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Summary
Background The characteristics of infective endocarditis (IE) in Asians are poorly understood. Therefore, we aim to
describe the epidemiological trends and clinical features of IE in Hong Kong.

Methods All patients with incident IE from 2002−2019 in a territory-wide clinical database in Hong Kong were
identified. We studied the age- and sex-adjusted and one-year mortality of IE between 2002 and 2019 and identified
significant contributors to 1-year all-cause death using the attributable fraction. We used propensity score and inverse
propensity of treatment weighting to study the association of surgery with mortality.

Findings A total of 5139 patients (60.4 § 18.2years, 37% women) were included. The overall incidence of IE was 4.9
per 100,000 person-year, which did not change over time (P = 0.17). Patients in 2019 were older and more comorbid
than those in 2002. The one-year crude mortality rate was 30% in 2002, which did not change significantly over
time (P = 0.10). Between 2002 and 2019, the rate of surgery increased and was associated with a 51% risk reduction
in 1-year all-cause mortality (Hazard Ratio 0.49 [0.28−0.87], P = 0.015). Advanced age (attributable fraction 19%)
and comorbidities (attributable fraction 15%) were significant contributors to death.

Interpretation The incidence of IE in Hong Kong did not change between 2002 and 2019. Patients with IE in 2019
were older and had more comorbidities than those in 2002. Mortality of IE remains persistently high in Hong
Kong. Together, these data can guide public health strategies to improve the outcomes of patients with IE.
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Research in context

Evidence before this study

Infective endocarditis (IE) is associated with high mortal-
ity, posing an unresolved burden to our healthcare sys-
tem. The epidemiological and clinical characteristics of
IE are known to exhibit substantial geographical vari-
ability. We searched the Cochrane Library and PubMed
for publications describing the epidemiology of IE pub-
lished between Jan 1, 1990, and December 31, 2020,
using the search terms “epidemiology”, “incidence”,
“outcomes”, and “infective endocarditis”. No prior
reports have comprehensively evaluated the character-
istics of patients with IE in the Asian continent from
both an epidemiological and clinical perspective. Fur-
thermore, the effect of restriction of antibiotic prophy-
laxis on the incidence of IE, which has only been
analysed previously only in Western cohorts, remains
undefined in Asian populations.

Added value of this study

Our study provides important and novel evidence on
the epidemiology and clinical characteristics of IE in a
large, contemporary Chinese cohort based in Hong
Kong. The overall incidence remained static over the
past two decades and did not change following the
restriction of antibiotic prophylaxis. While aging and the
accompanying rise in comorbidities have been the
major contributors to the dismal prognosis of IE, the
burden has been further aggravated by the alarming
rise in Methicillin-resistant Staphylococcus aureus
(MRSA) endocarditis. The mortality and complication
rate of IE remained irresistibly high, despite substantial
survival benefits associated with surgical intervention
and rising surgery rates over time.

Our study also provides insights into the geographi-
cal variation in the aetiology and microbiology of IE.
While the proportion of prosthetic-valve endocarditis in
Hong Kong appeared to be lower than that in the Euro-
pean and North American continent, the burden of
drug abuse-related endocarditis and the associated
Staphylococcal IE was greater in North America than in
Hong Kong/European region.

Implications of all the available evidence

Patients with IE have evolved to be increasingly older
with more comorbidities, which contributed to the per-
sistently high mortality, highlighting the alarming pub-
lic health burden of IE across the globe. The present
study confirmed the applicability and generalizability of
Western guidelines on antibiotic prophylaxis to a Chi-
nese population where chronic rheumatic heart disease,
a significant risk factor for IE, remains prevalent. The
importance of surgical intervention was further rein-
forced, stressing the importance of following evidence-
based recommendations and removing barriers to sur-
gery. The unique characteristics of IE in an Asian popula-
tion were revealed and evaluated comprehensively,
providing important insights into the geographical
disparities in epidemiological and clinical profiles of
patients with IE, which may inform healthcare service
planning and primary/secondary preventive interven-
tion strategies.
Introduction
Infective endocarditis (IE) is prevalent and associated with
high mortality, posing an unresolved burden to our
healthcare system.1,2 The epidemiological and clinical
characteristics of IE are known to exhibit substantial geo-
graphical variability.2−7 However, most studies were car-
ried in North America and Europe.1,4−6 Previous studies
performed in Asia were either from a single centre or did
not comprehensively assess changes in incidence, demo-
graphics, and outcomes.8−12 The temporal changes in
incidence, patient characteristics, and related mortality of
IE, remain unknown in the Asian population.

Understanding the factors contributing to the dismal
outcomes of IE is imperative to optimize public health
intervention strategies, allocate healthcare resources
and ultimately improve patient outcomes. Given the sig-
nificant knowledge gaps in the epidemiology and char-
acteristics of IE in an Asian population, the objectives of
this study were to: (1) describe the patterns and tempo-
ral trends in incidence, comorbidities, microbiology,
and outcomes spanning over 2 decades, and (2) identify
the key contributors to death in IE patients in a large
Chinese population.
Methods

Data source
This study used data from the Clinical Data Analysis
Reporting System (CDARS), a territory-wide database
developed by the Hong Kong Hospital Authority since
January 1, 1993. The Hospital Authority is the sole pub-
lic healthcare provider in Hong Kong, covering >80%
of secondary and tertiary care in Hong Kong with a pop-
ulation of around 7.5 million.13,14 Patients’ clinical infor-
mation, including demographics, diagnoses, blood
tests, and surgical treatments, were prospectively
recorded in CDARS. Previous high-quality population-
based studies have validated the coding accuracy of
CDARS.13−15 The institutional review board of The Uni-
versity of Hong Kong and the West Cluster of Hong
Kong Hospital Authority has approved this study (UW
20-819).
Participants
We included all patients aged 20 or above newly diag-
nosed with IE between January 1, 2002, and December
31, 2019. We adopted a look-back period of 9 years to
minimize the risk of recurrent episodes of IE from
www.thelancet.com Vol 22 Month May, 2022
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being defined as the incident episode. The diagnosis of
IE was defined using International Classification of Dis-
eases 9 (ICD-9) codes (Appendix Table 1). In our valida-
tion exercise, there was a high diagnostic accuracy with
a positive predictive value of 88.8% (95% confidence
interval [CI] 84.8 to 92.9), which was comparable to
that in previous studies4,6 (Appendix Text 1).

We extracted demographic information (age, sex),
aetiology of IE, comorbidities, predisposing factors for
IE, clinical course during hospitalization, blood culture
and sensitivity testing information, mode of acquisition,
and information on death (death status and date) for
each patient with IE. Appendix Table 1 shows the ICD-9
codes used for defining the comorbidities. We catego-
rized the aetiology of IE as native-valve endocarditis,
prosthetic-valve endocarditis, cardiac device-related
endocarditis, or drug abuse-related endocarditis (Appen-
dix Figure 1).6 Appendix Table 1 and Appendix Figure 2
show the ICD-9 codes and the hierarchical allocation
algorithm for the acquisition mode. Acquisition mode
categories included community-acquired endocarditis
and healthcare-associated IE.6 We categorized health-
care-associated IE further into non-nosocomial endocar-
ditis and nosocomial endocarditis.6 Appendix Figure 3
shows the hierarchical allocation algorithm for classify-
ing the groups of causative organisms based on blood
culture results directly obtained during hospitalization
(not based on ICD-9 codes).

The primary outcome was 1-year all-cause mortality.
Other outcomes of interest include 30-day all-cause
mortality. Patient follow-up was censored at the date of
death, or end of the study (December 31, 2020). Mortal-
ity rate was estimated by dividing the total number of
deaths at follow-up by the total number of patients and
was reported in %.
Statistical analysis
The crude incidence of IE was calculated by dividing the
number of patients with incident IE in each year by the
total population of Hong Kong.16 To account for
changes in age and sex in the population, direct stan-
dardization was applied with the population in 2002 as
the reference. To evaluate the temporal trends in the
incidence of IE, Poisson regression analysis adjusted for
age and sex was performed. To allow for over-disper-
sion, a scaling factor (quasi-Poisson) was used.4 Sub-
group analyses of the incidence according to age group
and sex were performed. Trends in incidence were
assessed by annual percentage change (APC). An inter-
rupted time-series analysis was used to evaluate the
change in the incidence of IE after implementing new
antibiotic prophylaxis guidelines in 2007.4,6,17 A sensi-
tivity analysis using 200818 and 200919 as the year of
guideline revision was performed. The incidence was
reported per 100,000 person-year.
www.thelancet.com Vol 22 Month May, 2022
Baseline characteristics (demographics, comorbid-
ities including the modified Charlson Comorbidity
Index [CCI],20 aetiology of IE, predisposing factors,
causative organism, mode of acquisition) were
summarized by 6 calendar year groups. For descriptive
analysis, continuous variables were reported as
means § standard deviations (mean § SD), while cate-
gorical variables were reported as proportions out of the
total number of IE cases. Trends in baseline patient
characteristics were evaluated using Log-Linear Poisson
regression and the APC was reported; linear regression
was used to evaluate the trends in patient age and CCI.6

A propensity score approach was employed to evalu-
ate the mortality rate between patients with and without
surgical intervention. Variables that were considered
prognostically significant or those that influenced treat-
ment selection, including age, sex, hospital/centre clus-
ter, comorbidities, aetiology, microbiology, and mode of
acquisition, were included as covariates and logistically
regressed to the probability of receiving surgery using
covariate balancing propensity score.21,22 An inverse
propensity of treatment weighting (IPTW) was used,
which allowed a pseudo-population to be created
through assigning individuals with weights that corre-
sponded to the inverse of their probability of receiving
treatment given observed covariates. The differences in
the prevalence of covariates were considered insignifi-
cant if the standardized mean difference (SMD) was
≤0.10. A Cox proportional-hazards model was used to
evaluate the relative risk of 1-year all-cause death in
patients who received surgical intervention compared to
those who did not. The “doubly-robust estimation”,
where covariates used in calculating the propensity
score were further adjusted for in the Cox model, was
performed to minimise confounding.21 To account for
potential immortal time bias, the time from diagnosis
of IE to performing surgery was considered and was
incorporated as a time-dependent covariate in an
extended Cox model.23 To ensure non-violation of the
proportionality and linearity of covariates assumption,
we inspected the Schoenfeld residuals and Martingale
residuals, respectively. To quantify the effect size,
we reported the omega squared (v2) for surgical inter-
vention.

To evaluate the trends in outcomes, multivariable
Cox regression was performed, adjusted for age, sex,
baseline comorbidities, aetiology of IE, mode of acquisi-
tion, causative organism, and surgical intervention.
Using a hazard risk approach, an attributable fraction
analysis was performed to evaluate the contribution of
age, CCI, comorbidities, causative organism, aetiology,
mode of acquisition, and surgical intervention to 1-year
all-cause death. The details through which the attribut-
able fractions and the corresponding 95% CI were cal-
culated are shown in Appendix Text 2.

All statistical tests for temporal trends were per-
formed using individual years as a continuous variable,
3
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instead of calendar year groups. All tests were 2-tailed,
and statistical significance was defined as P < 0.05. Sta-
tistical analyses were performed using R (v4.0.4) with
the “survival”, “CBPS”, and “AF” packages.
Role of funding source
The funding source of the study had no role in the study
design, data collection, data analysis, data interpreta-
tion, or writing of the manuscript. The corresponding
author had full access to all data.
Results

Study population and Incidence
A total of 5139 patients (age 60.4 § 18.2 years; 1918
[37.3%] women) had incident IE from 2002 to 2019
(Table 1).

The overall incidence of infective endocarditis was
4.9 (95% CI 4.8 to 5.1) cases per 100,000 person-year.
The incidence of IE was reported in 5.1 (95% CI 4.8 to
5.4) cases per 100,000 person-year between 2002 and
2005. The most recent incidence of IE was recorded as
5.4 (95% CI 5.1 to 5.7) cases per 100,000 person-year
between 2016 and 2019. After adjustment for age and
sex, the incidence did not significantly change over time
(APC 2.0%, 95% CI �0.7 to 4.8, P = 0.17). Appendix
Figure 4 and Appendix Table 2 show the trends in age-
and sex-standardized incidence in the overall population
by age group and sex. The incidence in men (6.7 per
100,000 person-year) was nearly twice that in women
(3.4 per 100,000 person-year). Interrupted time series
analysis did not demonstrate a significant change in the
incidence of IE (relative risk of change 0.86, 95% CI
0.70 to 1.06, P = 0.18) (Figure 1) following the revision
of guidelines on antibiotic prophylaxis in 2007. Sensi-
tivity analysis using 2008 and 2009 as the year of
implementation of guidelines showed consistent results
(Appendix Table 3).
Aetiology
Most patients with IE in Hong Kong had native-valve
endocarditis (92.3%) and the proportion remained sta-
ble over time (APC 0.0%, 95% CI �0.2 to 0.1,
P = 0.86). The proportion of drug abuse-related endo-
carditis decreased (APC �6.7%, 95% CI �11.6 to �1.7,
P = 0.011). For prosthetic-valve endocarditis, although
the increase from 2002−2019 was non-significant
(APC 1.2%, 95% �0.8 to 3.3, P = 0.23), there was a
surge from 2014−2019 (APC 11.3%, 95% CI 0.7 to 23.2,
P = 0.037).
Microbiology
Staphylococcus aureus (1,205, 23.4%) and Streptococci
(1125, 21.5%) were the most common organisms
(Table 1). The proportion of culture-negative (APC
0.1%, 95% CI �0.6 to 0.8, P = 0.74), Staphylococcal
(APC 0.2%, 95% CI �0.7 to 1.2, P = 0.63), and Strepto-
coccal (APC 0.5%, 95% CI �0.5 to 1.4, P = 0.36) endo-
carditis did not change over time (Table 1). Notably,
there was significantly increasing trend in Methicillin-
resistant Staphylococcus aureus (MRSA), with an APC of
4.2% (95% CI 1.9 to 6.6, P = 0.00043).
Age and comorbidity profile
The mean age of patients with IE increased significantly
(APC 1.0%, 95% CI 0.8 to 1.1, P < 0.0001). The CCI
increased (APC 3.1%, 95% CI 2.1 to 4¢.1, P < 0.0001),
and the prevalence of individual comorbidities
increased significantly from 2002 to 2019 (Table 1).
Chronic rheumatic heart disease prevalence decreased
significantly over time (APC �3.3%, 95% CI �4.7 to
�1.8, P < 0.0001).
Surgical intervention
Overall, 901 patients (17.5%) underwent surgery. The
rate of surgical intervention significantly increased
(APC 1.4%, 95% CI 0.3 to 2.6, P = 0.016). Those who
received surgery were younger and less comorbid than
those who did not. For both the surgical and non-surgi-
cal cohorts, baseline covariates were well-balanced upon
IPTW (Appendix Table 4). There were 131 and 1,511
deaths among patients who received (N = 901) and did
not receive (N = 4,238), and the crude 1-year mortality
rates were 14.5% and 35.7%, respectively. Surgical inter-
vention was associated with a 51% adjusted-risk reduc-
tion in 1-year all-cause mortality (Hazard ratio [HR]
0.49, 95% CI 0.28 to 0.87, P = 0.015) (Figure 2). The
v2 was 0.029 for surgical intervention. The proportion-
ality and linearity of covariates assumptions of the Cox
model were not violated. There was a null association
between surgery and negative control outcome (spondy-
litis) (HR 0.65, 95% CI 0.31 to 1.37, P = 0.25).
Outcomes
The crude all-cause mortality rate at 1 year increased
from 30% in 2002−2007 to 32% in 2014−2019 (APC
0.7%, 95% CI �0.1 to 1.4, P = 0.087). After adjustment
for confounding factors (age, sex, comorbidities, aetiol-
ogy, mode of acquisition, and causative organism), there
was a trend of reduction in mortality rate (APC �1.1%,
95% CI �2.0 to �0.1, P = 0.029). Interestingly, after
further adjustment for surgical intervention, there was
no significant trend (APC �0.8%, 95% CI �1.7 to 0.2,
P = 0.10).
Attributable fraction analysis
Table 2 shows the proportion of 1-year all-cause deaths
attributable to demographics, comorbidities, aetiology,
www.thelancet.com Vol 22 Month May, 2022



Characteristics Overall 2002−2007 2008−2013 2014−2019 APC (95% CI) P-value*

N 5139 1603 1628 1908

Incidence, cases per 100,000 person-year

Overall 4.9 (4.8 to 5.1) 5.0 (4.7 to 5.2) 4.7 (4.5 to 4.9) 5.1 (4.9 to 5.4) 2.0 (�0.7 to 4.8) 0.17

Male 6.7 (6.5 to 7.0) 6.6 (6.2 to 7.0) 6.4 (6.0 to 6.8) 7.1 (6.7 to 7.5) 1.9 (�0.2 to 4.0) 0.095

Female 3.4 (3.2 to 3.6) 3.4 (3.2 to 3.7) 3.2 (3.0 to 3.5) 3.5 (3.3 to 3.8) �4.4 (�9.1 to 0.3) 0.089

Demographic

Age, mean § SD, years 60.4 § 18.2 56.8 § 18.3 60.2 § 18.0 63.8 § 17.6 1.0 (0.8 to 1.1) < 0.0001y

20−39, n (%) 845 (16.4) 344 (21.5) 271 (16.6) 230 (12.1) �4.6 (�5.7 to �3.5) < 0.0001

40−59, n (%) 1634 (31.8) 574 (35.8) 541 (33.2) 519 (27.2) �2.3 (�3.1 to �1.6) < 0.0001

60−79, n (%) 1800 (35.0) 511 (31.9) 549 (33.7) 740 (38.8) 1.9 (1.2 to 2.7) < 0.0001

≥80, n (%) 860 (16.7) 174 (10.9) 267 (16.4) 419 (22.0) 5.4 (4.2 to 6.7) < 0.0001

Female, n (%) 1918 (37.3) 588 (36.7) 610 (37.5) 720 (37.7) 0.0 (�0.2 to 0.2) 0.96

Aetiology of IE, n (%)

Native-valve endocarditis 4744 (92.3) 1474 (92) 1510 (92.8) 1760 (92.2) 0.0 (�0.2 to 0.1) 0.86

Prosthetic-valve endocarditis 324 (6.3) 103 (6.4) 92 (5.7) 129 (6.8) 1.2 (�0.8 to 3.3) 0.23

Cardiac device-related endocarditis 20 (0.4) 6 (0.4) 6 (0.4) 8 (0.4) 0.9 (�7.1 to 9.8) 0.83

Drug abuse-related endocarditis 51 (1.0) 20 (1.2) 20 (1.2) 11 (0.6) �6.7 (�11.6 to �1.7) 0.011

Comorbidities, n (%)

Charlson Comorbidity Index, mean§ SD 0.84 § 1.57 0.67 § 1.31 0.88 § 1.70 0.96 § 1.64 3.1 (2.1 to 4.1) < 0.001y

Hypertension 962 (18.7) 215 (13.4) 314 (19.3) 433 (22.7) 4.1 (3.0 to 5.3) < 0.0001

Heart failure 846 (16.5) 241 (15.0) 256 (15.7) 349 (18.3) 1.8 (0.6 to 3.0) 0.0025

Myocardial infarction 190 (3.7) 33 (2.1) 45 (2.8) 103 (5.4) 8.8 (5.8 to 12.0) < 0.0001

Peripheral vascular disease 234 (4.6) 49 (3.1) 93 (5.7) 92 (4.8) 2.8 (0.3 to 5.3) 0.026

Cerebrovascular disease 541 (10.5) 144 (9.0) 164 (10.1) 233 (12.2) 2.3 (0.8 to 3.9) 0.0031

Cardiac dysrhythmia 948 (18.4) 239 (14.9) 292 (17.9) 417 (21.9) 3.3 (2.2 to 4.5) < 0.0001

Diabetes 595 (11.6) 140 (8.7) 200 (12.3) 255 (13.4) 3.5 (2.0 to 5.0) < 0.0001

Chronic pulmonary disease 309 (6.0) 81 (5.1) 108 (6.6) 120 (6.3) 1.8 (�0.3 to 3.9) 0.095

Impaired renal function 427 (8.3) 96 (6.0) 140 (8.6) 191 (10.0) 4.2 (2.4 to 6.0) < 0.0001

Chronic rheumatic heart disease 576 (11.2) 221 (13.8) 183 (11.2) 172 (9.0) �3.3 (�4.7 to �1.8) < 0.0001

Malignancy 303 (5.9) 69 (4.3) 92 (5.7) 142 (7.4) 5.4 (3.2 to 7.7) < 0.0001

HIV infection 6 (0.1) 0 (0) 2 (0.1) 4 (0.2) 22.0 (3.5 to 52.6) 0.038

Predisposing factor, n (%)

Congenital heart disease 127 (2.5) 41 (2.6) 46 (2.8) 40 (2.1) �0.9 (�4.1 to 2.4) 0.58

Congenital heart disease repaired with

prosthetic material

11 (0.2) 4 (0.2) 4 (0.2) 3 (0.2) �2.2 (�12.8 to 9.5) 0.69

Prosthetic valve replacement or valve

repair with prosthetic material

254 (4.9) 91 (5.7) 66 (4.1) 97 (5.1) 0.1 (�2.1 to 2.4) 0.93

Acquired valve disease 706 (13.7) 220 (13.7) 221 (13.6) 265 (13.9) 0.4 (�0.9 to 1.7) 0.58

Hypertrophic cardiomyopathy 22 (0.4) 5 (0.3) 8 (0.5) 9 (0.5) 3.4 (�4.5 to 12.3) 0.42

Causative organism, n (%)

Culture-negative 1818 (35.4) 559 (34.9) 573 (35.2) 686 (36.0) 0.1 (�0.6 to 0.8) 0.74

Staphylococcus aureus 1205 (23.4) 367 (22.9) 393 (24.1) 445 (23.3) 0.2 (�0.7 to 1.2) 0.63

MRSA 233 (4.5) 55 (3.4) 72 (4.4) 106 (5.6) 4.2 (1.9 to 6.6) 0.00043

MSSA 972 (18.9) 312 (19.5) 321 (19.7) 339 (17.8) �1.0 (�1.5 to �0.4) 0.00040

Other staphylococci 173 (3.4) 64 (4.0) 51 (3.1) 48 (2.5) �1.7 (�4.4 to 1.1) 0.23

Streptococci 1125 (21.9) 346 (21.6) 347 (21.3) 432 (22.6) 0.5 (�0.5 to 1.4) 0.36

Enterococci 155 (3.0) 46 (2.9) 48 (2.9) 61 (3.2) 1.0 (�2.0 to 4.0) 0.53

Other microorganisms 335 (6.5) 113 (7.0) 102 (6.3) 120 (6.3) �1.0 (�2.9 to 0.9) 0.31

Mixed microorganisms 328 (6.4) 108 (6.7) 114 (7.0) 106 (5.6) �1.5 (�3.5 to 0.4) 0.12

Mode of acquisition, n (%)

Community-acquired endocarditis 4420 (86.0) 1371 (85.5) 1400 (86.0) 1649 (86.4) 0.0 (�0.2 to 0.2) 0.98

Healthcare-associated 719 (14.0) 232 (14.5) 228 (14.0) 259 (13.6) �0.0 (�1.3 to 1.3) 0.98

Non-nosocomial endocarditis 378 (7.4) 120 (7.5) 117 (7.2) 141 (7.4) 0.4 (�0.9 to 1.7) 0.55

Nosocomial endocarditis 341 (6.6) 112 (7.0) 111 (6.8) 118 (6.2) �0.4 (�1.9 to 1.0) 0.55

Table 1: Patient characteristics from 2002 through 2019, overall and trends by years.
Abbreviations in Table 1: APC, annual percentage change; CI, confidence intervals; SD, standard deviation; IE, infective endocarditis; HIV, human immunode-

ficiency virus; MRSA, Methicillin-resistant Staphylococcus aureus; MSSA, Methicillin-sensitive Staphylococcus aureus.

* P-values were calculated with 2-tailed log-linear Poisson regression, unless otherwise specified.
y P-value was calculated with linear regression.
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Figure 1. Overall incidence per 100,000 persons by year of hospitalization (black dots), in relation to the introduction of antibiotic
prophylaxis guidelines.

Figure 2. Survival curves for 1-year mortality in patients who received vs did not receive surgical intervention.
The shaded areas represent the 95% Confidence Intervals.
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mode of acquisition, the microbiology of IE, and surgi-
cal intervention. Age ≥ 60 years (19.2%, 95% CI 14.5 to
23.9) and CCI ≥ 1 (14.6%, 95% CI 11.6 to 18.5) had the
highest attributable fractions of all risk factors consid-
ered. Other major contributors to 1-year death included
impaired renal function (attributable fraction 1.8%,
95% CI 0.5 to 3.2, P = 0.0089) and MRSA endocarditis
(attributable fraction 3.4%, 95% CI 2.5 to 4.3,
P < 0.0001). The attributable fraction of surgery was
�7.9% (95% CI �9.5 to �6.4, P < 0.0001).
Discussion
Our study has three significant findings. First, the inci-
dence of IE in Hong Kong remained stable in the past
two decades and was not influenced by the revision of
antibiotic prophylaxis guidelines. Second, patients with
IE in Hong Kong are increasingly older, with more
comorbidities and an increasing burden of MRSA endo-
carditis, which were important determinants of IE-
related mortality. Third, surgical intervention was asso-
ciated with reduced 1-year all-cause mortality. Our data
highlight that, despite an increasing surgical rate and
the associated lower risk of death, the prognosis of IE
remains poor in Hong Kong.

IE remains a significant challenge to global cardio-
vascular health.2 In Hong Kong, the incidence of IE
remained stable in the past two decades, which is in
line with studies from other regions and previous Asian
studies carried out in China.4,6,10,24,25 For example, a
previous North American study reported a stable trend
incidence of 7.8 per 100,000 person-year in 2013.6 A
recent Scottish study also identified a static incidence
with a rate of 8.1 per 100,000 person-year in 2014.4 We
confirmed that the incidence of IE did not change fol-
lowing the restriction of antibiotic prophylaxis,
www.thelancet.com Vol 22 Month May, 2022



Variable Prevalence, % HR (95% CI), P-value Attributable fraction, % (95% CI), P-value

Demographics

Age (≥ 60 years) 51.8% 1.57 (1.40 to 1.75), < 0.0001 19.2 (14.5 to 23.9), < 0.0001

Sex (Female) 37.3% 0.91 (0.82 to 1.01), 0.072 �2.8 (�5.7 to 0.2), 0.064

Comorbidities

CCI (≥ 1) 32.6% 1.64 (1.43 to 1.88), < 0.0001 14.6 (10.6 to 18.5), < 0.0001

Hypertension 18.7% 1.10 (0.97 to 1.25), 0.14 1.7 (�0.5 to 4.0), 0.13

Diabetes 11.6% 1.00 (0.87 to 1.16), 0.94 0.0 (�1.5 to 1.6), 0.95

Myocardial infarction 3.7% 0.91 (0.73 to 1.13), 0.40 �0.3 (�1.1 to 0.4), 0.37

Peripheral vascular disease 4.6% 1.09 (0.89 to 1.34), 0.41 0.4 (�0.4 to 1.2), 0.40

Cerebrovascular disease 10.5% 1.02 (0.88 to 1.17), 0.82 0.2 (�1.2 to 1.5), 0.82

Chronic pulmonary disease 6.0% 1.00 (0.84 to 1.20), 0.96 0.0 (�1.0 to 1.1), 0.96

Malignancy 5.9% 1.15 (0.96 to 1.37), 0.14 0.8 (�0.2 to 1.9), 0.12

Congenital heart disease 2.5% 0.46 (0.30 to 0.72), 0.00068 �1.1 (�1.7 to �0.6), < 0.0001

Impaired renal function 8.3% 1.24 (1.05 to 1.47), 0.012 1.8 (0.5 to 3.2), 0.0089

Rheumatic heart disease 11.2% 1.00 (0.85 to 1.19), 0.97 0.0 (�1.4 to 1.5), 0.97

Characteristics of IE

Aetiology of IE (non-native) 7.7% 0.97 (0.79 to 1.19), 0.75 �0.2 (�1.4 to 1.0), 0.72

Mode of acquisition (Healthcare-associated) 14.0% 1.15 (1.02 to 1.31), 0.028 1.8 (0.2 to 3.4), 0.025

Microbiology

Culture-negative 35.4% 1.05 (0.95 to 1.17), 0.35 1.5 (�1.6 to 4.7), 0.34

MRSA 4.5% 2.08 (1.74 to 2.47), < 0.0001 3.4 (2.5 to 4.3), < 0.0001

Surgical intervention

Surgery (performed) 17.5% 0.45 (0.38 to 0.54), < 0.0001 �7.9 (�9.5 to �6.4), < 0.0001

Table 2: Results from attributable fraction analysis.
Abbreviations used in Table 2: HR, Hazard Ratio; 95% CI, 95% Confidence Interval; CCI, Charlson Comorbidity Index; IE, infective endocarditis; MRSA,

Methicillin-resistant Staphylococcus aureus.

Articles
extending the applicability and generalizability of West-
ern guidelines17−19 to a Chinese population where
chronic rheumatic heart disease, a significant risk factor
for IE, remains prevalent. In contrast, previous British
and Spanish studies identified an increase in IE
incidence.5,26 However, these studies analysed the
crude incidence rates, which are more susceptible to
changes in population size and composition, and they
did not exclude recurrent cases of IE, leading to possible
overestimation. Importantly, these studies did not for-
mally test the temporal change using interrupted time
series analysis.4,6,27 Therefore, these previous results
might not necessarily reflect the actual difference in
incidence. Notably, we found an alarming increase in
prosthetic-valve endocarditis, which is expected to fur-
ther increase with expanding indications for valvular
replacements and transcatheter valvular interventions.28

Together, these data highlight that IE remains a persis-
tent global burden, which may increase in future years.

Several characteristics of IE are unique to our Hong
Kong population (Central illustration 1). Consistent
with previous Asian observational studies conducted in
Japan and China,10,12 majority of our cohort had native-
valve endocarditis (92%), possibly due to a higher preva-
lence of chronic rheumatic heart disease.7 In the United
States, native-valve endocarditis was only present in
www.thelancet.com Vol 22 Month May, 2022
»70% of cases.6 Only 6% of our Asian cohort had pros-
thetic-valve endocarditis, which is lower compared to
Europe (12%) and North America (20%).5,6 Compared
with 13% in the United States6 and 3% in Spain,5 only
1% of IE cases in Hong Kong were related to drug
abuse, similar to that reported in previous Asian stud-
ies.10 The incidence of drug abuse-related endocarditis,
associated with Staphylococcal IE, increased in North
America, but not in Asia/Europe, which might be
explained by the ongoing “opioid crisis” in the United
States.29 Nevertheless, the definition for IE cases dif-
fered between the current and previous studies. Future
global collaborative research with a unified definition
for IE is needed to better evaluate the possible geograph-
ical differences, in order to inform healthcare service
planning and primary/secondary preventive interven-
tion strategies.

IE’s 1-year case mortality rate did not improve in our
study, confirming previous results from other
regions.5,6 Therefore, it is essential to understand fac-
tors contributing to worse outcomes. We found that
age, CCI, impaired renal function, healthcare-associated
IE, and MRSA were the most significant factors contrib-
uting to increased mortality. The combination of an age-
ing population with more comorbidities and an
increasing incidence of MRSA infections poses a
7



Central illustration 1. Geographical differences in characteristics of infective endocarditis.

Legends for Central Illustration:
- An increasing trend (in the proportion of endocarditis due to a specific aetiology/causative organism, age and comorbidity bur-

den, and rate of surgery) is denoted by “"”
- A decreasing trend (in the proportion of endocarditis due to a specific aetiology/causative organism) is denoted by “#”
- A static trend (in the incidence of infective endocarditis after the restriction of antibiotic guidelines, in the proportion of endo-

carditis due to a specific aetiology/causative organism, and mortality rate) was denoted by “$”

Data from Europe were obtained from:
- Shah ASV, McAllister DA, Gallacher P, Astengo F, Rodríguez P�erez JA, Hall J, et al. Incidence, Microbiology, and Outcomes in

Patients Hospitalized With Infective Endocarditis. Circulation. 2020;141(25):2067−77. (for Incidence, Change in incidence after
restriction of antibiotic prophylaxis, Culture, and Mortality)

- Olmos C, Vilacosta I, Fern�andez-P�erez C, Bernal JL, Ferrera C, García-Arribas D, et al. The Evolving Nature of Infective Endocardi-
tis in Spain: A Population-Based Study (2003 to 2014). J Am Coll Cardiol. 2017;70(22):2795−804. (for Incidence, Aetiology, Age,
Comorbidity burden, and Surgery)

Data from North America were obtained from:
- Toyoda N, Chikwe J, Itagaki S, Gelijns AC, Adams DH, Egorova NN. Trends in Infective Endocarditis in California and New York

State, 1998−2013. JAMA. 2017;317(16):1652−60.
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substantial challenge to future treatment of IE and com-
plicates management.30 In addition, hospital-acquired
endocarditis significantly impaired survival. Ageing
populations forebode a rising number of hospitaliza-
tions in Hong Kong and other regions. Therefore, strat-
egies to reduce the risk of endocarditis secondary to
healthcare procedures are urgently needed to alleviate
the burden of IE. Increasing hospitalizations and
comorbidities might also contribute to the widespread
use of broad-spectrum antibiotics, hastening the emer-
gence of bacterial resistance.2 By using real-time
patient-level culture and sensitivity testing information
retrieved directly from microbiology laboratories, our
study quantified the jeopardizing rise of MRSA. The
mandated use of vancomycin might give rise to adverse
effects clinically and accelerate the emergence of Vanco-
mycin-resistant Staphylococcus aureus.31 Accordingly,
surveillance by a concerted international effort with
accurate information on culture and antimicrobial resis-
tance is imperative to ascertain the burden of risk fac-
tors and evaluate the effectiveness of interventions.

Our results reinforced the importance of surgical
intervention, as part of the treatment for IE. Although
the association between surgery and lower risk of death
requires further corroborations, our findings suggested
that surgical intervention might have neutralized the
adverse effects conferred by advanced age and comor-
bidities, thus contributing to the static trend in mortal-
ity. Using real-world patient data, our study further
supports the guideline recommendations to perform
valvular surgery when indicated.32,33 Nevertheless, mor-
tality in the total population remained high. Patient/
surgeon’s refusal, high-risk factors such as those with
complications, and resources unavailability might be
the reasons for not performing surgery in those who are
indicated.34 These results stress the importance of fol-
lowing evidence-based recommendations and removing
barriers to surgery.
Strengths and limitations
The current study results are best valued in light of the
sampling strategy and the comprehensiveness of infor-
mation. First, we retrieved complete blood culture infor-
mation and sensitivity testing results for all patients
included in the present study, ensuring the accuracy of
the information on causative organisms and avoiding
potential reporting bias due to reliance on ICD codes to
obtain microbiology information. Second, CDARS is a
well-validated real-world territory-wide database with
accurate information on diagnoses and outcomes, and
high-quality studies utilizing CDARS have been pub-
lished previously.13−15 As such, our study is likely to be
accurate and with minimal selection bias and high gen-
eralizability. Third, our study used a minimum look-
back period of 9 years to ensure that only the first diag-
nosis of IE cases were included, ensuring the accuracy
www.thelancet.com Vol 22 Month May, 2022
in evaluating the epidemiology, comorbidity profile, and
outcomes.6 Fourth, the temporal trends in comorbidity
profiles in IE patients have not been comprehensively
reviewed previously. The present study evaluated such
trends, incorporating CCI as well as a broad range of
comorbidities. Fifth, to the authors’ knowledge, in this
largest Asia-based study to date, we captured high-qual-
ity clinical, epidemiological, and microbiological data,
which enabled us to generate timely insights into the
geographical differences of endocarditis. Notably, the
intrinsic limitations (such as selection bias and lack of
information on incidence/patient characteristics) pres-
ent in previous Asian studies8−12 were absent in the cur-
rent study. Sixth, we have validated the accuracy of ICD-
9 codes used in the present study with a comparable
positive predictive value with previous studies.4,6

Nevertheless, there are several limitations to our
study. Similar to previous studies,4,6 we were unable to
retrieve information on any dental procedure/antibiotic
prophylaxis and whether endocarditis was present at the
time of hospital admission. Patient presentation/symp-
toms and echocardiographic data were not available in
CDARS, which is a recognized limitation in many of
these population-based databases.4−6 As a result,
patients might have had an undiagnosed endocarditis
in the previous admission which potentially may
wrongly classify as health care-associated endocarditis.
Indications for surgery, including vegetation size and
regurgitant severity, were not available in CDARS (as
echocardiographic data were not available). We there-
fore could not evaluate the exact surgical indications in
association with death. The association between surgery
and outcomes might also be prone to residual con-
founding. Although CDARS (run by public hospitals)
might not be able to capture IE patients presenting to
private hospitals and the incidence might be under-esti-
mated, in this locality, most IE cases at the private hos-
pitals were referred and managed in the public
hospitals and could be included in CDARS. Further, all
diagnostic codings in CDARS were based on ICD-9
codes instead of ICD-10 codes; nevertheless, our valida-
tion exercise and previous studies showed high coding
accuracy.14 The rate of culture-negative endocarditis
(35.4%) in our study was similar to prior studies,4,35

although it was higher compared with others (25.3%).6

The observed differences could be attributed to geo-
graphical variation in microbiological profiles, which
merits future evaluation. As our study defined IE cases
differently from other studies, caution needs to be taken
when comparing the results between studies.
Conclusion
We found that the incidence of IE remained stable
between 2002 and 2019 in Hong Kong and was not
influenced by the revision of antibiotic prophylaxis
guidelines. Over time, patients with IE are increasingly
9
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older and more comorbid. Notably, the burden of MRSA
endocarditis increased, together leading to a dismal
prognosis. Despite rising surgery rates and associated
lower risk of death, the mortality of IE remained high.
Taken together, our findings provide important insights
into the geographical disparities in epidemiological and
clinical profiles of patients with IE, with several impor-
tant implications for health policymakers, researchers,
and clinicians.
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