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Glossary 
 

 

ARF Acute Rheumatic Fever 
CAU Census Area Unit 
CI Confidence Interval of the mean 
DHB District Health Board 
DRG Diagnosis Related Group 
Eur/Other European or Other ethnic category (including unstated ethnicity) 
GAS Group A Streptococcus bacteria (Streptococcus pyogenes) 
ICD9-AM International Classification of Diseases – 9th revision (Australian version 

adapted to NZ) 
ICD10-AM International Classification of Diseases  - 10th revision (Australian version 

adapted to NZ) 
NHI  National Health Index – a unique patient identifier recorded with each 

hospital admission since 1988 
NMDS National Minimum Data Set (of hospital admissions) 
NZDep New Zealand (socioeconomic) deprivation index 
NZHIS New Zealand Health Information Service 
RHD Rheumatic Heart Disease 
SEGI A standardised world population 
SMR Standardised Mortality Ratio 
WHO World Health Organisation 
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Executive Summary 
 

Background 

Acute rheumatic fever (ARF) is a preventable inflammatory disease which can develop after 

pharyngitis caused by group A streptococcus (GAS) bacteria. The most severe sequela is 

rheumatic heart disease (RHD) with mitral and/or atrial valve regurgitation. A school intervention 

is now available which is likely to reduce the ARF incidence rate by about 60%. In order to 

achieve value for money it is necessary to target the intervention to the highest risk children. 

The purposes of this study were: (1) to estimate ARF incidence rates for primary and 

intermediate school age children by region, ethnicity and socioeconomic deprivation, to inform 

targetting of the intervention; and (2) to estimate annual costs of ARF and RHD hospital 

admissions to the NZ Government, to inform a full economic evaluation of a school intervention. 

Methods 

National hospital admissions with a principal diagnosis of ARF or RHD (ICD9_AM 390-398; 

ICD10-AM I00-I099) for the period January 1993 to December 2009 were obtained from the 

National Minimum Data Set. Index (first-ever) admissions were stratified by 5-year age group, 

prioritised ethnicity, (Māori, Pacific, European/Other), NZ deprivation index (NZDep2006) and 

District Health Board (DHB). The cost of each ARF or RHD admission in the period 2000-2009 

was obtained from its diagnosis related group (DRG) cost weight. Deaths with an underlying 

cause of RHD for the period January 1993 to December 2007 were obtained from the National 

Mortality Collection. Population denominators were NZ Census prioritised ethnicity. 

Results 

Index ARF admissions for children 5 to 14 years of age increased from 60 to 114 per annum 

over the period 1993-2009. Index admissions for Pacific Island children almost trebled and 

those for Māori children doubled while those for European/Other categories declined by two-

thirds. Māori and Pacific Island index admissions increased from 76% to 97% of the total. 

Incidence rates for Māori and Pacific Island children 5 to 14 years of age increased by about 

80% in the period 1993-2009 while rates for European/Other categories declined by 70%. 

During that period the ethnic disparity for Māori and Pacific Island children compared to 

European/Other categories increased both in absolute and in relative terms. For the period 

2000-2009, mean annual incidence rates for NZ children 5-14 years of age were 80.9 (95% CI 

71.8, 89.9), 40.1 (95% CI 34.9, 45.3), 2.1 (95% CI 1.6, 2.5) and 17.2 (95% CI 15.7, 18.6) per 

100,000 for Pacific Island, Māori and European/Other categories and total children, respectively. 

Therefore ARF incidence rates for Pacific Island and Māori children were almost 40-fold and 20-

fold higher than for European/Other children respectively.  

ARF incidence rates vary by ethnicity, socioeconomic deprivation and region. Māori and Pacific 

Island children comprised 30% of the population 5 to 14 years of age but accounted for 92% of 

new cases of ARF in 2000-2009. In the same period, almost 90% of index cases of ARF for 

children 5 to 14 years of age were in the highest 5 deciles of socioeconomic deprivation 

(NZDep2006 deciles 6-10) and half were in decile 10, with an incidence rate of 65 per 100,000. 
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Deciles 9 and 10 together contained 70% of new ARF admissions at an incidence rate of 51 per 

100,000, which is about that recommended as a primary prevention threshold by the NZARF 

guidelines (50 per 100,000). Over two-thirds of index cases for children 5 to 14 years of age 

were concentrated in regions of high deprivation (deciles 9 and 10) that contained less than one 

quarter of the population in this age group. For the most disadvantaged Pacific Island children 

(decile 10), the incidence rate reached 109 per 100,000. A child living in a decile 9 or 10 region 

has about 1 in 200 risk of being admitted to hospital for ARF by 15 years of age. 

For Pacific Island and Māori children 5-14 years of age, mean incidence rates in 2000-2009 for 

deciles 7-10 and decile 10 respectively were greater than 50 per 100,000. Overall, Counties 

Manukau DHB had the highest number of cases and the highest incidence rate whereas South 

Island DHBs had very few cases. Two-thirds of index cases were found in deciles 9 and 10 

regions of 10 North Island DHBs. The population 5-14 years of age in these regions was 45% 

Māori and 25% Pacific Island.  

The age standardised annual mortality rate for RHD has increased slightly since 1993. There 

were an average of 160 deaths (95%CI 139, 181) each year coded with RHD as the underlying 

cause over the period 2000-2007, with a mean mortality rate of 4.4 per 100,000 (95%CI 3.9, 

5.0).  

Deaths from RHD were uncommon for children and adolescents, but mortality was highest for 

Māori and Pacific Island peoples, reaching almost 10 per 100,000 at 40 years of age compared 

to 0.3 per 100,000 for European/Other in the period 2000-2007. Age adjusted mortality during 

this period was 5 to 10-fold higher for Māori and Pacific Island peoples than for European/Other. 

Most of the cost of RF/RHD occurs after the age of 30 as cardiac function deteriorates and heart 

valves require surgical repair or replacement. The average annual DRG-based cost of hospital 

admissions in 2000-2009 for ARF and RHD across all age groups was $12.0m (95% CI $11.1m, 

$12.8m). Heart valve surgery accounted for 28% of admissions and 72% of the cost. For 

children 5 to 14 years of age, valve surgery accounted for 7% of admissions and 27% of the 

cost. 

These cost estimates are conservative because they exclude indirect effects of chronic RHD on 

other admissions such as antenatal care and dental procedures. They also exclude outpatient 

clinics; general practitioner consultations; secondary prevention; community pharmaceuticals; 

and indirect costs such as costs to the family and potential loss of income due to premature 

death. 

Conclusions 

ARF is an increasing public health issue for disadvantaged North Island communities with high 

concentrations of Māori and/or Pacific Island families. The large disparity between Māori/Pacific 

and European/Other incidence rates appears to have worsened since 1993. ARF and RHD 

comprise a substantial and disproportionate human burden for Pacific Island and Māori children 

living in regions of socioeconomic deprivation, and a high economic burden for the Government.  
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Health authorities should consider school interventions against ARF for all North Island 

communities with high socioeconomic deprivation and high Māori and/or Pacific Island 

populations. Such programmes should be targetted by the cost effectiveness and budget impact 

of the intervention.  
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Background 
 

Acute rheumatic fever (ARF) is an inflammatory disease which can develop after a sore throat 

with pharyngitis caused by group A streptococcus bacteria (GAS; Streptococcus pyogenes) and 

which can involve the heart, joints, skin and brain. It is a preventable chronic disease, the 

severe sequela of which is rheumatic heart disease (RHD) with regurgitation of the mitral valve 

and/or the aortic valve (1, 2). Chronic RHD can lead to infective endocarditis (3, 4); atrial 

fibrillation (4, 5) which is a risk factor for ischaemic stroke; mitral stenosis in adult life (4); and 

progression to left ventricular enlargement followed by compensated or (eventually) 

uncompensated heart failure (6). All these conditions are potentially fatal.  

 

Several vaccine candidates against GAS infection are in varying stages of preclinical and 

clinical development. Although there is great hope that one of these vaccine candidates will 

reach licensure in the next decade, only one has entered clinical trials in the last 30 years. 

There remains an urgent need to institute available public health control measures against GAS 

diseases (7). 

ARF occurs approximately 20 days after infection with the initiating untreated streptococcal 

pharyngitis. The rate of development of rheumatic fever in individuals with untreated GAS 

infection is estimated to be about 0.4% (8-10). In up to one-third of cases, the underlying 

streptococcal infection may not have caused any symptoms that are recognised.  

In addition, persons who have suffered an acute attack of rheumatic fever have a higher 

likelihood of repeat rheumatic fever following streptococcal pharyngitis. Recurrence prevention 

has been largely successful in New Zealand since initiatives in the 1980s (11) but new cases of 

ARF continue to occur. Current incidence rates for Māori and Pacific Island children are 

comparable to rates for non Māori in the 1920s (12). 

New Zealand evidence-based best practice guidelines for diagnosis, management and 

prevention of rheumatic fever became available recently (13). These recommend primary 

prevention for children with annual ARF incidence rates >50 per 100,000, however they do not 

take into account the cost effectiveness of the intervention. Primary prevention of rheumatic 

fever has been reviewed as part of the development of the evidence-based best practice 

guidelines (13, 14). A randomised clinical trial of sore throat clinics in high risk schools was 

conducted in Auckland from February 1998 to December 2001 (15). When combined into a 

meta-analysis of community interventions, the findings were highly supportive of a 

school/community intervention with a relative risk of 0.41 (95% CI 0.23 - 0.70) (16). This 

suggests that the numbers of cases of ARF could be reduced by 60% by this approach. 

A recent study of the incidence of ARF in New Zealand (17) reported that: (1) age standardised 

ARF incidence rates, determined from hospital admissions (after excluding identifiable 

readmissions), averaged  3.4 per 100,000 over the period 1995 to 2005, (2) ARF is intensely 

concentrated by age group (5 to 14-year-olds), ethnicity (Māori and Pacific Island peoples) and 

geographical area (upper North Island), and (3) the European/Other ARF rate decreased 
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significantly over that period while rates for Maori and Pacific peoples increased, resulting in 

widening ethnic inequalities. Little information is available on the current burden of RHD, 

although an early study estimated the annual cost to Auckland hospitals at $2.6m (1991 

dollars), almost half of which was for non surgical admissions for unspecified ‘RHD related 

conditions’ (18). 

The Child & Youth Indicator Handbook reported that ARF incidence rates vary considerably by 

socioeconomic deprivation and also by ethnicity. It also reported about 2 RHD deaths per year  

of children and young people (age<25 years) in the period 1990 to 2003, giving a mortality rate 

for this age group of about 0.2 per 100,000 (19). However, this information seriously 

understates the importance of ARF, because most RHD deaths occur in adults, as late 

consequences of progressive damage to cardiac valves. 

The purposes of this study were: (1) to estimate ARF incidence rates for primary and 

intermediate school age children by region, ethnicity and socioeconomic deprivation, in order to 

inform targetting of the intervention; and (2) to estimate annual costs of ARF and RHD hospital 

admissions to the NZ Government, in order to inform a full economic evaluation of a school 

intervention.  The focus is on primary and intermediate age children where 80% of the burden of 

ARF lies and in whom a randomised controlled trial of a primary intervention was conducted 

(15); and to whom a school intervention could be targetted.  
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Methods 
 

Data sources, coding and prioritised ethnicity 

Hospital admissions with a principal diagnosis of ARF or RHD (ICD9_AM 390-398; ICD10-AM 

I00-I099; see Appendix A) for the period January 1993 to December 2009 were obtained from 

the National Minimum Data Set (NMDS). Admissions were stratified by primary diagnosis, 5-

year age group, prioritised ethnicity and District Health Board (DHB). The NMDS records up to 3 

ethnic groups for each patient. Multiple ethnic groups were prioritised using the following 

hierarchy: Māori, Pacific Island, European/Other (e.g. a patient recorded as both Māori and 

Pacific Island ethnicity is counted as Māori). Deaths coded with RHD as the underlying cause 

(‘diagnosis D’) were obtained from the National Mortality Collection. 

All admissions for non residents (domicile code 9999), including children from Pacific islands 

who were referred to New Zealand for treatment (16/1792 = 0.9% of index admissions), were 

excluded from the analysis. Although admissions for these patients will add to the total burden 

for New Zealand, they are not relevant to the present study because they cannot be prevented 

by an intervention in New Zealand schools. It would also be inappropriate to calculate disease 

rates that include overseas cases in the numerator, as the population denominator is based on 

NZ Census population data. 

NZDep index and school decile rating 

The NZDep index (20) is a small geographical area-based index of socioeconomic deprivation 

calculated from each five-yearly census based on the following variables: income, employment, 

communication, transportation support, educational and other qualifications, home ownership 

and household crowding. It is arranged in deciles, with ‘1’ representing the least disadvantaged 

and ‘10’ representing the most disadvantaged. Individuals were assigned a domicile code based 

on their home address at the time of admission, which was then mapped to the index for 2006 

(NZDep2006).  

A school's decile rating indicates the extent to which it draws its students from low socio-

economic communities. Decile 1 schools are the 10% of schools with the highest proportion of 

students from low socio-economic communities and decile 10 schools are the 10% of schools 

with the lowest proportion of these students 

[http://www.minedu.govt.nz/NZEducation/EducationPolicies/Schools/SchoolOperations/Resourcing/Opera

tionalFunding/Deciles/DecilesInformation.aspx] 

ARF admissions by school at diagnosis, obtained from the Auckland Regional Rheumatic Fever 

Register for the period 1998-2007, were used to investigate school decile because the school at 

time of diagnosis of ARF is not available from the NMDS. 

Incidence rates, risk and mortality 

In calculating incidence rates, admissions for individuals with a prior admission for ARF or RHD 

in the period January 1, 1988 (when use of the NHI became universal) to December 31, 1992 

were excluded in order to reduce the risk of counting a recurrent admission as an index 
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admission. First ARF admissions that were preceded by an admission for RHD were also 

excluded from incidence rates because these are likely to be recurrent admissions following a 

prior episode of ARF that either was not reported as ARF or occurred prior to 1993. The 

cumulative risk of ARF was estimated as:  

Cum Risk = 1-  Π (1-Incidencei )
 

where   Incidencei = (1-Incidencej)
5   

and  Incidencej  = incidence rate in each 5y age group 

Age specific ARF incidence rates were calculated using index admissions by principal diagnosis 

(ICD9-AM 390-392 or ICD10-AM I00-I02) as the numerator and 1996, 2001 and 2006 census 

data with prioritised ethnicity (Statistics New Zealand) as the denominator, with linear 

interpolation to estimate denominators in the non census years. Mortality rates using prioritised 

ethnicity were calculated using the same population denominators as for incidence. For 

consideration of secular trends, mortality rates were age adjusted (standardised) to the 2001 

census population. For comparison across international studies, average mortality rates for the 

period 2000-2007 were age adjusted to the WHO and SEGI standard populations (21) using the 

direct method (22). As suggested recently, age adjustment was also performed with the Māori 

and European/Other 2001 census populations as the standards, to facilitate comparisons within 

New Zealand (23). 

Admission costs 

The cost of each admission with a principal diagnosis of ARF or RHD was estimated by 

multiplying its diagnosis related group (DRG) cost weight by the national price for FY2009/2010 

($4318.48; NZHIS), bringing all costs to 2009/2010 values. DRG-based hospital admission cost 

weights were estimated for all relevant admissions for the period 2000-2009, during which time 

reliable cost weights are available and admission rates for ARF/RHD were relatively stable. 

Cases that were admitted to 2 hospitals on the same day (1.5% of all admissions) were costed 

as a single admission at the second hospital, because these are probably transfers between 

hospitals; however, multiple admissions for the same individual on different days at the same or 

different hospitals were costed individually.  For admissions that spanned 2 calendar years, the 

cost was attributed to the year of admission.  

Data analysis 

Secular trends in incidence rates were determined using the Cochran-Armitage test and rates of 

change were estimated by linear regression of the incidence rate on the year. Epidemiological 

and statistical analyses were conducted using SAS version 9.2 (SAS Institute Inc, USA; 

www.sas.com/) and Stats Direct (StatsDirect Ltd, UK; http://www.statsdirect.com/contacts.htm). 
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Results 
 

Index cases of ARF 

 

After exclusion of non residents there were 1886 index (incident; first-ever) admissions for ARF 

(ICD9-AM 390-392; ICD10-AM I00-I029) in the period 1993-2009 for children less than 25 years 

of age, including 1522 (81%) for children 5 to 14 years of age. The latter were subjected to 

detailed analyses. 

 

Based on a linear regression of index cases on year, the annual number of index cases in the 5-

14 year age group increased by 79% over this period. Index cases for Māori children doubled 

and those for Pacific Island children almost trebled, while index cases for European/Other 

children declined by two-thirds (Table 1 and Figure 1A). Accordingly, incidence rates increased 

by 80% and 78% (for Māori and Pacific Island respectively; P<0.001) and declined by 71% for 

European/Other categories (P<0.001) with an overall increase of 56% [P<0.001; Table 1 and 

Figure 1B].  

 

During the period 1993-2009 the ethnic disparity for Māori and Pacific Island children compared 

to European/Other children widened both in relative terms (the ratio of incidence rates) and in 

absolute terms (the difference in incidence rates)[Table 2]. The proportion of index ARF 

admissions for Māori/Pacific children in NZ increased from 76% to 97% of all index admissions 

while the proportion of Pacific Island children in this age group increased from 6.2% to 8.9% of 

the population while the proportion of Māori children remained relatively stable (Table 3 and 

Figure 2).  
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Figure 1. Annual index cases (A) and incidence rates (B) for acute rheumatic fever in 1993-2009 for children 5 
to 14 years of age 
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Table 1. Annual index cases and incidence rates by year and ethnicity for children 5 to 14 years of age 

 
1993 2009 % change Ratio of 2009 to 1993 

Cases
a
  

Māori 32 62 +98% 2.0 

Pacific Island 17 48 +185% 2.9 

European/Other 17 5 -68% 0.3 

Total 64 115 +79% 1.8 

Incidence rate
a
  

Māori 25.4 45.7 +80% 1.8 

Pacific Island 50.6 90.2 +78% 1.8 

European/Other 4.4 1.3 -71% 0.3 

Total 12.7 19.8 +56% 1.6 
a
 Based on linear regression of cases and rates on year, for each ethnic group

 

 

 

Table 2. Changes in ethnic disparity over time for children 5 to 14 years of age
a 

Rate ratio
b
 Rate difference

 
per 100,000 per year

c
 

1993 2009 1993 2009 

Māori 5.8 36.2 21 44 

Pacific Island 11.6 71.5 46 89 
a
 Based on linear regression of cases and rates on year, for each ethnic group

 

b
 Incidence rate of Māori or Pacific Island children divided by that for European/Other children 

c
 Difference in incidence rates between Māori or Pacific Island compared to European/Other 

 
 
 
Table 3. Changes in percentages of index cases 5 to 14 years of age that were of Māori or Pacific Island 
ethnicity during the period 1993 to 2009 

1993 2009 

Index cases 
a
 

Māori 49% 54% 

Pacific Island 28% 43% 

Māori+Pacific Island 76% 97% 

Population 

Māori 23% 22% 

Pacific Island 6% 9% 

Māori+Pacific Island 29% 31% 
a
 Based on linear regression of number of cases on year, for each ethnic group  
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Figure 2. Percentage of index ARF cases and children 5-14 years of age who were of Māori or Pacific Island 

ethnicity during the period 1993 to 2009  

 

 

 

Heart involvement 

 

Admissions for acute rheumatic fever are reported ‘with heart involvement’ (ICD9 391 or 392.0; 
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Although the incidence of ARF ‘without mention of heart involvement’ remained stable over the 

period 1993 to 2009, the incidence rate for ‘ARF with heart involvement’ increased over the 
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from 32% to 54% (P=0.015; Figure 3). Some of this could be due to increased diagnostic 

sensitivity (see Discussion). 
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Figure 3. ARF incidence rates by year and heart involvement for children aged 5-14y 

 

 

ARF incidence by age and ethnicity 
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Figure 4. ARF incidence rates by age group (mean of 2000-2009) 
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Table 4. National ARF incidence rates for children and young people (mean of 2000-2009)
 

Ethnicity Mean Lower 95% CI Upper 95% CI Incidence rate ratio
a
 

Age<5y 

Māori 1.2 0.1 2.3 2.0 

Pacific Island 2.9 0.9 4.9 4.7 

European/Other 0.6 0.3 0.9 1.0 

Total 1.0 0.5 1.4 Na 

Age 5-9y 

Māori 33.6 28.1 39.1 19.3 

Pacific Island 59.0 48.2 69.8 33.9 

European/Other 1.7 1.3 2.2 1.0 

Total 14.1 12.3 16.0 Na 

Age 10-14y 

Māori 46.7 38.7 54.7 19.6 

Pacific Island 103.7 86.2 121.1 43.6 

European/Other 2.4 1.6 3.2 1.0 

Total 20.1 18.4 21.7 Na 

Age 15-19y 

Māori 10.2 6.2 14.3 9.9 

Pacific Island 24.3 19.5 29.0 23.6 

European/Other 1.0 0.7 1.4 1.0 

Total 4.5 3.5 5.5 Na 

Age 20-24y 

Māori 5.9 2.9 8.8 19.8 

Pacific Island 14.7 8.7 20.8 49.8 

European/Other 0.3 0.0 0.5 1.0 

Total 2.2 1.6 2.8 Na 

Age 5-14y 

Māori 40.1 34.9 45.3 19.4 

Pacific Island 80.9 71.8 89.9 39.1 

European/Other 2.1 1.6 2.5 1.0 

Total 17.2 15.7 18.6 Na 
Na= not applicable 
a
 Ratio of incidence rate of each ethnic group to that of European/Other 
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Figure 5. Index ARF admissions (A) and mean incidence rates (B) by age and ethnicity (2000-2009) 
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ARF incidence by socioeconomic deprivation and ethnicity 

 

Pacific Island and Māori children jointly comprise 74% of children in areas with decile 10 rating 

but less than 10% of children in areas with NZDep2006 decile 1 rating (Figure 6).  

 

Figure 6. Proportions of NZ children 5 to 14 year of age by deprivation index and prioritised ethnicity in 2006  

 
Statistics NZ 

 

For the period 2000-2009, incidence rates for ARF increased steeply with the degree of 

socioeconomic deprivation, with most index admissions occurring in NZDep2006 deciles 8 to 10 

across all age groups of children (Figure 7A). Incidence rates for Māori and Pacific Island 

children 5-14 years of age were greater than 50 for decile 10 and deciles 7-10 respectively and 

rates for Pacific Island children ranged from 50 per 100,000 upwards across deciles 7 to 10, 

reaching 109 per 100,000 (about 1.1 per 1000) in decile 10 (Figure 7B). 
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Figure 7. ARF incidence rates by socioeconomic deprivation and age (A) and for children 5-14 years of age, 
by ethnicity (B) [2000-2009] 
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Almost 90% of index cases of ARF for children 5 to 14 years of age in the period 2000-2009 

were in the highest five NZDep2006 deciles and almost 50% were in decile 10, with an 

incidence rate of 65 per 100,000 (Table 5). Deciles 9 and 10 regions together accounted for 

70% of index admissions at an incidence rate of 51 per 100,000, which is about that 

recommended as a primary prevention threshold by the NZARF guidelines (24). This group 

comprised almost one-quarter of the population in this age group. 

 

Table 5. Index ARF admissions by NZDep2006 decile for children 5 to 14 years of age (2000-2009) 

Decile NZDep2006 1-5 6 7 8 9 10 9-10 Total
a
 

Index admissions 
2000-2009 111 46 54 96 214 486 700 1007 
Percent of index 
admissions 11% 5% 5% 10% 21% 48% 70% 100% 

Percent of population
a
 49% 9% 9% 9% 11% 13% 23% 100% 

Incidence rate 3.8 8.6 10.1 17.4 34.3 65.0 51.0 17.0 
a
 2 cases living overseas were excluded from the analysis 

b
 2006 population 

 

Incidence rates depend on both the proportion of Māori and Pacific Island children in a region 

and the degree of socioeconomic deprivation (Table 6). For decile 10 Pacific Island children the 

annual incidence rate reached 109 per 100,000 (1.1 per 1000). For Māori and Pacific Island 

children in deciles 9 and 10 combined, the incidence rate was 75.6 per 100,000. This rate is 

similar to that recorded in the control arm of a clinical trial of a school intervention in South 

Auckland (15)]. 

 

Table 6. ARF incidence rates for children 5 to 14 years of age by on ethnicity and socioeconomic 
deprivation (average of 2000-2009) 

NZDep2006 Decile Index admissions per 100,000 population 

 
Māori 

Pacific 
Island Eur/Other TOTAL Māori + Pacific 

1 13.5 11.2 0.2 1.3 13.1 

2 21.2 37.7 0.6 3.2 23.8 

3 16.3 15.3 0.8 2.9 16.1 

4 28.2 50.8 1.5 6.8 32.4 

5 12.9 42.9 1.9 5.3 18.4 

6 22.9 46.9 1.8 8.6 27.6 

7 17.6 61.9 1.9 10.1 27.1 

8 25.1 66.9 3.2 17.4 36.5 

9 50.1 73.1 6.4 34.3 57.4 

10 75.1 109 8.9 65.0 87.3 

Total 39.6 78.4 2.1 17.0 50.2 

9&10 64.9 96.0 7.5 51.0 75.6 
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Considering just deciles 9 and 10, the cumulative risk of ARF reaches 0.0035 for decile 9 

children and 0.0066 for decile 10 children (1 in 290 and 1 in 150 respectively) by 15 years of 

age (Table 7). The cumulative risk levels off after this age. A child living in a decile 9 or 10 

region has about 1 in 200 risk of being admitted to hospital for ARF by 15 years of age. These 

children are usually Māori or Pacific Island. 

 

Table 7. Incidence and risk of ARF for children and young people living in areas of high 
socioeconomic deprivation  

 

Incidence rate per 100,000 Cumulative risk 

Age group (y) 9 10 9 or 10 9 10 9 or 10 

<5 1.3 1.9 1.6 0.0001 0.0001 0.0001 

5-9 29.0 52.9 42.1 0.0015 0.0027 0.0022 

10-14 39.5 77.2 60.0 0.0035 0.0066 0.0052 

15-19 6.5 14.9 10.8 0.0038 0.0073 0.0057 

20-24 1.9 3.9 3.0 0.0039 0.0075 0.0059 

   

 

ARF incidence by DHB and socioeconomic deprivation 

 

The incidence of ARF depends on the level of socioeconomic deprivation of the local 

community. Overall, in the period 2000-2009 Counties Manukau DHB had the highest incidence 

rate and South Island DHBs had very few cases (Tables 8 and 9). In some regions (e.g. Lakes 

DHB) the incidence rate for Pacific Island children is uncertain because very few Pacific Island 

families live there.  

Considering just the first 10 DHBs listed in Table 8, in the period 2000 to 2009 there were 466 

index cases for children 5 to 14 years of age in decile 10 regions out of a total of 1007 index 

cases (46%). Considering the highest 10 DHBs with deciles 9 or 10 ratings brings the total to 

659 cases (65%)[Table 9]. Therefore two-thirds of cases were found in deciles 9 and 10 regions 

of 10 North Island DHBs. Māori and Pacific Island children 5-14 years of age in deciles 9 and 10 

of the top 10 DHBs accounted for 95% of cases in this age group (Table 9). 
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Table 8. ARF index cases and incidence rates for decile 10 children aged 5-14y, by DHB 

New cases 2000-2009 
Mean annual incidence per 
100,000 

% of cases 

District Health 
Board

a
 Māori 

Pac. 
Is. 

Eur 
Other Total Māori 

Pac. 
Is. 

Eur 
Other Total Māori 

Pac. 
Is. 

Counties Manukau 72 137 2 211 118.6 131.2 5.6 
105.

0 34% 65% 

Northland 43 0 1 44 108.3 0.0 7.9 82.3 98% 0% 

Bay of Plenty 35 2 3 40 94.3 185.2 27.4 81.4 88% 5% 

Capital and Coast 7 22 1 30 59.5 125.8 9.2 74.9 23% 73% 

Auckland 10 32 3 45 72.5 89.7 13.7 63.1 22% 71% 

Hawke's Bay 18 6 3 27 59.9 130.7 22.5 56.3 67% 22% 

Lakes 12 4 1 17 53.1 272.1 13.2 53.7 71% 24% 

Tairawhiti 13 1 0 14 54.9 107.5 0.0 47.0 93% 7% 

Waikato 27 1 2 30 65.7 20.2 9.0 43.9 90% 3% 

Hutt Valley 2 5 1 8 20.5 76.5 12.3 32.8 25% 63% 

Waitemata
b
 4 1 1 6 70.5 12.2 15.2 29.3 67% 17% 

Wairarapa 1 0 0 1 50.5 0.0 0.0 24.7 100% 0% 

Taranaki 2 0 1 3 28.9 0.0 16.8 22.6 67% 0% 

Whanganui 3 0 0 3 30.6 0.0 0.0 17.2 100% 0% 

Midcentral 4 0 0 4 35.1 0.0 0.0 16.9 100% 0% 

Canterbury 2 1 0 3 24.5 25.6 0.0 9.8 67% 33% 

Nelson Marlborough 0 0 0 0 0.0 0.0 0.0 0.0 na na 

Otago 0 0 0 0 0.0 0.0 0.0 0.0 na na 

South Canterbury 0 0 0 0 0.0 0.0 0.0 0.0 na na 

Southland 0 0 0 0 0.0 0.0 0.0 0.0 na na 

West Coast 0 0 0 0 0.0 0.0 0.0 0.0 na na 

TOTAL 255 212 19 486 75.0 108.6 8.9 65.0 52% 44% 

Highest 10 239 210 17 466 82.3 117.8 11.4 75.5 51% 45% 
Abbreviation: Eur = European; Pac. Is. = Pacific Island 
a
 Sorted by ARF decile 10 incidence rate 

b
 Waitemata patients were hospitalised at Auckland hospital (ADHB) 
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Table 9. ARF index cases and incidence rates for deciles 9+10 children aged 5-14y, by DHB 

 

New cases 2000-2009 
Mean annual incidence per 
100,000 

% of cases 

District Health 
Board

a
 Māori 

Pac. 
Is. 

Eur 
Other Total Māori 

Pac. 
Is. 

Eur 
Other Total Māori 

Pac. 
Is. 

Counties Manukau 111 183 4 298 115.8 121.6 5.6 93.9 37% 61% 

Northland 62 1 4 67 99.7 48.3 13.6 71.5 93% 1% 

Bay of Plenty 9 23 3 35 50.9 102.2 16.1 59.5 26% 66% 

Capital and Coast 13 49 5 67 58.3 86.8 12.1 55.7 19% 73% 

Auckland 39 3 5 47 63.7 147.1 17.8 51.5 83% 6% 

Hawke's Bay 19 1 1 21 60.5 85.5 11.7 51.0 90% 5% 

Lakes 27 7 3 37 60.9 107.5 12.2 49.0 73% 19% 

Tairawhiti 19 5 1 25 50.5 196.1 6.6 45.2 76% 20% 

Waikato 43 3 4 50 60.4 36.6 7.3 37.2 86% 6% 

Hutt Valley 10 2 0 12 43.2 51.7 0.0 22.7 83% 17% 

Waitemata
b
 3 7 1 11 16.1 63.6 5.1 22.3 27% 64% 

Wairarapa 6 6 3 15 32.6 26.2 10.3 21.3 40% 40% 

Taranaki 5 0 1 6 27.6 0.0 6.6 17.4 83% 0% 

Whanganui 2 0 1 3 15.1 0.0 7.4 10.9 67% 0% 

Midcentral 1 0 0 1 27.3 0.0 0.0 10.7 100% 0% 

Canterbury 0 0 1 1 0.0 0.0 8.7 5.4 0% 0% 

Nelson Marlborough 3 1 0 4 16.7 12.6 0.0 5.3 75% 25% 

Otago 0 0 0 0 0.0 0.0 0.0 0.0 na na 

South Canterbury 0 0 0 0 0.0 0.0 0.0 0.0 na na 

Southland 0 0 0 0 0.0 0.0 0.0 0.0 na na 

West Coast 0 0 0 0 0.0 0.0 0.0 0.0 na na 

TOTAL 372 291 37 700 64.9 96.0 7.5 51.0 53% 42% 

Highest 10 352 277 30 659 75.4 108.3 9.4 63.3 53% 42% 
Abbreviation: Eur = European; Pac. Is. = Pacific Island 
a
 Sorted by ARF decile 10 incidence rate 

b Waitemata patients were hospitalised at Auckland hospital (ADHB) 
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Summary of incidence rates 

 

ARF incidence rates for NZ children 5 to 14 years of age: 

• peak at intermediate school age; 

 

• are highest in areas of North Island DHBs with high levels of socioeconomic deprivation 

and high concentrations of Māori and/or Pacific Island children; but very low in the South 

Island; 

 

• are almost 40-fold higher for Pacific Island children and 20-fold higher for Māori children 

compared to European/Other children; 

 

• have increased substantially for Pacific Island and Māori children but declined for 

European/Other children since 1993; 

 

• are greater than 50 per 100,000 for Pacific Island children in decile 7 to 10 regions and 

for Māori children in decile 10 regions. 

 

 

School deciles and socioeconomic deprivation 

 

A school's decile indicates the extent to which the school draws its students from low 

socioeconomic communities.  Decile 1 schools are the 10% of schools with the highest proportion 

of students from communities with low socioeconomic status, whereas decile 10 schools are the 

10% of schools with the lowest proportion of these students.  

[http://www.minedu.govt.nz/NZEducation/EducationPolicies/Schools/SchoolOperations/Resourcin

g/OperationalFunding/Deciles/DecilesInformation.aspx] 

Unfortunately the NMDS does not contain information about school deciles, and the correlation 

between NZDep2006 and school deciles is likely to be modest because schools draw from 

multiple mesh blocks. However, indirect information is available regarding the relationship 

between ARF and school decile rating.  

Pacific Island and Māori children comprise over 90% of decile 1 (disadvantaged) schools but 

less than 10% of decile 10 schools (Table 10). Given that most cases of ARF occur in Pacific 

Island and Māori children in areas of high socioeconomic deprivation, it would be expected that 

low decile schools (mostly from disadvantaged regions) would have relatively high incidence 

rates.   
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Table 10. Ethnic composition of schools by school decile rating (Ministry of Education) 

Decile European/Other Māori Pacific Island  Māori/Pacific 

All schools (N=760,000)  
  

  

1 9% 50% 41% 91% 

2 33% 47% 21% 67% 

3 47% 36% 17% 53% 

4 59% 30% 11% 41% 

5 69% 25% 6% 31% 

6 76% 19% 5% 24% 

7 80% 15% 5% 20% 

8 84% 12% 4% 16% 

9 87% 9% 3% 13% 

10 92% 6% 2% 8% 

Full Primary & intermediate schools 
a
 (N=230,000)  

1 8% 55% 36% 92% 

2 30% 47% 22% 70% 

3 46% 36% 18% 54% 

4 60% 30% 9% 40% 

5 71% 24% 4% 29% 

6 75% 20% 5% 25% 

7 80% 15% 5% 20% 

8 84% 13% 3% 16% 

9 88% 9% 3% 12% 

10 91% 7% 2% 9% 
a
 Excluding contributing schools, whose ethnic mix is atypical 

This expected pattern was confirmed by a recent study of the Auckland rheumatic fever register 

showing a high correlation between the proportions of index cases of ARF in low decile 

(disadvantaged) schools and high decile (disadvantaged) areas (Figure 8)[Catherine Jackson, 

personal communication]. In particular, about 50% of index admissions occurred in decile 1 

(disadvantaged) schools and the same proportion occurred in NZDep2006 decile 10 (low 

socioeconomic status) regions. Furthermore, low decile schools have very high proportions of 

Māori and Pacific Island children (see Table 10 above) and the incidence of ARF is highest in 

Pacific Island and Māori children. These observations give confidence that NZDep2006 is a 

reasonable proxy for school socioeconomic status when targetting primary interventions for 

ARF. 
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Figure 8. ARF cases by deprivation index and school decile in Auckland region 1998-2007 for children 5 to 14 
years of age 

 

From the Auckland Rheumatic Fever Register (personal communication, Catherine Jackson) 

 

 

RHD mortality 

 

Over the period 1993 to 2007 there were 2200 deaths coded with RHD as underlying cause. 

Both the annual number of deaths and the mortality rate increased over that period (Figure 9). 

Māori and Pacific Island crude (unadjusted) RHD mortality rates were higher than those of 

European/Other categories (Figure 10). 
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Figure 9. RHD deaths and age adjusted mortality over the period 1993-2007 

 

Mortality is age adjusted to the population structure in the 2001 census year 
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Figure 10. RHD deaths (A) and mortality (B) in the period 1993 to 2007 

 

Note: Māori and Pacific Island deaths were undercounted prior to 1996 (25) and are not yet available for 
all of 2008/2009 

 

0

20

40

60

80

100

120

140

160

180

200

N
u

m
b

e
r 

o
f 

R
H

D
 d

e
a

th
s

Year

A. TOTAL

Eur/Other

Māori

Pacific

0

2

4

6

8

10

12

D
e

a
th

s 
p

e
r 

1
0

0
,0

0
0

Year

B. 
Māori

Pacific

TOTAL

Eur/Other



32 
 

There were an average of 160 deaths (95%CI 139, 181) each year coded with RHD as the 

underlying cause over the period 2000-2007. Only 4 of these deaths were children and young 

people (age<20y), but RHD mortality increased in mid life, reaching almost 10 per 100,000 for 

Māori and Pacific Island compared to 0.3 per 100,000 for European/Other categories at age 40-

44; and 50, 38 and 2.4 per 100,000 for Māori, Pacific Island, and European/Other categories 

respectively at age 60-64 (Figure 11 and Table 11). 

 

Figure 11. RHD deaths (A) and age specific RHD mortality rates (B)[mean of 2000-2007] 
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Table 11. Age specific mortality rates (mean of 2000-2007) 

Age Māori Pacific Island Eur/Other TOTAL 

0-19
a
 0.05 

20-24 0.3 2.1 0.0 0.2 

25-29 1.9 5.3 0.0 0.7 

30-34 1.9 2.3 0.3 0.6 

35-39 8.5 5.5 0.3 1.7 

40-44 8.6 9.2 0.4 1.9 

45-49 10.9 16.1 0.3 2.2 

50-54 24.6 15.8 0.8 3.6 

55-59 29.9 19.2 1.6 4.5 

60-64 50.4 38.1 2.4 7.2 

65-69 53.7 34.1 4.3 8.4 

70-74 66.7 41.0 8.5 12.2 

75-79 65.2 76.1 20.5 22.8 

80-84 66.7 116.5 37.8 39.3 

85+ 61.9 127.6 74.3 74.5 
a
 There were 4 deaths of individuals <20 years of age 

 

Mortality rates for Māori and Pacific Island people were almost double those of European/Other 

categories over that period (Table 12). 

 

Table 12. Annual RHD deaths and crude mortality rates, 2000-2007 

Ethnicity Mean Lower 95% CI Upper 95% CI 

Mean annual deaths in 2000-2007 

Māori 40 31 49 

Pacific 15 11 19 

European/Other 105 90 120 

Total 160 139 181 

Annual mortality (deaths per 100,000) 

Māori 7.3 5.8 8.8 

Pacific 7.1 5.4 8.7 

European/Other 3.7 3.2 4.2 

Total 4.4 3.9 5.0 
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Because Māori and Pacific Island populations have much higher proportions of younger people  

than European/Other categories, mortality needs to be adjusted for the age structure (age 

standardised) in order to make meaningful comparisons across ethnic groups. This can be done 

by referencing each ethnic group to a standard population. As shown elsewhere, the choice of 

standard population influences the standardised mortality ratio (SMR). (26) Therefore SMRs 

were calculated using the WHO standard population and the older SEGI standard population for 

comparisons with other countries (http://www.who.int/healthinfo/paper31.pdf) and also the Māori 

and the European/Other population as standards, for comparisons within New Zealand (Table 

13).  Use of the Māori population as the standard gives higher SMRs  than other standard 

populations (26). In summary, after adjusting for differences in age structures, Māori and Pacific 

Island people have 5 to 10-fold higher RHD mortality rates than European/Other categories. 

 

Table 13. Age standardised mortality ratios for Māori and Pacific Island peoples compared to European/Other 
categories 

Standard population Māori Pacific Island 
Māori 10.3 9.5 
European/Other 4.9 4.8 
SEGI’s

a
 8.0 7.2 

WHO
a
 6.8 6.3 

a
 www.who.int/healthinfo/paper31.pdf 
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Cost of admissions for rheumatic fever and rheumatic heart disease 

 

ARF can be costly, especially for children who immediately or subsequently require cardiac 

valve repair or replacement. However, most hospital admissions ensuing from ARF occur after 

the age of 30, as cardiac valves deteriorate progressively over time. Therefore the number of 

admissions and their DRG-based costs were estimated across all age groups as the mean of 

admission costs in the period 2000-2009.  

There were 7404 admissions in the period 2000-2009 (740 per annum) with a principal 

diagnosis of ARF/RHD, with a peak in children 10 to 14 years of age and a plateau from age 50 

to 79 years (Figure 12A and Table 14). These were roughly equally distributed across non 

surgical admissions, valve surgery and ‘other surgery or procedures’ (e.g. 860 admissions for 

echocardiography; ICD9-AM procedure code 8872, mostly as day cases). Annual ARF/RHD 

admission rates were highest for school age children and the elderly (Table 15). 

The average length of stay in different age groups varied from about 4 to 14 days for non 

surgical admissions and 8 to 30 days for valve surgery (Table 16). Valve surgery comprised 

7.1% of admissions and 28% of the cost for children 5-14 years of age but 28% of admissions 

and 72% of the cost overall (Tables 14 and 17). 

The annual cost of hospital admissions with principal diagnosis of ARF or RHD in the period 

2000-2009 was $12.0m (95% CI $11.1m, $12.8m) at present value (Figure 12B and Table 17). 

Hospital admissions and the corresponding annual costs to the Government were highest in the 

age group 5 to 14 years and non surgical admissions accounted for about half of this cost. 
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Figure 12. Estimated annual admissions (A) and cost to Government (B) for admissions for ARF or RHD 
(based on 2000-2009) 
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Table 14. Admissions for ARF or RHD (2000-2009) 

Age group 
(years) 

 

Non surgical 
 
 

Valve surgery 
 
 

Other surgical 
or diagnostic 
procedures 

Total % valve 
surgery 

<5 28 7 21 56 13% 

5-9 485 45 150 680 7% 

10-14 758 82 262 1102 7% 

15-19 182 56 67 305 18% 

20-24 109 61 43 213 29% 

25-29 97 74 62 233 32% 

30-34 68 83 55 206 40% 

35-39 81 114 111 306 37% 

40-44 57 153 148 358 43% 

45-49 83 168 203 454 37% 

50-54 85 187 201 473 40% 

55-59 83 172 217 472 36% 

60-64 67 179 241 487 37% 

65-69 99 211 235 545 39% 

70-74 97 219 242 558 39% 

75-79 113 189 228 530 36% 

80-84 90 68 111 269 25% 

85+ 79 17 61 157 11% 

Total 2661 2085 2658 7404 28% 
Annual (all 
ages) 266 209 266 740 28% 
Annual (age 5-
14y) 124 13 41 178 7% 

Annual (age<20y) 145 19 50 214 8.9% 
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Table 15. Mean annual admission rates per 100,000 population for ARF or RHD (2000-2009) 

Age group (years) 
 
 

Non surgical 
 
 

Valve surgery 
 
 

Other surgical or 
diagnostic 
procedures 

Total 
 
 

<5 1.0 0.2 0.7 2.0 

5-9 16.5 1.5 5.1 23.2 

10-14 24.6 2.7 8.5 35.8 

15-19 6.1 1.9 2.2 10.2 

20-24 3.9 2.2 1.5 7.6 

25-29 3.8 2.9 2.4 9.0 

30-34 2.3 2.9 1.9 7.1 

35-39 2.6 3.7 3.6 9.9 

40-44 1.8 4.9 4.7 11.4 

45-49 2.9 5.9 7.1 15.9 

50-54 3.4 7.4 7.9 18.7 

55-59 3.8 7.8 9.9 21.4 

60-64 3.8 10.1 13.7 27.6 

65-69 6.9 14.7 16.4 38.1 

70-74 8.0 18.2 20.1 46.3 

75-79 11.3 18.8 22.7 52.8 

80-84 13.0 9.8 16.0 38.8 

85+ 14.6 3.1 11.3 29.0 

Total 6.6 5.1 6.6 18.2 

Age 5-14y 20.7 2.1 6.8 29.6 

Age <20y 12.3 1.6 4.2 18.1 
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Table 16. Average length of stay for admissions for ARF or RHD (2000-2009) 

Age (years) Non surgical Valve surgery 
Other surgical or diagnostic 
procedures 

<5 8.4 26.0 7.9 

5-9 11.5 30.3 18.0 

10-14 13.8 22.9 17.1 

15-19 5.0 11.3 6.3 

20-24 4.3 10.3 8.5 

25-29 4.5 8.8 4.5 

30-34 5.0 8.9 5.0 

35-39 3.8 10.5 4.0 

40-44 4.3 11.3 2.6 

45-49 3.8 14.1 4.1 

50-54 4.9 14.2 3.8 

55-59 5.0 12.4 2.7 

60-64 4.2 14.9 2.9 

65-69 3.9 14.9 3.8 

70-74 4.7 13.8 2.5 

75-79 4.8 13.7 3.1 

80-84 8.2 15.8 4.6 

85+ 7.2 9.4 8.3 
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Table 17. Annual cost of admissions for ARF or RHD (2000-2009) 

 

Age (years) 
Non 
surgical 

Valve 
surgery 

Other surgical or 
diagnostic 
procedures 

Total Cumulative 
cost 

% 
valve 
surgery 

<5 $15,417 $32,699 $15,283 $63,400 $63,400 52% 

5-9 $413,127 $255,672 $210,021 $878,820 $942,220 29% 

10-14 $826,520 $410,019 $352,079 $1,588,617 $2,530,837 26% 

15-19 $82,171 $215,000 $37,272 $334,443 $2,865,280 64% 

20-24 $34,781 $227,556 $41,790 $304,127 $3,169,407 75% 

25-29 $34,120 $241,288 $25,134 $300,541 $3,469,948 80% 

30-34 $28,050 $294,626 $22,965 $345,641 $3,815,589 85% 

35-39 $23,949 $408,625 $45,826 $478,400 $4,293,989 85% 

40-44 $17,937 $581,055 $58,851 $657,844 $4,951,833 88% 

45-49 $25,624 $707,886 $106,381 $839,891 $5,791,724 84% 

50-54 $31,146 $781,937 $93,166 $906,249 $6,697,973 86% 

55-59 $31,256 $686,737 $85,720 $803,713 $7,501,686 85% 

60-64 $21,829 $746,490 $99,847 $868,166 $8,369,852 86% 

65-69 $32,869 $924,014 $137,320 $1,094,204 $9,464,056 84% 

70-74 $34,050 $896,115 $85,996 $1,016,160 $10,480,216 88% 

75-79 $36,623 $826,980 $90,556 $954,159 $11,434,376 87% 

80-84 $52,803 $284,388 $50,591 $387,782 $11,822,158 73% 

85+ $41,603 $47,055 $40,097 $128,755 $11,950,913 37% 

Total $1,783,875 $8,568,143 $1,598,894 $11,950,913  72% 

Lower 95% CI $1,479,467 $7,918,758 $1,224,545 $11,141,899  Na 

Upper 95% CI $2,088,283 $9,217,528 $1,973,244 $12,759,926  Na 

Age 5-14y $1,239,646 $665,691 $562,100 $2,467,437  27% 

Age<20 $1,337,235 $913,390 $614,655 $2,865,280  32% 
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Discussion 

 
This study confirms that the incidence of ARF in New Zealand peaks at 7 to 14 years of age and 

that incidence rates for Māori and Pacific Island children are much higher than those for 

European/Other children (17, 19, 27). For children 5 to 14 years of age the average annual 

incidence rate across all ethnic groups over the period 2000-2009 was 17.2 per 100,000 (95%CI 

15.7, 18.6).  

The most reliable global estimates of crude incidence rates across all age groups are a mean of 

19 (95% CI 9 – 30) per 100,000 with developing countries ≥10 per 100,000 and developed 

countries <10 per 100,000 (28). The age standardised incidence rate was 3.4 per 100,000 in 

New Zealand in the period 1995-2006 (17).  Well documented dramatic reductions in ARF rates 

in European New Zealanders and overseas in western Europe and the USA over the 20th 

Century (1) supports the contention that ARF is preventable. 

The incidence of ARF for NZ-resident children 5 to 14 years of age increased by over  50% 

during the period 1993-2009, due to increases in Māori and Pacific Island rates, and despite a 

decline in European/Other incidence rates. A recent review reported that index hospital 

admissions were higher over the period 1987 to 1992 than in 1993, although non residents were 

included, incidence rates were not provided and no attempt was made to exclude recurrent 

admissions that appear to be index admissions (29). Another recent study reported a non-

significant overall increase in age adjusted incidence rates in the period 1996 to 2005, with a 

statistically significant increase for Māori and a decline for European/Others (17). When 

truncated to the same time period, our results are consistent with these. An earlier study (1995-

2000) of rheumatic fever registers in NZ reported incidence rates for children 5-14 years of age 

that were about 20% lower than we observed for Pacific Island and Māori children (64.5 and 

31.9 per 100,000 respectively). This is consistent with an increase in Pacific Island and Māori 

rates since 1993. 

The reason for the apparent increase in Pacific Island and Māori incidence rates since 1993 is 

not clear. The number of 5-9 year olds in New Zealand declined slightly and the number of 10-

14 year olds increased slightly over the period 1993 to 2009, which could contribute to the 

increase because incidence rates are higher in the older age group. However, this cannot 

explain the increased rates because incidence rates for Māori and Pacific Island children 

increased in both 5-9 and 10-14 year age groups (not shown).  

Another contributing factor is more widespread use of echocardiography over the period under 

study, leading to detection of subclinical carditis and a diagnosis of ARF for some children for 

whom in earlier times there was uncertainty. The proportion of diagnoses of ARF with heart 

involvement was around 80% in a small Auckland study (30), suggesting possible under 

reporting of carditis in children with ARF elsewhere in New Zealand. If this is the explanation for 

the increasing incidence rates for Māori and Pacific Island children, then incidence rates for 

European/Other children could have declined more than our results indicate, at a time when 

rates appeared to be increasing for Pacific Island and Māori children. But using subclinical 

carditis as a major criterion for ARF increases the diagnostic yield by only 11-16% (31) which is 
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insufficient to explain our findings. Also, hospitalisation for ARF requires recognition of 

symptoms by family and GP, with access to primary care, and an understanding by the GP that 

an ARF case needs hospitalisation for diagnosis. These factors could have changed over the 

study period. 

A more likely explanation for the increase in Māori and Pacific Island ARF incidence rates since 

1993 is a widening of socioeconomic disparity. Household crowding was a major risk factor for 

epidemic serogroup B meningococcal disease in New Zealand during the 1990s.(32) An 

ecological study has found that ARF incidence rates in New Zealand are associated with 

household crowding at the neighbourhood level. This study was based on first hospital 

admissions for ARF for the 10-year period 1996 and 2005. It found that the incidence of ARF at 

Census Area Unit (CAU) level was significantly associated with the proportion of crowded 

households, even after controlling for age, ethnicity, household income and the density of 

children in the area. (33) 

As a result of increasing incidence rates for Māori and Pacific Island children and declining rates 

for others, index ARF admissions for Māori and/or Pacific Island children 5 to 14 years of age 

increased from 76% to 97% of total ARF admissions in the period 1993 to 2009, even though 

the proportion of Māori and/or Pacific Island children in the population in this age group was 

relatively stable at about 30%. Currently therefore, ARF and RHD are public health issues 

largely for communities with high proportions of Māori and/or Pacific Island families.  

Mean incidence rates for 2000-2009 increased steeply with the degree of socioeconomic 

deprivation, with most index admissions occurring in NZDep2006 deciles 9 and 10.  In decile 10, 

mean incidence rates in 2000-2009 were about 50 per 100,000 and 80 per 100,000 for children 

5-9 and 10-14 years of age respectively. For Māori and Pacific Island children 5-14 years of 

age, mean incidence rates in 2000-2009 were >50 per 100,000 for decile 10 and deciles 7 to 10 

respectively. For the most disadvantaged Pacific Island children (decile 10), the mean incidence 

rate was 109 per 100,000 (>1:1000). 

Across DHBs, Counties Manukau had the highest incidence rate and South Island DHBs had 

very few cases. Counties Manukau DHB could benefit from an intervention in deciles 9 and 10 

regions.  Based on an intervention threshold of 50 per 100,000 suggested by the NZ ARF 

guidelines (13), communities of school children within DHBs should be sought, centred on the 

identified highest risk schools, taking into consideration cross age-group contamination, e.g. 

within whanau groups. The most cost effective strategy for a school-based primary intervention 

would be to target the highest risk schools within these DHBs, rather than all schools within 

them. These schools are likely to have high concentrations of Māori and Pacific Island children. 

RHD mortality at all ages is considerably higher for both Māori and Pacific Island peoples than 

for European/Other categories (e.g. about 30-fold higher at age 40-44 years in 2000-2007). 

High mortality in middle age is probably the legacy of high incidence rates and absence of 

secondary prevention prior to 1980, both for New Zealand Māori and for Pacific Island children 

who subsequently immigrated to New Zealand. After adjusting for differences in age structures, 
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Māori and Pacific Island people have 5 to 10-fold higher RHD mortality rates than the 

European/Other population. 

The current pattern of RHD in adults probably results from acute rheumatic fever occurring in 

childhood, whether or not it was diagnosed. If the index admission occurred prior to universal 

use of the NHI (1988) it may not be possible to identify whether it was an index event; and if 

ARF was diagnosed, the patient may not have received secondary prophylaxis. Therefore, 

provided secondary prophylaxis is continued, the prevalence and cost of rheumatic heart 

disease could be lower in the future than shown by the present analysis. 

Although costs are high for children with severe RHD, most of the cost occurs after the age of 

30 as cardiac valves degenerate and require surgical repair or replacement. The annual cost of 

admissions for ARF and RHD across all age groups is estimated conservatively at $12.0m (95% 

CI $11.1m, $12.8m). This is similar to the annual cost of acute hospital admissions for paediatric 

pneumococcal disease including pneumococcal pneumonia plus pneumococcal and NTHi otitis 

media for the under 20 age group, which has been estimated recently at $9.95m (in 2006/7 

dollars) (34) and which translates to $13.6m at present value, based on the ratio of national 

prices in 2009/2010 ($4315) versus 2006/2007 ($3151). 

Children and young people (age <20 years) account for just $2.87m of the annual cost of 

hospital admissions for ARF and RHD (Table 17). Paediatric rotavirus gastroenteritis, which is 

less serious but far more prevalent than either rheumatic fever or pneumococcal disease, is 

estimated to cost the New Zealand Government about the same as rotavirus gastroenteritis in 

hospital admissions each year ($2.89m in 2009 dollars). In contrast to rheumatic fever, this cost 

is accrued by pre-school children. (35) 

 The only other study of the cost of ARF/RHD estimated the annual cost to Auckland hospitals 

at $2.6m (1991 dollars), using a top-down approach based on admissions in 1987. Almost half 

of the cost was for undefined non surgical admissions for ‘RHD related conditions’ having a 

primary or secondary code of RHD (18). This is a more inclusive but less specific coding than in 

our study. It is difficult to compare the two studies because of the differences in coding, timing 

and specification of relevant costs in the previous study. Also the mean length of stay for ARF in 

the previous study was much longer (47 days) and ARF recurrence rates were much higher 

than currently, therefore it is less relevant to today. 

The main limitation of the present study is that the cost analysis was restricted to hospital 

admissions with a principal diagnosis of ARF or RHD. This is conservative because some 

admissions with other principal diagnoses are given a secondary code of RHD if they are 

considered to require adjustment of medication, additional diagnostic procedures or changes in 

clinical care protocols because of comorbid RHD. For example, some surgical procedures 

require a different level of care for children or adults with RHD (e.g. antibiotic prophylaxis). Also, 

most patients with dental caries and RHD are treated in hospital rather than the community; 

likewise, most antenatal care for women with RHD is obtained from a specialist obstetrician 

rather than a midwife. On the other hand, if more than one valve is documented as diseased in 

some way (stenosis, incompetence, regurgitation or prolapse) and the cause is unspecified, 

RHD of multiple valves is coded by default, leading to possible overestimation of the cost of 
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RHD (personal communication, Andrew Wooding). The extent to which admissions with a 

secondary code of ARF or RHD contribute to the cost burden of ARF or RHD is a case by case 

judgment call. Further research is needed to identify and quantify the indirect impact of RHD on 

other admissions, which could be considerable. 

The study also excludes outpatient clinic appointments; general practitioner consultations 

related to ARF/RHD; secondary prevention; community pharmaceuticals; costs to the family; 

and potential loss of income from premature death. Another data limitation is the small number 

of cases in some categories, leading to uncertain incidence rates, e.g. for Pacific Island children 

outside of Auckland. However, this will have little impact on the costs.  

DRG-based costings have intrinsic limitations. Although DRG cost weights are used nationally 

in research and policy making because they are applied reasonably uniformly across the 

country and across diagnoses, they are conservative because they exclude the costs of 

adjusters paid to DHBs for complexity of services; rural location; diseconomies of scale; Māori 

health; capital adjustment; acute demand; and blood. The costs reported in our study therefore 

should be used only as indicative costs for policy development. 

In conclusion, ARF is an important public health problem particularly affecting disadvantaged 

North Island communities with high proportions of Māori and/or Pacific Island families. ARF and 

RHD comprise a substantial and disproportionate human and economic burden for Māori and 

Pacific Island children. The large disparity between Māori/Pacific and European/Other incidence 

rates appears to have widened since 1993. 

A targetted primary intervention in areas of socioeconomic deprivation has the potential to 

reduce both the numbers of new cases of ARF and the ethnic disparities. Based on the 

suggested intervention threshold of 50 per 100,000 (NZ ARF guidelines), schools in high risk 

communities in North Island DHBs (indicated by deprivation decile 10 and/or 9), age group 5-14 

years and high Māori and/or Pacific Island ethnic  composition should consider school sore 

throat clinics. In the absence of school decile data for areas other than Auckland, this 

intervention could be guided by NZDep ratings and ethnicity, leading to primary interventions in 

the areas of highest risk. Ultimately, targetting should be informed by the cost effectiveness and 

budget impact of the intervention. 
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APPENDIX A: RELEVANT  ICD9 and ICD10 DIAGNOSIS CODES 
 

 
ICD9-AM-II ICD10-v6 
390 
 

Rheumatic fever without mention of heart 
involvement 

I00 
 

Rheumatic fever without mention of heart 
involvement 

3910 Acute rheumatic pericarditis I010 Acute rheumatic pericarditis 

3911 Acute rheumatic endocarditis I011 Acute rheumatic endocarditis 

3912 Acute rheumatic myocarditis I012 Acute rheumatic myocarditis 

3918 Other acute rheumatic heart disease I018 Other acute rheumatic heart disease 

3919 
Acute rheumatic heart disease, 
unspecified I019 Acute rheumatic heart disease, unspecified 

3920 Rheumatic chorea with heart involvement I020 Rheumatic chorea with heart involvement 

3929 
 

Rheumatic chorea without mention of 
heart involvement 

I029 
 

Rheumatic chorea without heart 
involvement 
 

393 Chronic rheumatic pericarditis I050 Mitral stenosis 

3940 Mitral stenosis I051 Rheumatic mitral insufficiency 

3941 Rheumatic mitral insufficiency I052 Mitral stenosis with insufficiency 

3942 Mitral stenosis with insufficiency I058 Other mitral valve diseases 

3949 
Other and unspecified mitral valve 
diseases I059 Mitral valve disease, unspecified 

3950 Rheumatic aortic stenosis I060 Rheumatic aortic stenosis 

3951 Rheumatic aortic insufficiency I061 Rheumatic aortic insufficiency 

3952 
Rheumatic aortic stenosis with 
insufficiency I062 

Rheumatic aortic stenosis with 
insufficiency 

3959 
Other and unspecified rheumatic aortic 
diseases I068 Other rheumatic aortic valve diseases 

3960 
Mitral valve stenosis and aortic valve 
stenosis I069 

Rheumatic aortic valve disease, 
unspecified 

3961 
Mitral valve stenosis and aortic valve 
insufficiency I070 Tricuspid stenosis 

3962 
Mitral valve insufficiency and aortic valve 
stenosis I071 Tricuspid insufficiency 

3963 
 

Mitral valve insufficiency and aortic valve 
insufficiency 

I072 
 

Tricuspid stenosis with insufficiency 
 

3968 
Multiple involvement of mitral and aortic 
valves I078 Other tricuspid valve diseases 

3969 
Mitral and aortic valve diseases, 
unspecified I079 Tricuspid valve disease, unspecified 

3970 Diseases of tricuspid valve I080 Disorders of both mitral and aortic valves 

3971 Rheumatic diseases of pulmonary valve I081 
Disorders of both mitral and tricuspid 
valves 

3979 
 

Rheumatic diseases of endocardium, 
valve unspecified 

I082 
 

Disorders of both aortic and tricuspid 
valves 
 

3980 Rheumatic myocarditis I083 
Combined disorders of mitral, aortic and 
tricuspid valves 

39890 Rheumatic heart disease, unspecified I088 Other multiple valve diseases 
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39891 Rheumatic heart failure (congestive) I089 Multiple valve disease, unspecified 

39899 
Other and unspecified rheumatic heart 
diseases I090 Rheumatic myocarditis 

I091 
Rheumatic diseases of endocardium, valve 
unspecified 

I092 Chronic rheumatic pericarditis 

I098 Other specified rheumatic heart diseases 

I099 Rheumatic heart disease, unspecified 

 


