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Several studies have linked adverse health effects to the consumption of ultra-processed foods (UPF) according to the NOVA
classification. However, whether the consumption of UPF is the actual causal factor for such health outcomes is still unknown.
Indeed, different groups of UPF examined in the same epidemiologic study often show markedly different associations with the
occurrence of the health endpoints. In this Comment, we discuss some such studies and point out that the available evidence on
how different UPFs have been associated with health, as well as the results of studies examining specific food additives, call into
question the possibility that ultra-processing per se is the real culprit. It is possible that other unaccounted for confounding factors
play an important role. Future, urgently needed studies will clarify this issue.
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In recent years, several studies have associated adverse health
outcomes with the intake of ultra-processed foods (UPF) defined
according to the NOVA classification [1]. The epidemiological basis
of most of these studies ensures a rigorous approach. However,
critics challenge these studies, pinpointing that methodological
limits of the observational approach narrow the causal strength
often suggested by the authors of these studies [2-4].

The main question of whether UPF intake is the actual causal
factor of such health outcomes is unresolved. A contribution to
the discussion and the understanding of this issue may derive
from some recent developments in the literature. In our opinion,
such evidence has not been sufficiently valorized.

First and foremost, different groups of UPF evaluated within the
same epidemiological study often show markedly different
associations with the incidence of the health endpoints. Although
subgroup analysis is not frequently reported in published papers
on UPF and health, some evidence in this direction is accumulat-
ing [5].

For example, a recent EPIC cohort study reported an overall
association between high intake of UPF and the risk of multi-
morbidity for cancer, cardiovascular disease (CVD) and type-2
diabetes (T2D) (HR 1.09; 1.05-1.12) [6]. Yet, a separate analysis of
the contribution of the different categories of UPF revealed that
such unfavorable association only pertains to some food groups
[6]. For example, high intakes of ultra-processed bread and cereals
showed a borderline protective association with respect to the
outcome (HR 0.97; 0.94-1.00).

In another study based on the Dutch EPIC cohort, a significant
all-cause mortality risk excess (HR 1.17; 1.08-1.28) was associated
with the highest consumption of UPF [7]. Again, a more detailed
analysis of the data showed that this association was entirely
dependent on the consumption of certain drinks classified as

ultra-processed, whereas the consumption of solid UPF did not
significantly correlate with risk (HR 1.06; 0.97-1.15).

In the US cohorts of Nurses and Health Professionals [8], the risk
of developing T2D increased linearly with the total intake of UPF.
Here, the associations of the various subgroups of UPF with the
outcome were extremely heterogeneous, with eight of these
groups showing a significantly increased diabetes risk and eight
UPF subgroups (among which cereals, dark and whole wheat
bread, sweet and savory snacks and fruits, yogurt, and dairy-based
desserts) showing significant protection with respect to the
outcome.

Similar observations emerged from the NutriNet Santé study,
where the overall consumption of UPF was significantly associated
with an increased risk of T2D, overweight and obesity, some
cancer and CVD (with significant HRs in the range 1.04-1.17)
[9-12]. In these papers, the authors provided results about the
association of the various categories of UPF to endpoint incidence,
again showing great heterogeneity among different UPF groups.
For instance, no association between the incidence of endpoints
and the intake of UPF fruits or vegetables was observed in any of
the four studies published. A similar pattern was observed for
ultra-processed starchy foods or breakfast cereals (only one study
out of four showed a significant association). In this cohort, the
only significant association between UPF and cancer was with
ultra-processed fats, such as margarine and sauces. In the case of
breast cancer, such an association only concerns sugary products,
but not sugary drinks. To the best of our knowledge, no results
showing an increased risk of adverse health outcomes for all or
most of the different UPF subgroups considered have been
reported yet.

To this end, it seems that the overall health risk associated with
the highest intake of UPF is attributable to a relatively small
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Fig. 1 Association between mortality risk and ultra-processed food intake. Representation of all-causes mortality Hazard ratio in relation to
the percentage of ultra-processed food with respect to the total calories in the Moli-sani (Italy, N =22,475; [16]), NutriNet sante’ (France,
N =44,551; [23]), UK Biobank (United Kingdom, N=60,298; [17]) and Southern Cohort (USA, N=77,060; [18]). The asterisks represent

statistically significant HRs.

number of such foods rather than to ultra-processing per se; those
based on products of animal origin (information already well
known before the launch of the NOVA classification) seem to play
a leading role. Some readers (and we among them) interpret this
evidence as due to an indirect mediator role of UPF on health, its
use being a proxy of a non-optimal diet or lifestyle behavior.
Alternatively, these data may support the view that some specific
components of UPF preparation process (specific food additives,
other ingredients, or technological procedures) may have a major
role in determining the health risk observed. Moreover, as a
further criticism of the evidence supporting the association
between UPF and health we should consider that HRs are
calculated ignoring variability in the terms taken for comparison.
More precisely, statistical analyses are based on numerous
assumptions such as the food intake is measured accurately and
precisely, that food composition is known quantitatively, the
methods of food storage, preparation and cooking have no effect
on the values, etc. Those assumptions are potentially question-
able, and so are the corresponding results. Thus, more studies
investigating specific compounds or steps in food preparation
should be performed to better integrate the current evidence
about UPF and health [4].

Fortunately, examples of such analytical approaches are already
available. The study of Sellem et al. investigating the role of
emulsifiers in relation to the risk of cancer is paradigmatic [13]. In
this study, the authors identified a significant association between
some mono-diglycerides and some carrageenan with overall and
site-specific cancer risk and suggested further investigation to
address possible causality. The authors interpret these results very
carefully, but we think that extending such evidence to the whole
class of emulsifiers would be incorrect, since most of them were
demonstrated not to be at all associated with cancer risk.

The same line of reasoning applies to a recent publication by
Hang et al. [14] on the correlation between the consumption of
ultra-processed foods after a diagnosis of colorectal cancer and
total and cause-specific mortality during the follow-up. The
increased CVD risk in the quintile of subjects with the highest
consumption of ultra-processed foods is solely due to the likely
higher consumption of fats, condiments, and ultra-processed
sauces and the concomitant decrease of fiber intake. The other
subgroups of ultra-processed foods do not appear to play a role in
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CVD. Similarly, the increase in colorectal cancer mortality (which
does not correlate with either the ultra-processed foods con-
sumption or all-cause mortality) is exclusively associated with the
consumption of ultra-processed sherbets and ice cream. Biological
plausibility is weak at best (these two desserts should contain
potent carcinogens, which is rather unlikely).

Assessing causality by means of observational epidemiologic
studies is nearly impossible, and more experimental studies are
needed to investigate and possibly disentangle the association
between UPF and health from a causal and mechanistic viewpoint,
though experiments on humans are difficult to plan for various
reasons [15]. Fortunately, other approaches can help investigate
the extent to which the observed associations between the overall
UPF intake and adverse health events could be due to
unidentified confounders.

First, the overall intake of UPF is very heterogeneous among the
studies investigating UPF intake in relation to health. In countries
with a low UPF intake, such as Italy, the risk of all-cause mortality is
already significantly increased for a UPF intake of around 24% of
the total energy intake. On the contrary, in countries consuming
high quantities of UPF, figures are different (Fig. 1). In the French
cohort of the NutriNet Santé, an average of 29% of energy from
UPF was reported by authors, and a significant all-cause mortality
risk was observed only for UPF intakes that exceed 30% of total
weight. In Great Britain, where UPF intake is higher and can reach
50% of total energy, a significant all-cause mortality risk was
observed for UPF intakes above 40% of energy intake. Further-
more, no significant mortality risk in relation to UPF was observed
in the Southern Community Cohort Study (SCCS), a prospective
cohort of low-income Americans with one of the highest
percentages of energy intake from UPF ever recorded [16-18].

Furthermore, since it is unlikely that Italian UPFs (ultra-processed
foods) are more harmful than those sold in other countries, these
results suggest that the association between UPF consumption and
negative health outcomes is probably not causal, but rather
indicative of an unhealthy lifestyle prevalent among those who
consume the most UPFs. This view is supported by an exploratory
dose-response analysis of the data from the four studies
mentioned above, which shows no significant trend (Fig. 2).

Nevertheless, the possibility cannot be entirely dismissed that
the composition and consumption patterns of UPF differ between
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Fig. 2 Dose-response restricted cubic splines meta-regression analysis of the all-causes mortality Hazard ratio in relation to the
percentage of ultra-processed food with respect to the total calories. Spline knots were placed at 5th, 35th, 65th and 95th percentiles. This
analysis represents how the results from the different studies can be merged to determine the relation between UPF intake and all-cause
mortality risk. The solid line represents the meta-analytical estimate, the dotted lines represent the 95% confidence limits. Analysis performed

according to Greenland and Longnecker [24].

countries or cohorts, possibly contributing to the differences in
health endpoints observed between different nations or cultures.
For example, it is theoretically possible (though unlikely) that a
higher proportion of ‘nutritionally beneficial’ UPF rich in whole
grains is consumed in the UK, to take just one example, than in
Italy. The emerging concept of ‘nutritionally beneficial UPFs’ is
intriguing and remains to be discussed in depth. More detailed
data on the composition of UPFs in different countries and surveys
would be very valuable in this context.

If we approach the question of the differential effect of UPF in
different countries from a different perspective, we could
speculate that the alleged detrimental relationship between
health and UPF intake may be more pronounced in countries
with a low average consumption of UPF.

Indeed, we could speculate that the purported harmful
association between health and UPF intake may be more
prominent in countries with low average consumption of UPF. In
these countries, people in the last quantile of the UPF intake
distribution are likely quite dissimilar from the population average,
and this difference may include an unaccounted-for unhealthier
lifestyle, which would be responsible for the unfavorable health
association observed. As the consumption of UPF in the population
increases and becomes more homologized, the lifestyle differences
between the last quantile of the population and the previous ones
will be smaller, reducing the associated risk. This fact may explain
the overall profile of the observed association between UPF intake
and the risk of all-cause mortality shown in Fig. 1.

Finally, high intakes of UPF correlate with an extensive range of
pathologic conditions in terms of morbidity or mortality, which is
difficult to explain based on causal and mechanistic interpretation.
The association between UPF consumption and higher CVD risk
was among the first ones to be described and was subsequently
integrated with evidence regarding some tumors, cardio-meta-
bolic, respiratory, gastrointestinal diseases, anxiety, depression, as
well as para-physiological conditions, such as insomnia [19]. In
other studies, authors reported a statistically significant associa-
tion between high UPF intake and mortality from other causes,
excluding CVD and cancer. In these cases, the higher mortality risk
associated with UPF use is largely attributable to deaths due to
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respiratory diseases and violence, which can hardly be causally
related to higher UPF intake. In the SUN study, non-cancer, and
non-CVD mortality accounts for 40% of the total mortality in the
fourth quartile of UPF intake compared to 22% in the first quartile
[20]. Again, it is difficult to find a biological plausibility explaining
these results, and a potential role of unidentified confounding
factors is difficult to rule out [21].

In summary, the available evidence regarding how different UPF
were associated with health and the results of studies investigat-
ing specific food additives question the possibility that ultra-
processing per se is the real culprit. Possibly, other unaccounted-
for confounding factors play major roles. Consequently, the
recommendation of limiting or avoiding foods carrying an
unspecific “ultra-processed food” label based on the NOVA
classification currently has poor scientific grounds and should be
regarded as scientifically weak and in need of experimental
confirmation. Furthermore, prompt public policy interventions on
this topic, as advocated by some authors [22], are premature and
should be thoroughly reconsidered before being released.
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