
the incidence of new cases of coronary heart disease. A
higher frequency of nut consumption was, in turn, followed
by a lower incidence of coronary heart disease in each
study.

(2) The strength of the relationship between a hypothesized
cause and its effect is an important criterion of causation.
It is generally agreed that a stronger association is more
likely to be present for a causative factor than is a
weak association. Nonetheless, causative factors of
multi-factorial disease may result in little difference in
incidence. In the studies reviewed, the relative risk of
death from CHD ranges from 0·60 to 0·77 for those con-
suming nuts frequently compared to those consuming
them infrequently (Fig. 5). This represents a 23—40%
reduction in the incidence of CHD from simply eating
nuts. In nutritional epidemiology this is one of the stron-
gest relations ever found between a single food and a
chronic disease such as CHD.

(3) The presence of a dose-response gradient is considered
highly indicative of causation. A dose-response is present
when increasing amounts of the causative factor are
associated with stronger effects in a monotonic relation-
ship. Higher frequency of nut intake is associated with
decreased risk of CHD in each of these studies (Fig. 4).
The P-value for trend, a statistical measure of dose-
response, is significant for most analyses in these studies.
There is a very clear dose-response relationship between
nut consumption and cardio-protection. Furthermore, a
dose-response relationship was found between nut con-
sumption and serum cholesterol, a major CHD risk
factor, in two randomized feeding trials specifically
designed to test this criterion (Jenkins et al. 2002;
Sabaté et al. 2003).

(4) Consistency of findings is an important criterion. Epide-
miological studies often exhibit mixed findings due to a
variety of biases and confounders. The consistency of
the findings in these studies of nut consumption and
risk of CHD is remarkable. Epidemiological associations
between many foods and risk of some chronic diseases
demonstrate mixed results (World Cancer Research
Fund/American Institute for Cancer Research, 1997),
some studies having an RR , 1·0 and some .1·0. On
the contrary, epidemiological studies of nut and CHD
without exception have found the RR for CHD to be
less than 1·0 (Fig. 5).

(5) Plausibility is also an important criterion for causation. The
existence of a plausible explanation for the observed effect
strengthens the argument for causation. On the other hand,
the absence of an explanation cannot exclude causation
since our knowledge is incomplete. A cardio-protective
effect for nuts is biologically plausible. The improvement
of serum lipids is a well-substantiated mechanism by
which nut consumption reduces the risk of CHD (Sabaté
et al. 2001). While nuts have a higher fat density than
many foods, their fat is mainly unsaturated with a high
ratio of unsaturated to saturated fats. Some also contain rel-
evant amounts of omega-3 fats. These characteristics are
accompanied by a higher fibre content than many foods.
Beyond their fat and fibre content, nuts contain many
other nutrients and constituents such as arginine-rich pro-
teins, tocopherol, magnesium, copper and phytochemicals,

with potential cardio-protective effects (Sabaté & Fraser,
1994; Kris-Etherton et al. 1999).

(6) Consideration of alternative explanations is a weaker cri-
terion for multi-factorial diseases and one difficult to
evaluate with epidemiological studies alone since the
possibility of confounding due to chance associations
cannot be excluded. Recognized alternative explanations
have been excluded in the epidemiological studies by
adjusting for all known risk factors.

(7) Experimental evidence is one of the most important cri-
teria of causation but is, by definition, not part of the
epidemiological evidence. It can be noted, however,
that multiple randomized feeding trials have been car-
ried out on CHD risk factors using a variety of nuts
and these experimental studies demonstrate a cardio-
protective effect for nut consumption (Sabaté et al.
2001; Jenkins et al. 2002; Sabaté et al. 2003; Ros
et al. 2004)

(8) Specificity is the characteristic of a singular effect or
relationship existing between two variables. This is par-
ticularly applicable to infectious disease, but is one of
the weaker and less important criteria for multi-factorial
diseases because multiple causes of chronic disease are
quite common. It can be noted that nut consumption is
not specific for cardio-protection, nor is reduced risk of
CHD specific for nut consumption.

(9) Coherence is the characteristic of agreement among all or
most of the determining considerations. This is well
demonstrated in the relationship between nut consump-
tion and CHD risk. The plausible, consistent, strong,
dose-response gradient for nut consumption and reduced
incidence of CHD is highly coherent and rational.

Conclusion

The epidemiological evidence could hardly be stronger in
identifying a cardio-protective effect for nut consumption.
Prospective epidemiological studies demonstrate amazing
consistency of findings. While epidemiological studies
cannot prove causation, Hill’s criteria are fulfilled and dietary
intervention trials have found reduced CHD risk factors with
increased nut consumption.

Collectively, the epidemiological data indicates nuts may be
one of the most cardio-protective whole foods commonly
eaten. Coronary heart disease remains the leading cause of
death worldwide. Increased frequency of nut consumption can
substantially decrease CHD mortality. The average reduction
in risk of CHD death is 8·3% for each serving of nuts consumed
weekly (,30 g). Simply eatingmore nuts could savemany lives.

Much research is needed to elucidate the specific mechan-
isms for this protective effect, which presents a fruitful field
for future study. Meanwhile, nutritionists can encourage nut
consumption, especially in those individuals with elevated
risk of coronary heart disease.
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