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Abstract. The search for a causal mechanism begins with the observation of an association, but there is a long
way until the fact that is observed as an association can be configured as a cause. The scientific community
has historically demanded tools that facilitate the determination of causality. In 1965, Sir Austin Bradford
Hill proposed nine postulates, which were adapted by modern epidemiologists as criteria. Later, Alfredo
Morabia in 1991 showed that the concern to establish causality came from more than two hundred years
ago, recognizing a great similarity between Hill’s criteria and David Hume proposals for causality. However,
the origin of these criteria could even come from four hundred years ago. In this reflection, we present the
arguments taken from an ancient poem and contrast them with Hill’s criteria, to propose Francisco Sinchez as
one of the first authors and physician trying to give a logical and rational order from association to causation,

probably introducing the philosophical origin of the current Hills criteria.
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Introduction

The idea of causality has been controversial among
philosophers and epidemiologists (1-5) and has given
rise, among others, to theories of sufficient causes and
multiple causes (2,6,7). Specifically in the health-dis-
ease process, the theory of multiple causes has been ex-
tended to the concept of a causal mechanism, a chain
of events — some surely unknown — which finally leads
to the manifest expression of the effect: the disease
(6,7). The search for a causal mechanism begins with
the observation of an association, but there is a long
way to go to determine if what is observed as an asso-
ciation can be configured as a cause (6-9).

The scientific community has historically de-
manded tools that facilitate the determination or
identification of causality. Around 1965, Sir Austin
Bradford Hill (8 July 1897 — 18 April 1991) an Eng-
lish epidemiologist and statistician, who pioneered the
randomized clinical trial and, together with Richard

Doll, demonstrated the connection between cigarette
smoking and lung cancer, published “The environ-
ment and disease: Association or causality?” (10). Hill
proposed nine postulates that served as arguments to
determine causality, in such a way that the causal re-
lationship would become more likely the more criteria
were met. These postulates were adapted by modern
epidemiologists as criteria (6) and are, even today, the
most cited in the medical literature of causality studies
(11-13).

In 1991, Alfredo Morabia (9) recognized a great
similarity between Hill’s criteria and “the rules for
judging causes and effects” (1) proposed by David
Hume, an 18th-Century Scottish philosopher, who
tried to explain causal relationships as starting from
non-experimental observation, typical of the time.
This kind of historical connection between Hume and
Hill, Morabia proposed, seemed to be highlighted in
the fact that Hume’s thinking was shared by contem-
porary epidemiologists (9). Finally, Morabia showed
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that the concern to establish causality came from more
than two hundred years ago (9).

In this reﬂection, we present the arguments taken
from an ancient poem and contrast them with Hill’s
criteria to trace an historical moment, almost four
hundred years ago and long before David Hume; when
Francisco Sanchez (14) define the aspects to consider
in order to set up an association as a causation, intro-
ducing what could be the philosophical origin of the
current criteria of causality. Therefore, the aim of our
article is to establish an historical relationship between
Hill’s causality criteria and Sanchez’s concerns re-
garding “cometomancy”.

Materials and methods

Our article is a literature revision and argumen-
tative reflection. We started the critical analysis of the
ancient poem “The comet’s song”, written by Francisco
Sénchez, then we identified arguments proposed by the
author as criteria to establish a causal relation and fi-
nally, we did a correlation with the corresponding Hill’s
criteria.

The historical and philosophical context

Until the 18th Century, the appearance of comets
was of paramount importance, as they were associated
with terrible events (15). By that time, magical-reli-
gious thinking prevailed over reason, there was no
formal probabilistic thinking and causal relationships
raised few questions. A very popular belief, dominat-
ed and studied by astrologers, was “cometomancy” as a
great predictor of events. Situations such as death, dis-
ease, and war were attributed to the passing of comets.
One of the most renowned comets was that of 1577,
known as “the Sebastic”. While waiting for this comet,
an astrologer of the French royalty, Francisco Iunti-
no, wrote a pamphlet in which he foreshadowed that
the Sebastic would cause rebellions of countries and
deaths of kings, arousing terror at its passage (15).

The aforementioned pamphlet came into the
hands of Francisco Sdnchez (1550-1623), known as
“The Skeptic” (“E/ Escéptico”), a medical doctor trained
in France, professor of medicine and philosophy at the

University of Toulouse, fanatic in love with nature, an
opponent of Aristotelianism and a devout Christian
(15,16). In open opposition to Iuntino and his pam-
phlet, Sinchez elaborated his answer in the poem “The
comet’s song” (15), in which he presented twelve argu-
ments to define causality and to establish the necessary
aspects to probe it, and specifically to denied a causal
relationship between celestial and terrestrial phenom-
ena. Its purpose, in addition to demonstrating the ab-
sence of any foundation in astrological predictions, was
to ensure that doctors did not look for the causes of
diseases in celestial phenomena.

The philosophical substratum of the arguments
developed by Sinchez was based on human weakness
to achieve perfect knowledge of things (16). He as-
sumed that knowing about a thing was knowing it by
its causes; however, although it was not possible to be
exact in knowledge, the judgment added to the sensi-
ble experience would allow a valid approach to turn a
belief into science (16). These arguments by Sdnchez
could have some similarity with the postulates of

Bradford Hill (10).

Results

The argumentative sequence

To note the proximity between both authors, Hill’s
postulates are contrasted with Sanchez’s arguments, fol-
lowing the order of Hill’s postulates (Table 1).

Hill defines the first postulate, specificity, by say-
ing that there is a causal relationship if the association
is limited to “specific workers and particular sites and
types of disease, and there is no association between
work and other ways of dying” (10). After discard-
ing supernatural scenarios and affirming the need for
an ontological continuity between cause and effect,
Sanchez also resorts to specificity as a unidirectional
relationship in his third argument: “even granting that
the comet can predict how one wants it to, it cannot
do things so disparate at the same time. Symptoms
and properties always connote in a single direction,
not in several opposites. That of such disparate things
is a subterfuge to say later that something is right” (15,
p. 162). Additionally, Sanchez shares with Hill the
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Table 1. Hill's criteria and corresponding Sénchez arguments

Hill’s Criteria Sénchez arguments

1. Strength -

2. Consistency -

“Symptoms and properties always connote in a single direction, not in several opposites”

3. Specificity

only one thing”

“It is false that the hairy comet can predict two or more things indifferently. All sure signs usually portend

4. Temporality

“The things that announce to me that something will assuredly happen are those that are concomitant on
their cause: those that are or will soon be causes of the future or those that usually precede frequently”

5. Biological gradient number) the stars”

“The stars contained in the wide sky will not suffice for all of them®, (because) mortal events exceed (in

6. Plausibility

“It does not follow logically that the hairy stars had predicted these things: nature wanted this to happen
necessarily and for all of this to happen clearly without any comet.”

7. Coherence . .
are inconsistent and absurd”

“All the causal relationships that they” want to establish between the appearance of comets and some events

8. Experiment

“What we have experienced is solid proof for us”

9. Analogy

The events attributed to the passage of comets and even the passage of the comet itself, could also have been
caused by Vulcan, “always present in heaven”.

“The predicted things, "The astrologers.

one-to-one relationship between cause and effect of
specificity, writing that a phenomenon must always be
followed by the same effect to establish causality: “It
is false that the hairy comet can predict two or more
things indifferently. All sure signs usually portend only
one thing. It would be impossible that smoke, which
by nature is only an indication of the flames, was a true
harbinger of the plague” (15, p. 166).

Cause and effect require a temporal relationship;
that is, an order of events. This is Hill’s fourth premise
(10) and coincides with the fifth characteristic of cau-
sality offered by Sanchez, by establishing an immedi-
ate relationship between cause and effect, a proximity
both in time and space (16), with the argument: “Al-
though all these things are taken as true, they are not
a consequence of the first (15, p. 182)”; and adds: “The
things that announce to me that something will assur-
edly happen are those that are concomitant on their
cause: those that are or will soon be causes of the future
or those that usually precede frequently” (15, p. 190).
While Hill is more focused on establishing which
came first — did the diet lead to the illness or did the
illness lead to the diet? (10), his starting point is the
same argumentative basis as Sdnchez’s: an event must
be preceded by a proximate cause, so that a probably
causal succession between them is fulfilled (15,16).

The third similarity found between the authors

deals with the biological gradient postulate, the pro-
portionality between the intensity of the effect and
the transmitted cause mediated by the causal link, in
which Hill considered the dose-response curve among
the highest number of cigarettes smoked a day and the
highest occurrence of deaths from lung cancer (10).
Sanchez seems to use this same argument, in a kind
of logical opposition, to deny that a star can influence
natural events, since the latter outnumber the stars:
“Nam si portendere quaeque, Privatimque velis cunctis
asistere rebus, Motibus, inceptis, gestis, morientibus, ortis,
Caetera queis passim et toto generantur in orb, Sufficiant
vast contenta haud sydera coelo Omnibus, excedunt stellas
mortalia gesta.” “If they intend that they predict each
one of the things and that they singularly contribute
to all of them: to the changes, to the initiatives, to the
achievements, to the deaths, to the births and to all the
other things that are continuously produced through-
out the universe, the stars contained in the wide sky
will not suffice for all of them, (because) mortal events
exceed (in number) the stars” (15). A single comet can-
not explain all the crops, all the deaths, earthquakes and
plagues and, therefore, causality cannot be established
(16). In the same rejection of astrological predictions,
Sanchez highlights that the only link that exists be-
tween the comet and the earth, or at least the only one
that can be observed, is the light rays and many other
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stars that emit more rays would have a better link and
a greater predictive ability for events:

If we exempt Father Phoebus and the lights of
Phoebe, which by surpassing with their enormous body
all (the stars) inferior to them, and by being closer to
us and by standing out due to their superior strength,
powerfully move things and they reach the bottom of
the earth with their rays. What can your hairy star do
instead? What could that minimal halo that has barely
been endowed with a gloomy light transmit to us from
the top of the sky (15, p. 194).

Hill’s sixth postulate, biological plausibility,
is similar to Sanchez’s speech when he writes: “Non
tamen inde bene isthaec portendisse comata Sydera con-
sequitur: Fiert Natura necesse Haec voluit, of course fier-
ent sine cuncta Cometa.” “It does not follow logically
that the hairy stars had predicted these things: nature
wanted this to happen necessarily and for all of this
to happen clearly without any comet.” (15, p. 183). In
other words, it is not natural — plausible — for example,
for a king to be killed by a comet. Hill says that this
criterion would depend on what is defined as plausible
for the biological knowledge of the moment (10); but
Sénchez, ahead of his time, already denied the possi-
bility that comets were the cause of human events. In
addition, within what is biologically plausible, Sdnchez
highlighted the freedom of human decisions and criti-
cized the determinism that predictions of cometoman-
cy presuppose (16). “Missa sub arbitrio poterit portendere
nullus.” ‘No one can predict what is subject to free will”
(15, p. 170) and if the natural cannot determine the
human decision, neither does the inverse influence fit,
discarding the causal link between the natural and the
human in any direction: “In mentem coelo concessa facul-
tas Nulla est, nulla queant praedicere fata bonorum Syde-
ra, non quidquam portendere libera possit Acta hominum:
Queat ergo minus crinitus ocellus.” “The heavenly bodies
have not been given any power over the mind, none so
that the stars can predict the future of the good ones,
so that some can presage the free acts of men and less
so that the shaggy eye can do it” (15, p. 171).

About the coherence, which states that the inter-
pretation of cause and effect should not conflict with
the facts known from natural history and biology (10);
Sanchez uses it to deny that comets explain earthly
events, because — for what was already known about

comets and humanity — no relationship was possible.
According to the interpretation of Joaquin Iriarte (15):
“All the causal relationships that they want to establish
between the appearance of comets and some events are
inconsistent and ‘absurd”.

Both authors also agree that experience or experimen-
tation supports the cause-effect relationship. The as-
trologers of the time tried to give foundation to the
cometomancy by appealing to the events that occurred
after the passage of a comet, such as deaths or plagues,
events that would be “explained” by the experience,
since they were perceived with the senses. However,
Sanchez, ahead for his time, says that although “Sed

” «

dubii nodum non solvunt ista retortum” “what we have
experienced is solid proof for us” (15, p. 181), if an
experiment was carried out on the comet, all predict-
ed events would not follow, because although a comet
was not seen in the sky, the deaths of kings, nor wars
or plagues would not stop happening. The experiment,
Hill’s eighth criterion, was made up of the same sup-
port, saying that if by removing the cause the event
is prevented or the frequency of events is affected, a
stronger support for causality is achieved (10).

The last point of affinity between the authors
seems to be the analogy, which can be useful to com-
pare associations present from previous contexts, and,
thus, orient the present observation towards causality
(10). Sanchez, also in an apparently logical opposi-
tion, used it to explain how unbelievable cometoman-
cy could be, raising an analogy between the reddish
Vulcan planet and the “hairy stars” (15). His argument
could be summarized in that if it were believed that
comets could presage so much, the same could be said
of the aforementioned planet, since the events attrib-
uted to the passage of comets and even the passage of
the comet itself, could also have been caused by Vul-
can, always present in heaven.

Discussion

It has been presented the similarities that we
found in the discourse of causality between Francisco
Sinchez and Sir Bradford Hill. Apparently, Sinchez
agreed with 7 of the Hill’s postulates. This coincidence
was not perfect, given the significant differences in
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literary styles, chronology and primarily in the topics
that gave rise to their discourses. However, despite be-
ing found in such distant times, the similarity in the
theoretical support is evident when presenting the
characteristics that could be considered as require-
ments to establish a causal relationship. No elements
were found in Sdnchez’s poem that would allow us
to make similarities with the two remaining criteria:
strength and consistency. The reason probably lies in
the fact that these two postulates are defined based on
principles established later, from the development of
the scientific method and the statistical formalization
of the measures of association. Sdnchez was in a time
of full upswing in the fight between reason and mag-
ical thought, so his poem had to bring the arguments
within the reach of those who could be considered his
opponents and the recipients of the message.
Everything here presented marks an historical
precedent, almost four hundred years before Sir Austin
Bradford Hill’s epidemiological proposal, with a demar-
cation from philosophy and epistemology towards the
traditional criteria of the theory of causality in medicine.
This suggests Francisco The Skeptic, already considered
a precursor of modern thought (16), as the first author
and physician to attempt to give a rational order to the
relationship between association and causality.

Conclusion

In this reflection, we presented the arguments
used by Francisco Sinchez as a manner of postulates
to establish causation and contrasted them with Hill’s
criteria, finding that both proposals agree on many
fundamental aspects, and that Sdnchez work could be
considered as a philosophical antecedent of contempo-
rary criteria of causation, being one of the first authors
and physician trying to give a logical and rational order
from association to causation.

References

1. Hume D. A treatise of human nature. Open Court Publish-
ing Company; 1945. Clarendon Press; 1978.
2. Susser M. What is a Cause and How Do We Know One?

A Grammar for Pragmatic Epidemiology. Am ] Epidemiol.
1991;133(7):635-48.

3. Berkeley G. A treatise concerning the principles of human
knowledge. The Bobbs-Merri] Company; 1957.

4. Russell B. The Problems of Philosophy. England: Oxford
University Press; 1912.

5. Bunge M. Causality and Modern Science. 3 ed. New York:
Dover Publications; 1979.

6. Rothman KJ, Greenland S. Causation and causal in fer-
ence in epidemiology. Am J Public Health. 2005;95 Suppl
1:5144-50.

7. Rothman KJ. Causes. Am ] Epidemiol. 1976;104(6):587-
92.

8. Olsen J, Jensen UJ. Causal criteria: time has come for a revi-
sion. Eur ] Epidemiol. 2019 Jun 15;34(6):537-41.

9. Morabia A. On the origin of hill’s causal criteria. Epidemi-
ology 1991;2(5):367-9

10. Hill SAB. The Environment and Disease: Association or
Causation? Proc R Soc Med. 1965;58(5):295-300.

11. Palmer E, Post B, Klapaukh R, et al. The association between
supraphysiologic arterial oxygen levels and mortality in crit-
ically ill patients a multicenter observational cohort study.
Am J Respir Crit Care Med. 2019 Dec 1;200(11):1373-80.

12. Buehring GC, Sans HM. Breast cancer gone viral? Review
of possible role of bovine leukemia virus in breast cancer,
and related opportunities for cancer prevention. Int j envi-
ron res public Heal. 2020 Jan 1;17(1).

13. Monsé C, Raulf M, Hagemeyer O, et al. Airway inflamma-
tion after inhalation of nano-sized zinc oxide particles in
human volunteers. BMC Pulm Med. 2019 Dec 30;19(1).

14. Orden Jiménez R. Francisco Sénchez, El Escéptico: Breve
historia de un filésofo desenfocado [Internet]. 2012 [cited
2020 Mar 17]; Available from: http://www.larramendi.es/
francisco_sanchez/es/cms/fichero.cmd?id=ms/francisco_
sanchez/ficheros/fsanchez_estudio_fundacionlarramend.
pdf

15. Iriarte J. La cancién del cometa de 1577. Edicién preparada
por Juan de Churruca. Bilbao: Universidad de Deusto; 1996.

16. Orden Jiménez R. La teoria de la causalidad natural de Fran-
cisco Sanchez el escéptico. An del Semin Hist la Filos [In-
ternet]. 2003 Jan 1;20. Available from: https://revistas.ucm.
es/index.php/ASHF/article/view/ASHF0303110247A

Corresponding author

Fabian Alberto Jaimes Barragin

Hospital San Vicente Fundacién, Medellin, Antioquia, Co-
lombia

Tel: +57 (4) 2192433,

E-mail: fabian.jaimes@udea.edu.co



