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ABSTRACT
Objectives Evaluate whether hospital factors, including 
nurse resources, explain racial differences in Medicare 
black and white patient surgical outcomes and whether 
disparities changed over time.
Design Retrospective tapered- match.
Setting 571 hospitals at two time points (Early Era 2003–
2005; Recent Era 2013–2015).
Participants 6752 black patients and three sets of 6752 
white controls selected from 107 001 potential controls 
(Early Era). 4964 black patients and three sets of 4964 
white controls selected from 74 108 potential controls 
(Recent Era).
Interventions Black patients were matched to white 
controls on demographics (age, sex, state and year of 
procedure), procedure (demographics variables plus 136 
International Classification of Diseases (ICD)- 9 principal 
procedure codes) and presentation (demographics 
and procedure variables plus 34 comorbidities, a 
mortality risk score, a propensity score for being 
black, emergency admission, transfer status, predicted 
procedure time).
Outcomes 30- day and 1- year mortality.
Results Before matching, black patients had more 
comorbidities, higher risk of mortality despite being 
younger and underwent procedures at different 
percentages than white patients. Whites in the 
demographics match had lower mortality at 30 days (5.6% 
vs 6.7% Early Era; 5.4% vs 5.7% Recent Era) and 1- year 
(15.5% vs 21.5% Early Era; 12.3% vs 15.9% Recent Era). 
Black–white 1- year mortality differences were equivalent 
after matching patients with respect to presentation, 
procedure and demographic factors. Black–white 30- day 
mortality differences were equivalent after matching on 
procedure and demographic factors. Racial disparities in 
outcomes remained unchanged between the two time 
periods spanning 10 years. All patients in hospitals with 
better nurse resources had lower odds of 30- day (OR 0.60, 
95% CI 0.46 to 0.78, p<0.010) and 1- year mortality (OR 
0.77, 95% CI 0.65 to 0.92, p<0.010) even after accounting 
for other hospital factors.
Conclusions Survival disparities among black and 
white patients are largely explained by differences in 
demographic, procedure and presentation factors. Better 
nurse resources (eg, staffing, work environment) were 
associated with lower mortality for all patients.

INTRODUCTION
Major National Academy of Medicine 
reports,1 2 document the existence of racial 
disparities in hospital outcomes. Worse 
outcomes among black patients have 
been attributed to differences in illness 
severity,3 4 disparities in treatment5 and varia-
tion in hospital quality.6 7 Each of these factors 
is a function of structural racism arising out 
of long- standing discriminatory systems, 
policies and institutions across sociopolitical 
domains including education, housing, crim-
inal justice and healthcare.8 Although system-
atic differences in hospitals where patients 
receive care may contribute to disparities,9–12 
little evidence specifies exactly which hospital 
factors are associated with worse disparities.

We focus on a modifiable aspect of hospi-
tals—nurse resources. An evaluation of the 
role of nurse resources is warranted since 
they vary widely across hospitals13 14 and a 
large literature shows that patients in hospi-
tals where nurses care for fewer patients at 
a time, have a skill mix rich in registered 
nurses (RNs), high proportions of bachelors- 
educated nurses (BSNs) and a favourable 
nurse work environment, experience better 
outcomes including lower mortality.14–17 
Evidence suggests the survival benefits 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Tapered multivariate matching approach allows for 
sequentially matching black patients to different 
sets of white patients to understand which patient 
and hospital- level factors contribute to the observed 
outcomes disparity.

 ⇒ Measures of hospital nurse resources are derived 
directly from staff nurses.

 ⇒ Patient outcomes include 30- day and 1- year mortal-
ity and 30- day readmission.

 ⇒ Comorbidities used to match black and white pa-
tients may be fallible markers of clinical severity and 
frailty.
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conferred by better nurse resources accrue to all patients; 
however, they may be particularly beneficial for black 
patients.18–21 Our motivation was to understand whether 
variation in hospital nurse resources differentially impact 
survival outcomes of black and white patients following 
surgery, whether improving these resources hold promise 
as an interventional target for reducing racial disparities 
and improving outcomes; and whether racial disparities 
in surgical outcomes have improved or worsened over 
time.

METHODS
Design and data sources
This is a retrospective multivariate tapered matching 
study that uses secondary data of patients and hospitals 
at two cross- sections in time: 2003–2005 (ie, Early Era) 
and 2013–2015 (ie, Recent Era). Data about patients 
were obtained from Centers for Medicare and Medicaid 
Services. Data about hospitals were obtained from the 
American Hospital Association Annual Survey which 
provided information on hospital size, the Health-
care Cost Report Information System data set which 
provided information on hospital teaching status and the 
RN4CAST- US survey which provided information about 
hospital nurse resources. Time periods for the Early and 
Recent Era were selected based on the availability of the 
RN4CAST- US survey data.

Patient population
The patient sample included non- Hispanic black and 
non- Hispanic white Medicare fee- for- service beneficia-
ries, who were 65.5 years or older and who were admitted 
to one of the study hospitals for general surgery (online 
appendix table 1) either between 1 January 2004 and 30 
September 2006 or 1 January 2013 and 30 September 
2015. Using race to characterise patients should not be 
interpreted as race representing innate biological differ-
ences. Race is a social construct; it reflects differences 
in experiences and exposure to systematic discrimina-
tion that produces observable harm and differences in 
health outcomes. Patient data included Research Identi-
fiable Files: inpatient, outpatient, carrier (physician Part 
B), hospice and the master beneficiary summary file. 
Patients were excluded if there was missing data on age 
or sex, had an invalid date of death, or were enrolled in 
an Health Maintenance Organization (HMO) or lacked 
Part B coverage in the 6 months prior to their index 
hospitalisation.

For patients with multiple admissions, the index hospi-
talisation was defined by randomly selecting one admis-
sion. A 180- day look- back from the index admission 
was performed across all patient files to identify comor-
bidities. A 30- day mortality risk model to estimate each 
patient’s probability of death at the time of admission was 
constructed using a 10% random sample of data that did 
not overlap with the analytical sample (online appendix 
tables 2A,B). Propensity scores to be a black individual 

were estimated using the covariates controlled in each 
match (online appendix tables 3–4). Other characteris-
tics included age, sex, transfer- in status, emergent admis-
sion and 34 comorbidities. This is a retrospective study of 
patient claims data and thus there was no participation 
consent for patients.

Hospital sample
The RN4CAST- US is a large panel survey of RNs, 
conducted at two points in time (ie, 2005–2006; 2015–
2016) in four large US states: California, Florida, New 
Jersey and Pennsylvania. Both surveys employed the same 
methodology—a modified Dillman et al approach22 to 
randomly sample actively licenced RNs from state licen-
sure lists.23 Nurses consented to participation in the 
RN4CAST- US by completing the survey. Nurses reported 
the name of their employer, demographics, and details 
about resources in their hospital, including patient- to- 
nurse staffing ratios, nurse skill mix and the quality of the 
work environment. Our focus was adult, general, acute 
care hospitals in the four states.

Averages among RNs in the same hospitals were used 
to create aggregated hospital- level measures of nurse 
resources, consistent with prior research15 and is a vali-
dated method of using multiple informants to generate 
organisational measures.23 Our hospital- level measure 
of staffing, that is, patient- to- nurse ratios, is derived by 
taking the average number of patients per direct- care RN 
on medical- surgical units within the same hospital. Skill 
mix is the proportion of RNs to all nursing personnel 
(ie, RNs, licenced practice nurses, unlicenced assistive 
personnel). Nurse education is the hospital proportion 
of RNs holding a BSN or higher. Nurse work environment 
is derived from the National Quality Forum- endorsed 
31- item Practice Environment Scale of the Nursing Work 
Index, comprised of five subscales: Nurse Participation 
in Hospital Affairs; Nursing Foundations for Quality of 
Care; Nurse Manager Ability, Leadership and Support 
of Nurses; Staffing and Resource Adequacy; Collegial 
Nurse–Physician Relations.24

Hospital nurse resources are presented as a three- 
category variable characterised by terciles of hospitals 
according to their percentile ranking which ranged 
from 0% (poorest nurse resources) to 100% (best 
nurse resources) based on a coherence rank score.25 
This approach gives equal weight to the four nurse 
resources in computing the coherence rank score, as we 
have done in prior studies,15 26 since we had no a priori 
hypothesis that one resource would be more important 
to patient outcomes than another. The score describes 
how each hospital compared with others based on the 
four resources.15 26 Hospitals present in both eras were 
ranked twice, once in each era. Ranks were formed by 
comparing hospitals two at a time—which of the two 
hospitals is better?—and then aggregating the pairwise 
comparisons. If hospital i had better nurse resources on 
all measures than hospital j, it received 1 point; if hospital 
i had worse nurse resources than hospital j, it lost 1 point, 
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or received—1 point; and if hospital i was better on some 
measures and worse on others, it received 0 points. The 
rank for hospital i is its total points, that is, the number 
of hospitals that were worse than hospital i minus the 
number that were better than hospital i.

Outcomes
Thirty- day and 1- year mortality (defined as a death within 
30 days and 1 year of admission, respectively). Thirty- day 
readmission (or death) outcomes are reported in the 
online appendix tables 5–6). Mortality and readmis-
sion outcomes were ‘all- cause’ and determined by data 
reported in the Centers for Medicare & Medicaid Services 
(CMS) patient files.

Statistical analysis
Matching methodology
The tapered multivariate matching approach3 27–30 
sequentially matches the same black patients to different 
sets of white patients, controlling for consecutively more 
variables to understand the contribution of various factors 
to the outcomes disparity.27 The goal is to understand 
the extent of and factors driving the racial disparities in 
outcomes between black and white patients. By incremen-
tally matching white patients to black patients on addi-
tional variables, we can directly observe how the matched 
white cohort changes with respect to their outcomes. Our 
tapered matching procedure includes three tapers (or 
sets of matches). First, the demographics taper included 
variables for age, sex, state and year of procedure. 
Second, the procedure taper included all the variables 
from the demographics taper and added International 
Classification of Diseases (ICD)- 9 principal procedure 
codes. Third, the presentation taper included all the vari-
ables from the procedure and demographics tapers and 
added patient risk factors related to health status at the 
time of surgery, including 34 comorbidities, a mortality 
risk score, emergency admission, transfer status and 
predicted procedure time. Patients were exactly matched 
within era and state (with New Jersey and Pennsylvania 
combined), for 136 ICD- 9 procedure codes and mortality 
risk quintile (online appendix tables 3–4). Fine balance 
and distance minimisation techniques were used to make 
matched groups as similar as possible.

Statistical methods
Comparisons within pairs used McNemar’s test and condi-
tional logit regression. We compared the black–white 
difference in the Early and Late Eras to test whether the 
disparity changed over time. These analyses used Gart’s 
test31 to compare disparities in the Early Era to disparities 
in the Recent Era.32 Conditional logit regression models 
were performed at the presentation match (ie, using the 
white patient cohort that was similar to the black patients 
with respect to demographic, procedure and presentation 
variables), and using data from both eras combined to 
test nurse resources, race and combinations of their inter-
actions, accounting for structural hospital characteristics 

(ie, size, teaching status, technology capabilities, general 
surgery volume). Hospital size was defined as large (>250 
beds), medium (101–250 beds) or small (≤100 beds). 
Teaching status was defined by the medical resident to 
beds (RB) ratio (non- teaching: 0 RB; minor teaching: 
>0 RB and ≤0.25 RB; major teaching: >0.25 RB). A high 
technology hospital was defined as having the capability 
to perform major organ transplantation and/or open- 
heart surgery. General surgery volume was defined as a 
continuous measure of the number of general surgical 
cases per 100 patients in each hospital during the study 
period.

Patient and public involvement
Patients were not directly involved in the development 
of the research question or outcome measures, the study 
design or the recruitment and conduct of the study.

RESULTS
Quality of patient matches
The matches are shown in table 1 (Recent Era) and online 
appendix table 7 (Early Era). Table 1 describes 4964 black 
patients and three sets of 4964 white controls—selected 
from a population of 74 108 white patients. In each taper, 
white controls become more like the black patients. 
Matched variables (ie, left of the zigzag line) were similar: 
the standardised differences in means never exceeded 
0.11 SDs. Unmatched variables (ie, right of the zigzag 
line) show the disparity prior to matching. Compari-
sons in the demographic match reveal differences in 
the types of procedures black and white patients receive. 
For example, black patients underwent a laparoscopic 
cholecystectomy less (18.9%) than white patients (21.3%, 
p<0.01). Black patients had more comorbidities, and 
in some cases were much more likely to have a chronic 
condition such as diabetes (51.3% vs 32.8%), despite 
being 1.5 years younger on average. The demographics 
match removed age, sex, state and year of procedure 
differences, the procedure match included demographics 
match variables and removed differences in procedures 
and the presentation match included all demographics 
and procedure variables and further matched on vari-
ables reflecting health status by selecting white controls 
that had similar mortality risk and comorbidity burden as 
black patients. The cohort of white patients in the presen-
tation match are different than the ‘unmatched’ white 
patients, in that the white patients in the presentation 
match have a substantially higher burden of comorbidi-
ties that are more comparable to the burden of comor-
bidities observed in the black population.

We made no attempt to match on measures of socio-
economic status (SES), including dual- eligibility and 
neighbourhood- level socioeconomic variables (ie, median 
household income, percentage of high school graduates, 
percentage of college graduates) because SES variables are 
highly correlated with race in the USA. Black patients were 
nearly four times more likely to be dual- eligible compared 
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Table 1 Quality of matches for selected§ variables, Recent Era (2013–2015)

Variable

Black 
patients

Tapered matches

White 
patients
(unmatched)

Presentation 
+ procedure + 
demographics

Procedure + 
demographics Demographics

(n=4964) (n=4964) (n=4964) (n=4964) (n=74 108)

State (%)

  California 24.3 24.3 24.3 24.3 27.8‡

  Florida 34.1 34.1 34.1 34.1 35.4

  New Jersey/Pennsylvania 41.6 41.6 41.6 41.6 36.8‡

Year of procedure (%)

  2013 23.1 23.2 23.1 23.1 22.9

  2014 43.7 43.7 43.7 43.7 44.6

  2015 33.2 33.1 33.2 33.2 32.6

Age at procedure 75.5 75.0† 75.4 75.5 77.0‡

% Male 39.3 39.3 39.3 39.3 44.7‡

Procedures (%)

  Laparoscopic cholecystectomy (5123) 18.9 18.9 18.9 21.3† 21.6‡

  Open right hemicolectomy (4573) 7.6 7.6 7.6 6.4* 6.6†

  Partial resection of small intestine (4562) 7.0 7.0 7.0 5.7* 5.6‡

  Laparoscopic right hemicolectomy (1733) 4.8 4.8 4.8 4.3 4.4

  Open cholecystectomy (5122) 3.1 3.1 3.1 3.2 3.3

Selected comorbidities (%)

  Hypertension 93.2 93.3 84.9‡ 84.7‡ 85.1‡

  Diabetes 51.3 51.1 33.7‡ 32.6‡ 32.8‡

  Congestive heart failure 26.1 25.9 18.0‡ 18.2‡ 19.4‡

  Renal dialysis 42.2 41.7 26.9‡ 26.1‡ 28.4‡

  Renal failure 14.0 6.5 5.5‡ 5.7‡ 4.1‡

  Paraplegia 6.1 4.5 2.1‡ 2.1‡ 2.1‡

Mortality Risk Score (prob) 0.069 0.067 0.055‡ 0.050‡ 0.056‡

Emergency admission (%) 56.9 58.4 50.2‡ 50.2‡ 50.5‡

Transfer status (%) 1.1 1.0 0.9 0.9 0.8*

Anaesthesia time (minutes) 155 150‡ 150‡ 152‡ 151‡

Dual- eligible (%) 37.4 14.8‡ 11.7‡ 10.6‡ 10.4‡

Neighbourhood median household income 
(US$)

24 267 32 070‡ 32 970‡ 32 843‡ 32 755‡

Neighbourhood high school graduate (%) 83.2 88.8‡ 89.3‡ 89.2‡ 89.2‡

Neighbourhood college graduate (%) 32.8 39.9‡ 40.9‡ 40.9‡ 40.9‡

The zigzag diagonal line indicates which variables are controlled in each match: variables to the right of the line are not controlled. The table 
shows only a few of the variables,—in particular, a few of the surgical procedures—that were controlled in each match. Bolded numbers 
represent significant differences.
*<0.005
†<0.01
‡<0.001.
§The complete balance tables with all variables are available in online appendix table 4 for Recent Era (2013–2015) patient matches. Dual- 
eligible is a beneficiary of both Medicare and Medicaid. Measures of patient socioeconomic status were obtained through the American 
Community Survey and are based on neighbourhood- level characteristics: median household income, percentage of high school graduates 
and percentage of college graduates.
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with unmatched whites, and more likely to live in neigh-
bourhoods with markers of lower SES. After matching on 
demographic, procedure and presentation variables, white 
controls looked more like black patients with respect to 
SES indicators, however large and important differences 
remained (eg, 37.4% black patients were dual- eligible vs 
14.8% of white controls, p<0.001).

Figure 1 demonstrates differences in black and white 
patients’ estimated mortality risk on admission prior to 
matching (ie, white unmatched) and at each taper of the 
match. The largest disparity in estimated mortality risk is 
observed in the demographics match—likely because this 
match requires patients to be the same on age and sex, 
which selects for white controls who were 1.5 years younger 
than the typical white patient and fewer men. As we move 
through the tapers, the racial disparity in estimated 
mortality risk narrows. The result of the matching process 
is a white control group that is profoundly different than 
the initial white population. Online appendix figure 1 pres-
ents comparisons in the Early Era with similar findings.

OUTCOME RESULTS
Mortality outcomes for black patients and the three sets 
of white controls are reported in table 2. In the Early and 

Recent Eras, after matching white controls with similar 
demographics as the black cohort (ie, demographics 
match), we observe higher 1- year mortality among black 
patients. One- year mortality differences narrow after 
matching on procedure but remain significantly higher 
among black patients. After selecting white controls 
that presented as sick as black patients (ie, presentation 
match), 1- year mortality differences become statistically 
insignificant. Thirty- day mortality differences diminished 
after matching on procedure. The bottom most panel 
of table 2 reports whether the black–white difference 
changed over time, defined by the black–white difference 
in the Recent Era minus the black–white difference in 
the Early Era. Survival disparities did not change signifi-
cantly over the two eras separated by 10 years. Survival 
curves of black patients and white controls are presented 
in figure 2. In the Early and Recent Eras, white controls 
at the presentation match had the lower probability of 
survival in the time period most proximal to hospital 
admission; however, at 1 year from hospitalisation black 
patients had lower survival odds. The mortality in white 
control groups changed significantly as more covariates 
were controlled in all cases, except the move from the 
demographics control group to the demographics + 

Figure 1 Distribution of Mortality Risk Score for the black study population, the total white study population and three 
matched white populations, Recent Era (2013–2015). The tails of each box plot represent the lower 5% and upper 95% of the 
distribution. The mortality risk estimates presented here are based on risk at the time of admission. Early Era results look similar 
and are presented in appendix figure 1. Summary: Until matched for surgical procedure and comorbid conditions in the ‘White 
Presentation’ match, black patients had a combination of surgical procedures and comorbid conditions that placed them at 
elevated risk of death compared to white controls.
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procedure control group in the Recent Era, where the 
difference in mortality at 30 days and 1 year was not signif-
icant (online appendix table 8).

In tables 1 and 2, the statistics (ie, comparisons of 
differences in variables between black and white patients) 
are crude in the sense that we do not employ regression 
modelling for adjustments. With each tapered match 
of our multivariate tapered matching procedure we are 
selecting a new cohort of white patients who more closely 
resemble the black patients on the variables of that match. 
Thus, there is no formal adjustment procedure occurring 

since these are the observed characteristics of the white 
and black cohorts.

Conditional logit models further analyse black–white 
patient pairs (table 3). These models attempt to tease 
apart race, nurse resources, their interaction and other 
hospital attributes. Each model has a parameter for each 
matched pair, representing the many covariates that were 
made similar in that pair. If a covariate is matched, it is 
already in the model via these pair effects. Aside from 
the many pair effects, race and hospital- level variables 
are the only variables in the model. All hospital- level 

Table 2 Mortality outcomes for black study population and three matched white populations: Early Era (2003–2005), Recent 
Era (2013–2015) and the difference between the eras to evaluate whether the black–white difference is different in the two eras

Black 
patients

Tapered matches of white controls

Presentation + procedure 
+ demographics

Procedure + 
demographics Demographics

Early Era
(2003–2005)

1- year mortality 21.45% 20.51% 17.54%*** 15.52%***

30- day mortality 6.71% 7.81%** 6.47% 5.60%**

Recent Era
(2013–2015)

1- year mortality 15.87% 16.16% 12.99%*** 12.29%***

30- day mortality 5.70% 7.88%*** 5.74% 5.42%

Difference in difference
(Recent—Early)

1- year mortality -- −1.23% −1.03% −2.35%

30- day mortality -- −1.08% −0.28% −0.83%

Black–white difference between eras is defined by the black–white difference in Recent Era minus the black–white difference in Early Era. 
Significance tests for binary variables used McNemar test (*<0.05, **<0.01, ***<0.001). For the difference in difference across eras, Gart’s test 
for binary outcomes was used (+<0.05, ++<0.01, +++<0.001). The symbols were marked in the later era if the difference in difference was 
significant.

Figure 2 Kaplan- Meier lot for survival for black study population and three matched white populations. The substantially 
higher mortality among black patients is most evident over a longer span of time, is not concentrated in the brief period around 
surgery and reflects a greater burden of comorbid conditions and a more frequent need for higher risk procedures. Black and 
white patients had lower mortality in the Recent Era (2013–2015), but there is no clear indication that the black–white disparity 
has diminished.
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variables (except volume) are two- category variables, 
and the coefficient is the OR comparing the two catego-
ries. The volume variable is in units of 100 patients on 
the logit scale, such that an OR 0.9, for example, would 
be comparing two hospitals, one with 100 more general 
surgery patients than the other. Model 1a is like the 
table 2 presentation match in which black patients have 
lower odds of 30- day mortality (OR 0.77, 95% CI 0.69 to 
0.85, p<0.001). In Model 2a, high nurse resources are 
associated with substantially lower mortality (OR 0.58, 
95% CI 0.46 to 0.74, p<0.001), and this pattern appears 
to be the same or nearly so for black and white patients. 
As in table 2, 1- year mortality outcomes are not signifi-
cantly different among black and white patients who were 
matched on demographic, procedure and presentation 
characteristics (Models 1b–4b). High nurse resources are 
strongly associated with lower 1- year mortality (Model 
2b), apparently in the same way for blacks and whites 
(Model 3c), persisting even after adjusting for hospital- 
level characteristics (Model 4b). Findings were similar for 
30- day readmission (online appendix table 6).

The simplest model that fits well includes race and 
nurse resources (Models 2a and 2b). The addition of 
interactions between race and nurse resources or addi-
tional hospital attributes did not improve the model. This 
is evident in the test- statistics reported in the bottom of 
table 3 which describe the improvement in fit for each 
model compared with the prior model. P values>0.05 
mean we fail to reject the simpler model in favour of the 
more complex model.

DISCUSSION
Study results reveal outcomes disparities are largely 
explained by significant differences in clinical presen-
tation between black and white patients. Among black 
and white patients matched for demographics (ie, age, 
sex, state and year of procedure), we found significantly 
higher 30- day and 1- year mortality among black patients. 
This is consistent with prior evidence of racial outcomes 
disparities in surgical patients.2 33 34 Black patients in 
our sample had a heavier burden of comorbidity and 
mortality risk than white patients. Despite being younger, 
black patients had more comorbidities, more emergency 
admissions and higher mortality risk on admission. Black 
patients also underwent procedures at different percent-
ages. Only after closely matching patients to account for 
these differences did the mortality advantage for white 
controls disappear.

Our research is not the first to find higher mortality 
among white patients after accounting for racial differ-
ences in clinical presentation.3 4 18 35–37 Cumulative effects 
of centuries of systematic discrimination in virtually all 
domains of life (eg, education, housing, criminal justice, 
policy benefits, job opportunities, pay, political power 
and access to high quality healthcare) underlie observ-
able clinical presentation differences. Thus, system- level 
reforms across these domains are necessary to begin to 

undo the harms generating differences in health status 
and survival outcomes.

Our second major finding is that surgical disparities—
at least for general surgeries—have not narrowed over-
time. This is in contrast to what Mehtsun and colleagues 
found38—though that analysis focused on eight proce-
dures and included orthopaedic and vascular surgeries. 
In our study, we found that while mortality and readmis-
sions were lower in the Recent Era (2013–2015) for both 
black patients and white controls, the differences between 
the two groups remained unchanged overtime.

Our third major finding is that differences in hospitals 
are a significant contributor to variation in outcomes for 
all surgical patients, both black and white. Specifically, 
receiving care in hospitals with better nurse resources was 
associated with lower odds of death, even after accounting 
for other hospital factors (ie, teaching status, technology 
capability, size and surgery volume). Being in a hospital 
with high nurse resources predicted a much larger reduc-
tion in mortality than did race. High nurse resources 
predicted lower mortality for both black and white 
patients, to the same or similar degree. Some research 
has shown that nurse resource deficiencies result in even 
worse outcomes for black patients,18–21 but perhaps this 
difference is a function of our use of a composite measure 
which simultaneously evaluates all four aspects of nurse 
resources versus isolating the effect of a single resource; 
other investigations focused mainly on nurse staffing.

That our results suggest that better nurse resources, 
as opposed to other hospital factors are associated with 
higher survival outcomes, is important. Whereas the 
other hospital factors we measured here are difficult to 
modify, nurse resources are modifiable through actions 
of hospital administrators or policy intervention. Hospital 
administrators can make it their strategic priority to staff 
greater numbers of nurses, including higher proportions 
of BSN- prepared nurses and a richer skill mix of RNs, 
as well as improve their nurse work environments via 
management reforms and evidence- based interventions 
like the American Nurses Credentialling Center Magnet 
Program.39 40 At the policy- level, states can follow the 
example of California—the first and only state to legislate 
hospitals hire enough nurses to safely care for patients. 
The result of this policy has improved nurse staffing 
ratios and made more even the staffing variability across 
the state.41 42 Recent studies show wide variation in the 
average nurse staffing ratios within states,13 43 ranging 
from 3.3 to 9.7 patients- per- nurse on medical- surgical 
units.13 If other states followed California’s example by 
enacting minimum safe nurse staffing policies, it would 
raise the floor on hospital nurse staffing while making 
more even the variability across hospitals.

Limitations
Despite carefully matching on demographic, procedure 
and presentation differences, we are unable to account 
for possible within- hospital differences experienced by 
black and white patients, for example, the possibility 
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of selection bias wherein surgeons may be less likely to 
operate on black patients compared with similarly ill 
white patients.5 44 Thus, our analysis of surgical patients 
may include somewhat healthier black patients than their 
matched white controls. Comorbidities used for matching 
patients may be fallible markers of clinical severity and 
frailty or have within- category variation leading to residual 
differences in presentation despite careful and compre-
hensive matching. Next, although we use the white 
population as the reference group, it should not be inter-
preted that the white population’s outcomes are the ideal 
referent or the best that could be achieved in terms of 
outcomes for black patients. Studies using other referent 
groups (eg, not- low- SES white45 46) would be useful, as 
would research within the black population alone to 
understand possible strengths that could be leveraged to 
improve outcomes that may be unique to the population. 
Finally, our tapered- matched design makes transparent 
the comparisons between black and white patients and 
shows that the black–white survival disparity is largely 
explained by differences in demographic, procedure and 
presentation factors. It is possible; however, that unmea-
sured confounders may be important to further investi-
gate health disparities after discharge, which we did not 
do in this study but could be relevant to survival outcomes 
over a year following surgery.

CONCLUSIONS
In summary, there is a large racial disparity in mortality 
among Medicare patients undergoing general surgery. 
Black and white patients present differently even when 
undergoing the same procedure. Despite being younger, 
black patients are more likely to have higher comor-
bidity burden and greater risk of mortality. We found 
racial outcomes disparities following surgery have not 
improved over the decade, but organisational and policy 
reform have the potential to improve outcomes for black 
and white patients alike. Even after accounting for demo-
graphic, procedure and presentation differences, better 
nurse resources—a modifiable feature of hospitals—were 
significantly associated with improved survival for both 
black and white patients.
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