in the hospital 

approximately 1 day longer than White children—counteracting 1-day reductions in LOS 

achieved through earlier transitions to oral antibiotics. Targeting social drivers of health, 

and specifically the possible effects of structural racism on illness and access to care, offers 

similar potential in reducing LOS as advancing biomedical interventions to improve quality

—and equity—of care for children with acute osteomyelitis.
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LOS length of stay

ZIP Zone Improvement Plan
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Figure 1. 
Discharges included in the primary analysis.
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Figure 2. 
Distribution of LOS by race/ethnicity. Circles represent discharges. Boxes represent median/

IQR, and whiskers represent 90%ile range. Unweighted distributions are presented.
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Online figure 3. 
Predicted mean LOS by race and ethnicity, based on results from the main multivariable 

regression model.
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Online table 1.

Billing and diagnostic codes used in the analysis.

Variable Codes

Acute osteomyelitis ICD-10 M86.0

ICD-10 M86.1

Severe sepsis ICD-10 R65.20

ICD-10 R65.21

Sickle cell disease ICD-10 D57

Hardware-related infection ICD-10 T84

ICD-10 T85

Endocarditis ICD-10 I33

ICD-10 I38

ICD-10 I39

CVC placement ICD-10-PR 05H503Z

ICD-10-PR 05H533Z

ICD-10-PR 05H543Z

ICD-10-PR 05H603Z

ICD-10-PR 05H633Z

ICD-10-PR 05H643Z

ICD-10-PR 02H603Z

ICD-10-PR 02H633Z

ICD-10-PR 02H643Z

ICD-10-PR 02HV33Z

Debridement Procedure ICD-10-PR 0J[9/B/T/D/C]

ICD-10-PR 0K[9/B/T/D/C]

ICD-10-PR 0L[9/B/T/D/C]

ICD-10-PR 0M[9/B/T/D/C]

ICD-10-PR 0N[9/B/T/D/C]

ICD-10-PR 0N[9/B/T/D/C]

ICD-10-PR 0N[9/B/T/D/C]

ICD-10-PR 0P[9/B/T/D/C]

ICD-10-PR 0Q[9/B/T/D/C]

ICD-10-PR 0R[9/B/T/D/C]

ICD-10-PR 0S[9/B/T/D/C]

ICD-10-PR 0W[9/B/T/D/C]

ICD-10-PR 0W[9/B/T/D/C]

ICD-10-PR 0X[9/B/T/D/C]

ICD-10-PR 0Y[9/B/T/D/C]
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Online table 7.

Adjusted incidence rate ratios for LOS, stratified by debridement vs. no debridement.*

No debridement (Weighted n = 1,268)

Race and ethnicity aIRR 95%CI P Value

 White 1.00 - -

 Black 1.05 0.88–1.24 0.594

 Hispanic 1.19 1.04–1.36 0.012

 Other 1.27 1.06–1.51 0.010

 Missing 1.05 0.87–1.27 0.588

Debridement (Weighted n = 2,009)

Race and ethnicity aIRR 95%CI P Value

 White 1.00 - -

 Black 1.20 1.03–1.41 0.022

 Hispanic 1.06 0.92–1.23 0.398

 Other 1.06 0.92–1.21 0.410

 Missing 1.11 0.95–1.30 0.181

*
Analysis is adjusted for age, sex, insurance, hospital location/teaching status, hospital region, KID year, debridement procedure, complex chronic 

condition, weekend admission, discharge quarter, hospital size, and ZIP code median income quartile.

Abbreviations: aIRR – adjusted incidence rate ratio; CVC – central venous catheter; LOS – length of stay; 95%CI – 95% confidence interval
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