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Association between influenza and 
coronary heart disease: how convincing 
is available evidence?

The first report of a temporal association be-
tween influenza epidemics and mortality from
coronary heart disease (CHD) was published
by British epidemiologists in 1978. However,
the authors state that they “could not hope to
provide clear-cut evidence of a causal relation-
ship, nor the sequence of the two conditions”
from their data (Bainton et al., 1978:238-239).

The old hypothesis that chronic inflamma-
tion and infection are involved in the pathogen-
esis of atherosclerosis and CHD has been re-
vived in the 1980s and 1990s (Javier Nieto, 1998).
Much of the current research has been stimulat-
ed by the finding that CHD patients more fre-
quently present antibodies to pathogens such
as Chlamydia pneumoniae, cytomegalovirus,
and Helicobacter pylori, as well as serum mark-
ers of inflammation, than population controls
(Muhlestein, 2001). Moreover, Chlamydia is
frequently detected in atherosclerotic plaques
of coronary arteries in CHD patients and in-
duces atherosclerotic lesions in experimental
models (Grayston, 2000). Evidence suggesting
that this pathogen is involved in all stages of
CHD is available. Chronic Chlamydia infec-
tions are associated with lymphoproliferative
inflammatory responses characterizing the ear-
ly stages of atherosclerosis, with changes in the
lipid metabolism that may accelerate plaque
formation, and with intra-plaque inflamma-
tion leading to plaque rupture and artery oc-
clusion.

If a strong and plausible association be-
tween Chlamydia infection and CHD has been
found, why should we look for other infections
putatively associated with CHD? For at least
two reasons: (a) when a careful adjustment for

potential confounders (including socioeconom-
ic factors) is made, the statistical association
between the presence of anti-Chlamydia anti-
bodies and CHD becomes rather weak (Danesh
et al., 2000b), and (b) the positive association
between low-grade chronic inflammation and
CHD is unrelated to the presence of antibodies
to Chlamydia or H. pylori (Danesh et al., 2000a).
These findings suggest that other pathogens to
which patients have been exposed, or their
“pathogen burden”, may be associated with
chronic inflammation and CHD (Javier Nieto,
1998; Zhu et al., 2001). Here Azambuja & Dun-
can report an association between prior expo-
sure to influenza and CHD mortality in the
United States.

The ecological design represents a major
limitation of the study by Azambuja & Duncan,
since we cannot compare the exposure to sev-
eral known risk factors for CHD and respirato-
ry infections (including socioeconomic vari-
ables) in affected and non-affected subjects.
The specificity (in the sense used by Bradford
Hill) of a putative causal association between
H1N1 influenza virus infection and CHD is dis-
putable. We can hypothesize, for example, that
a proportion of subjects infected with influen-
za virus during major epidemics are also more
susceptible to other respiratory tract infec-
tions, including Chlamydia, perhaps because
many of them are current or past smokers. In
this example, therefore, Chlamydia infection
and smoking represent major potential con-
founding factors that should be controlled for.
Furthermore, the decline of CHD mortality
over the last third of the twentieth century has
alternatively been interpreted as a late conse-
quence of the introduction of antibiotics, some
of them active against Chlamydia, two to three
decades earlier (Javier Nieto, 1998).

The biological plausibility of the etiologic
association between influenza virus infection
and CHD deserves further discussion. CHD
pathogenesis has been associated with chronic
inflammation caused by persistent Chlamydia,
H. pylori, and cytomegalovirus infections
(Muhlestein, 2001), but not by acute infections.
Furthermore, in contrast with Chlamydia and
cytomegalovirus, influenza A virus infection
rarely involves the myocardium, the pericardi-
um, or the vascular endothelium. The alterna-
tive hypothesis that a systemic, rather than lo-
cal, inflammatory or autoimmune mechanism
leads to plaque formation in influenza infec-
tion, proposed by Azambuja & Duncan, is in-
sightful, but lacks further experimental sup-
port. On the other hand, the finding that in-
fluenza virus induces platelet aggregation, cit-
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ed by Bainton et al. (1978) as a possible link be-
tween influenza and myocardial infarction,
could be explored using modern epidemiologi-
cal and experimental methods.

After an absence of 21 years, H1N1 viruses
reappeared in the United States in 1977, infect-
ing mostly college-aged individuals. It would
be interesting to follow the incidence of CHD-
associated events in this cohort of exposed
subjects to confirm (or rule out) the associa-
tion found by Azambuja & Duncan. Moreover,
the availability of vaccines and amantadine or
rimantadine prophylaxis provides the basis for
clinical trials to address this topic.
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In their insightful paper, Maria Inês Azambuja
& Bruce Duncan consider the possibility that,
at least in part, the pathogen burden of H1N1
influenza infection might have been an impor-
tant determinant in the rise and fall of coro-
nary heart disease (CHD) mortality observed in
the 20th century. Although I consider the paper
well-founded, with plausible arguments, the
empirical evidence is not very convincing to
me. My comments are general thoughts that
may hopefully contribute to the design of new
studies on the topic, which I agree is important
and deserves further consideration.

The authors drawn on two major pieces of
empirical evidence to supporting their hypoth-
esis: (1) the similarity between the relative
mortality associated with the 1918-1919 in-
fluenza pandemic and the distribution of CHD
deaths in the period 1920-1985, across succes-
sive birth cohorts; and (2) the ecological asso-
ciation between an indirect measure of longer
persistence of H1N1 influenza virus and de-
layed onset of decline in CHD death rates.

Concerning the first piece of empirical evi-
dence, at least two questions might be raised:
• Part of the “drop” in CHD mortality that we
see in the graph is actually derived from the
fact that more recent cohorts have not actually
finished evolving over time. Therefore, there
are successive missing bars of mortality for the
older ages in the more recent cohorts, which, if
included, would make the decline less sharp.
• It does not seem to me that the increase in
CHD mortality among younger individuals,
which really appears to “follow” the influenza
pandemic mortality, tends to return to the lev-
els expected for a population not exposed to
the burden of influenza.

Regarding the second piece of evidence, the
ecological correlation is based only on nine ar-
eas, at least one of which may be an extreme
observation. To get a feeling of the uncertainty
underlying the data, we approximated the val-
ues by inspecting the graph, and performed a
simple exercise of estimating a series of Spear-
man correlation coefficients for random sam-
ples of the data (with replacement, using boot-
strap): in more than 40% of the samples, the
Spearman correlation coefficient was not sta-
tistically significant at the 0.05 level.

I wish to congratulate the authors for shar-
ing their provocative thoughts with us. If more
robust evidence could be gathered, they might
provide important clues regarding CHD epi-
demiology and be useful for public health pur-
poses.


