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ANALYSIS

Rheumatic Fever in New Zealand: what are the

teeth trying to tell us?

Thornley S, Sundborn G, Schmidt-Uili S M.

ABSTRACT

Rheumatic fever remains an important disease of childhood in New
Zealand, despite increasing access and awareness of the need for
preventive antibiotic treatment. Maori and Pacific children have an
incidence rate about 30 times and 70 times higher than European
children, from annual notification data (77.7 per 100,000 for Pacific,
30.4 per 100,000 for Maori, and 1 per 100,000 for European). In the
early 20th century, a Canadian dentist, Weston A. Price, noted that
95% of children who presented with acute rheumatic fever also had
advanced dental caries. Oral health surveys show that Maori and Pacific
children are disproportionately affected by dental caries compared to
European. Excess dietary sugar intake is widely recognised to cause
dental decay and also provides energy to some species of bacteria
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implicated in the pathogenesis of dental decay and rheumatic fever.

We suggest that a case-control study be conducted to evaluate the

evidence for an association between sugar intake, dental decay and

incidence of disease.

he epidemiology of rheumatic fever in New Zealand in-
Ttrigues us. It is a disease of childhood almost absent from
many Western nations,' however, in New Zealand, children
continue to suffer from the condition and its sequelae. Why?
Here, we consider the evidence that a component of the diet
of children, sugar, explains some of the epidemiological trends
associated with the disease.

The onset of acute rheumatic fever is often associated
with group A streptococcal infection in the upper respiratory
tract, with the systemic, joint and cardiac involvement thought
to represent an auto-immune response to the infection.? Since
the 1960s, cross-reactivity has been demonstrated between
Group A beta haemolytic streptococci and human heart tis-
sue.? An M-protein has isolated in these bacteria cross-reacts

with cardiac myosin, which results in a T-cell mediated inflam-
matory reaction, following infection with the organism.*s This
molecular mimicry explains the link between infection with
group A beta haemolytic streptococci and the cardiac inflam-
mation associated with rheumatic fever.

In New Zealand, the burden of disease shows striking dif-
ferences by ethnic group.® Mostly, acute rheumatic fever oc-
curs in Maori and Pacific populations. The age-specific annual
notification rates for acute rheumatic fever between 1990 and
1995 for children aged 10 to 14 years was 77.7 per 100,000 for
Pacific children, 30.4 per 100,000 for Maori, and 1 per 100,000
for European.” This represents an extraordinarily difference. The
New Zealand Guidelines for the disease explain that no genetic
differences, to date, explain this variation, and that the varied
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burden “reflects social, political, and economic influences that
result in overcrowded conditions, socioeconomic deprivation,
an increased incidence of upper respiratory infections with
GAS [group A streptococcal infections], and different options
or opportunities for appropriate and effective health care.”®
Here, we argue that the sugar intake, observed through dif-
ferences in the prevalence of tooth decay, may explain some
of the ethnic differences in the incidence of disease.

Group A streptococcal infections also cause other infec-
tions including cellulitis, erysipelas, impetigo and glomeru-
lonephritis. An analysis of a case-series of such patients in
the Auckland region showed marked differences with popu-
lation incidence of 21.6 per 100,000/ two years in Maori, 19.3
in Pacific and 5.3 in other ethnic groups.® The epidemiology
of skin infection follows a similar pattern with a population
study from South Auckland estimating that Maori and Pacific
children (aged 1to 14 years) were at nearly four times the risk
of admission for skin infection of the limbs, compared to oth-
er ethnic groups (relative risk 3.89; 95% CI: 2.33 to 6.52).1°

Antibiotics are often used to treat streptococcal throat
infections, to prevent the onset of rheumatic fever. This has
prompted campaigns, past and on-going, to enhance access
to treatment. One example is through the use of school-based
clinics. Do they work? One would expect so, but the results of
alarge cluster-randomised study, conducted in New Zealand,
however, were disappointing. In the first analysis, after almost
87,000 person years of follow-up, 55/100,000 cases occurred
in the clinic schools compared to 67/100,000 in the non-clin-
ic schools, a difference that was not statistically significant.

What other approaches to prevention may be consid-
ered? In a book originally published in 1938, written by a
Canadian Dentist, a clue may be found." Weston A. Price in-
vestigated the prevalence of dental caries among indigenous
populations who were eating traditional diets, comparing to
those eating mainly Western foods. He made detailed writ-
ten and photographic records of facial and dental abnormal-
ities absent from those eating traditional diets, but present
with increasing frequency with exposure to the Western diet.
Often, the new foodstuffs consisted of sugar, white flour, and
tinned foods. To a varying extent, these new items displaced
the traditional diet.

Price reflects that “My studies have shown that in about
95% of these cases [acute rheumatic fever and bacterial endo-
carditis] there is active tooth decay”." To him the association
between dental caries and rheumatic fever was unmistake-
able, yet, to our knowledge, not a single published scientific
article describes this association, from searching online da-
tabases. One article discusses the high prevalence of den-
tal caries among indigenous Australian communities, and
also discusses the high prevalence of rheumatic fever in the
same populations, but draws no aetiological connection be-
tween the two conditions.”? One case-control study, conduct-
ed in Bangladesh, shows an association between rheumatic
fever and serum indices of iron deficiency and malnutrition
(low haemoglobin and haematinics and low serum albumin.
The study also links low HDL-cholesterol with disease sta-
tus, although this finding is not highlighted by the authors.
In studies of adults, low HDL-cholesterol has been associat-
ed with high sugar intake.™

The effects of sugar (sucrose) intake on the adult
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population have started to regain attention with large organ-
isations, such as the American Heart Association, recommend-
ing severe restriction of intake of the substance, to prevent
weight gain and protect cardiovascular health.’s'® Dentists
have long recognised that sugar intake is an important causal
factor in dental decay. The British Nutrition Foundation sum-
marised the evidence by stating “the evidence establishing
sugars as an aetiological factor in dental caries is overwhelm-
ing. The foundation of this lies in the multiplicity of studies
rather than the power of any one”.”” Other authors have sug-
gested that starch and all fermentable carbohydrates play
a role in dental decay,” but it is likely that sucrose intake is
most important. This is useful, in that the dental caries may
serve as an objective indicator of sugar exposure, given the
inaccuracy associated with self-report of dietary intake, par-
ticularly among children.

Given the ethnic differences in incidence of acute rheu-
matic fever, if sugar intake contributes to disease, we would
expect that dental decay would disproportionately affect Maori
and Pacific children. The epidemiological data is consistent
with this theory. For almost all oral health indicators, in a re-
cent national survey, New Zealand children and adolescents,
aged 2-17 indices of dental decay were worse for Maori and
Pacific compared to European. For example, the prevalence
of being caries free in all teeth was 52.1% (95% CI: 45.8 t0 58.3)
among European, 38.4% (95% CI: 32.6 to 44.1) in Maori and
35.6% (95% CI: 27.2 to 43.9) in Pacific peoples.”® The pattern
observed here with dental caries matches the rank order, ac-
cording to ethnic group, in incidence of acute rheumatic fever.

The last New Zealand children’s dietary survey,? conduct-
ed in 2002, showed a different pattern of variation in self-re-
ported sucrose intake, by ethnic group, compared to the dental
study. Among five and six year olds, boys generally consumed
larger quantities than girls. Maori children reported the high-
est intakes (boys, mean 66g/day; girls 59g/day), followed by
Pacific (boys, mean 57g/day; girls 48g/day) with Europeans
reporting mean intakes of 55g/day for both girls and boys of
that age range.* So, Maori boys stand out as, on average, re-
port eating about three teaspoons of sugar more than all oth-
er gender and ethnicity categories. Little difference in intake
was observed by socio-economic status. Since these subjec-
tive reports are affected by social desirability and recall bias,
with one study estimating a 20% discrepancy between ob-
served and reported sugar intakes,” we believe that dental
examinations are likely to provide a more objective assess-
ment of the rank order of sugar intake between ethnic groups.

From a biological perspective, sugar (sucrose) is a source
of energy, metabolised by some group A streptococci.? Also,
one of the group A strains (Streptococcus mutans) is known
to play a central role in the pathogenesis of dental caries,*
so that it is quite plausible that sugar intake and dental car-
ies play a role in the development of acute rheumatic fever.
While Streptococcus pyogenes is the bacterium most com-
monly associated with rheumatic fever, one study showed
that, in rabbits, inoculation with cariogenic Streptococcus
mutans bacteria also stimulates the release of heart-reactive
antibody.?* In an analogous fashion, the presence of antibod-
ies to the fructose metabolising, cariogenic Porphyromonas
gingivalis is associated with auto-antibody positivity in peo-
ple at risk of rheumatoid arthritis.
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Our hypothesis is summarised in the figure. The lines
indicate causal links between factors that may influence the
development of disease. We speculate that ethnic differenc-
esin dietary practices lead to variation in sucrose intake, with
higher intakes in Maori and Pacific children. The sugar then
leads to dental caries, and provides a substrate for growth of
the pathogenic bacteria. Increased probability of disease then
results from these factors. This does not exclude the possible
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influence of other factors, for example, socioeconomic depri-
vation, overcrowding or access to healthcare, as other influ-
ences on disease aetiology. Not shown in the diagram is the
likely influence of poverty, which is statistically linked to eth-
nic group.” From overseas studies, poverty is positively associ-
ated with added sugar intake in early childhood.?” The weakest
level of evidence in our theory is the anecdotal report of what
was in effect a career case-series.

Ethnic group

Association in national

In Vitro
microbiological evidence

dental survey; Consensus for
sugar causing dental decay

Enhanced culture
conditions for growth of

Dental caries

Group A streptococci

!

Group A streptococci
throat infection

i Career case-series
described by
Rheumatic fever <$---- Weston A. Price

FIGURE. Proposed causal pathway which links sugar intake to the incidence of acute rheumatic fever. White boxes represent factors which
may be on the causal pathway. Grey boxes show the nature of the evidence used to support the hypothesis.

Where to from here?

Given the rarity of acute rheumatic fever, a case-control study
may be justified to look for associations between exposure (den-
tal caries and sugar intake) and disease within individuals. In
addition, in individuals with a history of the disease, avoid-
ing sugar may reduce the incidence of relapse, and chronic
rheumatic heart disease. If our theory proves correct, imme-
diate changes to population nutrition policies, limiting sugar
intake, and clinical treatment strategies along the same lines
may be justified.
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