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IMPORTANCE Rheumatic heart disease (RHD) remains a public health issue in low- and
middle-income countries (LMICs). However, there are few large studies enrolling individuals
from multiple endemic countries.

OBJECTIVE To assess the risk and predictors of major patient-important clinical outcomes in
patients with clinical RHD.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, hospital-based, prospective observational
study including 138 sites in 24 RHD-endemic LMICs.

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause mortality. Secondary
outcomes were cause-specific mortality, heart failure (HF) hospitalization, stroke, recurrent
rheumatic fever, and infective endocarditis. This study analyzed event rates by World Bank
country income groups and determined the predictors of mortality using multivariable Cox
models.

RESULTS Between August 2016 and May 2022, a total of 13 696 patients were enrolled. The
mean age was 43.2 years and 72% were women. Data on vital status were available for 12 967
participants (94.7%) at the end of follow-up. Over a median duration of 3.2 years (41 478
patient-years), 1943 patients died (15% overall; 4.7% per patient-year). Most deaths were due
to vascular causes (1312 [67.5%]), mainly HF or sudden cardiac death. The number of patients
undergoing valve surgery (604 [4.4%]) and HF hospitalization (2% per year) was low. Strokes
were infrequent (0.6% per year) and recurrent rheumatic fever was rare. Markers of severe
valve disease, such as congestive HF (HR, 1.58 [95% CI, 1.50-1.87]; P < .001), pulmonary
hypertension (HR, 1.52 [95% CI, 1.37-1.69]; P < .001), and atrial fibrillation (HR, 1.30 [95% CI,
1.15-1.46]; P < .001) were associated with increased mortality. Treatment with surgery (HR,
0.23 [95% CI, 0.12-0.44]; P < .001) or valvuloplasty (HR, 0.24 [95% CI, 0.06-0.95]; P = .042)
were associated with lower mortality. Higher country income level was associated with lower
mortality after adjustment for patient-level factors.

CONCLUSIONS AND RELEVANCE Mortality in RHD is high and is correlated with the severity of
valve disease. Valve surgery and valvuloplasty were associated with substantially lower
mortality. Study findings suggest a greater need to improve access to surgical and
interventional care, in addition to the current approaches focused on antibiotic prophylaxis
and anticoagulation.
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R heumatic heart disease (RHD) causes more than
300 000 deaths annually, mainly in low- and middle-
income countries (LMICs).1 In 2018, the member states

of the World Health Organization adopted a global resolution
on rheumatic fever and rheumatic heart disease, calling for
high-quality data that would improve understanding of dis-
ease epidemiology to help in the effort to reduce morbidity and
mortality due to the disease.2 However, there are no globally
representative data on contemporary populations living with
RHD. Most studies on RHD enrolled a small number of pa-
tients, were retrospective, or restricted to small geographical
regions or high-risk ethnic groups.3,4 The only prospective
study enrolled patients mainly from low-income African coun-
tries and had high rates of loss to follow-up (>10% over 2 years).5

Moreover, data on use of heart failure (HF) medications, as well
as utilization and effectiveness of surgery and catheter inter-
ventions during the study, were not systematically collected.5

Because HF due to structural valve disease is the primary cause
of morbidity and mortality in patients with RHD,5,6 such data
are needed to guide policy and practice in LMICs.

Investigation of Rheumatic Atrial Fibrillation Treatment
Using Vitamin K Antagonists, Rivaroxaban or Aspirin Studies
(INVICTUS) is an international, collaborative research effort fo-
cused on patients with RHD enrolled from all regions of the
world where RHD is endemic.7 The program consisted of a ran-
domized trial of stroke prevention in RHD-associated atrial fi-
brillation (AF) and a large prospective registry.6,7 This study
presents the results of all patients included in the program. The
principal objective of the program was to describe the inci-
dence and predictors of patient-important clinical outcomes
among patients with RHD across a range of country income
levels.

Methods
Study Design
The design of the research program has been published
previously.7 The study was designed, conducted, and ana-
lyzed by investigators affiliated with the Population Health Re-
search Institute at Hamilton, Canada, and was supported
through an unrestricted grant from Bayer AG. The study ad-
hered to the STROBE reporting guidelines for cohort studies.

Patient Enrollment and Follow-Up
Consenting adult patients with clinically detected RHD con-
firmed via echocardiography were consecutively enrolled at
participating sites in 24 LMICs. Patients who had AF and a high
risk of stroke (based on the presence of mitral stenosis with a
valve area ≤2 cm2 or a CHA2DS2-VASc score of ≥2 [based on the
presence of congestive HF, hypertension, diabetes, a history
of stroke, transient ischemic attack {TIA} or systemic embo-
lism, and vascular disease]) were enrolled in the randomized
trial of stroke prevention.6 All other patients were enrolled in
the INVICTUS registry. Patients younger than 18 years were not
enrolled. There were no other exclusion criteria. The study pro-
tocol was approved by institutional ethics committees at all
participating sites and the relevant national regulatory au-

thorities. Written informed consent was obtained from all par-
ticipants.

Baseline data were collected using standardized case rec-
ord forms. Ethnicity data were collected because RHD tends
to be more prevalent in certain ethnic groups. Ethnicity was
self-reported based on prespecified categories. Patients were
followed up at 6-month intervals either during in-person vis-
its (trial participants) or by telephone. All patients were evalu-
ated in person at 1-year intervals. Information regarding medi-
cation use, performance of interventions or surgical valve
procedures, and clinical outcomes were collected at all visits.

Study Outcomes
The primary outcome for this analysis was all-cause mortal-
ity. Cause of death was centrally adjudicated for the trial par-
ticipants. For other patients, the study relied on the cause of
death information provided by site investigators. Deaths were
categorized as due to vascular or nonvascular causes. Vascu-
lar deaths included those due to HF, cardiogenic shock, sud-
den death, stroke, myocardial infarction, or major bleeding.
Deaths were classified as due to unknown causes when the
available information was insufficient to identify a cause with
certainty. Stroke was defined as any focal neurologic deficit last-
ing 24 hours with or without brain imaging suggestive of a pri-
mary ischemic or hemorrhagic origin leading to tissue infarc-
tion. Secondary outcomes were hospitalization for HF, stroke/
TIA, infective endocarditis, and recurrence of acute rheumatic
fever. For patients with mechanical heart valves, information
on admissions for heart valve thrombosis was collected. Car-
diovascular outcomes for individuals who became pregnant
during the study are included in this analysis and not shown
separately. Peripartum maternal and fetal outcomes for preg-
nant individuals will be reported in a subsequent report.

Statistical Analysis
Clinical and sociodemographic characteristics and outcomes
were stratified by country income level using the most recent
World Bank classification (low, lower-middle–, and upper-
middle–income groups). Event rates are presented as percent
per patient-year. Determinants of mortality were identified

Key Points
Questions What is the risk of major clinical outcomes in patients
with rheumatic heart disease (RHD) and what are the risk
predictors in endemic countries?

Findings In this prospective observational study including 13 696
patients enrolled from 24 low- and middle-income countries,
nearly 15% of patients died at 3 years, mostly due to heart failure
or sudden death. Corrective valve surgery or valvuloplasty was
independently associated with a reduced risk of death. However,
although most patients were symptomatic, only about 5%
underwent valve surgery in 3 years.

Meaning Improved availability and access to surgical and
interventional care for patients with RHD in endemic countries are
needed.
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using Cox regression with time zero set as the date of enroll-
ment. Patient-level predictors of mortality were first identi-
fied by including the following variables in the model (model
1): age, female sex, atrial fibrillation, hypertension, diabetes,
former or current smoking, prior stroke or TIA, coronary ar-
tery disease, congestive HF, New York Heart Association class,
moderate or severe mitral stenosis, mitral regurgitation, aor-
tic stenosis, aortic regurgitation, tricuspid regurgitation, in-
volvement of more than 1 valve, pulmonary hypertension, left
ventricular dysfunction, right ventricular dilatation and/or dys-
function, prior balloon valvuloplasty, and prior valve sur-
gery. In addition, the study adjusted for the effect of oral an-
ticoagulation (vitamin K antagonists and rivaroxaban) on
mortality in the model. Next, the influence of balloon mitral
valvuloplasty and valve surgery performed during follow-up
on the incidence of the primary outcome was assessed by con-
sidering them as time-varying covariates (model 2). The date
of the follow-up visit was used to approximate the time of pro-
cedure in this analysis. Finally, any interaction of patient-
level predictors with country income level was explored. For
this analysis, the patients’ country of origin was considered
as having a random effect and the patient-level variables and
country income group as having fixed effects in a Cox frailty
model (model 3). The proportionality assumption of the Cox
models was assessed using the log of the negative log sur-
vival vs log of time plot for each covariate under consider-
ation. The effect of secondary antibiotic prophylaxis on mor-
tality was explored separately in patients aged 40 years or
younger using the same models as described above. The
strength of association of individual variables with mortality
was quantified using hazard ratios and their 95% CIs. The
widths of the 95% CIs have not been adjusted for multiplic-
ity. All analyses were performed using SAS version 9.4 (SAS In-
stitute).

Results
Study Participants
Between August 2016 and May 2022, a total of 13 696 pa-
tients with RHD were enrolled from 138 sites in 24 countries.
More than 8400 patients (62%) were from low-middle–
income countries and 2769 (20%) were from low-income coun-
tries (LICs). The remaining patients were from upper-middle–
income countries (UMICs). Mean age of patients overall was
43 years and women predominated (72%). Asian patients con-
stituted about 35% of the enrolled participants and 30% were
of Black African ethnicity. Most patients (85%) had moderate
or severe disease involving the mitral valve and 25.9% had sig-
nificant disease involving at least 2 valves. Significant aortic
stenosis was uncommon (<2.5%). Nearly 40% had pulmo-
nary arterial hypertension and 32% had tricuspid regurgita-
tion. Additionally, 32.7% of patients were in AF at enrollment
and 27% had clinical HF. Most patients (76%) were receiving
diuretics. Overall, 41.3% of patients were receiving second-
ary antibiotic prophylaxis. Of these, 73.3% received injection
of benzathine penicillin and most of the remaining patients re-
ceived oral penicillin V (eTable 1 in Supplement 1).

There were significant differences in baseline character-
istics between patients from different country income groups
(Table 1). Patients in LICs were, on average, 10 years younger
than those in low-middle–income countries, who were in turn
10 years younger than those from UMICs. The prevalence of
AF was highest in UMICs (36% vs 26% in LICs). The fre-
quency of moderate or severe mitral and aortic regurgitation
decreased progressively with higher income status. Signifi-
cant aortic stenosis was more common in higher-income coun-
tries. Diuretic use and secondary antibiotic prophylaxis were
more frequent in lower-income countries. Patients in UMICs
were most likely to have had either a valve intervention or valve
surgery in the past (Table 1). The prevalence of risk factors for
atherosclerosis progressively increased with country income
status. Patients in low-middle– and upper-middle–income
countries were more likely to smoke and have hypertension,
diabetes, coronary artery disease, or prior stroke.

Mortality
Patients were followed up for a median duration of 3.2 years
(41 478 patient-years). Data on vital status were available for
12 967 participants (94.7%). Overall, 1943 patients (14.2%) died
over the period of follow-up (4.7% per patient-year). Of the pa-
tients who died, 1312 of the deaths (67.5%) were vascular, most
of which (1165 of 1312 [88.8%]) were due to cardiac causes
(Table 2). Death from HF and sudden cardiac death ac-
counted for most deaths (77%) due to vascular causes.

Valve Surgery, Valvuloplasty, and Clinical Outcomes
Over the duration of the study, 604 patients (4.4%) under-
went valve surgery and 227 (1.7%) underwent valvuloplasty.
Nearly one-fifth of patients were hospitalized at least once
(2510 [18.3%]). Of these, 392 patients (15.6%) were hospital-
ized twice and 207 (8.2%) had 3 or more hospitalizations. Most
hospitalizations (1969 [78.4%]) were for cardiovascular causes,
and HF was the most frequent cause (Table 2). Of the hospi-
talizations, 23.5% were for valve surgery. Strokes were infre-
quent (0.6% per year) and caused less than 1% of all deaths (74
deaths [0.5%]). Infective endocarditis and recurrence of rheu-
matic fever were rare (Table 2).

Determinants of Mortality
Patient-level factors that were independently associated with
increased mortality were those related to the severity of valve
disease (Figure 1). The strongest predictors were the pres-
ence of HF (HR, 1.68 [95% CI, 1.50-1.87]; P < .001) and pulmo-
nary arterial hypertension at baseline (HR, 1.52 [95% CI, 1.37-
1.69]; P < .001). No differences in the risk of death were
observed between patients with significant disease involving
the mitral or aortic valves or the presence of multivalve in-
volvement (eTables 2-4 in Supplement 1). The presence of coro-
nary artery disease, prior stroke, diabetes, and current or for-
mer smoking were independently associated with mortality
(Figure 1). Older age was associated with a small but statisti-
cally significant higher risk of mortality (HR, 1.07 [95% CI, 1.03-
1.11]; P < .001).

A history of valve surgery (HR, 0.23 [95% CI, 0.12-0.44];
P < .001) or valvuloplasty (HR, 0.24 [95% CI, 0.06-0.95];

Mortality and Morbidity in Adults With Rheumatic Heart Disease Original Investigation Research

jama.com (Reprinted) JAMA Published online June 5, 2024 E3

© 2024 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Ahmed Bendary on 06/06/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2024.8258?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.8258
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2024.8258?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.8258
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.8258


P = .042) was associated with a lower risk of death. Further,
the performance of valve surgery or valvuloplasty during fol-
low-up was independently associated with lower mortality
(Figure 1). Women had a small but significantly lower risk of
death. Among patients aged 40 years or younger, the use of
secondary antibiotic prophylaxis was independently associ-
ated with lower mortality (HR, 0.71 [95% CI, 0.59-0.85];
P < .001) (Figure 1; eTable 5 in Supplement 1).

Differences in Outcomes by Country Income Group
Low country income status was associated with higher crude
and adjusted mortality compared with both lower-middle– and
upper-middle–income status. The differences in mortality per-
sisted after adjustment for valve surgery and mitral valvulo-
plasty performed during follow-up (Figure 2; eFigure 1 in
Supplement 1). Hospitalizations for HF were similar for LICs
and UMICs and lowest among patients in LMICs (Table 3). How-
ever, the rate of hospitalization for HF was lower than the cor-
responding mortality rate for all patients irrespective of coun-
try income status (Table 3). The crude mortality rate after HF
hospitalization was high, with more than one-third (UMICs,
31.3%; LMICs, 43.7%; LICs, 41.2%) of patients dying within 30
days. The 30-day mortality rates were significantly higher for
both LICs and LMICs compared with UMICs (Table 3).

More patients in UMICs underwent valve surgery (179
[7.2%]) than in LMICs (334 [4%]; P < .0001) and LICs (91 [3.3%];
P < .001). The crude 30-day mortality rate following admis-
sions for valve surgery was about 10% and was similar across
country income groups. Patients in UMICs had the highest risk
of stroke (120 [1.6%] per year) compared with both LMICs (137
[0.5%] per year; P < .001), and LICs (63 [0.8%] per year;
P < .001).

Discussion
This research program is the largest global cohort of contem-
porary patients with clinically significant RHD. Several key find-
ings emerged from this analysis. First, mortality among pa-
tients with clinically significant RHD remains high, particularly
among those in LICs, and is correlated with the severity of valve
disease at diagnosis. Second, most of the mortality from RHD
is due to HF or sudden cardiac death. Third, there is a strong,
independent, inverse association between the utilization of
valve surgery and mitral valvuloplasty and mortality. Fourth,
the incidence of stroke is low and complications such as in-
fective endocarditis and the recurrence of acute rheumatic fe-
ver are rare.

Table 1. Key Baseline Characteristics by Country Income Group

Characteristica Overall (N = 13 696) LICsb (n = 2769) LMICsb (n = 8453) UMICsb (n = 2474)
Age, mean (SD), y 43.2 (16.9) 33.1 (16.3) 43.9 (15.9) 52.3 (14.9)

Females 9882 (72.2) 1943 (70.2) 6066 (71.8) 1873 (75.7)

Males 3814 (27.8) 826 (29.8) 2387 (28.2) 601 (24.3)

Current atrial fibrillation 4482 (32.7) 719 (26.0) 2874 (34.0) 889 (35.9)

Valve lesions and medication usec

Moderate to severe mitral regurgitation 5892 (43.0) 1249 (45.1) 3723 (44.0) 920 (37.2)

Moderate to severe aortic regurgitation 2283 (16.7) 546 (19.7) 1367 (16.2) 370 (15.0)

Moderate to severe aortic stenosis 331 (2.4) 29 (1.1) 206 (2.4) 96 (3.9)

Pulmonary hypertensiond 5301 (38.7) 1087 (39.2) 3411 (40.4) 803 (32.5)

Diuretic use 10 362 (75.7) 2182 (78.8) 6626 (78.4) 1554 (62.8)

Secondary antibiotic prophylaxis 5655 (41.3) 1748 (63.1) 3522 (41.7) 385 (15.6)

Prior valve interventions or surgery

Any valve intervention or surgery 2850 (20.8) 378 (13.7) 1348 (16.0) 1124 (45.4)

Valve surgery 1859 (13.6) 308 (11.1) 582 (6.9) 969 (39.2)

Mitral valvuloplasty 1105 (8.1) 80 (2.9) 788 (9.3) 237 (9.6)

Concomitant disease and risk factors

Hypertension 2490 (18.2) 222 (8.0) 1223 (14.5) 1045 (42.2)

Current or former smoking 1299 (9.5) 103 (3.7) 587 (6.9) 609 (24.6)

Diabetes 633 (4.6) 48 (1.7) 347 (4.1) 238 (9.6)

Prior stroke/TIA/systemic embolism 1201 (8.8) 167 (6.0) 568 (6.7) 466 (18.8)

Coronary artery disease 145 (1.1) 18 (0.7) 46 (0.5) 81 (3.3)

Abbreviations: GNI, gross national income; LICs, low-income countries; LMICs,
lower-middle–income countries; TIA, transient ischemic attack; UMICs,
upper-middle–income countries.
a All listed characteristics significantly differed between country income groups;

P value for trend <.001.
b All values are No. (%) unless otherwise indicated; LICs (GNI per capita, $1025

or less) include Ethiopia, Malawi, Mozambique, Nepal, Rwanda, Tanzania, and
Uganda; LMICs (GNI per capita, $1026-$3995) include Cameroon, Egypt,
India, Kenya, Nigeria, Pakistan, Philippines, Sudan, Zambia, and Zimbabwe;

and UMICs (GNI per capita, $3996-$12 375) include Botswana, Brazil, China,
Kazakhstan, Mexico, Paraguay, and South Africa (https://datahelpdesk.
worldbank.org/knowledgebase/articles/906519-world-bank-country-and-
lending-groups).

c Severity of valve lesions was assessed using standard criteria (Nishimura et al).
d Pulmonary arterial hypertension was diagnosed in the presence of clinical

evidence (a loud pulmonary component of the second heart sound and/or a
parasternal heave), with or without a tricuspid valve regurgitant jet velocity
>2.8 m/s on transthoracic echocardiography.
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The overall mortality rate was nearly 5% per year and as
high as 7% per year in LICs. This is in line with previous data
from the REMEDY registry, which largely comprised patients
from low-income African countries (mortality of 8.5% per
year).5 The high mortality is despite the fact that patients with
RHD are, on average, more than 20 years younger (mean age,
43 years) than those with chronic HF due to other causes (mean
age, about 65 years).8,9 Measures of severity of valve disease,
such as left ventricular dysfunction, pulmonary hyperten-
sion, and HF, were associated with a higher risk of death, in-
dependent of the specific valve lesion or number of valves in-
volved. Patients in UMICs tended to have a lower prevalence
of severe regurgitant lesions, pulmonary hypertension, and di-
uretic use. This may indicate that patients in UMICs are diag-
nosed earlier in the course of disease. However, these pa-
tients were older and had a greater burden of coronary artery
disease and risk factors for atherosclerosis, perhaps increas-
ing the risk of non-RHD–related mortality. This may be 1 po-
tential explanation for why mortality in these patients was not
the lowest among the 3 income groups.

Despite the extent and severity of valve disease at base-
line, few patients underwent valve surgery or mitral valvulo-
plasty during follow-up. Unlike in patients with HF due to re-
duced ejection fraction in whom medical treatment improves
survival, surgery and balloon valvuloplasty are the only op-
tions that can potentially improve outcomes in patients with
RHD. The substantially lower risk of death associated with the
performance of valve surgery or interventions lends support
to this argument. We also observed that nearly one-fifth of the
variation in the use of valve surgery and 28% of the variation
in the use of mitral valvuloplasty was attributable to country
income status, partly explaining the higher mortality associ-
ated with low-income status. These findings are in alignment
with published data highlighting the limited access to surgi-
cal and catheter-based interventions in lower-income coun-
tries, resulting in patients not receiving necessary and timely
life-saving treatment.10

Access to hospitalization for acute decompensation of HF
or other cardiac causes may be limited in LMICs. The study
found that the annual rate of hospitalization for HF was just
half the annual rate of mortality. Hospitalizations due to any
cause were also less frequent in relation to mortality. These data
suggest limited access compared with high-income coun-
tries, where hospitalizations for HF occur twice as frequently
as death and the rates of hospitalization for any cause are 4 to
5 times the mortality rates.9 Further, even among those hos-
pitalized for HF, the in-hospital and 30-day mortality rates were
high, with more than one-third of patients dying at 30 days.
The 30-day mortality rate was higher for both LICs and LMICs
compared with UMICs, explaining some of the difference in
mortality associated with country income status.

This study found that the use of secondary penicillin pro-
phylaxis was associated with reduced mortality among pa-
tients aged 40 years or younger. However, on exploratory analy-
ses, this lower risk appeared to extend to patients of all ages,
including those aged 60 years or older (eTable 7 in Supple-
ment 1). There is no plausible biological mechanism by which
older individuals may benefit from antibiotic prophylaxis.

Population-level data indicate that acute rheumatic fever is ex-
tremely unlikely beyond age 30 years11 and, expectedly, was
rare in study patients (a total of 10 events). Moreover, al-
though a reduction in the risk of echocardiographic progres-
sion has been observed in patients with subclinical RHD (with
trivial or mild valve lesions12), such effects have not been con-
sistently observed among those with clinically significant valve
disease.3,5 In patients who already have severe valve disease,
the hemodynamic consequences of the structural valve le-
sions likely have a far greater impact on clinical outcomes than
any putative effect of secondary prophylaxis. On the other
hand, benzathine penicillin injections (the most common form
of prophylaxis) are administered by health care professionals
at 3- to 4-week intervals, and secondary prophylaxis may sim-
ply be a proxy for increased frequency of health care contact,
which may then translate to better outcomes.

Taken together, the data indicate that prioritizing ter-
tiary care (focusing mainly on outpatient and inpatient man-
agement of HF) and surgical and interventional services for pa-
tients with clinical RHD are likely to improve outcomes. A
number of modeling studies suggest that scaling up tertiary
care may reduce RHD-related deaths. Coates and colleagues
showed that scaling up tertiary care to improve coverage from
the present 5% to 25% of the eligible population (together with
secondary prophylaxis) may reduce age-standardized mortal-
ity due to RHD in African Union countries by 30.7% over 10
years.13 They estimated that this would result in a net benefit
of USD $2.8 billion over this period.13 Likewise, an analysis from
India showed that a strategy of improving coverage for ter-
tiary care (and secondary prophylaxis) would be cost-

Table 2. Major Clinical Outcomes

Outcome

N = 13 696

No. of events,
No./total No. (%)

Rate (n = 41 478
patient-years), %
per year

Primary outcome

All-cause death 1943 (14.2) 4.7

Vascular death 1312 (9.6) 3.2

HF 667 (4.9) 1.6

Sudden cardiac death 352 (2.6) 0.9

Stroke or systemic embolism 79 (0.6) 0.2

Myocardial infarction 26 (0.2) 0.1

Major bleedinga 42 (0.3) 0.1

Nonvascular death 233 (1.7) 0.6

Death due to unknown causes 398 (2.9) 1.0

Secondary outcomes

Hospitalization 2510 (18.3) 6.7

HF hospitalization 805 (5.9) 2.0

Other cardiac causes 854 (6.2) 2.1

Nonfatal stroke or TIA 246 (1.8) 0.6

Nonfatal major bleeding 85 (0.6) 0.2

Infective endocarditis 30 (0.2) 0.07

Rheumatic fever recurrence 10 (0.07) 0.02

Abbreviations: HF, heart failure; TIA, transient ischemic attack.
a As defined by the International Society on Thrombosis and Hemostasis.
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effective, with an incremental cost of just USD $30 per quality-
adjusted life-year gained.14 The authors also indicated that this
strategy would have favorable distributional effects by con-
ferring greater benefit on people in the poorest income groups
and reducing out-of-pocket spending.14 From the perspec-
tive of LICs with little or no surgical infrastructure, another
model-based analysis suggested that referral of patients to an
LMIC (such as India) for surgery may be a more cost-effective
option than developing in-country infrastructure.15 Some of

these intervention bundles included secondary prophylaxis de-
spite the lack of strong evidence and also assumed an unreal-
istically large reduction in the risk of disease progression from
its use.16 Nevertheless, population-level interventions should
probably include secondary prophylaxis to cover younger pa-
tients with less severe disease who may benefit from it.12 Given
the resource constraints in poor countries, it may be optimal
to implement these intervention bundles through existing child
health or other communicable and noncommunicable dis-

Figure 1. Determinants of Mortality in Rheumatic Heart Disease

P value
Reduced

mortality
Increased
mortality

0.1 41
HR (95% CI)

Determinants of mortality HR (95% CI)
Factors associated with increased mortality

<.001Age (per 10-y increase) 1.07 (1.03-1.11)

Factors associated with reduced mortality

.04Female sex 0.90 (0.81-1.00)

<.001Prior valvuloplasty 0.56 (0.45-0.70)

<.001Prior valve surgery 0.68 (0.57-0.82)

.04Valvuloplasty during follow-up 0.24 (0.06-0.95)

<.001Valve surgery during follow-up 0.23 (0.12-0.44)

<.001Secondary prophylaxisa 0.71 (0.59-0.85)

<.001Atrial fibrillation 1.30 (1.15-1.46)

<.001Pulmonary hypertension 1.52 (1.37-1.69)

.005Left ventricular dysfunction 1.18 (1.05-1.32)

<.001Congestive heart failure 1.68 (1.50-1.87)

<.001Diabetes 1.56 (1.30-1.87)

.02Current or former smoking 1.20 (1.03-1.39)

.002Prior stroke/TIA/systemic embolism 1.24 (1.08-1.42)

.006Coronary artery disease 1.57 (1.14-2.18)
Variables associated with increased
mortality after adjustment for
baseline variables include the
performance of valvuloplasty or
surgery during follow-up and country
income group. HRs are based on
mutually adjusted multivariable Cox
regression model. HR indicates
hazard ratio; TIA, transient ischemic
attack.
aHR for secondary prophylaxis
estimated from the fully adjusted
model but restricted to those aged
40 years or younger.

Figure 2. Incidence of Clinical Outcomes by Country Income Group

80706050403020100

Incidence per 1000 person-years

Clinical outcome Low-income countries (n = 2769)
Lower-middle income countries (n = 8453)
Upper-middle income countries (n = 2474)Recurrent rheumatic fever

Infective endocarditis

Stroke/TIA

Valve surgery

Hospitalization for heart failure

Vascular death

Death

Crude incidence rate of clinical
outcomes during follow-up. TIA
indicates transient ischemic attack.

Table 3. Rates and Outcomes of Heart Failure Hospitalization by Country Income Group

LICs (n = 2769) LMICs (n = 8453) UMICs (n = 2474)
Annualized rate of mortality per patient-year, % 7.0 3.7 5.5

Annualized rate of hospitalization for all causes
per patient-year, %

7.9 4.5 13.7

Ratio of hospitalization/death 1.1 1.2 2.5

Annualized rate of hospitalization for HF per patient-year, % 3.4 1.2 3.3

Ratio of HF hospitalization/death 0.5 0.3 0.6

In-hospital mortality after hospitalization for HF, No. (%) 99 (37.8) 108 (36.0) 64 (26.3)

30-d mortality after hospitalization for HF, No. (%)a 108 (41.2) 131 (43.7) 76 (31.3)

Abbreviations: HF, heart failure; LICs,
low-income countries; LMICs,
lower-middle–income countries;
UMICs, upper-middle–income
countries.
a LICs vs UMICs, P = .02; LMICs vs

UMICs, P = .003.
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ease programs, rather than creating additional vertical pro-
grams dedicated to RHD. A strategy of primary prevention,
though of benefit in theory,15 is costly, difficult to implement
at scale, and has not been shown to be of benefit in random-
ized trials.17 Finally, the data also suggest that the inclusion
of costly interventions to reduce stroke risk (such as point-of-
care devices for self-monitoring of anticoagulation and dedi-
cated anticoagulation clinics) may not be beneficial because
of the low stroke risk in this population.

Limitations
These results are based on nearly 2000 deaths observed in a
large cohort from 24 countries where RHD is endemic and are
therefore widely generalizable to all patients with clinically sig-
nificant RHD. However, this study has limitations. First, given
the observational nature of these data, the findings related to
the apparent lower risk of deaths with some of the interven-
tions need to be interpreted with caution. Second, although
there was a strong inverse relationship between the perfor-
mance of valve surgery or interventions and mortality, this as-
sociation may not be causal. It is possible, for example, that
patients at lower risk of death preferentially underwent sur-

gery, as they were also likely to have lower perioperative mor-
tality. This is however unlikely, as patients who underwent sur-
gery were more likely to have severe valve disease, multiple
valve involvement, pulmonary hypertension, HF, and AF at
baseline compared with those who did not. Moreover, valve
surgery and interventions are the standard of care for pa-
tients with structural valve disease18 and effectively correct the
hemodynamic abnormalities associated with RHD. There-
fore, the observed associations are not unexpected. Further,
the magnitude of risk reduction was large, and persisted after
adjustment for both patient-level variables and country in-
come.

Conclusions
Death due to clinical RHD is largely because of HF, and pro-
viding timely surgical or interventional treatment may be the
best way to reduce mortality. Control programs in RHD-
endemic countries should consider the provision of timely
valve surgery and intervention with a goal to reduce mortal-
ity due to the disease.
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