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AbsTrACT
Objectives Rheumatic heart disease (RHD) remains a 
major driver of cardiovascular morbidity and mortality 
in low-resource settings. Registry-based care for RHD 
has been advocated as a powerful tool to improve 
clinical care and track quality metrics. Data collected 
through an RHD registry may also reveal epidemiological 
and geospatial trends, as well as insight into care 
utilisation. Uganda established a central RHD registry 
at the country’s only tertiary cardiac centre in 2010. In 
2014 RHD care and registry enrolment expanded to 
the Western region and in 2015 to the North. Here, we 
examine the geographical distribution of RHD cases in 
Uganda and the impact of registry expansion.
Methods A retrospective search of the Ugandan 
national RHD registry was preformed to capture all cases 
of acute rheumatic fever or clinical RHD from January 
2010 through July 2016. A geospatial analysis revealed 
that the density of detected cases (cases/100 000 
district residents) reflected proximity to an RHD registry 
enrolment centre. Regionalisation improved the number 
of cases detected in the regions of expansion and 
improved retention of patients in care.
results and conclusions RHD appears to have 
uniform distribution throughout Uganda with 
geographical clustering surrounding RHD registry 
enrolment centres reflecting access to care, rather than 
differences in prevalence. Higher rates of case detection 
and improved retention in care with regionalisation 
highlight the urgent need for decentralisation 
of cardiovascular services. Future studies should 
examine sustainable models for cardiovascular care 
delivery, including task shifting of clinical care and 
echocardiography and use of telemedicine.

InTrOduCTIOn
Rheumatic heart disease (RHD) remains a leading 
cause of cardiovascular disability and death in 
low-income and middle-income countries, affecting 
at least 32.9 million persons.1 RHD is classically 
preceded by acute rheumatic fever (ARF), a systemic 
inflammatory response to untreated or undertreated 
group A streptococcal infection. While the optimal 
strategy for ARF/RHD control in low-income and 
middle-income countries remains under investiga-
tion, it is well established that secondary prophy-
laxis, or delivery of regular penicillin to prevent 
recurrent streptococcal infections, improves 
outcomes for patients following ARF or RHD diag-
nosis.2 3 Registry-based control programmes have 
been advocated as the ideal framework for deliv-
ering secondary prophylaxis and for establishing a 
national RHD control programme.4–6 

Registries are also important for epidemiological 
surveillance: the quantification and localisation of 
RHD burden. These data are particularly useful 
for monitoring RHD trends, identifying high-risk 
populations and evaluating quality metrics. These 
data can then be translated into advocacy tools for 
prioritisation and expansion of RHD services. The 
Uganda RHD registry (the Registry) was established 
in 2010 at the country’s only tertiary cardiac centre, 
the Uganda Heart Institute (UHI) in the capital 
city, Kampala. The Registry expanded in 2011 to 
include a second small enrolment site in Kampala 
(Lubowa, September, 2011). Local support and 
grant funding (Medtronic Foundation, RHD 
Action) allowed for transition of the Registry to an 
electronic web-based platform (REDCap) in 2013, 
and for dedicated central staff including registered 
nurses, data managers and physician supervisors. 
The Registry along with RHD centres of excellence 
expanded to regional referral hospitals in the West 
(Mbarara Regional Referral Hospital) in 2014 and 
to the North (Gulu Regional Referral Hospital) in 
2015, coupled with increased resources including 
expanded echocardiography, physician presence, 
skilled nursing and secondary prophylaxis clinics. 
Here, we use the Ugandan RHD registry to examine 
national case distribution and analyse how regional-
isation of the Registry changed access to care.

MATerIAls And MeThOds
ethics statement
Prior to data analysis, all patient data were deidenti-
fied and anonymised to protect patient privacy and 
confidentiality.

General design
A retrospective search of the Ugandan national 
RHD registry was performed to capture all enrolled 
patients with clinical RHD from time of primary 
case enrolment (3 January 2010) until start of this 
analysis (1 July 2016).

data collection
Registrants are organised according to centre of 
enrolment and categorised as ARF, clinical RHD 
(symptomatic or known ARF) or latent RHD (RHD 
detected through echocardiographic screening 
programmes).7–10 Cases of ARF were excluded, as 
they were inconsistently captured and few. Cases 
of latent RHD cases detected through echocardi-
ographic screening programmes were excluded 
secondary to inherent geographical selection bias. 
UHI and the Lubowa site (only 28 registrants in this 
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series) are within Kampala and service a demographically similar 
population, thus were included together.

Date of enrolment was recorded for all registrants and cate-
gorised by year and quarter (ie, 1.1=year 1 quarter 1). Demo-
graphic variables (gender and age at enrolment) and RHD 
severity category (mild, moderate, severe)6 were collected. 
Severity of RHD was classified according to the severity of the 
most affected valve. Primary address, as documented at enrol-
ment, was recorded.

Place of residence in Uganda is classified into national admin-
istrative units with geographical areas defined from smallest to 
largest, as village, parish, subcounty, country, district, region and 
country. The primary address listed in the Registry was stan-
dardised against the most recent Ugandan census data (2014), 
and then translated into district (112 Ugandan districts) and 
region (Central, North, East and West) of residence (EO). If no 
primary address was recorded, or if the primary address was 
outside of Uganda, records were excluded from geospatial and 
other analyses.

statistical analysis
A geospatial analysis was conducted to map and quantify the 
spatial heterogeneity of RHD in Uganda. Overall registry enrol-
ment by district was mapped as a factor of number of cases 
per 100 000 district residents according to the 2014 Uganda 
census district populations. Pre-expansion was defined as prior 
to regional expansion (3 January 2010 to 30 September 2015), 
and postexpansion was defined from the opening of the Registry 
in Mbarara until the end of this study (1 October 2015 to 
1 July 2016). Percentage case enrolment by region was studied 
before and after regional expansion using a z-test of proportions 
(North, East, West and Central). Registrant age, gender, severity 
of RHD (severe disease, moderate disease, mild disease),6 and 
Euclidean distance (in kilometres) between the centroid of each 
district and the registrant RHD registry enrolment centre were 
compared before and after registry expansion using a t-test for 
continuous variables and χ2 or Fisher’s exact test for categor-
ical variables as appropriate. A subanalysis, limited to registrants 
enrolled after registry expansion but at least 12 months prior to 
data analysis, was conducted to examine if distance from enrol-
ment centre (≤50 km or >50 km) impacted retention in care—
defined by at least one clinical follow-up visit within 12 months 
of enrolment. All statistical analyses were performed using 
MedCalc V.X (MedCalc Software, Ostend, Belgium). Results 
were considered significant at a level of P≤0.05.

resulTs
There were a total of 1471 patients enrolled in the national 
Ugandan RHD registry between January of 2010 and 1 August 
2016. Of these 243 were excluded from this analysis: 12 for 
enrolment diagnosis of ARF and 231 for enrolment diagnosis 
of latent RHD (102 borderline RHD; 129 definite RHD). Of 
the remaining clinical RHD cases, 17 had missing address data 
that prohibited localisation of primary residence to a specific 
Ugandan district and 4 identified a primary residence in another 
country (3 Sudan, 1 Rwanda). These 21 cases were excluded 
from further analysis, leaving 1207 cases (figure 1).

Registry enrolment by year and quarter, and the total cumula-
tive registered cases over time, is shown in figure 2. Enrolment 
was highest during the third quarter (July, August, September) 
for five of six complete calendar years (exception year 5), with 
overall total third quarter enrolments (July, August, September) 
being significantly higher than any other quarter (P<0.01). Basic 

demographics of the registrants can be found in table 1. Regis-
trants were on average young (24.2% <15% and 60.7% <30 
years), female (70.8%) and with advanced RHD (73% severe 
RHD). Registrants came from 80 of 112 districts (71%): 18 of 
24 districts in the Central region (75%), 19 of 32 districts in the 
Eastern region (59%), 23 of 30 districts in the Northern region 
(77%), and 20 of 26 districts in the Western region (77%).

Figure 3 shows a heat map of Ugandan districts, showing 
registry cases per 100 000 residents. The catchment of regional 
RHD centres reflects their physical location, with many patients 
residing in the same district as the centre (63% Gulu district, 
38% Mbarara district) and almost all in the same region (98% 
North/Gulu).

Of the 1207 included registrants, 845 were enrolled prior to 
regional registry expansion (average 63.5/month) and 362 after 
(45.3/month). Breakdown by enrolment centre shows 1100 cases 
at the main cardiology tertiary centre and a satellite enrolment 
centre in the capital (819 pre-expansion, 253 postexpansion), 63 
cases at Gulu Regional Referral Hospital (North) and 44 cases at 
Mbarara Regional Referral Hospital (West). Registry expansion 
did not change registrant gender distribution or disease severity, 
but the age of registrants was slightly lowered postexpansion 
(P<0.01, table 1). Additionally, after regional expansion there 

Figure 1 Selection of clinical rheumatic heart disease (RHD) cases for 
inclusion.

Figure 2 Registry enrolment by year and quarter. Red lines represent 
rheumatic heart disease (RHD) registry centre launch, while black trend 
line shows cumulative RHD cases enrolled over time. *Uganda Heart 
Institute (UHI) and Lubowa Joint Clinical Research Centre (JCRC) are 
considered together as ‘Kampala’ for these analyses.
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was significant change in proportional case enrolment by region 
of residence, with proportion of total registrants decreasing in 
the Central region and increasing in the Northern and Western 
regions (P<0.01 for all). No change was seen in the Eastern 
region, where no regional expansion occurred (table 2). Simi-
larly, the mean distance of the registrants from their primary 
address to the RHD registry enrolment site decreased for those 
coming from the North and West, but remained unchanged for 
those from the Central or Eastern regions (table 3).

The number of patients retained in clinical follow-up was 
also affected by distance between primary residence and RHD 
registry site. A subgroup analysis of 181 patients (136 Kampala, 
21 Gulu and 24 Mbarara), enrolled between registry expansion 
and 1 August 2015 (to allow 12 months of follow-up), revealed 
only 36% of patients enrolled in Kampala had at least one clin-
ical follow-up visit in the first year after enrolment. This was 
compared with 62% of those enrolled in Gulu (P<0.01) and 
100% of those enrolled in Mbarara (P<0.01). Among those 
enrolled in Kampala, those who attended at least one follow-up 
visit were more likely to live ≤50 km from UHI (65.3%, P=0.03).

dIsCussIOn
RHD remains a major driver of cardiovascular morbidity and 
mortality in sub-Saharan Africa. Lack of robust epidemiological 
data and limited hospital and clinical records necessitate esti-
mations of disease burden, which cannot provide granular data 
on patterns and distribution of disease. RHD registries, advo-
cated as powerful tools for clinical care and epidemiological 
surveillance, can begin to fill this gap. Here, we use the national 

RHD registry to analyse geospatial patterns of RHD distribu-
tion across Uganda preregistry and postregistry expansion. We 
uncovered that the distribution of RHD registrants reflects prox-
imity to an enrolment centre, without other obvious clusters of 
high prevalence. Regionalisation of the Registry (to the North 
and West) increased the proportion of registrants coming from 
those regions and improved registrant retention in care.

Clustering of RHD cases around a centre of RHD care has 
been previously reported. A retrospective chart review of 
patients attending an adult cardiovascular clinic in Western 
Kenya showed over three-quarters of patients with RHD disease 
lived within 50 km of the study hospital. The authors postulated 
the effect could be secondary to selection bias—a combination 
of poor recognition of disease in more remote locations and 
lack of patient resources to travel to central tertiary centres.11 
Regionalisation of the Ugandan RHD registry resulted in a 
significant increase in the proportion of RHD cases coming 
from the regions of expansion (North, West), with no increase 
in case detection in the Eastern region, where regionalisation 
did not occur. Clustering of cases was seen around all enrolment 
centres, suggesting the number of cases detected on the Registry 
reflected improved access to care. A community-based epidemi-
ological RHD screening study is needed to truly estimate the 
national RHD burden and understand if there are higher and 
lower prevalence areas, but these data highlight the importance 
of decentralisation of cardiovascular services and establishment 
of at least regional centres for RHD diagnosis and care.

As part of these efforts, research should focus on the best roles 
for task shifting of RHD patient support and follow-up to nurses 
and other less-specialised providers. Task shifting has shown 
promise for developing an RHD screening workforce,10 12–14 
and may also be a successful strategy for expanding basic RHD 
clinical care, running secondary prophylaxis clinics, and leading 
patient and community engagement activities that could improve 
awareness and increase retention in care.

In addition to increased case detection, regionalisation of 
the Registry also improved retention in care, by decreasing 
the geographical distance between patients and providers. The 
impact of skilled nursing, patient outreach to improve retention 
and dedicated secondary prophylaxis clinics cannot be easily 
quantified, but likely played a critical role in this achievement. 
Retention in care is critical as patients with advanced RHD (73% 

Table 1 Registrant demographics preregistry and postregistry 
expansion

Pre-expansion 
(n=845)

Postexpansion 
(n=362) P value

Enrolment age range, 
mean±SD

3–78 years
28±15 years

4–76 years
25±16 years

<0.01

Gender (% female) 71.5 69.3 0.43

Rheumatic heart disease 
severity score

n=837 n=356

Mild (%) 9 12.4 0.20

Moderate (%) 16.6 14.9

Severe (%) 74.4 72.7

Figure 3 Rheumatic heart disease registry enrolment by district of 
residence (cases/100 000 district residents).

Table 2 Comparison of proportion of registrants by region of 
residence preregistry and postregistry expansion

Pre-expansion (%) Postexpansion (%) P value

Central region 70.2 48.1 <0.01

Eastern region 12 11.6 0.73

Northern region 5.4 20.7 <0.01

Western region 12.3 19.6 <0.01

Table 3 Comparison of mean distance between primary address 
and rheumatic heart disease registry enrolment site preregistry and 
postregistry expansion

Pre-expansion (km*) Postexpansion (km*) P value

Central region 25.4 (±36.0) 24.1 (±48.8) 0.63

Eastern region 135 (±59.9) 135.7 (±68.3) 0.49

Northern region 273 (±71.8) 75.4 (±108.0) <0.01

Western region 270.4 (±55.8) 137.0 (±122.3) <0.01

*Mean Euclidean distance and SD.
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of this cohort) typically require multiple medications, are at high 
risk of cardiovascular complications and require regular eval-
uation of cardiac rhythm. Further, while this analysis did not 
directly assess adherence to secondary prophylaxis, patients in 
Uganda who are retained in care are more likely to be adherent, 
a factor that is critically linked to improved outcomes.15–17 
Future research should include utilisation of the RHD registry 
to deliver innovative programmes that improve adherence and 
tracking of secondary prophylaxis.

While not the main focus of this study, the basic demographics 
of the Registry mirror other reports from Africa. As was seen in 
the REMEDY study, a multicentre, international hospital-based 
prospective RHD registry, the majority of patients on the 
Ugandan RHD registry were female (70% in our study, 66.2% in 
REMEDY) and young (mean age 26 years in our study, 28 years 
in REMEDY).18 Regionalisation of RHD registry enrolment 
slightly but significantly lowered the mean age of registrants, 
suggesting decentralisation may improve access to diagnosis 
for vulnerable paediatric populations. It is also possible that 
RHD school screening programmes (which occurred alongside 
registry expansion in Gulu and Mbarara) increased case presen-
tation. While cases of latent RHD detected through school 
screening were excluded from this analysis secondary to inherent 
geographical selection bias, it is possible that these programmes 
increased overall awareness of RHD among children and fami-
lies, thus increasing presentation of clinical RHD.

There was no difference in the severity of registrant heart 
disease preregistry and postregistry expansion. Overwhelmingly, 
patients presenting for diagnosis and registry enrolment had 
severe disease (73%), a finding that was also seen in Kenya,11 
and in West and Central Africa.19 The ratio of severe RHD to 
any RHD at diagnosis negatively correlates with gross domestic 
product,19 potentially implicating lack of access to healthcare 
and poor health-seeking behaviour.

Early diagnosis is also impaired by the striking absence of 
ARF in sub-Saharan Africa.15 20 On the Ugandan RHD registry, 
only 12 patients over 6 years were enrolled with primary ARF. 
Lack of disease recognition in the community, presentation to 
lower levels of the health system and inconsistent enrolment 
of cases at the Registry centres could be contributors to low 
case detection. Recent modification of the Jones Criteria may 
improve the sensitivity of ARF case detection in high-risk popu-
lations,21 but epidemiological research is also needed to under-
stand the gap between ARF and RHD burden.

An unexpected and consistent difference in enrolment by 
quarter was seen with five of six calendar years, having peak 
enrolment during the third quarter (July, August, September). 
While this finding is only hypothesis-generating, it may be 
of interest for health services planning. Uganda is an equato-
rial nation with little year-round fluctuation in temperature, 
although there are wet seasons, mid-September to November 
and from March to May in the South and March to November in 
the North. The third quarter falls in the dry season for much of 
the country (most of the Central, Western and Eastern regions), 
and increased enrolment may reflect better road conditions and 
easier transportation to RHD enrolment centres and/or a less 
demanding agricultural season, freeing farmers (majority of 
those living in rural areas) to travel and seek care.

limitations
Our study has several limitations that should be considered 
when interpreting the results. This was a retrospective study, and 
classification of RHD, echocardiographic findings and clinical 
findings (which impact severity of disease classification) were 

not independently verified. However, expert cardiologists or 
other RHD trained staff completed the final RHD diagnosis and 
echocardiographic review at enrolment, and echocardiograms 
were performed on all registrants to confirm RHD. Additionally, 
our convenience sampling and limited enrolment time at each 
expansion site resulted in small numbers in many of our anal-
yses, which could have provided insufficient power to detect all 
impacts. However, in most cases the effects seen with regionali-
sation were large and P values highly significant.

COnClusIOns
In conclusion, RHD registry enrolment shows strong geographical 
clustering surrounding RHD registry enrolment centres reflecting 
access to care, rather than differences in prevalence. Higher rates 
of case detection and improved retention in care with regionali-
sation highlight the urgent need for decentralisation of cardiovas-
cular services. Future studies should examine sustainable models 
for cardiovascular care delivery, including task shifting of clinical 
care and echocardiography and use of telemedicine.
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Key messages

What is already known about this subject?
Rheumatic heart disease (RHD) remains the most common 
acquired cardiovascular disease among children and young 
adults living in low-resource settings, with a high burden of 
disease in sub-Saharan Africa. Registry-based care has been 
advocated as the best way to care for these patients, providing a 
platform for case tracking and epidemiological surveillance.

What does this study add?
Analysis of geospatial data from registries may identify clusters 
of high prevalence areas or may reflect issues related to access 
to care. Study of the Ugandan RHD registry expansion revealed 
that regionalisation improved case detection in the region where 
the expansion occurred and improved retention in care.

how might this impact on clinical practice?
Our study highlights the urgent need for decentralisation 
of cardiovascular services in RHD endemic areas. Future 
studies should examine sustainable models for cardiovascular 
care delivery, including task shifting of clinical care and 
echocardiography and use of telemedicine.
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