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Abstract: Infectious diseases like infective endocarditis (IE) may manifest or progress differently
between sexes. This study sought to identify the differences in demographic and clinical characteris-
tics among male and female patients with IE. Data were obtained from a newly developed registry
comprising all adult patients with first IE admission at the four major tertiary cardiovascular centers
in West Virginia, USA during 2014–2018. Patient characteristics were compared between males
and females using Chi-square test, Fisher’s exact test, and Wilcoxon rank-sum test. A secondary
analysis was restricted to IE patients with drug use only. Among 780 unique patients (390 males,
390 females), significantly more women (a) were younger than males (median age 34.9 vs. 41.4,
p < 0.001); (b) reported drug use (77.7% vs. 64.1%, p < 0.001); (c) had tricuspid valve endocarditis
(46.4% vs. 30.8%, p < 0.001); and (d) were discharged against medical advice (20% vs. 9.5%, p < 0.001).
These differences persisted even within the subgroup of patients with drug use-associated IE. In a
state with one of the highest incidences of drug use and overdose deaths, the significantly higher inci-
dent IE cases in younger women and higher proportion of women leaving treatment against medical
advice are striking. Differential characteristics between male and female patients are important to
inform strategies for specialized treatment and care.

Keywords: infective endocarditis; West Virginia; sex; male-female differences; electronic medical records

1. Introduction

Infective endocarditis (IE) is a potentially lethal disease that carries an in-hospital mor-
tality approximating 20% [1,2]. Further, IE can lead to several cardiovascular complications,
with heart failure occurring in up to 40% of patients [3]. Outcomes are worse for IE patients
with underlying cardiovascular disease (CVD), especially those with valvular sclerosis [4].
Earlier estimates of IE incidence in the United States were 10–15 per 100,000 population [5],
but the number of cases has increased sharply in recent years, predominantly attributable
to IE acquired through injection drug use [6].

Many infections present and manifest differently in male and female patients. The
physiological and anatomical differences in males and females may result in differences
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in the exposure, transmission, and control of a pathogen [7]. The immune system is also
affected by sex [8]. Despite sex differences influencing the response to infectious diseases,
they are largely overlooked [9]. Indeed, IE reportedly occurs more frequently in men,
with a male-female ratio ranging between 2:1 and 9:1 [10–13]. Beyond this, however,
sex differences are not adequately defined for causative agents, pre-exiting conditions,
management, and outcomes among IE patients.

The few existing studies on sex differences in IE yielded contradictory findings [10,13–16].
In two prospective studies of patients with IE, results showed sex differences in univariate
analysis; however, multivariable analyses demonstrated that underlying comorbidities
or preoperative risk factors, and not sex differences, were the reasons for the observed
differences in the clinical outcomes between male and female patients with IE [13,17]. Sex
differences were also not evident in treatment strategies, in-hospital outcomes, or mortality
in patients with IE [15,16]. In contrast, a recent retrospective study reported significant
differences between sexes in infective organisms found in IE [14]. Female sex was found
to be independently associated with higher mortality among patients with IE [10,14].
Additionally, among patients with native valve IE, men are more likely to have aortic valve
involvement while females are more likely to have mitral valve involvement [17].

Sex can affect the risk of presentation of several health conditions, including cardio-
vascular diseases (CVD). Females have a lower risk of CVD before menopause, which,
from animal model studies, is attributed to the potential protective roles of estrogen against
endothelial damage [18,19]. However, this protective effect is abated by female-specific
CVD risks such as hormonal contraceptives use, pregnancy related complications, and
menopausal transition, all of which can increase CVD risk [20]. Importantly, the higher
rate of CVD comorbidities in post-menopausal women could increase their risk of a severe
presentation of IE with unfavorable outcomes. Comorbidities could also contribute to
the observed sex differences in the management and outcomes of IE [13]. Conversely,
physiological differences and manifestation of IE could further amplify its morbidity and
mortality in female patients. Moreover, patients with more severe presentation of IE may
not be eligible for invasive therapeutic options, given inherent morbidity/mortality risk
associated with the intervention.

A richer understanding of potential sex differences in IE would benefit approaches
to prevention, treatment, and management of IE. In this study, we assessed demographic
and clinical characteristics by sex for patients with IE and their substance use behaviors,
capturing most of the cases in an Appalachian state (West Virginia, WV) with one of the
highest incidences of drug use and overdose deaths in the United States of America.

2. Methods

This study utilized data from a recent database developed from a comprehensive
multisite chart review of electronic medical records of all adult patients ≥18 and <90 years
of age with IE admitted at the four major tertiary cardiovascular centers in WV between
1 January 2014 and 31 December 2018. The hospitals in the study are the only tertiary
centers in the state with the capability to perform heart surgery, and patients are referred
to these centers from across the entire state. The team of cardiologists, infectious disease
specialists, and other providers that worked on this project have a consensus based on
discussions with colleagues that 90–95% of the IE cases in the state are likely to be treated
in these four centers, and therefore the database is as representative of IE cases in the entire
state as is possible.

Only the first admission was considered for each patient. Patients were identified by
IE-associated ICD 10 codes (B376, I33.0, I33.9, I34.0, I34.8, I35.0, I35.1, I35.2, I35.8, I35.9, I36.0,
I36.8, I37.0, I37.8, I38, I39) included in their electronic medical records. Manual chart reviews
were performed for confirmed IE diagnosis. Study data were collected and managed using
REDCap electronic data capture tools hosted at West Virginia University [21]. West Virginia
University served as the Institutional Review Board of oversight and approved the study
(IRB protocol number: 1811373348).
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Data on race (white vs. other/mixed), age (continuous), smoking status (current
smoker, ex-smoker, non-smoker), alcohol use (current alcohol use, ex-alcohol use and no
alcohol use), drug use before hospital admission, discharge status, including discharged
against medical advice (AMA) and death, comorbidities, psychiatric disorders, affected
valve, and causative organisms are presented by sex (male/female). The microbiology labs
in all centers used the MALDI-TOF mass spec identifications as the primary method for
identification of yeast and bacteria.

We present categorical variables as counts and percentages. Chi-square test or Fisher’s
exact test when expected cell count was <5 were used to compare between groups with
two categories. Continuous variables are presented as median and interquartile range
(IQR). Medians were compared using the nonparametric Wilcoxon rank-sum test. Statistical
analyses were conducted using SPSS version 27. Statistical significance was accepted at
p < 0.05. p-values were highlighted for statistical significance in the tables after adjustments
were made using Bonferroni correction wherever multiple tests were conducted. In addi-
tion, we conducted a secondary analysis among the subset of IE patients with drug use
given the potential differences in characteristics associated with drug use.

3. Results

In a medical chart review of electronic health records covering the four largest
university-affiliated hospitals in WV, we identified 780 unique patients with IE across
5 years. Incident IE cases were equal by sex, with 390 males and 390 females. The incidence
of IE increased during the study period (2014–2018), but the increase was similar among
males and females (Table 1).

Table 1. Characteristics of male and female patients with IE* in WV: 2014–2018.

Male Female p-Value

N = 390 50.0% N = 390 50.0%
N % N %

Year 0.543
2014 28 7.2 22 5.6
2015 45 11.5 34 8.7
2016 66 16.9 76 19.5
2017 115 29.5 116 29.7
2018 136 34.9 142 36.4
Race 0.962

White/Caucasian 372 95.4 364 93.3
Other/Mixed 10 2.6 10 2.6

Missing 8 2.1 16 4.1
Smoking status <0.001
Current smoker 219 56.2 280 71.8

Ex-smoker 80 20.5 32 8.2
Non-smoker 55 14.1 43 11.0

Missing 36 9.2 35 9.0
Alcohol use <0.001

Current alcohol use 90 23.1 65 16.7
Prior alcohol use 54 13.8 14 3.6
No alcohol use 187 47.9 221 56.7

Missing 59 15.1 90 23.1
Drug use <0.001

Yes 250 64.1 303 77.7
No 132 33.8 82 21.0

Missing 8 2.1 5 1.3

Age Median IQR** Median IQR** <0.001
41.42 26.87 34.94 19.02

IE*: infective endocarditis; IQR**: inter-quartile range.
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Some demographic and clinical characteristics differed significantly by sex for patients
with IE (Table 1). Female patients were significantly younger overall than males (median
age 34.9 vs. 41.4, p < 0.001). Compared with males, a higher proportion of females were
in the younger (18–44 years) age group (72.1% vs. 55.3%, p < 0.001) (Figure 1); were
current smokers (71.8% vs. 56.2%, p < 0.001); had used drugs before hospital admission
(77.7% vs. 64.1%, p < 0.001). There was no statistically significant difference between sexes
over the years with respect to current alcohol use. However, we did see an increasing
proportion of female patients with IE who were current smokers from 2014 to 2018 (data
not shown).
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Figure 1. Number of male and female patients with infective endocarditis in West Virginia by age
groups: 2014–2018.

Further, as presented in Table 2, a significantly higher proportion of women had some
forms of psychiatric disorders, specifically, depression (27.2% vs. 14.4%, p < 0.001) and
bipolar disorder (8.2% vs. 2.3%, p < 0.001). There was no significant difference between
males and females concerning substance use disorder. Similarly, significantly more women
had two or more psychiatric disorders (29.0% vs. 17.7%, p < 0.001). However, more
men had comorbidities other than psychiatric disorders, such as coronary artery disease
(15.9% vs. 8.5%, p = 0.001) and peripheral vascular disease (10% vs. 4.6%, p = 0.004). We
did not find statistically significant difference between sexes with respect to comorbidities
when analyzed separately by years (data not shown).

Male and female patients also differed in the clinical characteristics of IE. A signifi-
cantly larger proportion of females compared to males had tricuspid valve endocarditis
(53.8% vs. 36.4%, p < 0.001); more men had aortic valve endocarditis (35.6% vs. 15.4%,
p < 0.001). A significantly larger proportion of men compared to women had IE caused by
Streptococcus, including Viridans Streptococci (16.4% vs. 8.0%, p < 0.001) and Enterococcus
species (10.8% vs. 4.6%, p = 0.001).

Hospital discharges also differed by sex. Significantly more men than women were
discharged alive after treatment completion (80.3% vs. 71%, p = 0.003). Strikingly, the
percentage of women discharged against medical advice (AMA) was twice that of men
(20% vs. 9.5%, p < 0.001). When stratified by age (<50 vs. >=50) as a proxy for post-
menopausal age, we found statistically significant difference in mortality among older
women compared with younger women; but this difference did not exist among men (data
not shown).
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Table 2. Clinical features of patients with IE* stratified by sex.

Male Female p-Value

N = 390 50.0% N = 390 50.0%
N % N %

Causative organisms
MRSA† 148 37.9 185 47.4 0.007
MSSA†† 91 23.3 112 28.7 0.087

Other 41 10.5 34 8.7 <0.01
Other Streptococci species 43 11.0 26 6.7 0.032

Enterococcus species 42 10.8 18 4.6 0.001
Candida species 22 5.6 26 6.7 0.551
Serratia species 19 4.9 23 5.9 0.526

Culture negative 16 4.1 16 4.1 1.000
Viridans Streptococci 21 5.4 5 1.3 0.001

Klebsiella species 9 2.3 7 1.8 0.613
Comorbidities

Psychiatric disorders 142 36.4 178 45.6 0.009
Hypertension 132 33.8 98 25.1 0.008

Type 2 Diabetes 65 16.7 58 14.9 0.492
Coronary Artery Disease 62 15.9 33 8.5 0.001

Chronic lung disease 45 11.5 44 11.3 0.910
Hyperlipidemia 53 13.6 32 8.2 0.016

Acute kidney injury 36 9.2 41 10.5 0.548
Chronic kidney disease 45 11.5 25 6.4 0.012

Stroke 30 7.7 31 7.9 0.894
Peripheral vascular disease 39 10.0 18 4.6 0.004

Metastatic infections 15 3.8 24 6.2 0.139
Number of comorbidities 0.619

0 91 23.3 100 25.6
1 135 34.6 138 35.4
2 67 17.2 70 17.9

3 or more 97 24.9 82 21.0
Psychiatric disorders

Substance Use disorder 111 28.5 122 31.3 0.389
Depression 56 14.4 106 27.2 <0.001

Anxiety 58 14.9 83 21.3 0.020
Bipolar disorder 9 2.3 32 8.2 <0.001

Post Traumatic Stress Disorder 12 3.1 24 6.2 0.041
Number of psychiatric

disorders 0.001

1 72 18.5 63 16.2
2 38 9.7 51 13.1

3 or more 31 7.9 62 15.9
0 or missing 249 63.8 214 54.9

Valve
Tricuspid 142 36.4 210 53.8 <0.001

Mitral 111 28.5 124 31.8 0.31
Aortic 139 35.6 60 15.4 <0.001

Pulmonic 10 2.6 13 3.3 0.525
Discharge status
Discharge alive 313 80.3 277 71.0 0.003

Death 40 10.3 35 9.0 0.544
Against Medical Advice 37 9.5 78 20.0 <0.001

IE*: infective endocarditis; MRSA†: staphylococcus aureus, methicillin resistant; MSSA††: staphylococcus
aureus, methicillin.

Table 3 shows the results among the subgroup of patients with drug use-associated
IE, which were consistent with the characteristics of the overall sample. Female patients
with drug use-associated IE were significantly younger overall than males (median age
35.7 vs. 32.2, p < 0.001). Significantly more women had two or more psychiatric disor-
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ders (34.6% vs. 25.6%, p < 0.039), with more depression and bipolar disorder. A signifi-
cantly larger proportion of females compared to males had tricuspid valve endocarditis
(65.7% vs. 44.8%, p < 0.001); more men had aortic valve endocarditis (29.6% vs. 12.2%,
p < 0.001). Lastly, a significantly higher proportion of women were discharged against
medical advice (24.8% vs. 14%, p = 0.002). In this sub-population, there were no statistically
significant differences between men and women in MRSA-associated IE and substance use
disorder, unlike the overall patients with IE. Over 70% of the patients with drug use had
documentation in their charts that they injected drugs (data not shown).

Table 3. Clinical features of patients with drug use-associated IE* stratified by sex.

Male Female p-Value

N = 250 N = 303
N % N %

Smoking status 0.001
Current smoker 183 73.2 253 83.5

Ex-smoker 30 12.0 13 4.3
Non-smoker 16 6.4 10 3.3

Missing 20 8.0 27 8.9
Alcohol use <0.001

Current alcohol use 60 24.0 57 18.8
Prior alcohol use 40 16.0 12 4.0
No alcohol use 111 44.4 165 54.5

Missing 38 15.2 68 22.4
Comorbidities

Psychiatric disorders 124 49.6 159 52.5 0.501
Hypertension 44 17.6 46 15.2 0.443

Type 2 diabetes 17 6.8 22 7.3 0.833
Coronary artery disease 15 6.0 8 2.6 0.049

Chronic lung disease 18 7.2 25 8.3 0.646
Hyperlipidemia 11 4.4 8 2.6 0.258

Acute kidney injury 17 6.8 32 10.6 0.121
Chronic kidney disease 14 5.6 9 3.0 0.123

Stroke 17 6.8 15 5.0 0.354
Peripheral vascular disease 16 6.4 6 2.0 0.008

Metastatic infections 8 3.2 22 7.3 0.036
Psychiatric disorders

Substance use disorder 107 42.8 118 38.9 0.358
Depression 44 17.6 93 30.7 <0.001

Anxiety 50 20.0 74 24.4 0.215
Bipolar disorder 9 3.6 31 10.2 0.003

Post traumatic stress disorder 12 4.8 24 7.9 0.139
Number of psychiatric

disorders 0.039

1 60 24.0 52 17.2
2 33 13.2 44 14.5

3 or more 31 12.4 61 20.1
0 or missing 126 50.4 146 48.2

Valve
Tricuspid 112 44.8 199 65.7 <0.001

Mitral 64 25.6 72 23.8 0.617
Aortic 74 29.6 37 12.2 <0.001

Pulmonic 9 3.6 12 4.0 0.825
Discharge status
Discharge alive 192 76.8 211 69.6 0.059

Death 23 9.2 17 5.6 0.105
Against medical advice 35 14.0 75 24.8 0.002

Age Median IQR** Median IQR** <0.001
35.66 13.07 32.19 13.28

IE*: infective endocarditis; IQR**: inter-quartile range.
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4. Discussion

In this large retrospective study incorporating review of electronic medical records
from the four largest university-affiliated hospitals in WV during 2014–2018, we found
an equal incidence of IE among males and females, but several statistically significant
sex-related differences in demographic and clinical characteristics. Female patients with
IE were much younger overall, current smokers, had drug use—particularly injection
drug use—before hospital admission, used opioids and polydrugs, were on medication
for opioid use disorder before hospital admission, and had higher burden of psychiatric
disorders, including, depression, anxiety, and bipolar disorder. However, when the anal-
ysis was restricted to patients with drug use-associated IE only, men and women were
not significantly different in the diagnosis of substance use disorder, suggesting that the
disorder was largely linked to drug use.

In this study, we observed that the incidence of hospital visits for IE grew annually
across the study period for both males and females. This is consistent with a significant
increase in the incidence of IE in the United States (US) [22]. While most studies reported
a male predominance of IE [10,14,15,22–24], a few noted a higher proportion of females
with IE [25,26]. The incidence of IE was similar in both sexes in our study. Data from the
United States Census Bureau show that women make up about equal proportion (49.5%)
of the state population and the proportion of male to female population has remained
constant during the study period (2014–2018) [27].

Findings on the average age of male and female patients with IE have been contra-
dictory. Several studies showed that male patients were significantly older than female
patients [15,28]; others concluded the opposite [10,14]. Notably, prior work also indicated
significant increases in IE rates with increasing age in both sexes [23,29]. In our study, we
found a significantly lower average age for females with IE compared with males; the inci-
dence of IE was also higher in younger females (18–44 years). Our results corroborate those
of a study utilizing data from the Health Care and Utilization Project National Inpatient
Sample between 2000 and 2013, which found a trend of injection drug use-associated IE
hospitalizations shifting toward younger white females [30]. Estimates from a household
interview survey of the US civilian population demonstrate that over 42% of the population,
aged 18–34 years, reported non-medical use of medication or psychoactive substance in the
past month compared to 8% of the people aged 35 years or older [31]. Findings demonstrate
the higher prevalence of drug use in the younger population, the prevalent opioid epidemic
in the geographic region, and injection drug use-related IE being the predominant etiology.

There is an association between smoking, non-medical drug use, and IE [32]. In our
study, while a high proportion of both men and women with IE were current smokers,
significantly more women than men were current smokers. WV data from the Behavioral
Risk Factor Surveillance System (BRFSS) for the years 2016–2018 show no significant gender
difference in the prevalence of current cigarette smoking: men—25.7%, 25.1%, 25.8%, and
women—24.8%, 26.9%, 23.9% for the years 2018–2016, respectively—unlike the data from
our study [33]. Compared to the BRFSS data, the proportion of smokers among our patient
population was much higher (2.2 times higher in males and 2.8 times higher among female
patients with IE). The prevalence of heavy drinking in BRFSS was significantly higher
among men than among women in WV: with men having prevalences of 6.5%, 4.5%, and
4.6%, and women having prevalences of 2.1%, 2.7%, and 2.5% for the same years. Our
data also show a significantly higher proportion of male patients with IE who had current
alcohol use.

While findings from our study demonstrate significantly more female patients with
tricuspid valve endocarditis, other studies found either equal involvement of the tricuspid
valve among both males and females or more among male patients [17,34]. The tricuspid
valve is commonly affected among the IE patients with injection drug use [24], and we ob-
served a higher proportion of female patients with drug use in our study. Strikingly, unlike
our results, other studies found a higher proportion of female patients who were diagnosed
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with mitral valve endocarditis [11,13,17,35]. Our observation of higher involvement of
aortic valve among male patients with IE corroborate findings from other studies [11,17,36].

Interestingly, we also detected differences by sex in the causal organisms. A large
cohort study demonstrated the role of host or pathogen-specific characteristics and asso-
ciation with poor outcomes in patients with IE [37]. Consistent with prior studies [38,39],
Staphylococcus was the leading causative microorganism of IE in our study. However,
MRSA organisms were detected in almost half (47.3%) of female patients with IE, which
was significantly higher when compared with male patients. A recent study in patients
with IE in Egypt showed that more males, compared with females, had Staphylococcal
organisms, though the difference was not statistically significant [15]. Our study found
that more men compared with women had other Streptococcus and Enterococcus species.
However, we did not collect data on the bacteria classified as “other streptococci”. In
our study, the difference in MRSA-associated IE ceased to exist when restricted to drug
use-associated IE, indicating an association between drug use and MRSA infection.

Discharges AMA are associated with poor prognosis, including higher mortality and
readmissions [40,41]. Yet, it is common for patients with IE to leave the hospital AMA,
especially among people who inject drugs [40,42]. Our analysis showed females are more
likely to leave AMA compared to males. These findings are different from many studies
where the general trend is higher proportion of men being discharged AMA [40,43–45].
There are several possible reasons for discharge AMA, especially for women, which may in-
clude childcare, craving for drugs, poor pain control, opioid withdrawal, or dissatisfaction
within the hospital setting. We did not observe a difference between in-hospital mortal-
ity in male and female patients, similar to another large prospective French study [11].
However, studies have found conflicting results, with higher in-hospital mortality in
women [13,35] or men [46]. Since female patients in our study had a high rate of discharge
AMA, a prospective cohort study following the patients who were discharged AMA is
critical to understanding the reasons for these outcomes.

This study has some limitations. A limitation of the retrospective design is the lack of
long-term follow-up data, especially for patient outcomes after discharge from hospital.
Additionally, because WV’s population is primarily white [47], the results may not be
generalizable to IE patients of other racial groups. While some IE patients in the state may
not have been treated in our referral hospitals, the increase in female cases is unlikely be
a result of differing referral patterns, as there are no other instate tertiary care hospitals
available and most IE cases would not be able to afford out-of-state treatment.

The strengths of our study include data from multiple large tertiary care institutions
that are geographically dispersed in the state of WV. We conducted a thorough medical
record review of every patient, reviewing the information from several different sources
within the record, such as hospital narratives, history and physical notes, operative notes,
consultation notes, screening and test results, and discharge summary. Therefore, we
were able to overcome the problem of missing information that generally arises from
data retrieved only on the basis of ICD-CM codes. In addition, the availability of data in
medical charts offered a low-cost option for us to develop the database that we used for this
study. We adequately identified and operationalized the study variables, and trained and
monitored the data abstractors. We used standardized abstraction form through REDCap
that provided a centralized data storage location and reduced input and data transcription
error. We had access to granular data for both male and female patients with IE, including
the microbiologic etiology, type of IE (right versus left-sided), and comorbidities.

5. Conclusions

The significantly higher incidence of IE in younger women and higher proportion of
women leaving treatment against medical advice are distinct features in a state with one of
the highest incidences of drug use and overdose deaths. These differential characteristics
between male and female patients suggest that younger females with injection drug use
are more susceptible to developing IE than similarly aged males. More clinical and social-
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behavioral research is needed to explain the possible reasons for this discrepancy between
younger males and females. Sex differences may help inform strategies for specialized
treatment and care, and guide future research to better understand risk differences among
male and female patients with IE.
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