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BACKGROUND The impact of race and its related social determi-
nants of health on cardiovascular disease outcomes has been well
documented. However, limited data exist regarding the association
of race with in-hospital outcomes in patients admitted for sinus
node dysfunction (SND).

OBJECTIVE To evaluate whether racial disparities exist in out-
comes for patients hospitalized with a primary diagnosis of SND.

METHODS The National Inpatient Sample was queried from 2011 to
2018 for relevant ICD-9 and ICD-10 diagnosis and procedure codes.
Baseline characteristics and in-hospital outcomes in patients with a
primary diagnosis of SND were compared among White and non-
White patients. A multivariate logistic regression model was used
to adjust for potential confounding factors and statistically signif-
icant comorbidities between both cohorts.

RESULTS We identified 655,139 persons admitted with a primary
diagnosis of SND, 520,926 (79.5%) of whom were White. Non-
White patients had significantly higher all-cause mortality, length
of stay, and total hospital cost. There were lower odds of pacemaker
insertion (adjusted odds ratio [aOR] 1.13 [95% confidence interval
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(CI) 1.11–1.15]), temporary transvenous pacing (aOR 1.15 [95% CI
1.11–1.22]), and cardioversion (aOR 1.50 [95% CI 1.42–1.58]) in
non-White patients. A subgroup analysis was performed and
non-Hispanic Black race was predictive of a decreased odds of pace-
maker insertion, cardioversion/defibrillation, and temporary trans-
venous pacing.

CONCLUSION Significant differences of in-hospital outcomes exist
between White and non-White patients with SND. These findings ap-
peared to be primarily driven by disparities in non-Hispanic Black
patients. Increased recognition and focused efforts to mitigate
these disparities will improve the care of underrepresented popula-
tions treated for SND.
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Introduction
Sinus node dysfunction (SND) has a prevalence of approxi-
mately 1 per 1000 person-years in the United States, with a
significant increase after age 65.1 The complications of
SND require early recognition and include symptomatic
bradycardia, sinus pause/arrest, chronotropic incompetence,
and tachycardia-bradycardia syndromes.2 The management
of SND and its complications involves a stepwise approach,
often beginning with acute medical therapies, temporary pac-
ing, cardioversion/defibrillation, and ultimately, permanent
pacemaker (PPM) implantation.3 In fact, SND is the primary
indication for implantation in approximately 50% of patients
receiving PPM.4,5 According to the Center for Medicare and
Medicaid Services, the average hospital charge for PPM im-
plantation in the United States ranges from $20,753 to
$82,024, with reimbursement rates ranging from $11,411
to $19,577, reflecting the financial burden on insurance
payers, hospitals, and patients when managing SND.6

Previous studies investigating the epidemiology of SND
have found that non-Hispanic Black patients have a lower
incidence of hospitalization for SND than White individ-
uals.1,7 Whether this finding is due to a lower prevalence of
SND, less access to emergency care, or historical mistrust
in the healthcare system leading to delayed presentations
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KEY FINDINGS

- Non-White patients admitted with a primary diagnosis
of sinus node dysfunction had higher rates of all-cause
in-hospital mortality, longer length of stay, and higher
total hospital cost compared to White patients.

- Non-White patients had lower odds of permanent
pacemaker implantation, temporary transvenous pac-
ing, and cardioversion/defibrillation despite indica-
tions for these interventions.

- Differences between outcomes in White and non-White
patients were primarily driven by disparities in non-
Hispanic Black and Hispanic patients.
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remains unclear.8 According to the Centers for Disease Con-
trol and Prevention, while overall rates of heart disease in
non-Hispanic White patients decreased from 2000 to 2014,
rates in African American, Hispanic, and Asian or Pacific
Islander populations have increased.9 The Journal of the
American College of Cardiology recently published a series
of studies highlighting race-based disparities in cardiovascu-
lar disease outcomes, in line with a call to improve health out-
comes in underrepresented populations.10

In lieu of the aforementioned reasons, we sought to
investigate the association of race-based differences with
in-hospital outcomes in patients admitted with a primary
diagnosis of SND.
Methods
We performed a retrospective analysis using the National
Inpatient Sample (NIS) database from January 1, 2011, to
December 31, 2018. The NIS is a publicly accessible data-
base of all payers, approximating a 20% stratified sample
of discharges from US community hospitals participating in
the Healthcare Cost and Utilization Project. The data includes
information pertaining to each hospitalization, including pri-
mary and secondary diagnosis, patient demographics, pri-
mary payer, information regarding comorbidities, length of
stay, and mortality. We queried the NIS database to identify
all hospitalizations during the specified time period with a
primary diagnosis of SND using ICD-9-CM diagnostic
code 427.81 and ICD-10-CM diagnostic code I49.5. Institu-
tional review board approval was not needed, as all patient
information is de-identified within the NIS. A detailed over-
view of the Healthcare Cost and Utilization Project NIS is
available at https://www.hcup-us.ahrq.gov/nisoverview.jsp.

Our primary outcomes of interest included all-cause in-
hospital mortality, total hospital charges, and length of
stay. Secondary outcomes of interest included additional
arrhythmic conditions such as atrial fibrillation, complete
heart block, second-degree atrioventricular block, and supra-
ventricular tachycardia, as well as the incidence of cardio-
genic shock, permanent pacemaker insertion, temporary
transvenous pacing, and cardioversion/defibrillation. All
outcomes were stratified by race/ethnicity, as White and
non-White (this included NHB, Hispanic, Asian or Pacific
Islander, Native American, or Other as classified by the
NIS description of data elements) for simplicity. As recom-
mended by the Agency for Healthcare and Research and
Quality, weighted data were used for all statistical analyses.
We used descriptive statistics to summarize continuous and
categorical variables. The mean and standard deviation
were used for continuous variables and percentages were
used for categorical variables.

We used univariate analyses for between-group compari-
sons, Pearson c2 testing for categorical variables, and
independent samples t testing for continuous variables,
with a P value of ,.001 considered statistically significant.
Multivariate logistic regression was used to estimate adjusted
odds ratios (aORs) and 95% confidence intervals (95% CI) to
determine the association between race and measured clinical
outcomes in patients with SND. All multivariate logistic
regression models used a P value of ,.05 for statistical sig-
nificance. Our models were adjusted for age, sex, elective vs
nonelective admission, insurance status, patient location, me-
dian household income, and statistically significant comor-
bidities (hypertension, diabetes mellitus, tobacco use, heart
failure, hyperlipidemia, obesity, coronary artery disease,
chronic kidney disease, and chronic obstructive pulmonary
disease) between groups. All statistical analyses were per-
formed using SPSS (IBM SPSS Statistics for MAC, Version
26.0; IBM Corporation, Armonk, NY).
Results
Baseline characteristics
We identified 520,926 admissions in White patients and
134,213 in non-White patients with a primary diagnosis of
SND. Baseline characteristics are shown in Table 1. Non-
White patients with SND were found to be younger (74.776
13.11 years vs 77.916 11.19 years), were more often female
(57.7% vs 52.3%), and were less likely to undergo elective
admission (11.3% vs 14.6%, P , .001 for all). Further, non-
White patients were more likely to have Medicaid (10.9% vs
2.0%) or self-pay (1.9% vs 0.7%) as their primary payer and
were much more likely to fall within the 0–25th percentile
for household income (39.7% vs 24.7%, P, .001 for all).

Comorbidities
We found that non-White patients were more often found to
have a history of hypertension (85.8% vs 81.7), diabetes mel-
litus (41.6% vs 29.7%), obesity (12.7% vs 11.1%), heart fail-
ure (38.5% vs 36.8%), and chronic kidney disease (34.6% vs
25.8%) when compared to White patients. However, White
patients were found to have a higher incidence of hyperlipid-
emia (55.8% vs 52.7%), tobacco use (27.6% vs 22.9%), coro-
nary artery disease (44.0% vs 39.6%), and chronic obstructive
pulmonary disease (19.3% vs 14.4%, P , .001 for all).

Primary outcomes
Primary outcomes for our study population are shown in
Table 2. We found that White patients had lower in-hospital
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Table 1 Baseline characteristics of patients with primary diagnosis of sinus node dysfunction by race

White (N 5 520,926) Non-White (N 5 134,213) P value

Age (years), mean 6 SD 77.91 6 11.19 74.77 6 13.11 ,.001
Female 272,336 (52.3) 77,474 (57.7) ,.001
Elective vs nonelective admission 75,864 (14.6) 15,058 (11.3) ,.001
Insurance payer ,.001
Medicare 447,288 (86.0) 102,965 (76.8)
Medicaid 10,193 (2.0) 11,487 (8.6)
Private insurance 52,498 (10.1) 14,672 (10.9)
Self-pay 3,532 (0.7) 2,526 (1.9)

Household income ,.001
0–25th percentile 126,370 (24.7) 52, 356 (39.7)
26th–50th percentile 140,214 (27.4) 29,392 (22.3)
51st–75th percentile 129,097 (25.2) 26,761 (20.3)
76th–100th percentile 116,853 (22.8) 23,235 (17.6)

Comorbidities
Hypertension 409,537 (81.7) 112,408 (85.8) ,.001
Diabetes mellitus 152,729 (29.7) 55,625 (41.6) ,.001
Hyperlipidemia 280,276 (55.8) 68,093 (52.7) ,.001
Tobacco 143,525 (27.6) 30,780 (22.9) ,.001
Obesity 57,819 (11.1) 17,041 (12.7) ,.001
Heart failure 191,522 (36.8) 51,570 (38.5) ,.001
CAD 228,587 (44.0) 52,915 (39.6) ,.001
CKD 134,198 (25.8) 46,396 (34.6) ,.001
COPD 98,786 (19.3) 18,909 (14.4) ,.001

Patient location ,.001
“Central” counties of metro areas of �1million population 78,040 (21.3) 46,280 (48.4%)
“Fringe” counties of metro areas of �1 million population 99,495 (27.2) 19,065 (19.9)
Counties in metro areas of 250,000–999,999 population 76,095 (20.8) 16,170 (16.9)
Counties in metro areas of 50,000–249,999 population 41,345 (11.3) 5610 (5.9)
Micropolitan counties 40,770 (11.2) 5110 (5.3)
Not metropolitan or micropolitan counties 29,840 (8.2) 3360 (3.5)

Values are n (%) unless indicated otherwise.
CAD 5 coronary artery disease; CKD 5 chronic kidney disease; COPD 5 chronic obstructive pulmonary disease.
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mortality compared to non-Whites (aOR 0.91 [95% CI 0.85–
0.97],P5 .003). Non-White patients also had longer length of
stay (5.36 4.9 days vs 4.86 4.5 days, P, .001) and higher
total hospital charges (78,945 6 79,839 vs 66,0566 64,264;
mean US$, P, .001). Figure 1 shows the rates of in-hospital
Table 2 Clinical outcomes in patients with sinus node dysfunction by

White (N 5 520,926)

Primary outcomes
In-hospital mortality, n (%) 7584 (1.5)
Length of stay (days), mean 6 SD 4.8 6 4.5
THC (US$), mean 6 SD 66,056 6 64,264

Secondary outcomes
Pacemaker insertion, n (%) 285,242 (54.8)
Atrial fibrillation, n (%) 308,263 (59.2)
Complete heart block, n (%) 30,476 (5.9)
Second-degree atrioventricular block, n (%) 18,552 (3.6)
Supraventricular tachycardia, n (%) 15,178 (2.9)
Cardiogenic shock, n (%) 3867 (0.7)

Temporary transvenous pacing, n (%) 11,020 (2.1)
Cardioversion/defibrillation (%) 15,810 (3.0)
†Adjusted for sex, elective vs nonelective admission, age, primary payer, location, m
failure, hyperlipidemia, obesity, coronary artery disease, chronic kidney disease, a

Asterisk (*) indicates statistically significant P values.
aOR 5 adjusted odds ratio; CI 5 confidence interval; THC 5 total hospital cha
mortality stratified by race. Hispanic ethnicity was associated
with higher in-hospital mortality (aOR 1.17 [95% CI 1.06–
1.29], P 5 .002), while non-Hispanic Black (aOR 1.08
[95% CI 0.98–1.18], P 5 .111), Asian (aOR 1.12 [95% CI
0.97–1.29], P 5 0.113), and Native American (aOR 0.90
race

Non-White (N 5 134,213) aOR (95% CI)† P value

2148 (1.6) 0.91 (0.85–0.97) .003*
5.3 6 4.9 ,.001*
78,945 6 79,839 ,.001*

68,650 (51.2) 1.13 (1.11–1.15) ,.001*
63,583 (47.4) 1.51 (1.48–1.53) ,.001*
8314 (6.2) 0.94 (0.91–0.97) ,.001
5733 (4.3) 0.80 (0.77–0.83) ,.001
4256 (3.2) 0.92 (0.88–0.96) ,.001
1384 (1.0) 0.81 (0.74–0.87) ,.001*
2743 (2.0) 1.15 (1.11–1.22) ,.001*
2729 (2.0) 1.50 (1.42–1.58) ,.001*

edian household income, hypertension, diabetes mellitus, tobacco use, heart
nd chronic obstructive pulmonary disease.

rges.



Figure 1 In-hospital mortality in patients according to race.
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[95% CI 0.58–1.41], P5 .646] race did not achieve statistical
significance.
Secondary outcomes
Secondary outcomes for our study are shown in Table 2.
White patients had higher odds of PPM implantation (aOR
1.13 [95% CI 1.11–1.15]), atrial fibrillation (aOR 1.51
[95% CI 1.48–1.53]), temporary transvenous pacing (aOR
1.15 [95% CI 1.11–1.22]), and cardioversion/defibrillation
(aOR 1.50 [95% CI 1.42–1.58], P, .001 for all). In addition,
they had lower odds of complete heart block (aOR 0.94 [95%
CI 0.91–0.97]), second-degree atrioventricular block (aOR
0.80 [95% CI 0.77–0.83]), supraventricular tachycardia
(aOR 0.92 [95% CI 0.88–0.96]), and cardiogenic shock
(aOR 0.81 [95% CI 0.74–0.87], P , .001 for all).
Figures 1–4 further stratified outcomes according to race.
Odds of pacemaker insertion (aOR 0.71 [95% CI 0.69–
0.73]), temporary transvenous pacing (aOR 0.65 [95% CI
0.59–0.72]), and cardioversion/defibrillation (aOR 0.64
[95% CI 0.59–0.69], P , .001 for all) were all significantly
Figure 2 Pacemaker insertion i
lower in non-Hispanic Black patients. Odds to get cardiover-
sion/defibrillation was also lower in Hispanic (aOR 0.71
[95% CI 0.65–0.77]) and Asian (aOR 0.79 [95% CI 0.69–
0.89], P , .001 for all) patients. Supplemental Tables 1
and 2 show the incidence of procedural interventions in pa-
tients admitted with SND and additional arrhythmic compli-
cations stratified by race. Among patients admitted with SND
and second-degree heart block or complete heart block, white
patients had higher odds of PPM insertion (aOR 1.25 [95%
CI 1.14–1.38]) and aOR 1.24 [95% CI 1.15–1.34], respec-
tively) (Supplemental Table 1). In addition, among those
admitted for SNDwho developed tachyarrhythmia complica-
tions, the odds of cardioversion/defibrillation was higher for
White patients who developed atrial fibrillation (aOR 1.31
[95% CI 1.23–1.38]) (Supplemental Table 2).
Discussion
In this retrospective analysis, we observed that non-White pa-
tients had higher rates of all-cause in-hospital mortality,
longer length of stay, and higher total hospital cost compared
n patients according to race.



Figure 3 Temporary transvenous pacing in patients according to race.
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to White patients among patients with a primary admission
diagnosis of SND. In addition, non-White patients had lower
odds of PPM implantation, temporary transvenous pacing,
and cardioversion/defibrillation. A subgroup analysis
showed differences in these outcomes were most evident
among non-Hispanic Black and Hispanic patients. This is
one of the largest studies evaluating the association between
race and in-hospital outcomes in patients with SND. Under-
represented groups, in particular non-Hispanic Black pa-
tients, have been reported to have worse cardiovascular
disease outcomes when compared to their White counter-
parts.8 According to the American Heart Association 2022
Update on Heart Disease and Stroke statistics, African Amer-
ican and Hispanic individuals are more likely to have obesity,
worse blood pressure control, and more uncontrolled dia-
betes mellitus.11 These findings were similar in our study,
in which we found a higher incidence of hypertension, dia-
betes mellitus, and obesity in non-White patients. However,
after controlling for these comorbidities, non-White patients
Figure 4 Incidence of cardioversion/defib
had an increased all-cause in-hospital mortality when
compared to White individuals.

Other factors that are not inherent to the data used in our
analysis may be contributing to the higher mortality rates
seen in these patients. These factors may include socioeco-
nomic status, education, access to care and resources,
mistrust in the medical system, or implicit biases among
healthcare providers.12 For example, in 2020, 17% of His-
panic and 19.5% of African American persons were living
at or below the poverty line, compared to 8.2% of White in-
dividuals.13 Lower household income in the United States is
associated with a higher prevalence of comorbid conditions,
and according to data from the 2020 Commonwealth Fund
International Health Policy Survey, lower-income Americans
are also more likely to miss doctor’s appointments, forgo
necessary testing and treatment, or choose not to fill prescrip-
tion medications owing to cost.14 Residential segregation
may also play a role in the higher mortality seen in these pa-
tients, as underrepresented populations are more likely to live
rillation in patients according to race.
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in lower-income neighborhoods with more affordable
housing.15–17

Another factor that may contribute to the disproportionate
outcomes seen in White vs non-White patients is mistrust in
the healthcare system. This mistrust is multifactorial and
deeply rooted in historical mistreatment of non-Hispanic
Black patients.18 The possibility that minority groups avoid
seeking care in the hospital resulting in later and more
advanced presentations of SND, with greater complications,
is possible. Lastly, implicit bias among healthcare providers
may play a role in worsened outcomes for underrepresented
groups. A systematic review of 35 studies to evaluate the
impact of implicit racial bias on healthcare outcomes found
25 of those studies reported that most healthcare providers
carried some level of pro-White or anti–non-Hispanic Black
implicit bias.19 Three of these studies used ethnicity implicit
bias testing (comparing bias against Hispanic vs White pa-
tients) and found that approximately 51% of providers had
moderate/strong pro-White and anti-Hispanic bias.19

Combating the role implicit bias plays in in-hospital out-
comes involves, as a first step, frequent education and
training/retraining of healthcare providers.

Non-White patients were found to have lower rates of
PPM implantation, temporary transvenous pacing, and car-
dioversion/defibrillation. We propose that the dispropor-
tionate rates of therapeutic intervention may have been
primarily driven by the majority prevalence of non-
Hispanic Black and Hispanic patients in the non-White
cohort. Previous studies have reported lower rates of invasive
cardiac procedures in non-Hispanic Black compared to
White patients.20,21 The overall prevalence of additional ar-
rhythmias, including second- or third-degree heart block
and tachyarrhythmias, in our analysis was low. Similar to
the main findings of our study, when stratified by race, White
patients were more likely to undergo PPM implantation for
second- or third-degree heart block and more likely to un-
dergo cardioversion for atrial fibrillation. Therefore, we hy-
pothesize that similar factors related to socioeconomic
status, patient education, mistrust, and implicit bias may
play a role. Increasing representation of historically margin-
alized groups among healthcare providers, within clinical tri-
als, and within research groups may help bridge the gap in
race-based outcomes seen.22,23 The findings reported in this
study necessitate a recognition that further steps to explore
and explain the disparities seen between and White and
non-White patients admitted for SND are needed.

There are several strengths and limitations of the current
study. First, the NIS database allows us the opportunity to
evaluate a large sample size of patients admitted with SND
in an 8-year period (weighted estimate of 655,139 admis-
sions). However, the NIS database is an administrative data-
base that uses ICD-9 and ICD-10 diagnosis and procedure
codes. These codes are not adjudicated and may be subject
to error or omission. Additionally, each record in the NIS
represents hospitalizations, not individual patients. Therefore,
it is possible that patients admitted for SND may appear more
than once in the dataset. Additionally, using data from an
administrative database does not allow for us to take into ac-
count patient-level decision-making with regard to procedural
interventions. Although the findings in the present study
demonstrate important and statistically significant disparities
with regard to outcomes, the margin of significance is small,
and therefore the clinical significance of these findings are
less clear. Lastly, outcomes are only reported during hospital-
ization, without subsequent follow-up. Thus, we are unable to
determine whether increased in-hospital complications among
non-Hispanic Black, Hispanic, Asian, and Native American
populations led to increased hospital readmission, out-of-
hospital major adverse events, or death.
Conclusion
Significant differences of in-hospital outcomes exist between
White and non-White patients with SND, including increased
mortality and decreased odds of pacemaker insertion, tempo-
rary transvenous pacing, and cardioversion/defibrillation.
These findings appeared to be primarily driven by disparities
in non-Hispanic Black patients. Increased recognition and
focused efforts to mitigate these disparities will improve
the care of underrepresented populations treated for SND.
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