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Abstract
Background  Rheumatic heart disease (RHD), a consequence of a dysregulated immune response to Streptococcus 
pyogenes infection, remains the most commonly acquired cardiovascular condition in under 25-year-olds. 
Predominantly occurring in low- and middle-income countries (LMICs), RHD has an estimated prevalence of 40.5 
million cases globally, although RHD complication rates in endemic settings remain uncertain. Accordingly, we 
undertook a prospective cohort study of RHD mortality and morbidity in Fiji with the aim of comparing complication 
rates to those estimated in our previous retrospective studies based on routine data and record-linkage from this 
setting.

Methods  We prospectively ascertained RHD patients in the Central Division of Fiji from: (i) prevalent cases reviewed 
in echocardiography clinic prior to the study (May 2014-September 2015), and (ii) incident cases diagnosed in hospital 
(May 2014-October 2016). The primary endpoint comprised the earliest of RHD-attributable death, new onset heart 
failure or new onset stroke (assessed to October 2016). Differences between groups were assessed using a log-rank 
test (LRT). Additionally, to further investigate the issue of prevalence-incidence bias, rates of these events in the 
prospective cohort were also compared to those among patients with similar characteristics from our previously 
reported retrospective studies.

Results  During a median of 19.3 months follow-up, the primary endpoint occurred in six out of a total of 163 patients 
recruited to the study, with an incidence rate of 1.8 (95% CI, 0.6–5.5) and 5.3 (95% CI, 1.7–16.5) per 100 person-years in 
the prevalent and incident groups respectively (LRT, p = 0.13). Among 617 comparable individuals from our previous 
retrospective studies, the primary endpoint occurred in 24 patients with an incidence of 1.4 (95% CI, 0.7–2.5) and 6.4 
(95% CI, 3.8–10.8) per 100 person-years in prevalent and incident groups respectively (LRT, p = 0.002).

Conclusions  Complications of RHD were less frequent in the prevalent compared to incident groups, reaching 
statistical significance in the larger retrospective cohort. Reflecting the impact of systematic differences between 
the groups, these findings highlight the vulnerability of longitudinal studies of RHD to prevalence-incidence bias, 
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Background
Rheumatic heart disease (RHD), and its precursor acute 
rheumatic fever (ARF), a consequence of a dysregulated 
immune response to Streptococcus pyogenes (Group A 
Streptococcus, GAS) infection, remain the most com-
monly acquired cardiovascular condition in under 
25-year-olds [1] and predominantly affects the young 
working population [2]. In 2022, the Global Burden of 
Disease study estimated that over 386,000 deaths and 13 
million disability-adjusted life years (DALYs) were attrib-
utable to RHD, with 46.3 million prevalent cases of RHD 
globally [3]. In the largest contemporary cohort study to 
date as part of the INVICTUS trial registry involving 24 
RHD-endemic LMICs and a total of 13 696 patients, the 
overall mortality rate was nearly 5% per year and higher 
in low income countries (LICs), reaching up to 7% [4].

Rheumatic heart disease is largely preventable, as evi-
denced by the low incidence and prevalence of RHD in 
high-income countries (HICs). However, to better tackle 
the global burden of disease, an improved picture of rates 
of death and disability is still needed [5]. This informa-
tion is required not only to facilitate the many aspects of 
prevention [2], but also as a baseline for evaluation of the 
GAS vaccines that are currently under development [6].

The epidemiology of RHD in Fiji has been studied 
extensively [7–9]. Fiji is a middle-income country where 
RHD continues to be endemic and is a leading cause of 
death among young adults [8]. The drivers of this remain 
unclear but may include continued socioeconomic fac-
tors such as overcrowding and poor housing [7, 10], and 
repeated studies have found higher rates of disease and 
complications amongst the indigenous iTaukei popu-
lation [9, 11]. We have previously used record-linkage 
to calculate nationwide, population-based estimates of 
RHD-attributable deaths [8], disability [9] and costs [12]. 
These data reveal a substantial burden of disease indicat-
ing RHD ranks among the leading causes of premature 
death in this setting [8]. Accordingly, given the inherent 
limitations of retrospective studies, we sought to refine 
and validate our retrospective estimates through a pro-
spective cohort study.

The objective of our prospective cohort study was to 
measure the rates of complications of RHD among peo-
ple living with RHD in the Central Division of Fiji, and to 
compare these to those estimated in our previous retro-
spective studies based on routine data and record linkage 
[8, 9]. Here we particularly explore the issue of preva-
lence-incidence bias, or ‘Neyman’s bias’, which impacts 
studies in which the onset of symptoms is associated with 

high case-fatality. Specifically, we sought to investigate 
the impact of this bias on longitudinal studies of RHD 
outcomes in Fiji where we have previously shown RHD 
complications are associated with substantially increased 
risk of death [9].

Methods
Study design
We undertook a prospective cohort study to measure 
rates of complications of RHD among people living with 
RHD in the Central Division of Fiji during 2014–2016. 
We also compared rates in the prospective cohort to 
those among patients with similar characteristics from 
our previously reported retrospective study [8, 9].

Setting
Fiji is a middle-income country in the Western Pacific 
which at the time of the study had a population of 
approximately 900,000 individuals of which 43% reside 
in the Central Division [13]. Fiji is an island archipelago 
composed of more than 300 islands, but the majority of 
the population resides on the major islands of Viti Levu 
and Vanua Levu. The Central Division, situated on Viti 
Levu and containing the capital Suva, was our focus of 
patient recruitment, as only coverage of this area was fea-
sible by a single research nurse. Inpatient and outpatient 
medical care for children and adults with RHD in the 
Central Division is provided at the Government-funded 
Colonial War Memorial Hospital (CWMH) in Suva [14].

Prospective cohort
Patient selection
Patients were recruited to the study in two groups. The 
first comprised patients with prevalent RHD – individu-
als with the disease at the outset of the study – known 
to the national disease control programme who were 
reviewed in the echocardiography clinic at the Colonial 
War Memorial Hospital during 2011–2012. However, fol-
lowing a delay in initiating the study, these patients were 
not approached until May 2014 when the study com-
menced. The second comprised patients with incident 
RHD – individuals diagnosed with the disease during 
the study – not previously known to the national disease 
control programme newly presenting to the Colonial War 
Memorial Hospital up until October 2016. Patients were 
recruited by an experienced local clinical research nurse 
(TC). The prevalent patients were contacted in random 
order defined prior to the start of the study. Follow-up 
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was at approximately six monthly intervals until the end 
of October 2016 (i.e. 30 months).

Endpoints
The primary endpoint comprised a composite of the ear-
liest of RHD-attributable death, new onset heart failure 
and new onset stroke. Deaths were considered RHD-
attributable if RHD (or valvular heart disease) was spe-
cifically mentioned as a cause on the death certificate, or 
where the cause of death was a recognised complication 
of RHD without an alternative explanation. Secondary 
endpoints were each of these events individually, infec-
tive endocarditis, cardiac surgery, adherence to second-
ary prophylaxis, and disability assessed by the New York 
Heart Association (NYHA) Functional Classification 
as well as the Modified Rankin Scales in patients with a 
history of stroke. Events were recorded using structured 
case report forms (CRFs) with online data entry by the 
research nurse. Potential risk factors for complications 
were also documented including comorbidity (e.g. type II 
diabetes mellitus).

Recruitment and follow-up
To increase ascertainment, the research nurse performed 
twice weekly rounds of the inpatient wards as well as daily 
rounds of the emergency department and the maternity 
hospital. In addition, patients (or their next-of-kin) were 
contacted by telephone, and where the research nurse 
was unable to make contact, with the assistance of local 
primary care nurses, visits to the patient’s home were 
made. More than two thirds of the cohort were reviewed 
on more than 3 separate occasions during the 1.5 years 
of the study. We obtained further information on uncon-
tactable patients by monthly reviews of the electronic 
hospital patient information system, and on completion 
of the study we reviewed records of clinic attendance, 
admissions and deaths held by the Ministry of Health & 
Medical Services. The sample size was not pre-defined 
based on a power calculation, but for the prevalent group 
determined by an estimate of the number of cases that 
could be regularly reviewed by the study nurse.

Retrospective cohort
For comparison, we selected individuals from our previ-
ously reported retrospective studies (8,9) covering the 
period 2008–2012. To maximise parity, the studies were 
compared based on the same primary endpoint based 
on diagnoses recorded in the patient information system 
[9]. Additionally, in the retrospective dataset, we lim-
ited analyses to 2011–2012, since underlying cause-of-
death classifications were only available for this period 
[8]. For analysis, after excluding individuals subsequently 
recruited to the prospective cohort, we compared all 
individuals alive at the beginning of 2011 attending the 

echocardiography clinic during 2008–2010 (i.e. prevalent 
cases) to all individuals who had new hospital or outpa-
tient attendance during 2011–2012 (i.e. incident cases). 
We excluded individuals with first hospitalisation for 
heart failure or stroke prior to 2011 for both groups.

Statistical analysis
Data were inspected for missing values and outliers. 
There were no missing data for the variables used in 
this analysis. We calculated rates of death and complica-
tions using time to event analyses. Baseline events were 
defined separately to primary or secondary endpoints. In 
our primary analysis of the prospective cohort, we con-
sidered the interval from recruitment to the earliest of 
death to date or last review for the study. Additionally, as 
a sensitivity analysis, we extended the analysis period by 
90 days for individuals whose electronic clinical record 
remained active up to the date of completion of the study 
(i.e. 21st October 2016). For the retrospective cohort, we 
considered the interval from, for the prevalent cases, the 
beginning of the analysis period (i.e. 1st January 2011), 
or, for the incident cases, the earliest recorded hospital 
or outpatient attendance, through to the earliest of death 
or end of the analysis period (i.e. 31st December 2012). 
Individuals with first hospitalisation for heart failure or 
stroke prior to or at the time of enrolment were excluded. 
As before, we assumed no loss to follow-up because we 
expected the patient information system would include 
the majority of hospitalisations during the study period. 
We performed a Cox multivariate regression analysis for 
the retrospective cohort to assess the effect of age, eth-
nicity and gender. The proportional-hazards assump-
tion was checked after fitting the model on the basis of 
Schoenfeld residuals. Person-time in years was measured 
from the point of entry to the earliest occurrence of end-
point or exit from study. We used Kaplan-Meier curves 
to compare rates, and the log-rank test to assess for dif-
ferences between groups. Analyses were performed in 
Stata (version 12).

Ethical approval
The study was approved by the Fiji National Research 
Ethics Review Committee (FNRERC Number 2013-89) 
as well as the Oxford University Tropical Research Ethics 
Committee (1055-13).

Results
Recruitment and follow-up
Between May 2014 and September 2015, we recruited 
111 (66.1%) of 168 prevalent RHD cases reviewed in 
the echocardiography clinic during 2011–2012. Of the 
remainder, seven (12.3%) refused to participate, 11 
(19.3%) were deceased (at least six RHD-attributable), 
15 (26.3%) did not live in the Central Division, and 24 
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(42.1%) could not be contacted (Fig. 1). We also recruited 
52 incident cases newly presenting to the Colonial War 
Memorial Hospital before completion of follow-up in 
October 2016 of whom 33 individuals had been first 
diagnosed with RHD within the preceding 42 days and 
the remainder up to 20 months previously. The median 
follow-up period was 19.3 months (IQR 13.6–22.2) 
amounting to a median of three reviews (IQR 2–3) of 
each participant. 

Baseline characteristics of the prospective cohort
The combined prospective cohort of 163 individuals 
comprised a median age of 19.2 years (IQR 13.8–33.9) 
with only 17 (10.4%) aged more than 50 years (Fig.  1). 
More than half (62.0%) were female (Table 1). In the inci-
dent group, one individual was enrolled during hospitali-
sation for heart failure and one during hospitalisation for 
stroke. Additionally, three patients in the incident group 
had presented with features of ARF (two with carditis/
polyarthritis and one with Sydenham’s chorea) while 
one patient in the prevalent group was enrolled during 
an episode of ARF recurrence (polyarthritis). Otherwise 
only a minority of the cohort reported cardiac symptoms, 
and these occurred almost exclusively in the incident 
group. There was a significant difference in the propor-
tion of patients with NYHA Class II symptoms in the 
prevalent group compared to the incident group (1.8% vs. 
9.6%, p = 0.03). Chest pain, fatigue and peripheral oedema 
occurred only in four in the incident group.

At baseline the proportion of individuals with moderate 
to severe mitral regurgitation (35.1% vs. 38.4%, p = 0.7), 
moderate to severe aortic regurgitation (11.7% vs. 9.6%, 
p = 0.5) and any mitral stenosis (31.5% vs. 36.5%, p = 0.6) 
on clinical echocardiogram was similar in the prevalent 
and incident groups. Similarly, the proportion with a 
mitral or aortic valve lesion of at least moderate sever-
ity was the same (54.1% vs. 59.6%, p = 0.6). Past complica-
tions of RHD were limited to one individual with a prior 
episode of ARF, one individual with prior heart failure 
and three individuals with past stroke. Comorbidity was 
limited to six individuals with one or more of ischaemic 
heart disease, hypertension, obesity or diabetes mellitus, 
and two individuals with other co-existent heart disease.

Primary and secondary endpoints for prospective cohort
Excluding six individuals with first hospitalisation for 
heart failure or stroke prior to or at the time of enrol-
ment and three individuals without follow-up, the pri-
mary endpoint occurred in 3/109 (2.8%) of the prevalent 
group and 3/45 (6.6%) patients from the incident group 
(Table 2). This comprised one new stroke and four hos-
pitalisations for new heart failure, one of which led to 
an RHD-attributable death. All but one event occurred 
before 40 years of age (range 11–60 years) with the RHD-
attributable death occurring at age 39 years in the prev-
alent group. Four of the six events occurred in women, 
and all occurred in Indigenous iTaukei or Rotuman Fiji-
ans. All primary endpoint events occurred in individuals 

Fig. 1  Recruitment and follow-up of the prospective cohort
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Table 1  Baseline characteristics of prospective and retrospective cohort
Prospective cohort (n = 163) Retrospective cohort (n = 617)
Prevalent (n = 111) Incident (n = 52) Prevalent (n = 379) Incident (n = 238)

Age in years – median (IQR) 20 (15–39) 16 (12–28) 21 (12–34) 22 (10 − 36)
Female sex – n (%) 68 (61.3) 33 (63.5) 219 (58.1) 137 (58.1)
Ethnicity:
  Indian descent – n (%) 22 (19.8) 3 (5.8) 108 (28.6) 66 (27.9)
  iTaukei / Rotuman – n (%) 88 (79.3) 45 (86.5) 226 (59.8) 155 (65.4)
  Other Pacific Islander – n (%) 1 (0.9) 4 (7.7) 44 (11.6) 16 (6.8)
Past Events:
  Heart failure – n (%) 0 1 (1.9) † ‡ ‡
  Stroke – n (%) 1 (0.9) † 2 (3.9) † ‡ ‡
  Rheumatic fever – n (%) 0 1 (1.9) * *
  Prior cardiac surgery – n (%) 26 (23.4) 0 46 (12.1) 0
Baseline events:
  Hospitalisation for heart failure – n (%) 0 1 (1.9) † ‡ ‡
  Hospitalisation for stroke – n (%) 0 1 (1.9) † ‡ ‡
  Rheumatic fever – n (%) 1 (0.9) 3 (5.8)
Baseline symptoms:
  NYHA Class I – n (%) 109 (98.2) 47 (90.4) - -
  NYHA Class II – n (%) 2 (1.8) 5 (9.6) - -
  NYHA Class III-IV – n (%) 0 0 - -
  Chest pain – n (%) 0 2 (3.8) - -
  Palpitations – n (%) 0 2 (3.8) - -
  Peripheral oedema – n (%) 0 1 (1.9) - -
  Fatigue – n (%) 0 3 (5.8) - -
Baseline clinical echocardiography:
  Moderate mitral regurgitation – n (%) 30 (27.0) 10 (19.2) - -
  Severe mitral regurgitation – n (%) 9 (8.1) 10 (19.2) - -
  Moderate aortic regurgitation – n (%) 9 (8.1) 2 (3.9) - -
  Severe aortic regurgitation – n (%) 4 (3.6) 3 (5.8) - -
  Moderate mitral stenosis – n (%) 16 (14.4) 7 (13.5) - -
  Severe mitral stenosis – n (%) 13 (11.7) 7 (13.5) - -
Baseline prophylaxis:
  BPG 3-weekly – n (%) 43 (38.7) 24 (46.2) - -
  BPG 4-weekly – n (%) 43 (38.7) 18 (34.6) - -
  Oral penicillin V – n (%) 2 (1.8) 3 (5.8) - -
  None – n (%) 23 (20.7) 7 (13.5) - -
Other baseline medication:
  Warfarin – n (%) 30 (27.0) 4 (7.7) - -
  Aspirin – n (%) 4 (3.6) 2 (3.9) - -
  Heart failure therapy – n (%) 23 (20.7) 6 (11.5) - -
  Years since diagnosis – median (IQR) 7 (4–12) 0 - -
Occupation§:
  Employed – n (%) 17 (15.3) 7 (13.5) - -
  Full time education – n (%) 55 (49.5) 29 (55.8) - -
  Otherwise economically active – n (%) 2 (1.8) 1 (1.9) - -
  No occupation – n (%) 36 (32.4) 15 (28.9) - -
*Rheumatic fever not reliably coded for retrospective cohort

†Individuals with past or baseline hospitalisation for heart failure or stroke prior to enrolment excluded from time to event analyses

‡Individuals with first hospitalisation for heart failure or stroke prior to 2011 excluded

§Data on occupation missing from one individual in the prevalent group
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with a valve lesion of at least moderate severity at base-
line. The overall incidence rates of these events combined 
was 2.7 (95% CI, 1.2–5.9) per 100 person-years across 
both incident and prevalent groups. However, the rate 
was 1.8 (95% CI, 0.6–5.5) and 5.3 (95% CI, 1.7–16.5) in 
the prevalent and incident groups respectively (Table 3), 
although this difference was not statistically significant 
by the log-rank test (p = 0.13) (Fig. 2A). Similarly, in the 
subset with at least moderate severity at baseline, the rate 
was 3.2 (95% CI, 1.0-9.9) in the prevalent group and 9.5 
(95% CI, 3.1–29.4) in the incident group, although the 
difference was not statistically significant (p = 0.13). Fur-
ther, findings were similar if individuals who had prior 
surgery were excluded and if the analysis period was 
extended by 90 days for patients with an active electronic 
clinical record to reduce bias in the incident cohort.

Other events occurring during follow-up included five 
patients (3.1%) who underwent surgery, all comprising 
mitral valve surgery (+/- aortic or tricuspid valve sur-
gery). There were four deaths unrelated to RHD. Nine 
acute admissions for heart failure among six patients 
occurred (in addition to two patients managed in out-
patients), two for ARF, one for stroke and 12 for other 
diagnoses. There were no hospitalisations for infective 
endocarditis, valve thrombosis or systemic emboli. There 

were also five completed pregnancies with one emer-
gency delivery and two by planned caesarean section, but 
no other maternal or neonatal complications.

Comparison with retrospective cohort
We next compared the event rates in our prospective 
cohort with a subset of our previously described retro-
spective study re-analysed for the purposes of this study 
[9]. Specifically, after excluding 59 individuals subse-
quently recruited to the prospective cohort, we identified 
617 individuals who had attended the echocardiography 
clinic during 2008–2012 of whom 379 (61.4%) and 238 
(38.6%) were in the prevalent and incident groups respec-
tively (Table 1). Differences with the prospective cohort 
included an older age profile and a greater proportion 
of Fijians of Indian descent in the incident group, and a 
lower rate of past cardiac surgery in the prevalent group.

There were eight RHD-attributable deaths, 14 heart 
failure hospitalisations and four stroke hospitalisations 
which together occurred at a median age of 29.4 years 
(IQR, 20.4–44.8) (Table  2). Combined, these events 
occurred at a rate of 1.4 (95% CI, 0.7–2.5) and 6.4 (95% 
CI, 3.8–10.8) per 100 person-years in prevalent and inci-
dent groups respectively (Table  3), which was statisti-
cally significant by a log-rank test (p = 0.002) (Fig.  2B). 

Table 2  Outcome events (primary outcome of earliest of RHD-attributable death, new onset heart failure and new onset stroke) 
during follow-up of prospective and retrospective cohorts

Prospective cohort (n = 154) Retrospective cohort (n = 617)
Prevalent (n = 109) Incident (n = 45) Prevalent (n = 379) Incident (n = 238)

Primary Outcome Event – n (%) 3 (2.8) 3 (6.6) 10 (2.6) 14 (5.9)
RHD-attributable death – n (%) 1 (0.9) 0 4 (1.0) 4 (1.7)
New onset heart failure – n (%) 3 (2.8) 2 (4.4) * *
Hospitalisation for heart failure (first) – n (%) 3 (2.8) 1 (2.2) 5 (1.3) 9 (3.8)
Hospitalisation for stroke (first) – n (%) 0 1 (2.2) 2 (0.5) 2 (0.8)
Rheumatic fever recurrence – n (%) 2 (1.8) 0 † †
All cause death – n (%) 4 (3.7) 1 (2.2) 8 (2.1) 21 (8.8)
*Heart failure without hospitalisation not reliably coded for retrospective cohort

†Rheumatic fever not reliably coded for retrospective cohort

Table 3  Event rates during follow-up of prospective and retrospective cohorts in 100 person-time years
Prospective cohort (n = 154) Retrospective cohort (n = 617)
Prevalent (n = 109) Incident (n = 45) Prevalent (n = 379) Incident (n = 238)

Person-time – years 170.2 54.9 738.9 218.3
Primary outcome* – rate (95% CI) 1.8 (0.6–5.5) 5.3 (1.7–16.5) 1.4 (0.7–2.5) 6.4 (3.8–10.8)
Sensitivity analysis† – rate (95% CI) 1.6 (0.5–5.1) 5.0 (1.6–15.6) - -
RHD-attributable death – rate (95% CI) 0.6 (0.1–4.1) 0 0.5 (0.2–1.4) 1.8 (0.8–4.8)
New onset heart failure – rate (95% CI) 1.8 (0.6–5.5) 3.5 (0.9–13.8) ‡ ‡
Heart failure hospitalisation – rate (95% CI) 1.8 (0.6–5.5) 1.7 (0.2–11.9) 0.7 (0.3–1.6) 4.1 (2.1–7.9)
Stroke hospitalisation – rate (95% CI) 0 1.7 (0.2–11.9) 0.3 (0.1–1.1) 0.9 (0.2–3.6)
ARF recurrence – rate (95% CI) 1.2 (0.3–4.7) 0 ‡ ‡
All cause death – rate (95% CI) 2.3 (0.9–6.2) 1.6 (0.2–11.7) 1.1 (0.5–2.1) 9.4 (6.2–14.5)
*Earliest of RHD-attributable death, new onset heart failure, and new onset stroke

†Analysis period extended by 90 days of individuals whose electronic clinical record remained active

‡Not reliably coded for retrospective cohort
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The difference between the incident and prevalent 
group remained apparent in a multivariate Cox regres-
sion model adjusting for age, gender, ethnicity and prior 
surgery (hazard ratio 3.4, 95% CI 1.4–8.0, p = 0.006) 
(Table 4).

Discussion
There is a clear need for more granular information 
about the impact of RHD in LMICs. In response, our 
data reassert the burden of complications in children and 
young adults in Fiji [8, 9, 11]. Nonetheless, the overall 
burden of complications estimated from our prospective 
cohort study was ostensibly lower than those reported in 
our previous retrospective studies based on record link-
age [8, 9]. This prompted us to explore systematic differ-
ences in the population of patients reached by the two 
study designs. For example, the prospective cohort were 
somewhat younger and included a greater proportion of 
Indigenous iTaukei or Rotuman Fijians than the retro-
spective cohort. Nevertheless, we suspected a wider issue 
relating to our attempt to recruit patients living with 
prevalent RHD exacerbated by the delays in reaching this 
group, which consequently became a cohort of ‘survivors’. 
Crucially, even after excluding individuals with outcome 
events at the time of enrolment, this prevalent group, 
which made up more than two-thirds of the cohort, had 
a lower baseline proportion of patients with NYHA class 
II symptoms and a lower point estimate for the rate of 
the primary endpoint than the incident disease group. 
We replicated this pattern using a subset of our previous 
retrospective cohort selected to imitate the prospective 
cohort, where the difference in the primary endpoint rate 
between incident and prevalent groups reached statisti-
cal significance. Thus, the apparently lower rate of com-
plications in our prospective cohort study reflects a study 
population enriched for survivors and illustrates the vul-
nerability of longitudinal studies of RHD to prevalence-
incidence bias, a so far under-appreciated general feature 
of the epidemiology of the disease. A type of selection 

Table 4  Hazard ratio estimates with 95% confidence intervals for risk of RHD-attributable death, first hospitalisation for heart failure or 
stroke in the retrospective cohort in a multivariate Cox regression analysis
Variable Level HR (95% CI) p value
Study Group Prevalent 1

Incident 3.4 (1.4-8.0) 0.006
Prior Cardiac Surgery No surgery 1

Surgery 0.6 (0.1-5.0) 0.66
Sex Male 1

Female 0.6 (0.2–1.3) 0.16
Ethnicity iTaukei & others 1

Fijian of Indian Descent 0.6 (0.2–1.4) 0.21
Age (years) 5–14 1

15–39 2.0 (0.7–5.9) 0.18
40–69 2.1 (0.6–7.3) 0.25

Fig. 2  Cumulative percentage of the primary outcome among incident 
(maroon) and prevalent (blue) groups within (A) the prospective cohort 
and (B) the retrospective cohort. Plots show the Kaplan-Meier failure func-
tion as calculated in Stata together with the number at risk at six monthly 
intervals indicated in a table
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bias also termed ‘Neyman bias’, prevalence-incidence bias 
is expected where the onset of symptoms indicative of 
complications is associated with high case-fatality [15], 
and its impact on RHD epidemiology is analogous to that 
reported for other diseases such as pulmonary hyperten-
sion [16].

In our prospective study, the difference between 
incident and prevalent groups was exacerbated by an 
unavoidable delay in initiating recruitment of patients 
identified from echocardiography clinics. Unfortunately, 
the linked data from which these patients were selected 
were only available up to the close of 2012, and it was not 
possible to generate similar data for 2013 or early 2014. 
While this is undoubtedly a limitation of our study, it is 
important to stress the dominant model of RHD at the 
time that we conceived our study was one in which a 
proportion of patients living with prevalent RHD expe-
rienced long-term disability due to complication such as 
heart failure [1]. Additionally, studies of RHD are often 
based around registries, which naturally tend towards a 
prevalent patient population. In contrast, incident cases 
are often identified in hospitals once the disease is symp-
tomatic and complications are apparent. Thus, the cur-
rent study emphasises the need for further representative 
longitudinal studies of RHD using strategies such as 
pooling data from different sources combined by record-
linkage. Indeed, in hindsight, the impact of prevalence-
incidence bias is unsurprising given our Fijian studies 
showed clearly that the onset of RHD complications is 
associated with a marked shortening of life-expectancy 
[9].

Additional factors, including age, may also contribute 
to the lower complication rates observed in our prospec-
tive cohort, compared to the larger REMEDY cohort [17, 
18] and other hospital-based studies [19–21]. For exam-
ple, only 15% of our prospective cohort were aged over 40 
years at recruitment compared to 26% of our retrospec-
tive cohort [9], and approximately 27% in the REMEDY 
cohort [18]. Similarly, our prospective cohort was sub-
stantially younger than the much larger INVICTUS reg-
istry in which higher complication rates were observed 
[4]. There may be additional differences between the ret-
rospective and prospective groups that are unknown but 
even were this the case it remains likely that prevalence-
incidence bias is a major contributor to event rates.

Regardless, it is important to emphasise that these are 
debilitating or fatal cardiac events occurring in children 
and young adults due to a preventable disease that now 
scarcely occurs in high-income settings. For example, 
five patients progressed to cardiac surgery for significant 
valvular disease and symptomatic RHD (with NYHA 
class III or IV breathlessness). Whilst this is fewer than 
in some contemporary studies, including the surgery rate 
of 15.3% reported from The Gambia [20] and 13.6% at 

baseline from the INVICTUS registry [4], these patients 
may represent the small proportion able to undergo sur-
gery, relative to the total number eligible. The impor-
tance of valve surgery and mitral valvuloplasty is further 
emphasised by the recent cohort study from the INVIC-
TUS registry demonstrating a ‘strong, independent, 
inverse association’ between intervention and mortal-
ity [4]. However, as within many LMICs, at the time of 
our study, cardiac surgery was only provided by visiting 
teams in Fiji. Furthermore, prevention of adverse out-
comes in RHD also requires effective delivery of second-
ary prophylaxis, education of patients and their families, 
as well as advocacy and health promotion activities in the 
wider community [22].

Our prospective cohort had additional limitations 
including the small sample size and relatively short fol-
low-up, which was determined by what could be achieved 
by our single research nurse with the funding available. 
The impact of this includes relatively imprecise esti-
mates of rates, which may have meant we had insufficient 
power to detect a difference in event rates between inci-
dent and prevalent groups. We also had limited ability to 
detect rarer complications such as infective endocarditis 
and valve thrombosis. Additionally the sample size was 
not sufficient to perform the multivariate analysis that 
we applied to the retrospective cohort. Further work will 
provide additional information about the complication 
rates of RHD over a longer time-period, which currently 
is not available from most LMICs. We also had relatively 
limited echocardiographic data available, which was 
insufficient to investigate the impact of baseline cardiac 
function or other parameters on risk over time. Whether 
this information would explain differences between the 
incident and prevalent groups remains unclear, although 
it is notable that the proportion of individuals with mod-
erate to severe valve lesions was similar in both groups. 
Furthermore, we had limited data available on socioeco-
nomic determinants of health such as housing or edu-
cation, and so were unable to assess their relationship 
to outcomes in this study. Moreover, we are unable to 
determine whether regular contact with a dedicated spe-
cialist research nurse – who was also tasked with iden-
tifying patients at risk of deterioration – had an impact 
on care of and outcomes of the cohort. Nonetheless, it is 
plausible that individuals in the cohort benefitted from 
this level of contact, including monitoring, education, 
and advocacy, all of which might have a knock-on effect 
on outcomes, as observed previously with the REMEDY 
study [23]. In reality, this was also a strength of our study, 
and the work of our research nurse (TC) allowed for 
detailed and high-quality data collection using a consis-
tent methodology. Other strengths of our study included 
automated data entry checks with detailed review by 
local and international teams, and availability of death 
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certificate data from the Ministry of Health and Medi-
cal Services. Finally, while we maintain that our findings 
continue to provide considerable value, we also recognise 
that due to a number of external factors several years 
have now passed since the period during which our study 
was conducted.

Conclusions
In summary, our study represents one of very few pro-
spective studies of RHD morbidity and mortality from 
an LMIC. It provides an important insight into the con-
sequences of RHD in this population identifying impor-
tant differences between incident and prevalent disease 
groups. Although our prospective study was limited to a 
single region of Fiji, our retrospective study covered the 
entire country. Accordingly, we anticipate that our obser-
vations may apply to other LMICs, at least in the Pacific 
region with a similar burden of RHD. More specifically, 
study designs that tend to recruit prevalent cases, who are 
more likely to be ‘survivors’, can expect to observe lower 
complication rates than designs recruiting incident cases 
with symptomatic disease. It provides important lessons 
for future studies of outcomes in other settings, empha-
sising the need to include people living with RHD from 
across the disease spectrum from both hospital and com-
munity settings in much-needed future research further 
describing the RHD morbidity and mortality in LMICs. 
Further such studies may allow for real-world advocacy 
and policy change to tackle this multi-factorial chronic 
condition. Given the marked concordance between the 
outcome findings of our prospective and retrospective 
studies, and the potential of the latter to reach a wider, 
more representative population of patients, robust retro-
spective studies based on real-world data are an essential 
first step and may be the force that drives the change.
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