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1  |  INTRODUC TION

A growing body of research underscores the presence of signifi-
cant sex disparities in outcomes following cardiovascular-related 

hospitalizations. Numerous studies have consistently shown that 
female patients are at a higher risk of short-term morbidity and mor-
tality during various cardiovascular emergencies compared to their 
male counterparts.1 Among these conditions, one of the most critical 
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Abstract
Background: Sex disparities in cardiovascular disorders are well-documented, but 
data on hospitalization and readmission outcomes in the context of sex for Complete 
Heart Block (CHB) remains limited.
Methods: We analyzed the 2016–2020 Nationwide Readmission Database to identify 
patients with a principal diagnosis of CHB. Men served as the control group, while 
women comprised the study cohort. The primary outcome was mortality. Secondary 
outcomes included odds of cardiac arrest, ventricular tachycardia, heart failure, me-
chanical ventilation use, all-cause 30-day readmission, total and early pacemaker use, 
length of stay (LOS), and total hospitalization charges (THC). Multivariate regression 
models adjusted for confounders.
Results: Among 175,257 patients with CHB, 45% were female. Female sex was as-
sociated with higher odds of mortality (adjusted OR [aOR] 1.42, 95% CI 1.3–1.55) 
compared to males. Additionally, females had higher odds of cardiac arrest (aOR 1.13, 
95% CI 1.06–1.2), ventricular tachycardia (aOR 1.1, 95% CI 1.05–1.17), heart failure 
(aOR 1.18, 95% CI 1.14–1.22), mechanical ventilation use (aOR 1.1, 95% CI 1.03–1.17), 
and all-cause 30-day readmission (aOR 1.1, 95% CI 1.03–1.14). Women also had lower 
odds of total pacemaker use (aOR 0.92, 95% CI 0.88–0.96) and early pacemaker use 
(aOR 0.89, 95% CI 0.86–0.82). Female patients exhibited longer LOS (4.13 days vs. 
3.86 days, p < 0.001) but incurred lower THC ($89,908 vs. $94,590, p = 0.002).
Conclusion: Female sex in CHB patients was associated with higher mortality and 
adverse events but lower pacemaker use compared to male patients.
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is complete heart block (CHB)—a life-threatening cardiac emergency 
that carries high risks of morbidity and mortality.2 Given the severity 
of CHB, prompt diagnosis and intervention are essential to optimiz-
ing patient outcomes.

Despite the extensive documentation of sex differences in car-
diovascular care, research specifically addressing how sex impacts 
clinical outcomes in CHB remains limited. This scarcity of data rep-
resents a critical gap in understanding whether female patients 
with CHB experience unique risks compared to males. Given that 
sex-based disparities have been observed in other cardiovascular 
conditions, it is reasonable to hypothesize that female sex may also 
predispose patients with CHB to worse hospitalization outcomes, 
such as increased mortality and morbidity. If confirmed, this find-
ing highlights the need for heightened attention to sex-specific fac-
tors in the clinical management of CHB from the point of hospital 
admission.

This study aims to evaluate whether female sex is independently 
associated with adverse outcomes in patients hospitalized for CHB. 
Through a comprehensive analysis of national data and a review of 
the existing literature, we seek to uncover the mechanisms that may 
be driving these disparities and to propose areas where clinical inter-
ventions can be tailored to mitigate these risks.

2  |  MATERIAL S AND METHODS

2.1  |  Data source and ethics statement

The Nationwide Readmissions Database (NRD) is part of the 
Healthcare Cost and Utilization Project (HCUP), which is overseen 
by the Agency for Healthcare Research and Quality (AHRQ). It is 
one of the most comprehensive inpatient data sources in the United 
States.3,4 The NRD is constructed using billing data submitted by 
hospitals to HCUP. HCUP applies appropriate weighting variables to 
ensure that the data accurately reflects national trends in health-
care utilization. Given that NRD data is de-identified and publicly 
accessible, this research did not require prior approval from the any 
Institutional Review Board.

2.2  |  Study population and outcomes

The NRD was queried for the period between January 1, 2016, and 
December 31, 2020, to identify adult patients (aged ≥18 years) with 
a primary diagnosis of CHB, based on the International Classification 
of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) code 
I442. To ensure the accuracy of CHB diagnoses, only patients with a 
principal diagnosis of CHB where included. The patient cohort was 
divided into two groups by sex: male patients served as the con-
trol group, while female patients formed the cohort group under 
investigation.

We systematically collected baseline demographic data 
and comorbidities using ICD-10-CM codes, which included a 

comprehensive range of cardiovascular and non-cardiovascular con-
ditions. Specifically, we assessed comorbidities such as prior stroke, 
prior acute myocardial infarction (AMI), body mass index (BMI), atrial 
fibrillation, hypertension, dyslipidaemia, pulmonary hypertension, 
chronic obstructive pulmonary disease (COPD), prior percutaneous 
coronary intervention (PCI), prior coronary artery bypass grafting 
(CABG), as well as lifestyle risk factors like tobacco and alcohol use. 
A full list of ICD-10-CM codes used for diagnoses and procedures is 
available in Table S1. The primary outcome of this study was inpa-
tient mortality. Secondary outcomes included odds of mechanical 
ventilation use, cardiac arrest, ventricular tachycardia, heart failure, 
total pacemaker use, early pacemaker use, all-cause 30-day read-
missions, hospital length of stay (LOS), and total charges. Early pace-
maker use was defined as pacemaker intervention within the 1st day 
of hospitalization.

2.3  |  Statistical analysis

To account for the complex survey design of the NRD, we incorpo-
rated weighting variables, strata, and clustering into our statistical 
analysis. This approach ensures that our findings are nationally rep-
resentative and that the calculation of standard errors and p-values 
is accurate. Specifically, we applied hospital discharge weights pro-
vided by the NRD to generate national-level estimates, which cor-
rect for unequal probabilities of selection and account for survey 
design complexities.

To enhance the robustness of our analysis, we included all pri-
mary sampling units (hospitals), thereby minimizing the risk of un-
derestimating standard errors and ensuring the proper calculation 
of p-values. All analyses were conducted using Stata 18.0 (College 
Station, TX), a statistical software specifically designed to handle 
complex survey data. Within Stata, appropriate survey procedures 
were applied to integrate the weights, strata, and clusters, ensuring 
that our estimates were both precise and unbiased.

Descriptive statistics were generated to summarize patient 
characteristics based on sex. To explore associations between 
patient characteristics and clinical outcomes, logistic regression 
models were utilized allowing for adjustment of the NRD's com-
plex sampling design. Initially, unadjusted odds ratios (uORs) for 
both primary and secondary outcomes were calculated using uni-
variate logistic and linear regression analyses. Multivariable logis-
tic and linear regression analyses were subsequently conducted to 
control for potential confounders, including age, median house-
hold income by ZIP code, sepsis, in-hospital PCI and CABG usage, 
and comorbidities, measured by the 1993 Deyo adaptation of the 
Charlson Comorbidity Index (CCI), which is suitable for use with 
NRD data5.

For continuous variables, comparisons were made using 
Student's t-tests, while categorical variables were compared using 
the Rao-Scott chi-square test, which adjusts for the survey design. 
Given the non-normal distribution of LOS, we utilized a weighted 
generalized linear model with a gamma distribution and log link 
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function. For all analyses, a p-value <0.05 was considered statisti-
cally significant.

3  |  RESULTS

3.1  |  Patient characteristics

Among patients with a primary diagnosis of CHB (N = 175,257), 
45% (N = 78,865) were women. Female patients where older 
(mean age 77 years vs. 75 years), more likely to have Medicare as 
a primary payer (85% vs. 80%, p <.001), and a lower mean comor-
bidity index (2.12 vs. 2.35). On the other hand, female patients 
were less likely to have a prior MI (6.5% vs. 11%, p <.001), dys-
lipidemia (51% vs. 56%, p <.001), Atrial Fibrillation (18% vs. 20%, 
p <.001), COPD (13% vs. 15%, p <.001), prior PCI (7% vs. 13%, 
p <.001), prior CABG (5% vs. 14%, p <.001), tobacco use (26% vs. 
43% p <.001) and alcohol use (0.8% vs. 3%, p <.001) compared 
to male patients. Additionally female patients were more likely 
to have hypertension (45% vs. 42%, p <.001), prior stroke (9.6% 
vs. 9%, p =.011), pulmonary hypertension (3.3% vs. 2.1%, p <.001) 
and sever obesity (BMI ≥40 42% vs. 31%, p <.001) compared to 
male patients. Baseline characteristics of patients stratified by 
sex are shown in Table 1.

3.2  |  Primary and secondary outcomes

In the unadjusted analysis, among patients with CHB, female sex was 
associated with a 32% increase in inpatient mortality (unadjusted OR 
[uOR] 1.32, 95% CI 1.2–1.44, p < 0.001) during index hospitalization. 
Additionally, female sex was associated with higher odds of cardiac 
arrest (uOR 1.09, 95% CI 1.02–1.16, p =.008), ventricular tachycar-
dia (uOR 1.08, 95% CI 1.02–1.14, p =.006), and lower odds of early 
pacemaker use (50% vs. 52%, uOR 0.93, 95% CI 0.91–0.96, p <.001). 
No differences were observed between female and male patients 
regarding total pacemaker use (82.7% vs. 83.2%, uOR 0.97, 95% 
CI 0.93–1.01, p =.123), heart failure (uOR 1.03, 95% CI 0.99–1.06, 
p =.08), mechanical ventilation use (uOR 1.03, 95% CI 0.97–1.09, 
p =.279), and all-cause 30-day readmission (uOR 1.04, 95% CI 0.99–
1.1, p =.126). Unadjusted outcomes are shown in Figure 1.

After adjustment for baseline characteristics, female sex re-
mained associated with higher odds of inpatient mortality (adjusted 
OR [aOR] 1.41, 95% CI 1.3–1.55, p <.001) compared to male sex in 
cases of CHB. Additionally, after adjustment for confounders, female 
sex was associated with higher odds of cardiac arrest (aOR 1.13, 
95% CI 1.06–1.2, p <.001), ventricular tachycardia (aOR 1.1, 95% 
CI 1.05–1.17, p <.001), heart failure (aOR 1.18, 95% CI 1.14–1.22, 
p <.001), mechanical ventilation use (aOR 1.1, 95% CI 1.03–1.17, 
p = 0.004), and all-cause 30-day readmission (aOR 1.1, 95% CI 1.03–
1.14, p =.004). Female sex was also associated with lower odds of 
total pacemaker use (aOR 0.92, 95% CI 0.88–0.96, p <.001) and early 
pacemaker use (aOR 0.89, 95% CI 0.86–0.92, p <.001) compared to 

male patients hospitalized with CHB during the index hospitaliza-
tion. Adjusted outcomes are shown in Figure 2.

3.3  |  LOS and THC

Among patients with CHB, the mean LOS was 4.13 days for female 
patients and 3.86 days for male patients and this prolonged LOS in 
female patients compared to male patients remained statistically sig-
nificant while adjusting for confounders (adjusted increase 0.4 days, 
95% CI 0.3–0.44 days, p <.001). Contrariwise, among patients with 
CHB the mean THC were lower in female patients compared to male 

TA B L E  1 Baseline characteristics and comorbidities of patients 
with CHB stratified by sex.

Female group 
(n = 78,865)

Male group 
(n = 96,392) p value

Age category, % p <.001

18–34 0 0

35–65 13 17

>65 87 83

CCI score, % p <.001

0 23 21

1 23 22

2 19 18

≥3 35 39

Median household 
income, %

p <.001

$1–$49,000 26 24

$50,000–$64,999 28 28

$65,000–$85,999 26 26

≥$86,000 20 22

Insurance, % p <.001

Medicare 85 80

Medicaid 3 4

Private 11 15

BMI, % p <.001

BMI 25–29, % 9 11

BMI 30–39, % 49 59

BMI ≥40, % 42 30

Hypertension, % 46 42 p <.001

Dyslipidemia, % 52 56 p <.001

Prior PCI, % 7 13 p <.001

Atrial Fibrillation, 
%

18 20 p <.001

Prior CABG, % 5 14 p <.001

Alcohol use, % 0.8 3 p <.001

COPD, % 13 15 p =.013

Pulmonary 
Hypertension, %

3.3 2.1 p <.001
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patients ($89,908 vs. $94,590). Sed lower THC in female patients 
compared to male patients remained significant after adjusting for 
confounders (adjusted decrease $1832, 95% CI (−) $2929– (−) $735, 
p =.001).

4  |  DISCUSSION

To our knowledge, this is the first study to examine sex disparities 
among United States. patients hospitalized with CHB. Our findings 
reveal that female patients with CHB have distinct clinical profiles 
compared to their male counterparts. Women face higher risks of 
adverse outcomes, including increased mortality, cardiac arrest, 
ventricular tachycardia, heart failure, 30-day readmissions, and a 
greater need for mechanical ventilation. Despite experiencing longer 

hospital stays, female patients incur lower total charges and are less 
likely to early pacemaker intervention compared to male patients.

4.1  |  Demographic and clinical risk

Among patients with a primary diagnosis of CHB, 45% were female. 
Female patients admitted for CHB were found to have fewer comor-
bidities compared to their male counterparts, a finding consistent 
with prior studies.6 Specifically, females were less likely to present 
with traditional cardiovascular comorbidities, such as a history of 
AMI, dyslipidemia, prior PCI or CABG, as well as modifiable behav-
ioral risk factors like tobacco and alcohol use. Similar demographic 
differences between sexes have been observed in other cardiovas-
cular diseases, such as AMI and heart failure, where men generally 
exhibit a higher incidence of classic heart disease risk factors than 
women.7,8

In contrast, female patients admitted for CHB were more likely 
to have a history of hypertension, prior stroke, pulmonary hyperten-
sion and sever obesity. These observations are consistent with find-
ings in current literature, which reveal notable sex disparities in the 
prevalence, awareness, treatment, and management of hyperten-
sion. Typically, men exhibit higher rates of hypertension in younger 
age groups, while older women tend to demonstrate a greater overall 
prevalence,9 a trend that aligns with our demographic data. Similarly, 
research highlights sex differences in stroke prevalence, indicating 
that older women experience a higher incidence compared to their 
male counterparts.10 Furthermore, pulmonary hypertension is more 
frequently diagnosed in women than in men,11 and this condition has 
been proposed to be independently linked to worse functional out-
comes and increased mortality rates in patients suffering from high-
grade conduction disease.12 Female patients also exhibited higher 
rates of sever obesity compared to men. Obesity is an additional 
characteristic that would predispose patients to a higher cardiovas-
cular disease related morbidity and mortality.13 Furthermore, several 
studies have reported that obesity is linked to a higher prevalence of 
conduction disease as well as increased severity of conduction ab-
normalities through mechanisms related to structural and functional 
changes to the heart.14–16 Given these findings, further research to 
thoroughly explore the demographic and clinical risk profile differ-
ences between male and female patients with CHB is crucial, as un-
derstanding these disparities could inform tailored interventions and 
improve patient outcomes.

4.2  |  In-hospital outcomes

This study reveals significant sex-based disparities in outcomes and 
management CHB patients. Female patients face increased odds 
of adverse outcomes, including higher inpatient mortality, cardiac 
arrest, ventricular tachycardia, heart failure, mechanical ventilation 
use, and 30-day readmissions. A female sex was also associated 
with a lower likelyhood for total and early pacemaker implantations 

F I G U R E  1 Forest plots of unadjusted odds ratios with 95% 
confidence intervals for In-Hospital outcomes for female vs. Male 
patients with complete heart block.

F I G U R E  2 Forest plots of adjusted odds ratios with 95% 
confidence intervals for In-Hospital outcomes for female vs. Male 
patients with complete heart block.
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compared to men, aligning with broader evidence of systemic sex 
biases in cardiovascular disease treatment.

The reduced pacemaker utilization in female patients is partic-
ularly concerning given the device's established necessity in CHB 
management. Pacemakers are crucial for addressing conduction ab-
normalities, stabilizing bradycardia, and preventing complications 
like syncope and sudden cardiac arrest.17 Concurrent literature 
demonstrates that female patients consistently face intervention 
delays across cardiovascular care, including lower rates of percu-
taneous coronary interventions and left ventricular assist device 
implantation during AMI or cardiogenic shock hospitalizations.18 In 
CHB cases, delayed pacemaker implementation may increase wom-
en's vulnerability to life-threatening arrhythmias, particularly ven-
tricular tachycardias, which occur more frequently in women due to 
sex-based QT interval differences.19

These disparities extend to other electrophysiologic conditions. 
For instance, prior studies demonstrated that in older patients 
(≥80 years) men received more dual-chamber devices than women 
for AV block and sick sinus syndrome.20 Women with atrial fibrilla-
tion report more severe symptoms and reduced quality of life but 
receive fewer referrals for advanced interventions like catheter ab-
lation.21–23 Female CHB patients present distinct demographic and 
clinical risk characteristics. While they show lower prevalence of tra-
ditional cardiovascular risk factors, they exhibit higher rates of pul-
monary hypertension and severe obesity. Pulmonary hypertension 
can obscure CHB presentation and increase right ventricular fail-
ure risk, while obesity complicates procedural access and increases 
pacemaker implantation risks.

Age-related disparities compound these issues, as older female 
patients receive fewer diagnostic tests and therapeutic interven-
tions compared to younger females or males.24 This age-sex interac-
tion often leads to treatment delays, which are strongly associated 
with adverse outcomes.25–28 The combination of delayed diagnosis, 
underutilized pacemaker implementation, and increased cardiac ar-
rest and heart failure could contribute to higher mortality and read-
mission rates among female patients.

Addressing these inequities requires a multifaceted approach, 
including increased healthcare provider awareness, standardized 
guideline adherence, and targeted strategies to improve treatment 
access for female patients. Further research must investigate the un-
derlying mechanisms of these disparities, including clinical decision-
making biases, symptom presentation differences, and systemic 
barriers to care, to develop effective interventions for improving 
women's CHB outcomes.

4.3  |  Hospital LOS and THC

Among hospitalizations for CHB, female sex was linked to a longer 
average LOS and lower THC compared to male sex. This trend may 
be attributed to the increased likelihood of in-hospital adverse out-
comes that female patients experience, which often necessitates a 
higher level of intensive care. Conversely, the association between 

female sex and lower THC is less straightforward. For instance, 
some studies have argued the presence of sex disparities in resource 
utilization and quality of care for postmenopausal women, particu-
larly in cardiovascular disease management.23 Therefore, additional 
research is essential to further investigate the influence of sex on 
LOS and THC in CHB cases and other related conduction disorders. 
Understanding these dynamics could help inform more equitable 
healthcare practices and resource allocation for both male and fe-
male patients.

4.4  |  Limitations and strengths

The findings of this study should be interpreted with caution due 
to several inherent limitations associated with research utilizing 
the NRD. Firstly, there may be potential inaccuracies or incom-
plete information in the ICD-10 codes employed for patient clas-
sification. Secondly, details about CHB such as its etiology, patient 
baseline EKG characteristics and chronicity, were not factored 
into the analysis used in this study. Furthermore, specific details 
regarding regarding access to subspecialty services such as car-
diovascular electrophysiology were not available. Additionally, 
NRD does not differentiate between secondary diagnoses that 
are present at admission and those identified during hospitali-
zation, which restricts our ability to draw conclusions about the 
timing and duration of these secondary diagnoses.3 Furthermore, 
the NRD does not capture data regarding race, as such race was 
not adjusted for during our analysis. Despite these limitations, it 
is noteworthy that the AHRQ routinely conducts data quality as-
sessments on the NRD, which helps to enhance the integrity of 
the data and minimize the risk of errors. Moreover, when appro-
priately weighted, the NRD sample reflects a broad cross-section 
of the US population, allowing for a more comprehensive under-
standing of inpatient outcomes.

5  |  CONCLUSIONS

This analysis reveals significant sex-based disparities in CHB treat-
ment and outcomes. Female patients experienced delayed and 
reduced pacemaker utilization alongside higher rates of fatal and 
non-fatal complications. Despite longer hospital stays, a female 
sex was associated with lower THC when compared to male sex, 
suggesting the presence of sex based disparities in pacing inter-
ventions for CHB. These findings parallel documented sex dis-
parities across cardiovascular care, likely stemming from delays in 
guideline-directed treatment, under-studied sex based clinical risk 
differences, and inconsistent application of diagnostic and thera-
peutic interventions.

Healthcare providers must recognize female patients as a high-
risk group for adverse outcomes in high-grade conduction disease. 
This understanding should drive focused research into the root 
causes of these inequities and inform targeted interventions. By 
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addressing these systemic disparities, the medical community can 
work toward reducing cardiovascular disease burden and establish-
ing more equitable, sex-specific approaches to patient care that im-
prove outcomes for all populations.
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