
Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalInformation?journalCode=iann20

Annals of Medicine

ISSN: 0785-3890 (Print) 1365-2060 (Online) Journal homepage: informahealthcare.com/journals/iann20

Rheumatic heart disease and risk of incident heart
failure among community-dwelling older adults: A
prospective cohort study

Marjan Mujib, Ravi V. Desai, Mustafa I. Ahmed, Jason L. Guichard, Margaret
A. Feller, O. James Ekundayo, Prakash Deedwania, Mahboob Ali, Inmaculada
B. Aban, Thomas E. Love, Michel White, Wilbert S. Aronow, Shahbudin H.
Rahimtoola, Robert O. Bonow & Ali Ahmed

To cite this article: Marjan Mujib, Ravi V. Desai, Mustafa I. Ahmed, Jason L. Guichard, Margaret
A. Feller, O. James Ekundayo, Prakash Deedwania, Mahboob Ali, Inmaculada B. Aban, Thomas
E. Love, Michel White, Wilbert S. Aronow, Shahbudin H. Rahimtoola, Robert O. Bonow & Ali
Ahmed (2012) Rheumatic heart disease and risk of incident heart failure among community-
dwelling older adults: A prospective cohort study, Annals of Medicine, 44:3, 253-261, DOI:
10.3109/07853890.2010.530685

To link to this article:  https://doi.org/10.3109/07853890.2010.530685

Published online: 24 Jan 2011.

Submit your article to this journal 

Article views: 568

View related articles 

Citing articles: 1 View citing articles 

https://informahealthcare.com/action/journalInformation?journalCode=iann20
https://informahealthcare.com/journals/iann20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3109/07853890.2010.530685
https://doi.org/10.3109/07853890.2010.530685
https://informahealthcare.com/action/authorSubmission?journalCode=iann20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=iann20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3109/07853890.2010.530685?src=pdf
https://informahealthcare.com/doi/mlt/10.3109/07853890.2010.530685?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/07853890.2010.530685?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/07853890.2010.530685?src=pdf


                         ORIGINAL ARTICLE     

 Rheumatic heart disease and risk of incident heart failure among 
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 Abstract 
  Background.  Little is known about the association of rheumatic heart disease (RHD) with incident heart failure (HF) 
among older adults.   
  Design.  Cardiovascular Health Study, a prospective cohort study.   
  Methods.  Of the 4,751 community-dwelling adults  �  65 years, free of prevalent HF at baseline, 140 had RHD, defi ned as 
self-reported physician-diagnosed RHD along with echocardiographic evidence of left-sided valvular disease. Propensity 
scores for RHD, estimated for each of the 4,751 participants, were used to assemble a cohort of 720, in which 124 and 
596 participants with and without RHD, respectively, were balanced on 62 baseline characteristics.   
  Results.  Incident HF developed in 33% and 22% of matched participants with and without RHD, respectively, during 13 years 
of follow-up (hazard ratio when RHD was compared to no-RHD 1.60; 95% confi dence interval 1.13 – 2.28;  P   �  0.008). Pre-
match unadjusted, multivariable-adjusted, and propensity-adjusted hazard ratios (95% confi dence intervals) for RHD-associated 
incident heart failure were 2.04 (1.54 – 2.71;  P   �  0.001), 1.32 (1.02 – 1.70;  P   �  0.034), and 1.55 (1.14 – 2.11;  P   �  0.005), 
respectively. RHD was not associated with all-cause mortality (HR 1.09; 95% CI 0.82 – 1.45;  P   �  0.568).   
  Conclusion.  RHD is an independent risk factor for incident HF among community-dwelling older adults free of HF, but 
has no association with mortality.   

Key words:  Heart failure  ,   older adults  ,   rheumatic heart disease  

   Introduction 

 Rheumatic heart disease (RHD) is highly prevalent 
in developing nations, where it is the leading cause 
of cardiovascular morbidity including heart failure 
(HF) (1 – 6). Most evidence of the cardiovascular 
effect of RHD is based on small cross-sectional stud-
ies of younger adults from developing nations (5,7). 

However, little is known about the effect of chronic 
RHD on incident HF in older adults. We used a public-
use copy of the Cardiovascular Health Study (CHS) 
data sets obtained from the National Heart, Lung, 
and Blood Institute (NHLBI) to test the hypothesis 
that a history of RHD would be associated with 
increased risk of incident HF in a propensity-matched 
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population of community-dwelling older adults free 
of HF at baseline.   

 Methods  

 Study design and participants 

 The CHS is an on-going epidemiologic study of car-
diovascular disease in older adults in the United States, 
the details of the rationale, design, and implementa-
tion of which have been previously reported (8). Briefl y, 
5,888 community-dwelling adults  �  65 years were 
recruited from four counties, one of each from North 
Carolina, California, Maryland, and Pennsylvania. 
We restricted our analysis to the 5,201 participants in 
the original cohort that was recruited during 1989 –
 1990. Data on baseline echocardiography were not 
available from the second cohort of 687 African-
Americans recruited during 1992 – 1993. Of the 5,201 
participants in the original cohort, data on 5,125 
were available in the de-identifi ed public-use copy of 
the data set (76 participants did not consent to be 
included in the public-use data). Of 5,125 participants, 
echocardiographic data on baseline valvular disease 
were available for 5,100, of whom data on self-reported 
physician-diagnosed RHD were available from 4,961 
participants. Of these, 4,751 participants were free of 
prevalent HF at baseline and were included in our 
main analysis.   

 RHD and other baseline measurements 

 Of the 4,751 participants, 140 (2.9%) had RHD, 
defi ned as self-reported physician-diagnosed RHD, 
plus echocardiographic evidence of left-sided valvular 

disease, namely, mitral regurgitation (MR), aortic 
regurgitation (AR), mitral stenosis (MS), and aortic 
stenosis (AS). Of the 140 participants with RHD, 68% 
had MR, 56% had AR, 5% had MS, and 11% had 
AS. On the other hand, among the 4,611 participants 
without RHD, 28% had MR, 18% had AR, 0% had 
MS, and 1% had AS. Data on socio-demographic, clini-
cal, subclinical, and laboratory variables were collected 
at baseline and have been described previously in 
detail (8,9).   

 Outcomes 

 The primary outcome for this study was defi nite new-
onset HF during a median follow-up of 12 years. 
The process of adjudication of HF in CHS has been 
well documented in the literature (10,11). Briefl y, par-
ticipants were asked about a physician diagnosis of 
HF during semi-annual visits. The CHS Events Com-
mittee later adjudicated the diagnosis of HF through 
the examination of participants ’  medical records for a 
constellation of symptoms, physical signs, and other 
supporting fi ndings suggestive of HF, use of medica-
tions commonly used for HF, and follow-up surveil-
lance. Secondary outcomes were all-cause mortality, 
new-onset acute myocardial infarction, angina pec-
toris, stroke, transient ischemic attack, and peripheral 
arterial disease.   

 Assembly of a balanced study cohort 

 Because of signifi cant differences in key baseline 
cha racteristics between participants with and with-
out RHD (Table I and Figure 1), we used propensity 
score matching to assemble a population in which 
those with and without RHD would be well balanced 
on all measured baseline covariates (12,13). Pro-
pensity score for RHD for a participant is that per-
son ’ s conditional probability of having RHD given 
her/his measured baseline characteristics. Propensity 
score matching has emerged as a popular tool that 
makes it possible to design observational studies like 
rando mized clinical trials in several key ways (13). 
First, it allows investigators to assemble a study 
cohort, in which exposed and unexposed partici-
pants are well balanced on all measured baseline 
characteristics. Second, it allows investigators to 
measure objectively baseline covariate balance and 
present them in a visually pleasant manner. Finally, 
and perhaps most importantly, as in a randomized 
clinical trial, investi gators remain blinded to out-
comes during this design phase of the study (13). 
Although propensity score matching is often used to 
balance two treatment groups (14,15), it can also 
be used to balance patients across non-treatment 
exposures (16 – 19). 

Key messages  

 Rheumatic heart disease (RHD) is a major risk   •
factor for cardiovascular morbidity and mor-
tality among younger adults in the developing 
world.   
Little is known about the association between   •
RHD and HF; most evidence is based on small 
cross-sectional studies.  
The fi ndings of the current study demonstrate   •
that in community-dwelling older adults with-
out HF at baseline, the presence of mild to 
moderate RHD was associated with increased 
risk of new-onset HF.
This report is unique as it is based on a large   •
meticulously conducted prospective cohort 
study of community-dwelling older adults free 
of prevalent HF at baseline, from a developed 
nation.
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  Table I. Baseline characteristics, by rheumatic heat disease (RHD), before and after propensity score matching.  

Before matching After matching

 n  (%) or mean ( � SD)
No RHD 

( n   �  4611)
RHD 

( n   �  140)  P  value
No RHD 
( n   �  596)

RHD 
( n   �  124)  P  value

Age, years 73 ( � 6) 73 ( � 5) 0.881 73 ( � 5) 73 ( � 5) 0.811
Female 2623 (57%) 85 (61%) 0.367 342 (57%) 73 (59%) 0.760
African-American 214 (5%) 1 (1%) 0.028 6 (1%) 1 (1%) 0.836
Married 3209 (70%) 94 (67%) 0.535 392 (66%) 86 (69%) 0.442
Living alone 453 (10%) 11 (8%) 0.440 66 (11%) 11 (9%) 0.470
College or higher education 2032 (44%) 78 (56%) 0.006 333 (56%) 68 (55%) 0.833
Income  �  $ 25 thousand /year 1780 (39%) 58 (41%) 0.499 243 (41%) 52 (42%) 0.811
Self-reported fair to poor general health 963 (21%) 41 (29%) 0.016 174 (29%) 35 (28%) 0.829
Current smoker 549 (12%) 14 (10%) 0.492 66 (11%) 14 (11%) 0.944
Smoking, pack years 18 ( � 27) 16 ( � 24) 0.358 17 ( � 26) 16 ( � 24) 0.847
Alcohol, drinks per week 3 ( � 6) 2 ( � 5) 0.484 2 ( � 6) 2 ( � 5) 0.971
Past medical history
 Coronary artery disease 771 (17%) 38 (27%) 0.001 150 (25%) 33 (27%) 0.737
 Myocardial infarction 361 (8%) 20 (14%) 0.006 76 (13%) 15 (12%) 0.842
 Hypertension 2583 (56%) 79 (56%) 0.923 337 (57%) 70 (57%) 0.985
 Diabetes mellitus 676 (15%) 17 (12%) 0.406 74 (12%) 11 (9%) 0.266
 Transient ischemic attack 105 (2%) 7 (5%) 0.036 17 (3%) 4 (3%) 0.822
 Stroke 156 (3%) 9 (6%) 0.053 27 (5%) 3 (2%) 0.285
 Peripheral arterial disease 525 (11%) 17 (12%) 0.781 72 (12%) 14 (11%) 0.805
 Chronic obstructive pulmonary disease 574 (12%) 21 (15%) 0.369 91 (15%) 20 (16%) 0.809
 Arthritis 2314 (50%) 83 (59%) 0.034 373 (63%) 74 (60%) 0.544
 Cancer 687 (15%) 32 (23%) 0.010 115 (19%) 27 (22%) 0.528
Clinical examination
 Body mass index, kg/m 2 26 ( � 4) 25 ( � 4) 0.001 26 ( � 4) 25 ( � 4) 0.314
 Pulse, beats per minute 68 ( � 11) 65 ( � 11) 0.002 65 ( � 10) 65 ( � 11) 0.820
 Systolic BP, mmHg 136 ( � 21) 135 ( � 20) 0.848 135 ( � 22) 136 ( � 20) 0.691
 Diastolic BP, mmHg 70 ( � 11) 68 ( � 11) 0.008 68 ( � 11) 68 ( � 11) 0.789
Medications
 ACE inhibitors 240 (5%) 9 (6%) 0.522 30 (5%) 8 (7%) 0.521
 Beta-blockers 590 (13%) 32 (23%) 0.001 137 (23%) 30 (24%) 0.772
 Calcium channel blockers 455 (10%) 33 (24%)  � 0.001 120 (20%) 25 (20%) 0.995
 Digoxin 276 (6%) 36 (26%)  � 0.001 104 (17%) 22 (18%) 0.938
 Aspirin 2149 (47%) 71 (51%) 0.337 316 (53%) 66 (53%) 0.967
 Statin 84 (2%) 4 (3%) 0.371 23 (4%) 2 (2%) 0.214
 Nitrate 313 (7%) 19 (14%) 0.002 73 (12%) 15 (12%) 0.963
 Warfarin 47 (1%) 13 (9%)  � 0.001 16 (3%) 3 (2%) 0.867
 Loop diuretics 191 (4%) 13 (9%) 0.003 35 (6%) 6 (5%) 0.651
 Thiazide diuretics 520 (11%) 14 (10%) 0.637 54 (9%) 14 (11%) 0.440
 Potassium supplements 262 (6%) 12 (9%) 0.149 34 (6%) 8 (7%) 0.747
 NSAIDs 570 (12%) 13 (9%) 0.274 68 (11%) 13 (11%) 0.767
Laboratory values
 Serum creatinine, mg/dL 0.94 ( � 0.31) 1.01 ( � 0.63) 0.013 0.97 ( � 0.37) 0.97 ( � 0.37) 0.931
 Serum potassium, mEq/L 4.19 ( � 0.37) 4.16 ( � 0.36) 0.461 4.17 ( � 0.38) 4.17 ( � 0.36) 0.974
 Serum glucose, mg/dL 110 ( � 34) 106 ( � 29) 0.191 106 ( � 25) 102 ( � 18) 0.164
 Uric acid, mg/dL 5.6 ( � 1.5) 5.6 ( � 1.5) 0.640 5.7 ( � 1.5) 5.5 ( � 1.5) 0.312
 Total cholesterol, mg/dL 212 ( � 39) 211 ( � 40) 0.639 212 ( � 42) 210 ( � 40) 0.744
 Albumin, g/dL 4.0 ( � 0.3) 4.0 ( � 0.3) 0.549 4 ( � 0.3) 4 ( � 0.3) 0.889
 Interleukin-6, units/mL 2.18 ( � 1.82) 1.99 ( � 1.38) 0.219 2.12 ( � 1.87) 1.87 ( � 1.16) 0.147
 C-reactive protein, mg/dL 4.4 ( � 7.7) 5.2 ( � 13.8) 0.221 4.6 ( � 9.2) 3.7 ( � 4.4) 0.264
 Serum insulin,  μ IU/mL 17 ( � 23) 15 ( � 12) 0.388 16 ( � 19) 14 ( � 12) 0.426
Electrocardiographic fi ndings
 Bundle branch block 354 (8%) 16 (11%) 0.103 63 (11%) 14 (11%) 0.813
 LV hypertrophy 159 (3%) 14 (10%)  � 0.001 41 (7%) 10 (8%) 0.640
 Atrial fi brillation 92 (2%) 13 (9%)  � 0.001 38 (6%) 7 (6%) 0.760
Echocardiographic fi ndings
 LV systolic dysfunction 349 (8%) 11 (8%) 0.899 55 (9%) 10 (8%) 0.681

   ACE   �  angiotensin-converting enzyme; LV  �  left ventricular; NSAID  �  non-steroidal anti-infl ammatory drug.  
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residual bias for that covariate, and values  � 10% 
indicate inconsequential imbalance.   

 Statistical analysis 

 For descriptive analyses, Pearson ’ s chi-square tests, 
Wilcoxon rank-sum tests, and paired sample  t  tests 
were used as appropriate for pre- and post-match 
between-group comparisons. To estimate the association 
between RHD and outcomes, we used Kaplan-Meier 
and Cox proportional hazard analyses. Proportional 
hazards assumptions were checked using log-minus-log 
scale survival plots. To determine if the association 
between RHD and incident HF was homogeneous 
across various subgroups of matched patients, we con-
ducted subgroup analyses and formally tested for 
interactions using Cox regression models. We also 
examined the association of RHD and incident HF 
in the full pre-match cohort of 4,751 participants using 
three different approaches: 1) unadjusted, 2) multi-
variable-adjusted (entering all covariates displayed in 
Figure 1), and 3) propensity score-adjusted. All sta-
tistical tests were two-tailed, and a  P  value  �  0.05 

Absolute standardized

difference (%)
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Figure 1. Absolute standardized differences before and after propensity score matching comparing covariate values between rheumatic 
heart disease (RHD) and non-RHD participants. (ACE � angiotensin-converting enzyme; CABG � coronary artery by-pass surgery; 
COPD � chronic obstructive pulmonary disease; LV � left ventricular; NSAID � non-steroidal anti-infl ammatory drug).

 We estimated propensity scores for each of the 
4,751 participants using a non-parsimonious multi-
variable logistic regression model (14 – 20). In the model, 
RHD was used as the dependent variable, and 62 base-
line characteristics displayed in Figure 1 were entered 
as covariates. Using a matching protocol that matched 
each RHD participant with up to fi ve different no-
RHD participants who had similar propensity scores, 
we were able to match 124 (89% of the 140) and  
596 participants with and without RHD, respec-
tively. Our matching algorithm fi rst tried to match 
each RHD participant to a no-RHD participant with 
an identical propensity score to fi ve decimal places. 
Then we removed matched patients (i.e. one RHD 
patients with up to fi ve no-RHD patients with similar 
propensity scores) and repeated the process match-
ing to four, three, two, and one decimal place (14 –
 20). Absolute standardized differences for all 62 
covariates were estimated to assess pre-match imbal-
ances and post-match balances achieved between 
participants with and without RHD, and are pre-
sented in Love plots (14 – 22). An absolute standard-
ized difference of 0% on a covariate indicates no 
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95% confi dence interval (CI) 1.13 – 2.28;  P   �  0.008) 
(Table II and Figure 2). In the absence of hidden 
bias, a sign-score test for matched data with censor-
ing provides strong evidence ( P   �  0.001) that older 
adults with RHD clearly had more incident HF than 
those without RHD. A hidden binary covariate that 
is a near-perfect predictor of incident HF would need 
to increase the odds of RHD by 28% to explain away 
this association. The association between RHD and 
incident HF was homogeneous across a wide spec-
trum of par ticipants (Figure 3). Unadjusted, multi-
variable-adjusted, and propensity-adjusted association 
between RHD and incident HF among the 4,751 
pre-match participants are displayed in Table II.   

 RHD and other outcomes 

 All-cause mortality occurred in 47% and 43% of 
matched participants with and without RHD, respec-
tively (HR 1.09; 95% CI 0.82 – 1.45;  P   �  0.568) 
(Table III). Associations of RHD with other outcomes 
are displayed in Table III.    

 Discussion 

 The fi ndings from the current analysis demonstrate 
that among community-dwelling older adults in the 
US, the prevalence of RHD was relatively high and 
comprised mostly a mild to moderate form of valvu-
lar disease. A history of RHD was associated with an 
increased risk of incident HF in this population but 
had no association with all-cause mortality or other 
cardiovascular outcomes. Although RHD is no lon-
ger a public health problem in the developed world, 
these fi ndings are important because RHD is highly 
prevalent in developing nations where it is the lead-
ing cause of cardiovascular morbidity and mortality. 
These fi ndings are also important because, as life 
expectancy increases in developing nations, the prev-
alence of older adults with RHD is likely to increase. 

was considered signifi cant. SPSS for Windows Release 
15 (1 April 2009) was used for all data analysis (SPSS 
Inc. (an IBM Company), Chicago, IL).   

 Sensitivity analyses 

 Even though our matched participants with and with-
out RHD were well balanced on 62 measured baseline 
characteristics, bias due to imbalances in unmeasured 
covariates is possible. As such, we conducted a formal 
sensitivity analysis to quantify the degree of a hidden 
bias that would need to be present to invalidate our 
main conclusions (23).    

 Results  

 Baseline characteristics 

 Overall, matched participants had a mean ( � SD) 
age of 73 ( � 5) years, 58% were women, and 1% were 
African-Americans. Compared to participants without 
RHD, those with RHD were more likely to have cor-
onary artery disease (CAD), stroke, atrial fi brillation 
(AF), and left ventricular hypertrophy (LVH) and receive 
digoxin, diuretics, and warfarin. However, these and 
other pre-match imbalances were balanced after match-
ing (Table I and Figure 1). Among matched RHD 
patients, 69%, 56%, 10%, and 2% had MR, AR, AS, 
and MS, respectively. Among those with MR, 48%, 
19%, and 2% had mild, moderate, and severe MR, 
respectively, and among those with AR, 15%, 40%, 
and 1% had mild, moderate, and severe AR, respectively. 
None had severe MS, and only 1 had severe AS.   

 RHD and incident HF 

 Overall, 174 (20%) matched participants developed 
incident HF during 6,894 person-years of follow-up. 
Incident HF occurred in 33% and 22% participants 
with and without RHD, respectively (hazard ratio 
(HR) when RHD was compared with no-RHD 1.60; 

Table II. Association of rheumatic heart disease (RHD) with incident heart failure.

Events (%)
Absolute 

risk increasea
Hazard ratio (95% 

confi dence intervals) P valueOutcomes No-RHD RHD

Before matching (n � 4751) n � 4611 n � 140
Unadjusted 923 (20%) 51 (36%) �16% 2.04 (1.54–2.71) �0.001
Multivariable-adjustedb – – 1.32 (1.02–1.70) 0.034
Propensity-adjusted – – 1.55 (1.14–2.11) 0.005
After matching (n � 720) n � 596 n � 124
Incident heart failure 133 (22%) 41 (33%) �11% 1.60 (1.13–2.28) 0.008

aAbsolute risk increase was calculated by subtracting the percentage of events in the RHD group from the No-RHD group (before values 
were rounded).
bModel adjusted for all covariates displayed in Figure 1.
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in the RHD group, nearly half of the non-RHD 
patients also had valvular disease. Mild MR and mod-
erate AR were the predominant forms of valvular 
disease in both groups. These forms of valvular dis-
ease are known to remain stable for many years in the 
majority of non-RHD patients (25,26). However, 
little is known about the natural history of mild MR 
and moderate AR in patients with RHD. It is also 
possible that milder forms may progress at a dispro-
portionately faster rate to more severe forms in those 
with RHD (25). For example, damage to the mitral 
subvalvular apparatus, as seen in RHD, may lead to 
the rapid progression of mild MR to a more severe 
form (27). It is also possible that RHD patients have 
subclinical myocardial dysfunction that may have 
increased their susceptibility to milder forms of val-
vular disease. Furthermore, a damaged mitral subval-
vular apparatus may also lead to left ventricular 
diastolic and systolic impairment (28). Scarring and 
retraction of mitral valve leafl et and chordae may 
restrict leafl et motion, particularly during diastole 
(29,30). Finally, the slow progression of a moderate 
AR may be accelerated by age-related dilatation of 
the aorta (31 – 34) and vascular stiffness, resulting in 
a more rapid progression to clinical HF. 

 Although RHD is considered a risk factor for 
cardiovascular morbidity, there are limited data 
about its association with HF. Current evidence of this 
association is mostly based on a few cross-sectional 
survey-based studies from developing nations (6). A 
recent review article on RHD reported several RHD-
related cardiovascular outcomes, but did not provide 
any data on RHD-related incident HF (4). This may 
be due to the diffi culty with the adjudication of HF 
in the community in general, which may be more 
diffi cult in the setting of developing nations. In con-
trast, in the CHS, the diagnosis of HF was centrally 
adjudicated using stringent criteria. 

 To the best of our knowledge, this is the fi rst study 
to report an association between RHD and incident 
HF among community-dwelling older adults from a 
developed nation. Even though RHD is no longer a 
public health problem in developed nations, it is still 
common in the developing world, where it is a major 
risk factor for cardiovascular morbidity and mortality. 
With economic prosperity and better management 
of other cardiovascular risk factors such as hyperten-
sion and CAD, the life expectancy of people in the 
developing nations is increasing, and, as such, the prev-
alence of older adults with RHD is likely to increase. 
Findings from the current study highlight the impor-
tance of RHD as a major risk factor for incident HF 
among older adults who remained free of RHD-related 
complications for decades. 

 Several limitations of our study must be acknowl-
edged. As with most baseline  cardiovascular  morbidi ties 

HR = 1.60;
95%CI = 1.13–2.28;

P = 0.008
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Figure 2. Kaplan-Meier plots for incident heart failure by 
rheumatic heart disease (RHD). (CI � confi dence interval; 
HR � hazard ratio).

Our data suggest that older adults, who remained 
HF-free despite RHD at younger ages, are at a 
signifi  cantly increased risk for incident HF. 

 The signifi cant bivariate association between RHD 
and incident HF before matching may be explained 
by imbalances in various baseline characteristics 
between the groups. For example, those with RHD 
had a higher prevalence of CAD, AF, and LVH, all 
of which are risk factors for incident HF. Attenuation 
of the association between RHD and incident HF 
after multivariable and propensity score adjustments 
suggests that those risk factors may have confounded 
in part the unadjusted association. However, the asso-
ciation remained statistically signifi cant, suggesting 
an intrinsic association, which was further confi rmed 
in the propensity-matched cohort. Although regres-
sion-based multivariable models can account for con-
founders, they may not necessarily ensure that the 
prevalences of those confounders are balanced at base-
line between the groups (24). However, replication 
of the association between RHD and incident HF in 
our propensity-matched cohort suggests that this asso-
ciation may not be explained by the pre-match imbal-
ances in any of the 62 measured baseline characteristics 
that included CAD, AF, and LVH. It is, however, 
possible that more RHD patients subsequently devel-
oped CAD, AF, or LVH during follow-up, and these 
conditions were more severe in patients with RHD, 
which then increased their risk of incident HF. 

 Because RHD is primarily a disease of heart 
valves, any differences in outcomes between partici-
pants with and without RHD are likely to be explained 
by the pre sence, type, or severity of valvular disease. 
Although valvular disease was present in all patients 
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that some participants with rheumatoid arthritis may 
have been misclassifi ed as RHD. Although we had 
no data on baseline rheumatoid arthritis, the prev-
alence of arthritis in general was balanced in our 
matched cohort. Additionally, any random misclas-
sifi cation of persons without RHD as having RHD 
and vice versa is likely to result in dilution regres-
sion and under-estimation of the observed associa-
tion, thus not  posing any serious threat to the validity 

in CHS, a diagnosis of RHD was made based on a 
self-reported physician diagnosis. Although our use of 
echocardiographic documentation of baseline valvular 
disease has helped us assemble a cohort of true RHD 
patients, we had no echocardiographic fi ndings con-
fi rming RHD-specifi c valvular disease. Further, since 
the current study was based on a public-use copy of 
the de-identifi ed CHS data, validation through review 
of medical records was not possible. It is also  possible 

Table III. Association of rheumatic heart disease (RHD) with other outcomes in the matched cohort.

Events (%)
Hazard ratio (95% 
confi dence interval)Outcomes No-RHD RHD Absolute risk increasea P value

All-cause mortality 257 (43%) 58 (47%) �4% 1.09 (0.82–1.45) 0.568
Acute myocardial infarction 62 (10%) 18 (15%) �5% 1.44 (0.85–2.43) 0.173
Angina pectoris 96 (16%) 26 (21%) �5% 1.39 (0.90–2.14) 0.138
Stroke 86 (14%) 17 (14%) 0% 0.95 (0.57–1.60) 0.848
Transient ischemic attack 28 (5%) 10 (8%) �3% 1.76 (0.85–3.62) 0.126
Peripheral arterial disease 27 (5%) 4 (3%) �2% 0.70 (0.25–2.01) 0.510

aAbsolute risk increase was calculated by subtracting the percentage of events in the RHD group from the No-RHD group (before values were 
rounded).
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Figure 3. Association of rheumatic heart disease (RHD) with incident heart failure (HF) in subgroups of propensity score-matched partici pants 
in the Cardiovascular Health Study. (CI � confi dence interval; HR � hazard ratio).
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of our  fi ndings (35). Although post-match absolute 
 standardized difference for diabetes, stroke, statin 
use, serum glucose, C-reactive protein, and insulin 
were  � 10%, their prevalence or mean were higher in 
those without RHD, suggesting any confounding due 
to these residual imbalances would under-estimate the 
observed association between RHD and incident HF. 
In fact, when adjusted for those covariates, the associa-
tion between RHD and incident HF among matched 
participants became stronger. Finally, these fi ndings 
based on older adults from a developed nation may 
not be generalizable to younger RHD patients from 
developing nations. 

 In conclusion, among community-dwelling older 
adults free of HF at baseline, despite the presence of 
mostly mild to moderate valvular disease, RHD had 
a signifi cant association with incident HF. These 
fi ndings highlight the importance of RHD as a major 
risk factor for incident HF among older adults who 
remained free of RHD-related complications for 
decades. These fi ndings need to be replicated in 
developing nations, and future well designed pro-
spective studies are needed to develop and test inter-
ventions to reduce the risk of HF in patients with 
RHD. 
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