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Abstract The classic risk factors for developing coronary heart disease (CHD) explain less than
50% of the decrease in mortality observed since 1950. The transition currently under way, from
the degenerative to the infectious-inflammatory paradigm, requires a new causal interpretation
of temporal trends. The following is an ecological study based on data from the United States
showing that in men and women an association between the age distribution of mortality due to
influenza and pneumonia (I&P) associated with the influenza pandemic in 1918-1919 in the 10-
49-year age bracket and the distribution of CHD mortality from 1920 to 1985 in survivors from
the corresponding birth cohorts. It further shows a significant negative correlation (r = -0.68, p =
0.042) between excess mortality from I&P accumulated in epidemics from 1931 to 1940 (used as
indicator for persistent circulation of H1N1 virus combined with vulnerability to infection) and
the order of the beginning in the decline in CHD mortality in nine geographic divisions in the
United States. In light of current biological knowledge, the data suggest that the 1918 influenza
pandemic and the subsequent epidemics up to 1957 might have played a determinant role in the
epidemic of CHD mortality registered in the 20th century.
Key words Mortality; Myocardial Ischemia; Influenza; Pneumonia

Resumo Os fatores de risco clássicos para o desenvolvimento de doença isquêmica do coração
(DIC) explicam menos de 50% da queda na mortalidade observada desde 1950. A transição em
curso, do paradigma degenerativo para o inflamatório/infeccioso, requer nova interpretação
causal das tendências temporais. Este é um estudo ecológico, baseado em dados dos Estados
Unidos, que mostra, em homens e mulheres, uma associação entre a distribuição etária da mor-
talidade por influenza e pneumonia (I&P) associada à pandemia de influenza de 1918-1919 na
faixa dos 10 aos 49 anos e a distribuição da mortalidade por DIC, entre 1920 e 1985, em sobre-
viventes das coortes de nascimento correspondentes. Mostra ainda uma correlação negativa sig-
nificativa (r = -0,68, p = 0,042) entre o excesso de mortalidade por I&P acumulado em epidemias
entre 1931-1940 (utilizado como indicador da persistência da circulação de vírus H1N1 aliada à
vulnerabilidade à infecção) e a ordem do início do declínio na mortalidade por DIC, em nove di-
visões geográficas dos Estados Unidos. Os dados sugerem, à luz do conhecimento biológico atual,
que a pandemia de influenza de 1918 e as que se seguiram até 1957, pudesse ter tido papel deter-
minante na epidemia de mortalidade por DIC registrada no século XX.
Palavras-chave Mortalidade; Isquemia Miocárdica; Influenza; Pneumonia



In the course of the last 70 years, a rise and fall
in mortality from coronary heart disease (CHD)
occurred in several countries. In the United
States, angina emerged as a significant cause of
death in the mid-1920s (Stallones, 1980). From
then on, CHD mortality rose steadily until the
early 1960s, when it leveled off at around 35%
of overall mortality (Havlick & Feinleib, 1979).
The decline began in 1968 and accelerated af-
ter 1972 (Levi, 1981), resulting in a fall of more
than 40% in CHD death rates in the last 30
years (Sytkowski et al., 1996).

The CHD mortality time trend has still not
been explained satisfactorily (Metha et al.,
1998), with traditional risk factors accounting
for less than 50% of the variation in rates regis-
tered since 1950 (Sytkowski et al., 1996). As stat-
ed by Mizgala & Shulzer (2000), the results of
the MONICA study and the disappointing re-
sults of primary intervention trials based on
those risk factors suggest that “it is perhaps time
to recognize the possibility that trends in CHD
mortality seen across the world in the past 30
years or so, may be driven by forces independent
of the classic risk factors” (Ebrahim & Davey-
Smith, 1999, apud Mizgala & Shulzer, 2000:430).

Since the late 1970s, evidence provided by
experimental and clinical studies (Koenig et al.,
1999; Kol & Libby, 1999; Lindberg et al., 1992;
Ridker et al., 1997; Ross, 1999; Schmitz et al.,
1998) has challenged the traditional notion of
CHD as a degenerative condition, supporting
instead an alternative view of CHD as an im-
mune inflammatory disease (Metha et al., 1998;
Schmitz et al., 1998; Watanabe et al., 1996).
Several authors have also postulated a role for
infection in initiation and/or progression of
CHD and risk of myocardial infarction or death
(Hajjar et al., 1986; Kol & Libby, 1999; Nieto,
1998; Zhu et al., 2001). However, thus far few
attempts have been made (Anestad et al., 1997;
Mozar et al., 1990) to incorporate the infec-
tious-inflammatory hypothesis into explana-
tions for 20th-century CHD mortality trends.

The degenerative paradigm has attempted
to explain the CHD epidemic as secondary to
time-trend variation in exposures to risk factors
for development of disease. An infectious-in-
flammatory hypothesis would support a some-
what different explanation, that is, one based
more on a variation in individual susceptibility
to CHD over time.

It has been shown that certain infections
affect an individual’s response to subsequent
infections (Griffin, 1994) as well as to other en-
vironmental challenges (Evans & Brachman,
1986), among them being high-fat diets (Hajjar
et al., 1986). Thus, theoretically, a massive occur-
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rence of an infectious disease could have led to
the emergence of the CHD epidemic, even if oth-
er environmental exposures (e.g.: high fat intake,
smoking) had not changed over time, by modi-
fying individuals’ susceptibility to their effects.

A major worldwide infectious event imme-
diately preceding the rise in CHD mortality was
the 1918 influenza pandemic. Twenty-five per-
cent of the US population (at least 25 million
people) had overt flu during that pandemic, re-
sulting in at least 500,000 excess influenza and
pneumonia deaths (Crosby, 1989). Worldwide,
the minimum estimated mortality was 21 mil-
lion people, with the real number easily reach-
ing 30 to 40 million (Crosby, 1989).

Influenza viruses circulating from 1918 to
1957 maintained an important overlap in terms
of serological and biochemical laboratory tests,
ecology, and public health effects, and are now
all classified in the H1N1 subtype of influenza
A viruses (Dowdle, 1999). Could the pathogenet-
ic burden of H1N1 influenza infection on the
US population explain the observed epidemio-
logical pattern in 20th-century CHD mortality?

H1N1 influenza in the United States

The Spanish flu of 1918 had unique character-
istics compared to the 1958 (H2N2 sub-type)
and 1968 (H3N2 sub-type) influenza pandemics
(Crosby, 1989; Dowdle, 1999): (1) unusually
high morbidity and mortality; (2) high male/fe-
male and white/black morbidity and mortality
ratios; and, oddly, (3) highest morbidity and
mortality burden among young adults.

As shown in Figure 1 (Collins, 1930; Crosby,
1989; US Bureau of the Census, 1955), the inci-
dence of respiratory illnesses (with at least one
day in bed) peaked in both sexes at age 10, fol-
lowed by a drop in the twenties, a second peak
during the thirties, and a significant fall in the
forties. However, one-third to one-half of deaths
were concentrated in the second and third
decades of life. The consensus of the American
Public Health Conference of December 1918
was that the most frequent victims of flu were
“those who had been in the best of physical con-
dition and freest from previous disease” (Cros-
by, 1989: 216). According to expert opinion,
death was due not to direct viral damage but to
the strength of the immune-inflammatory re-
sponse to infection, greater in robust young
(white, male) adults (Crosby, 1989).

We thus hypothesize that whatever immune-
inflammatory mechanism caused a sex and age
mortality pattern in 1918-1919 which differed
from that of incidence of respiratory symptoms
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during the pandemic (see Figure 1) also “primed”
survivors in a similar fashion, predisposing them
to future development of CHD. If that were the
case, then the relative distribution of influen-
za-related deaths among individuals ages 15 to
49 in 1918-1919 (a proxy for the distribution of
some particular kind of immune-inflammatory
response to infection across the range of ex-
posed birth cohorts) should predict the occur-
rence of CHD mortality in survivors from the
corresponding birth cohorts (from about 1870
to 1915) in the subsequent years. (The higher
1918-1919 influenza and pneumonia mortality
at the extremes of life is presumably related to
other mechanisms, irrelevant to the hypothesis
discussed here, as influenza epidemics usually
present greater mortality at the extremes of life.)

While flu activity showed a continuing de-
cline from 1918 to 1957, such a trend was not
uniform across the United States (Collins, 1930;
Gover, 1943). Thus we further hypothesize that
the reported geographic variation in time of
onset of the decline in CHD death rates depend-
ed on the varying persistence of H1N1 viruses
across the United States, and, through their ef-
fect, on a lower level but continuing CHD “ini-
tiation” taking place in later birth cohorts.

Methodology

This paper presents ecological associations be-
tween influenza and CHD occurrences across

birth cohorts and across geographic areas of
the United States, in support of the two hy-
potheses presented above.

Birth cohort correlation

United States gender- and age-specific mortal-
ity data were used to graphically compare the
burden of the 1918-1919 influenza pandemic
with that of the 1920-1985 CHD epidemic
across birth cohorts.

Influenza data

Sex and age strata-specific influenza mortality
rates were calculated using the number of
deaths from influenza and pneumonia in 1918
(Crosby, 1989) and an estimate of the popula-
tion residing in the US Registration Area for
1917 (US Bureau of the Census, 1955) used at
that time for national tabulations of vital events
and covering approximately 80% of the US
continental population (Collins, 1930). Deaths
occurring during 1918 and 1919 were assigned
to January 1, 1919. They were then adjusted to
reflect the age the deceased would have had in
1920, so that the age-specific rates could be
plotted for birth cohorts according to the usual
center of 10-year birth cohort intervals ( July 1
of years ending with 0 or 5). Since one and a
half years elapsed between January 1, 1919,
and July 1, 1920, this adjustment was per-
formed for each age stratum, adding, in weight-
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Figure 1

1918-1919 Influenza and pneumonia morbidity and mortality (/1,000) by sex and age. US Registration States.

Source: Collins (1930); Crosby (1989); US Bureau of the Census (1955).



AZAMBUJA, M. I. R. & DUNCAN, B. B.560

Cad. Saúde Pública, Rio de Janeiro, 18(3):557-577, mai-jun, 2002

ed fashion, the 1918-1919 influenza and pneu-
monia stratum-specific death coefficient of the
age stratum in question (weight = 0.85) to the
death coefficient of the next youngest stratum
(weight = 0.15).

CHD mortality data

For the most recent period, 1960-1985, CHD
mortality rates were calculated based on gen-
der- and age-specific data (number of deaths
and population) referent to the total US popu-
lation (all races), obtained from the Division of
Vital Statistics of the National Center for Health
Statistics (NCHS, 1990). Age-specific CHD mor-
tality was defined as the number of deaths clas-
sified according to the International Classifica-
tion of Diseases (ICD) revision effective in the
year of death, divided by total population in
the same year, in each 10-year stratum. ICD
versions prior to 1950 were too variable in their
definitions of heart disease to characterize, in a
standardized way, the US CHD death trends
(Coulson, 1975). Thus, to document birth-co-
hort trends during the ascendant limb of the
CHD epidemic curve, we used published tables
on the number of deaths ascribed to coronary
heart disease (and population), by age and sex,
referent to Seattle-King County (State of Wash-
ington) only (Ravenholdt, 1966). In this subset
of data, the assigned cause of death resulted
from a review and tabulation of all death cer-
tificates registered in that area from 1920-1960,
at every fifth year, in accordance with the 1955
international standards (ICD-7). Using both
sets of data, we tabulated CHD mortality ac-
cording to 10-year age and birth cohort strata.
To make the total CHD mortality burden com-
parable across different distributions of age in
successive birth cohorts, we defined, separate-
ly for men and women, a referent birth cohort
having a mid-period number of survivors at
each successive 10-year age interval (from ages
40-49 to 80+) equal to the number of individu-
als at the respective 10-year age strata of the
1940 US total population (US Bureau of the
Census, 1954). We then estimated age strata-
specific standardized numbers of CHD deaths
for successive birth cohorts by multiplying the
age stratum-specific death rate corresponding
to each specific birth cohort by the number of
individuals estimated at mid-period in the re-
spective 10 year age stratum in this standard
population. Next, we calculated the total peri-
od age strata-specific standardized numbers of
deaths, multiplying this mid-period number of
deaths by 10. In doing so, we extrapolate a one-
year mortality experience to that of a 10-year

period of observation of the cohort members
as they pass through the specified 10-year age
interval. Finally, we graphically summed the
age strata-specific standardized numbers of
deaths within each birth cohort in order to ob-
tain a standardized estimate of the total CHD
mortality burden for each 10-year birth cohort.

Geographic correlation

We used the Spearman correlation coefficient
to quantify the association, across the US geo-
graphic divisions, between longer persistence
of H1N1 influenza viruses, estimated by total
excess death rate from influenza and pneumo-
nia measured during the whole of each epi-
demic occurring from 1931-1940 (Gover, 1943)
and delayed onset of decline in CHD death
rates estimated by the proportion of Metropol-
itan State Economic Areas in which the decline
in CHD mortality had already begun in 1968, as
analyzed by Wing et al. (1986).

Results

Birth-cohort trends

Figure 2 graphically compares the relative mor-
tality associated with the 1918-1919 pandemic
with that from the CHD epidemic in the period
1920-1985 across successive birth cohorts, sep-
arately for men and women. The solid line con-
nects points representing the distribution of
mortality from influenza and pneumonia in
1918-1919 for birth cohorts roughly corre-
sponding to those with 10-50 years of age in
1918-1919 (see Figure 1). The vertical bars dis-
play the standardized number of CHD deaths,
shaded to represent deaths in different age stra-
ta, among those same birth cohorts. As can be
seen, for both sexes, for cohorts born in the last
third of the nineteenth century, as pandemic-
related mortality increases so does the ob-
served CHD mortality. Both distributions attain
their peak in cohorts born just before 1900 and
then begin to fall towards the latter-born co-
horts. In cohorts born successively after 1900, a
growing excess of observed CHD mortality in
relation to that expected, in relative terms, from
the pandemic mortality curve, can be seen,
with this excess being somewhat larger for men.

Geographic variability in onset 
of CHD decline

As can be seen in Figure 3, after 1930, H1N1 in-
fluenza-related excess deaths varied consider-
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ably across the US Geographic Divisions, being
less in the Northeast, Mid-Atlantic, East North
Central, South Atlantic, and Pacific Divisions
compared to the West North Central, East
South Central, West South Central, and Moun-
tain Divisions. The onset of decline in CHD
mortality also varied considerably, having be-
gun in 100% of the Northeast and 98.5% of the

Pacific Metropolitan State Economic Areas in
1968, but in only approximately 60% of Metro-
politan Areas of the West North Central and
East South Central Divisions.

A notable negative correlation exists between
excess influenza and pneumonia mortality af-
ter 1930 and early decline in CHD mortality
across the United States (rs = -0.68; p = 0.042).
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Figure 2

Relative distributions of 1918-1919 influenza and pneumonia death rates (line) and of 1920-1985 CHD standardizeda

number of deaths by age (bars) in successive birth cohorts, according to age and sex, United States.

Sources: CHD mortality data from National Center for Health Statistics, Vital Statistics of the United States, Vol. II, 
Mortality. Published and Unpublished Data – Selected Years and US Bureau of the Census (1954). Influenza data 
from Crosby (1989) and US Bureau of the Census (1955).
a Standard population: 1940 US population, by sex and age strata.
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Discussion

The above data demonstrate two epidemiolog-
ically important ecological associations be-
tween the burden of H1N1 influenza infection
on the US population in the early 20th century
and the mid-century rise in CHD mortality.
Age-related influenza and pneumonia mortali-
ty during the 1918-1919 pandemic predicts
well, separately in men and women, the rela-
tive distribution of CHD mortality across the
corresponding birth cohorts. The burden of
H1N1 influenza activity post-1930, measured
by influenza and pneumonia death rates,
showed a strong association with delayed de-
clines in CHD mortality across US Geographic
Divisions. In fact, it might help explain the ob-
served persistence of CHD mortality across the
latest-born cohorts beyond that expected on
the basis of an estimate which considered the
1918-1919 pandemic alone (see Figure 2).

Additionally, there are important socio-de-
mographic similarities between those most af-
fected by the 1918-1919 influenza and those
who died from CHD. CHD mortality was always

higher in men than women (Stallones, 1980).
Male/female death ratios during the pandemic
also varied from 1.2 at ages 10-19 to 1.7 at ages
40-49 (Crosby, 1989) (see Figure 1). CHD mortal-
ity was higher in whites than in blacks from the
mid-1920s until about 1963, when a crossover
in death rates occurred (Gillium, 1982). As men-
tioned, one of the unique characteristics of
the 1918 pandemic was its unexpectedly high
white/black mortality ratio. Not only was mor-
tality from influenza and pneumonia lower in
blacks but, during the pandemic, “death-rates
for all causes of blacks between 25 and 45 years
of age were below those of their white counter-
parts, probably for the only time in the history
of the nation” (Crosby, 1989:229).

As flu epidemics disappeared from the
Northeast and Pacific regions and influenza
mortality decreased and became more local-
ized in the Mountain and Southern regions of
the country, (1) specific demographic charac-
teristics of those populations (on average with
a higher proportion of blacks compared to the
Northeast and Pacific), (2) higher variability in
rates of exposure (due to lower levels of circu-
lating virus), and (3) differential susceptibility to
H1N1 infection across social strata (as demon-
strated by Sydenstriker, 1931) could explain the
Eastern/Southern (Stallones, 1980), white/black
(Gillium, 1982), and socioeconomic (Wing et
al., 1992) crossovers in CHD mortality rates
registered during the decline. The decline and
more recent leveling off (Rosamond et al.,
1998) in CHD incidence is consistent with pro-
gressive exhaustion of the influenza-priming
effect within the surviving population.

Thus, these epidemiological findings sup-
port our hypothesis that gender, race, age, and
geographic differentials in the burden of path-
ogenic effects due to H1N1 influenza infection
in the US population could help explain the
main epidemiological characteristics (gender,
race, birth cohort, and geographic pattern) of
the 20th century CHD mortality epidemic.

Speculations on pathogenic 
mechanisms involved in an
influenza/CHD mortality association

Epidemiological clues

The proportion of excess deaths occurring dur-
ing influenza epidemics attributed to organic
heart diseases grew considerably during the as-
cending phase of the CHD epidemic, from
1.6% in 1918-1919 to 18.4% in the minor epi-
demics occurring during 1920-1929 (Collins,
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1932), and to 51% (cardiovascular-renal caus-
es) of a total of 86,000 excess deaths registered
during the 1957-1960 Asian influenza epidemics
(Eickoff et al., 1961).

Beginning in the 1960s, a continuing im-
provement in survivorship, reflecting mostly a
declining recurrence of myocardial infarction
subsequent to initial diagnosis, was document-
ed (Elveback, 1979). Although improved sur-
vivorship has usually been attributed to im-
proved medical care, a change in disease/host
relationship over time has been considered a
possibility (McKinley et al., 1989). As first sug-
gested by Gordon & Thom (1975), the reduc-
tion in death rates from CHD could be partially
attributable to the continuing decline in in-
fluenza activity and the absence of extensive
influenza epidemics after 1968. If the hypothe-
sis proposed here is correct, reduction in re-
peat exposure of H1N1 “primed” individuals to
subsequent influenza infections might have
been the determining factor in the change in
disease-host relationship regarding CHD pro-
gression and death.

It is worth noting that historical records in-
dicate the possible occurrence of a previous
rise and fall in CHD mortality in Britain over
the last third of the eighteenth century (Azam-
buja, 1995). Heberden’s original description of
the anginal syndrome in 1772, a time when its
cardiac origin had not yet been established,
followed a period of significant influenza activ-
ity in Britain, with epidemics recorded in 1727,
1732, 1737, and 1760 (Crosby, 1989).

Clinical/pathological clues

Sudden death was a hallmark of the CHD epi-
demic, especially during its ascending phase.
According to McKinlay et al. (1989), at the
height of the CHD epidemic, almost two-thirds
of CHD deaths were sudden and unexpected
and occurred outside hospitals, mostly as a re-
sult of acute arrhythmias. During the decline,
this component of CHD mortality fell more
dramatically than did incidence of acute my-
ocardial infarction or long-term post-MI mor-
tality (McKinlay et al., 1989). Sudden death was
also a common component of cardiovascular
deaths in influenza epidemics (Oseasohn et al.,
1959), and it has recently been shown that in-
fluenza vaccination confers protection against
sudden death (Siscovick et al., 2000). Obstruc-
tion of arteries supplying the conduction sys-
tem of the heart (first septal artery, sinus node
artery, atrioventricular node artery, posterior
descending artery) is a preponderant finding
among patients with sudden cardiac death,

compared to apparently healthy subjects dying
of accidental causes (Velican et al., 1989).

During the 1918 influenza pandemic, the
most frequently observed circulatory distur-
bance was bradycardia. Particularly during con-
valescence, bradycardia often became marked.
A small group of patients showed arrhythmias
with either atrial or ventricular extrasystoles
and conduction disorders, varying from simple
prolonged P-R interval to bradycardia with “es-
caped sino-nodal beats”, partial block (1:2, 1:3;
1:4), and complete heart block. Such effects on
the heart were transitory and non-responsive
to atropine. At autopsy, some dilatation of the
right side was commonly observed, with dif-
fuse changes such as “cloudy swelling”, evi-
dence of “parenchymal degeneration”, loss of
striation, but usually no clear-cut inflammato-
ry changes of the myocardium (Anonymous,
1958). Endothelial cells were not described. How-
ever, infection and inflammation of arteries
supplying the conduction system of the heart
could explain both arrhythmias during the 1918
pandemic and sudden CHD deaths occurring
during decades of relatively high influenza ac-
tivity. Cytomegalovirus and influenza virus are
capable of modulating the in vitro production of
IL-6 by human endothelial cells (Visseren et al.,
1999). And the highly pathogenic avian influen-
za virus A/FPV/Rostock/34 (H7N1) was shown to
be highly endotheliotropic (Feldman et al., 2000).

Biomolecular clues

Infection by one strain of influenza A virus fo-
cuses the antibody (and possibly the T-cell)
(Klenerman & Zinkernagel, 1998) response to
infections by different subsequent strains of in-
fluenza viruses on epitopes shared by the origi-
nal hemagglutinin antigens, a process known
as “original antigenic sin” (Dowdle, 1999; Hen-
nessy & Davenport, 1958). Similar to reactiva-
tion of rheumatic heart disease upon reinfec-
tion by group A beta-hemolytic streptococcus
(Guilherme et al., 2001) and exacerbations of
multiple sclerosis following viral-like infections
(Fujinami, 2001), immune responses elicited at
each new encounter with an influenza virus
could reactivate inflammatory pathways to
CHD, originally established by a first encounter
with a H1N1 influenza virus and some specific
immune response to it. In this regard, athero-
sclerotic lesions are mostly located in areas
which would logically receive the highest loads
of both viruses and immunoinflammatory prod-
ucts from the infected lungs: the left side of the
heart, the coronary arteries, and the aortic arch
with its main branches.
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Besides a reinfection-driven autoimmune
reactivation of endothelial inflammation lead-
ing to acute CHD events and/or chronic pro-
gression of vascular disease, another possibili-
ty must also be considered: that flu infection or
the immune response to it interfered with lipid
metabolism, leading to increased susceptibility
to high serum cholesterol levels. Pleskov et al.
(1994) described, in some strains of influenza
viruses, a significant mimicry of the amino acid
sequences involved in cell attachment of the
viral hemagglutinin with those of apolipopro-
tein B involved in LDL binding to high-affinity
LDL receptors. Upon reinfection, co-localiza-
tion of anti-apo B antibodies at sites of viral
penetration in the vascular bed could result in
intimal LDL accumulation followed by oxida-
tion and subsequent foam cell formation (Stein-
berg & Witzum, 1990).

Though speculative, a mechanism involv-
ing cross-reactivity between the H1N1 influen-
za strains and apoB-LDL or the LDL receptor
could be a link from infection to hypercholes-
terolemia and CHD mortality and shed new
light on the “diet-heart” controversy (Blackburn
& Jacobs, 1984). Within populations, the effect
of dietary fat/cholesterol intake on serum cho-
lesterol levels might depend more on the effi-
ciency of LDL uptake, the latter possibly influ-
enced by a cross-reactive immune response to
a previous H1N1 influenza infection.

In short, although biological links between
influenza and CHD remain to be proven, in-
triguing leads do exist.

Conclusions and final remarks

Ecological studies are weak designs to establish
causality. However, the strength and consisten-
cy of the several different ecological correlates
shown here, coupled with a potential biologi-
cal plausibility of this epidemiologically-driven
hypothesis within an immune-inflammatory
paradigm of atherosclerosis, do make the asso-
ciations presented worthy of further consider-
ation.

Current evidence demonstrates that the di-
et-heart paradigm, which gave support to most
of the research and intervention policies relat-
ed to CHD during the 20th century, cannot ad-
equately explain all the features related to the
CHD time trends (Kuulasmaa et al., 2000; Metha
et al., 1998; Mizgala & Shulzer, 2000; Taubes,
2001). Since the 1990s, several other diseases
traditionally associated with degeneration were
shown to have, instead, an inflammatory basis
and an infectious etiology (Lorber, 1996). In-
flammation has also become the main para-
digm of CHD pathogenesis, since Ross & Glom-
set (1976a; 1976b) first demonstrated its domi-
nant role in atherogenesis (Ross, 1999). We
hope that this study, which expands previously
presented (Reinert-Azambuja, 1994) evidence
for the influenza/CHD epidemic hypothesis,
will stimulate further investigation of influen-
za’s role in the 20th-century course of CHD,
permitting extension of the inflammatory par-
adigm and introduction of the infectious hy-
pothesis to the interpretation of the rise and
fall in CHD mortality, a worldwide occurrence
described by the WHO (1969, apud Gordon &
Kannel: 1617) as “the greatest epidemic mankind
has faced”.
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Rosely Sichieri The article by Azambuja & Duncan is a stimu-
lus for rethinking cardiovascular disease (CVD)
epidemiology. As the authors acknowledged,
many individuals with atherosclerosis, a major
component of the causal pathway for CVD, lack
identifiable traditional risk factors. This is a
reasonable argument for searching for other
potential etiologies, and a potential infectious
risk factor has recently gained strong support.

The authors presented ecological evidence
of an association between coronary heart dis-
ease mortality and influenza infection. If true,
prevention of CVD could be substantially
changed. However, as the authors stated, eco-
logical analysis may have many flaws and epi-
demiological data lack robustness due to the
many possible confounding factors. Thus, so-
cioeconomic level is an important risk factor
for CVD and also a strong potential confounder
for the association between coronary heart dis-
ease mortality and influenza infection. Inter-
estingly, as mentioned by Azambuja & Duncan,
the high mortality rate from influenza in whites
as compared to blacks suggests that socioeco-
nomic confounding factors are not the main
explanation for the association. On the other
hand, age-adjusted mortality rates from coro-
nary heart disease (CHD) in Minnesota for the
years 1960-1978 showed that influenza and
pneumonia death rates were unrelated to CHD
trends (Gillum et al., 1984).

Another important confounding factor is
smoking. Cigarette smoking is associated with
differences in the incidence and severity of a
broad array of respiratory illnesses, ranging
from the common cold to cancer. In addition,
while the general effect of smoking on respira-
tory diseases is adverse, in the case of hyper-
sensitivity pneumonitis, smoking may actually
be associated with a decrease in the incidence.
Therefore, smoking can modify the association
between CHD and influenza infection in a
complex way.

It should also be noted that CHD is not the
first condition to be described by a multifacto-
rial design that includes infection as one of the
important factors. Other non-communicable
chronic conditions such as hepatic cancer, dys-
pepsia, and gastric cancer have also been asso-
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ciated with specific microorganisms. In rela-
tion to cardiovascular diseases, several studies
have shown Chlamydia pneumoniae, Heliobac-
ter pylori, and herpes simplex virus infections
as risk factors for the atherogenic process. Nev-
ertheless, a role for microorganisms in the eti-
ology of CHD has gained support by the under-
standing that the final occlusion of the vessel
in atherosclerosis results from a combined ef-
fect of the plaque and inflammatory process,
when infection of the endothelial cells may
play a decisive role. According to these findings,
new risk factors adding to the predictive value
of old ones such as high body mass index,
smoking, serum lipids, and sedentary life style,
are markers of the inflammatory process. Thus,
C-reactive protein, a non-specific inflamma-
tion marker, is an excellent predictor of CHD
and stroke.

Infection can also be considered a potential
effect modifier of traditional CVD risk. Azambu-
ja & Duncan discuss that the risk of CVD associ-
ated with fat/cholesterol intake may depend on
prior influenza infection. Other findings have
supported this hypothesis, and it has been
suggested that physical activity, smoking, and
lipids can modulate immune status and thus
susceptibility to infections that are potentially
important in atherogenesis (O’Connor, 2001).

The importance of this nascent field associ-
ating chronic diseases with infections was re-
cently highlighted in a symposium that criti-
cally examined the role of infectious agents in
ulcer, cancer, obesity, atherosclerosis, and dia-
betes (Dhurandhar, 2001). However, to estab-
lish a causal link between infection and any
chronic disease is a difficult task, because the
presence of microorganisms may be unde-
tectable by the time the disease is diagnosed,
and the presence of antibodies does not estab-
lish a causal relationship. These methodologi-
cal constraints were overcame in the case of
the association between gastric cancer and H.
pylori. The association was first suggested in
the 1980s and is now well accepted, allowing
the prevention of this chronic disease by an-
timicrobial agents. A similar therapeutic ap-
proach has been discussed for CVD preven-
tion, but an inappropriate therapy for such
highly prevalent diseases could lead to resis-
tance in both targeted and non-targeted organ-
isms (O’Connor et al., 2001). In conclusion,
many new preventive strategies and treatment
options could be developed if this infectious
pathway proves to be true for CVD.

DHURANDHAR, N. V., 2001. Chronic nutritional dis-
eases of infectious origin: An assessment of a
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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.
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Biological (anti)terrorism by mother nature?

Numerous attempts have been made to explain
the time-trend patterns in coronary heart dis-
ease (CHD) mortality in America and Europe
over the last century. The question as to why
CHD mortality rose steadily until approximately
mid-century and then began to decline has been
intriguing investigators for a long time, and a se-
ries of possible explanations for such a pattern
have been described. In their article, Azambuja
& Duncan introduce another interesting hypoth-
esis seeking to explain the rise and fall in CHD.

Focusing on events in the United States, the
authors argue that the time-trend pattern in
CHD mortality can be explained by the in-
fluenza epidemic striking that country during
the first half of the 20th century. The infection,
they explain, could have changed individual
susceptibility to other known risk factors for
CHD, leading to increased mortality among the
exposed. Since the flu epidemic was restricted
to certain time periods, new generations of un-
exposed individuals were then responsible for
the later decline in CHD mortality.

It is interesting to note the growing interest in
infectious disease theories for many of the most
common degenerative diseases of our times. For
some specific cancers, for example, established
mechanisms have already linked the diseases
to various infectious agents. Some even claim
that every disease has an infectious “cause”, an
argument that has been disputed by others that
affirm that most “causes” are “environmental”.

Without going into each theory’s pros and
cons, which is beyond the scope of this article,
it is interesting to note that some infectious
agents such as Chlamydia pneumoniae and cy-
tomegalovirus have already been associated
with coronary and peripheral arterial diseases.
In addition, it is known that influenza epi-
demics are associated with excess morbidity
and mortality, not only from respiratory dis-
eases but also from other causes.

Nevertheless, the contribution of influenza
to clinical events, including clinical cardiovas-
cular diseases, is frequently not recognized (Sis-
covick et al., 2000). We identified some articles
in this respect showing associations between
influenza vaccination and both reduced risk of
primary cardiac arrest (Siscovick et al., 2000)
and reduced mortality from influenza among
older persons (Reichert et al., 2001).

However, the main argument of Azambuja’s
& Duncan’s theory is built upon data from in-
fluenza and pneumonia mortality (a marker for

influenza activity). It is conceived that about
99% of mortality classified as due to pneumo-
nia and influenza are in fact due to pneumo-
nia, clearly not all associated with primary in-
fluenza virus infection. The sources of the data
they used are from death certificates and hos-
pital discharge diagnoses. Both probably un-
derestimate the impact of influenza, but using
pneumonia and influenza can overestimate the
impact of influenza as well.

Moreover, they state that the epidemic af-
fected whites and males most heavily, which
were also the main groups hit by the rise in
CHD mortality in the US. However, one can ar-
gue that if the pandemic had hit these groups
the hardest, survivors of the pandemic, that is,
the ones “primed” by the infection to predis-
pose them to future development of CHD,
would more likely be blacks and women.

In addition, influenza A (H1N1) circulated
in human populations from 1918 (the great
pandemic) to 1956, and reemerged about 1976-
1977. The authors do not discuss, at least not
very clearly, what happened to CHD in the peri-
od from 1956 to 1976, when H1N1 was not circu-
lating in humans. Also, they do not propose any
association between coronary cardiac diseases
since H3N2 emerged in 1968 until the present.

Borrowing Hill’s criteria for assessing “causal-
ity” to illustrate this commentary, we observed
that the Authors provided a series of clinical-
pathological and biomolecular clues to rein-
force their argument, thus presenting biologi-
cal credibility or plausibility for their findings.
However, this is one of the most criticized cri-
teria in the epidemiological literature, given
that biological mechanisms can easily be elab-
orated linking an exposure to an outcome. If
the epidemiological evidence pointed exactly
in the opposite direction it would not be diffi-
cult to find another biological explanation.

As far as the strength of the association is con-
cerned, the authors consider a Spearman corre-
lation = -0.68 with a descriptive level of signifi-
cance = 0.042 as being a NOTABLE (our capitals)
negative correlation. It should be noted that with
nine observations, they had only seven observa-
tions to contribute to the calculation of the resid-
ual in the estimated linear equation, and particu-
larly that taking into account an R2 = 0.46 (-0.682),
which means low precision, they do lacked suffi-
cient evidence to consider correlation notable.

The essential temporal relation criterion is
clear in their analysis of birth cohorts, but an-
other important criterion that could be investi-
gated is the consistency of findings. During
1918-1919, influenza was pandemic, since it af-
fected most countries in the world. In Brazil,
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there are reports of more than 300,000 excess
deaths attributed to the flu epidemic. The same
occurred in European countries, where histori-
cal data are usually available. Thus, it would be
interesting to replicate similar analysis to data
from other countries to learn whether a similar
pattern of CHD mortality across birth cohorts, in
accordance with mortality from influenza in the
same cohorts, corroborate their study’s findings.

Finally, as the authors made clear, the study
presented here is a correlational one with the
clear purpose of raising new hypotheses to be
further evaluated using different epidemiologi-
cal designs. According to Hennekens & Buring
(1987), the chief limitation of such studies is
their inability to link exposure to diseases in
particular individuals, in other words, correla-
tion data represent average exposure levels
rather than individual values. Thus, it could be
that individuals unexposed to the influenza
virus were the ones who later died of CHD, that
is, the so-called ecological fallacy. A second ma-
jor limitation of correlational studies, as recog-
nized by the Authors, is the inability to control
for the effects of potential confounding factors.

Notwithstanding such considerable limita-
tions, Azambuja & Duncan were brave in fac-
ing the challenge of introducing a new pio-
neering theory.

As such, it is worth quoting Andrew J. Hall
(2001:1197-1198), commenting on another pi-
oneering article: “the study illustrates another
saying of Geoffrey Rose: an epidemiologist needs
dirty hands and a clean mind”. Dirty hands
from collecting all of the confounding vari-
ables, influenza, and CHD data, and clean
minds with which to judge the evidence.
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Capturing determinants of vulnerability 
from modifications in disease occurrence

“In science, just as in art and in life, only that
which is true to culture is true to nature”
(Luwdick Fleck, 1979:35).

“Once we recognize that state of the art is a
social product, we are freer to look critically at
the agenda of our science, its conceptual frame-
work, and accepted methodologies, and to make
conscious research choices” (Richard Levins &
Richard Lewontin, 1987, apud Krieger, 2001:668).

First of all, we wish to thank Cadernos de
Saúde Pública/Reports in Public Health (CSP)
for the opportunity to publish this paper. It
presents a nearly 10-year-old hypothesis (Rein-
ert-Azambuja, 1994) of an association between
the 1918 influenza pandemic and the rise and
fall in CHD mortality registered in the 20th
century, which, prior to its submission to the
CSP, had found no room in scientific journals.

During this period, we witnessed the emer-
gence of inflammation as the best synthesis of
accumulated knowledge about the morphologi-
cal and biochemical characteristics of athero-
sclerotic plaques (Ross, 1993) and a substitution
of inflammation for degeneration as the main
pathogenic process leading to several addition-
al common chronic diseases (Lorber, 1996).

Transitions in paradigms have implications
for epidemiology (Pearce, 1996; Silva, 1990). As
we know, the degenerative paradigm did more
than target lifestyle-related exposures as po-
tential risk factors for CHD. It also coherently
targeted the individual as the most adequate
observation unit for studying those exposures
and their effects. For epidemiological research,
this meant a huge investment in individual-
centered epidemiological studies and a pro-
portional abandonment of traditional, more
society-oriented approaches to the understand-
ing of causes of disease occurrence in popula-
tions (Pearce, 1996; Silva, 1990; Susser & Bresna-
han, 2001). This trend now appears to be chang-
ing: “epidemiology is in transition from a sci-
ence that identifies risk factors for disease to one
that analyzes the systems that generate patterns
of disease in populations” (Koopman, 1996:630).

The authors reply
Os autores respondem

Maria Inês Reinert
Azambuja &
Bruce B. Duncan
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We believe that the Editors’ sensitivity to-
wards a growing debate on the adequacy of
current epidemiological methods and objects
of study (Barata, 1997; Koopman, 1996; Krieg-
ger, 2001; Levins & Lopez, 1999; Pearce, 1996;
Susser & Bresnahan, 2001; Susser & Susser,
1996; Weed, 2001) has contributed to their allo-
cation of this space in the CSP for the publica-
tion and discussion of our paper. We wish to
thank Drs. Rosely Sichieri, Marcelo Urbano
Ferreira, Guilherme Werneck, and Euclides
Castilho & Nelson Gouveia for reviewing and
commenting on our work. We hope that our re-
ply to these critiques might be read as once in-
structed by Bacon, “...not to contradict, nor to
believe, but to weigh and consider” (1597, apud,
Miettinen, 2001:592).

To answer some of the doubts and objec-
tions they have raised, we would begin by tak-
ing a step back and emphasizing two points
that are central to the discussion but – given
the still dominant role of individual-centered
epidemiologic reasoning – may have remained
partially misunderstood. 

The first point is that the hypothesis set
forth in our paper refers to an association be-
tween two occurrences. We do not expect this
association to immediately translate to the in-
dividual level. We never stated that influenza
infection “caused” the individual cases of CHD
recorded in the United States. What we said
was that the influenza pandemic of 1918 (and
the frequent smaller influenza epidemics fol-
lowing it until 1957) might have been responsi-
ble for the emergence (and shape) of the CHD
epidemic curve observed during the 20th cen-
tury. Such a difference may appear senseless at
first sight. However, we must remember what
was once said by Reuel Stallones (1980) and
Geophrey Rose (1985): causes of cases are not
necessarily the same as causes of case distribu-
tions in the population.

A case is an entity, an epidemic is a process.
To understand the emergence and develop-
ment of an epidemic one must focus on varia-
tions. Such variations in occurrence depend not
only on correlated variations in “exposures” to
specific “risk factors” for individual cases, but
also, and perhaps principally, on variation in the
proportion of “vulnerable” exposed individuals
in the population, meaning a qualitative modi-
fication in the denominator of the occurrence
equation according to time, person, and place. 

Ecological studies attempt to answer not
what caused disease in individuals nor even
what caused a given rate of disease in a specific
population, but raise plausible hypotheses as
to what caused differences in rates over time, or

across geographic areas. Differences in rates
may be modeled as resulting both from relative
differences in population exposures and rela-
tive differences in the average population vul-
nerability to those exposures. This vulnerabili-
ty occurs at the individual level and might be
considered an individual “risk factor” if its
pathophysiological mechanisms were better
understood and we had the means to measure
its value in individuals. Until such conditions
are met it can only be captured as it expresses
itself, as a relative variation in disease rates
over time or among populations, independent-
ly of variation in other known environmental
exposures.

The hypothesis set forth in our paper might
be read as follows: the H1N1 influenza “prim-
ing” was responsible for the emergence and
distribution of differential acquired vulnerabil-
ity to CHD among the US population; the total
burden of the CHD epidemic was the result of
the interaction between that differential vul-
nerability and other CHD-related environmen-
tal exposures (other infections, Western-style
diet, smoking...) over time.

As we do not believe that the individual lev-
el of analysis is the most appropriate to explore
the cause of the CHD epidemic and have made
no attempt to directly infer CHD causation in
individuals from an association between two
distributions detected at the population level,
we understand, as do other authors (Pearce,
1996; Szklo & Nieto, 2000) that objections based
on the ecological fallacy do not apply to this
case.

The second point is that according to the
hypothesis, the 1918 influenza pandemic (and
small influenza epidemics following it until
1957), and still more specifically, its effect on
particularly vulnerable (young, white, male)
members of the population, “initiated” the
CHD epidemic which emerged in 1925 and be-
gun to remit in the late 1960s.

This is completely different from saying, as
do several individual-centered epidemiological
studies, that infection may have a role as “pre-
cipitator” of acute myocardial infarction or CHD
death. Again, the hypothesis refers to the cause
of the epidemic. Of course, according to cur-
rent biological knowledge, if the proposed asso-
ciation is true, reinfection of an individual “ini-
tiated” by influenza virus, or even by another
infectious agent sharing cross-reacting antigens
with it (Wucherpfennig & Strominger, 1995),
among other factors, might “precipitate” MI or
CHD death. But what we wish to emphasize is a
possible role of infection in the emergence (and
shape) of the CHD epidemic phenomenon.
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Having discussed these two points, and, we
expect, adequately answered comments relat-
ed to them, we will attempt to answer the spe-
cific comments of each author.

Rosely Sichieri suggested the possibility of
confounding by other variables like socioeco-
nomic status (SES) and smoking. The associa-
tion between SES and CHD mortality appears
to have varied over time. Apparently, during
the rise in CHD mortality there was an associa-
tion between CHD and high SES. During the
decline, CHD was found mostly among low SES
groups (Wing, 1988). Infectious disease occur-
rence is highly related to SES. However, SES dif-
ferences are probably less relevant during ma-
jor epidemics. From 25 to 40% of the American
population became recognizably ill during the
pandemic. Serological surveys in the 1960s
showed seroprevalences of anti-Hsw antibod-
ies (reactive to pandemic-related strains of in-
fluenza virus) equal to or greater than 80% in
cohorts born between 1888 and 1919 (Dowdle,
1999). More interestingly, as we mentioned, se-
vere effects of influenza infection in 1918-1919
appear to have occurred mostly among the
healthiest people in the nation, as evidenced
by high mortality and morbidity among highly
selected American soldiers (Crosby, 1989). One
would expect the effect of SES on vulnerability
to influenza infection to be greater after the
peak in the pandemic, which could at least par-
tially explain a similar transition in vulnerabili-
ty to CHD to lower SES groups among later birth
cohorts. Cohorts born after 1900 would hypo-
thetically have been “primed” by influenza
viruses during the smaller epidemics occurring
from 1920-1957, after they had reached their
twenties, the age at which, if this hypothesis is
correct, the greatest priming would occur.

The fact that cardiovascular mortality trends
in Minnesota from 1960 to 1978 (Gillum et al.,
1984) were not explained by concurrent in-
fluenza epidemics cannot be taken as an argu-
ment against our paper’s hypothesis. What we
contended was that CHD mortality trends ob-
served during and after the 1960s were proba-
bly dependent on the evolution of influenza
epidemics occurring several decades before
(when “priming” to future CHD development
would have occurred). On the other hand, the
increase in CHD mortality rates during the
1967-1968 influenza epidemic is evident in Fig-
ure 4 of Gillum’s paper (and could be due to
immune-inflammatory flares occurring in in-
fluenza-“primed” individuals upon reinfection).

Regarding smoking, the only way to consid-
er it a confounder of the association we pro-
pose is attributing to this recent habit the still

unexplained age (sex and race) distribution of
morbidity/mortality seen during the 1918-1919
influenza pandemic – considered in our paper
as a “proxy” for the distribution of CHD “prim-
ing” on influenza infection – or at least to show
that the distribution of smoking among co-
horts is correlated with this age/sex/race dis-
tribution. That would be an interesting possi-
bility. Tobacco use greatly increased at the end
of the nineteenth century, following the inven-
tion of the cigarette-rolling machine (1884)
and the rise of mass consumer marketing
(Proctor, 2001). Virtually an entire generation
of men returned from World War I addicted to
cigarettes (Proctor, 2001). However, very few
women smoked at the turn of the century, be-
cause smoking was seen as immoral and a sign
of bad character (Herrera, 1999). Until the late
1920s, tobacco companies feared advertising
for women. More widespread cigarette smok-
ing by women did not occur until the 1930s
(Herrera, 1999). Since the age pattern of pan-
demic-related influenza deaths was not re-
stricted to men, we could not attribute it to
smoking. But if cigarette smoking was proba-
bly not the most important determinant of
young adult morbidity and case-fatality in
1918-1919, the WWI addicted were mostly from
the same birth cohorts of men who, we pro-
pose, were “primed” to CHD during the pan-
demic. Smoking by women, on the other hand,
attained significance only in cohorts born after
1910, when the effects of influenza “priming”
were fading. Smoking might thus explain the
increasing sex ratios observed in CHD mortali-
ty over time, as influenza “primed” birth-co-
horts (1880-1915) grew older.

Marcelo Ferreira highlighted the paper by
Bainton et al. (1978) as the first to associate the
excess cardiovascular deaths occurring during
influenza epidemics with an influenza trigger-
ing of myocardial infarction. The suggestion of
platelet aggregation by Bainton et al. (1978)
(and of increased fibrinogen and factor VII lev-
els by Woodhouse et al., 1994) as a link between
respiratory (re?)-infection and myocardial in-
farction is probably part of the truth, either at a
mechanistic level or as markers of an activated
inflammatory process. But these acute phe-
nomena cannot explain the continuing in-
crease in the proportion of deaths attributed to
organic heart diseases during successive in-
fluenza epidemics. As described in our paper,
cardiovascular deaths increased from 1.6% in
the 1918 pandemic (Collins, 1932) to 51% in
1957-1960 (Eickoff et al., 1961), accompanying
the 1880-1915 birth cohorts in their trajectory
towards the middle third of the 20th century.
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As recalled by Ferreira, the resumption of
interest in the infectious hypothesis for CHD
occurred in the wake of the identification of
Chlamydia pneumoniae, reported in 1986
(Grayston et al., 1986). Initial reports of a pos-
sible association between chronic Chlamydia
infection and CHD were published in 1988-
1989 (Richer, 1989; Saikku et al., 1988). But it
was not until the late 1990s, when the inflam-
matory paradigm became predominant in the
pathophysiological explanation of atherogene-
sis, that infection was seriously considered as a
possible cause of CHD. In 1998, for the first
time two seminars were devoted to this issue,
one in Europe and the other in the United
States. However, expectations regarding the de-
finitive implication of Chlamydia pneumoniae
(or any other infectious agent) in atherogene-
sis have yet to be fulfilled. More rigorous de-
signs apparently weakened the seroepidemio-
logical links between Chlamydia infection and
atherosclerosis (O’Connor et al., 2001). Nonethe-
less, considerable evidence exists to support
the hypothesis that infection may be involved
in atherosclerotic disease (O’Connor et al.,
2001). At present, the specific effects of antibi-
otic treatment remain unclear, and results of
prospective randomized clinical trials are await-
ed, but they are not expected to provide con-
vincing evidence for a causal relationship be-
tween Chlamydia infection and atherosclerosis
(O’Connor et al., 2001). This difficulty in estab-
lishing an infectious etiology has resulted in
two current trends in relation to the role of in-
fection in atherosclerosis: (1) the attribution of
a pathogenic role not to one specific infectious
agent, but to the infectious burden to which in-
dividuals are exposed during their lives (Es-
pinoloa-Klein et al., 2002) and (2) the catego-
rization of infection as merely an additional
risk factor, to be integrated into the multifacto-
rial framework of CHD causation (O’Connor et
al., 2001).

The first trend does not contradict the hy-
pothesis presented in our paper. In the case of
multiple sclerosis (Wucherpfennig & Stro-
minger, 1995) several common pathogens (par-
ticularly from the herpesvirus, influenza, and
papillomavirus families) were shown to share
similar epitopes with the myelin basic protein,
and each could independently initiate an auto-
immune process leading to the disease. The
possibility of several agents “initiating” the
same condition was also advocated by Evans
(1980) in discussing causes of cancer. Accord-
ing to both authors, this would explain why it
is so hard to link the immunopathogenesis of a
disease to a specific agent. Agreeing with them,

we contend that an epidemic would be required
to achieve that goal with respect to CHD. And
none was so huge as the 1998 influenza pan-
demic. This is not to say that the H1N1 influen-
za virus would be the only infectious agent
eventually associated with CHD initiation and/
or progression. However, by the nature of the
pandemic related to it, it may have been the
agent best suited for disclosure through an
ecological methodology.

As for the second trend – the consideration
of infection merely as an additional risk factor
to be incorporated into multivariate CHD cau-
sation models – such a stance risks missing
those determinants that, as discussed above,
could be suggested only upon variation in dis-
ease rates detected by population-level studies.

Agreeing with Ferreira, it would be very in-
teresting to monitor CHD incidence among
those affected by H1N1 viruses after they reap-
peared in 1977. Russia, a country recently ex-
periencing dramatically increasing CHD mor-
tality rates (Notzon et al., 1998), underwent a
documented 14-year period (1977-1991) of epi-
demic H1N1 influenza virus activity (Kiselev et
al., 1994). Yet we must be cautious. As we at-
tempted to show in the our paper, what corre-
lates well with the observed rise in CHD mor-
tality is not the plain occurrence of H1N1 in-
fection, but instead the occurrence of a severe
response to infection, more common in young,
white, male segments of the population, and
which remains unexplained to date.

Guilherme Werneck’s two observations about
the evidence presented in favor of a correlation
between the relative mortality associated with
the influenza pandemic and the distribution of
CHD deaths in the period 1920-1985 are accu-
rate.

The first is that inclusion of CHD mortality
data registered after 1985 in the figure would
make the birth cohort decline less sharp (be-
sides making the correlation during the CHD
decline worse). True. Of course it would be
convenient if the cohort distribution of 1918-
1919 influenza and pneumonia mortality alone
could predict the CHD mortality curve. In fact,
it “explains” the most impressive feature of the
curve: the change in direction of CHD mortali-
ty trends which occurs between cohorts born
before and after the turn of the 20th century.
However, in addition to the point-source expo-
sure represented by the pandemic, to explain
the right tail of the cohort distribution of CHD
deaths requires incorporation of the effect of
an extended period of lower levels of exposure
affecting cohorts born after 1900, an exposure
attributed to H1N1 epidemics following the
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huge 1918-1919 pandemic until 1957. “Prim-
ing” by those epidemics is not taken into ac-
count in the figure.

The influenza and pneumonia total death
toll due to influenza epidemics occurring dur-
ing the inter-pandemic period (1920-1957)
practically equaled the number attributed to
the pandemic (611,000 X 675,000) (Glezen,
1996). However, the characteristic age distribu-
tion of influenza and pneumonia morbidity/
mortality seen during the pandemic gradually
faded out over this period in morbidity (Collins,
1944) and apparently disappeared in mortality
(Glezen, 1996). Parameters for estimating the
cohort distribution of influenza “priming” dur-
ing those epidemics were poor. As the main im-
pact of influenza moved west and into rural ar-
eas, the US influenza mortality surveillance sys-
tem was not as well prepared to follow its trail.
Influenza mortality data were collected in 95
American cities. From those, 31 were west of the
Mississippi River and only 13 were west of the
one-hundredth meridian, which cuts through
the Dakotas, Nebraska, Kansas, Oklahoma, and
Texas. Rural populations were not represented
in the system (Collins, 1930). Age variation in
influenza-related excess deaths occurring in
those regions would remain undetected. Given
these difficulties and uncertainties, we did not
attempt to include such effects in the figure. If
we had, we would have expected a closer cor-
relation between both trends, even with a less
sharp decline in CHD mortality resulting from
the inclusion of more recent CHD mortality
data.

The second observation is that the increase
in mortality among younger people from more
recent cohorts does not seem to return to some
“original” baseline expected for those not ex-
posed to the burden of H1N1 influenza. This is
true. But as we have mentioned previously, we
are not saying that H1N1 influenza infection,
or the immune response to it, directly caused
all the CHD cases registered since 1920.

Regarding the low value attributed by Wer-
neck and Castilho & Gouveia to the correlation
coefficient obtained for the association be-
tween longer persistence of H1N1 influenza
and delayed onset of decline in CHD death
rates, based on both the relatively small num-
ber of units of observation (nine) and on what
they see as extreme values, we disagree. The
observations refer to population-based data,
involving huge numbers of deaths (10-year pe-
riods) and individuals at risk, making them
more precise estimates of the true values. The
observed correlation is corroborated by de-
scriptive data reported in our paper regarding

the geographic evolution of both occurrences.
Its value is high, and we would expect it to be
even higher if the surveillance system had cap-
tured the occurrence of flu-related deaths in
small cities from the central and western re-
gions and from rural areas of the country.

Castilho & Gouveia questioned the use of
the “influenza and pneumonia” category for
representing deaths attributed to influenza.
They believe that 99% of those deaths would be
due to pneumonia not clearly associated with
influenza infection. This is a valid concern. But
we wish to clarify that we used only secondary
influenza and pneumonia mortality data (ex-
cess death rates) reported by the US Public
Health Service as occurring during sharply de-
fined increases in mortality from acute respira-
tory disease (Collins, 1930), a criterion which
greatly increases their association with influen-
za infection.

We interpreted the distribution of pandem-
ic-related deaths as the tip of a hidden iceberg
of morbidity with similar age, sex, and racial
distribution (see Figure 1 of our original arti-
cle). From the figure we see that case fatality
(deaths/diseased) in adulthood was less than
0.5%. Thus, in our understanding, CHD would
be expected to develop precisely in the same
age, sex, and racial group, and not in some
complementary group of women, blacks, or
the like.

We disagree with the low value attributed
by Castilho & Gouveia to the attempt to inte-
grate evidence obtained at the population level
with that obtained at the clinical and biomole-
cular levels. Current trends in scientific re-
search emphasize the need for theories based
on multiple levels of information instead of the
black box approach (Krieger, 2001; Susser &
Bresnahan, 2001).

The hypothesis presented in our paper is a
good example of the importance of ecological
studies, the proper choice for studying causal
determinants of changes in occurrences. The
role of studies which attempt to capture group-
level variations and their possible causes is
currently being rehabilitated, and rightly so
(Susser & Bresnahan, 2001; Szklo & Nieto, 2000).
What is needed now are new modeling designs
capable of hierarchically integrating knowl-
edge generated at different levels (population,
individual, sub-individual) of organization (Bar-
bosa et al., 2000; Koopman et al., 2001; Krieger,
2001; Susser & Susser, 1996).
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