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Discussion

General discussion

Discussion
Nutrition and excess calorie intake are known to be major modifiable risk factors for
chronic disease such as cancer, including gastrointestinal (GI) cancers 1 , yet knowledge
gaps and paradoxes continue to exist regarding the effects of specific nutrients on
the prevention or progression of cancer. For instance, despite the observed beneficial
effects of vitamins such as dietary folate in preventing GI cancers, supplementation
with folic acid and iron is controversial and may increase risk 2 . This is compounded
by inconclusive findings on the role of diet quality in the prevention of GI cancer,
as quantified by various diet quality indicators 3-7 . There is also limited evidence
of diet quality status among GI cancer survivors, which in turn, further hampers
strategies to optimize nutritional interventions that seek to improve the prognosis
following surgical resection, chemotherapy, and radiotherapy 8 .
It is critical that we investigate the roles of specific vitamins and minerals on GI
cancer risk, particularly folic acid and iron supplementation. Moreover, the effect of
diet quality on the prevention of GI cancer needs to be investigated further. Better
understanding the impact of diet quality on GI cancer in patients and survivors may
lead to better enteral or parenteral nutrition during therapy, helping to improve not
only nutritional needs but also their cancer prognosis. These topics were investigated
in this thesis.
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Nutrients and GI Cancers
In a systematic review and meta-analysis of 22 observational studies presented
in Chapter 2, we found that a high intake of total folate in GI cancer subgroups
was associated with a decreased risk of colorectal cancer (CRC). However, neither
supplementary folic acid nor the blood folate level significantly affected that risk.
This pooled analysis contributed more reliable findings compared with a previous
meta-analysis that failed to show a significant effect of dietary folate on CRC with
fewer numbers of included studies 9 . Nevertheless, the true effect of dietary folate
on CRC may be obscured in observational studies due to confounding by healthy
behaviors (e.g., other dietary factors and lifestyle), which improve in individuals
with higher total folate intake. The observed discrepancies between the current
findings and those of the previous meta-analysis 9 could also be explained by genetic
variation within study populations modifying the effect of total folate on the risk
of CRC 10 . Variation in the methods applied for the assessment of total and dietary
folate intake may play a role in observed controversies in findings. We found a null
effect on CRC risk of folic acid supplementation and elevated levels of red blood cell
folate, but that there was a significantly increased risk of CRC at higher plasma folate
levels. Although serum/plasma folate levels are representative of folate/folic acid
intake, it is not feasible to distinguish dietary folate and synthetic folic acid using
these biomarkers. Given the differences between folate and folic acid metabolism
in the body, as well as their effects on CRC, these findings should be interpreted
with caution. Notably, in Chapter 2, inconsistency in the definition of high folate
status contributed to the marked heterogeneity in findings concerning folic acid
and CRC risk that was compounded by short follow-up times, the combination of
folic acid with other vitamins, and the use of adjunctive aspirin. Together, these
may have camouflaged the true effect of folic acid on CRC risk.
Through a population-based ecological study, we found that long term fortification
with folic acid and iron was not accompanied by consistent changes in upper
gastrointestinal (UGI) cancer incidence, as presented in Chapter 3. Increased ageadjusted incidence rates for CRC were detected after fortification with folic acid
and iron. In contrast to the observed null effect of long-term flour fortification
with folic acid on UGI cancer rates, the pooled results demonstrated a beneficial
effect of dietary folate intake and high levels of serum folate on UGI cancer risk 11,12 .
This controversy may be due to the differences between the metabolism of synthetic
folic acid and dietary folate. Moreover, despite the crucial role of folate in promoting
DNA synthesis, repair, and methylation, leading to decreased risks of GI cancers,
folic acid might exert a carcinogenesis effect by altering DNA methylation levels 13,14 .
It should be noted that folic acid fortification in our study was accompanied by
iron, and that this could have altered the observed effect. Based on findings of this
thesis, we conclude that national folic acid fortification may not adversely affect
the risk of UGI cancer. The inconsistent change in UGI cancer rates after long-term
iron fortification was not in line with previous findings on the undesired effect
of iron supplementation on GI cancer 15,16 . This may be due to a lower iron status
in our study population prior to fortification, which in turn may have inhibited
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excess iron intake after fortification. Although fortification with both folic acid
and iron appears to increase the rate of CRC, further research is needed before we
can make a definitive conclusion.
In the population-based case-control study presented in Chapter 4, we proceeded
to test whether maternal folic acid supplement intake was associated with CRC
risk in a region with long-term folic acid fortification. We found no association.
However, in contrast to these findings, beneficial effects on CRC prevention were
reported with folic acid supplementation (3 mg/day for 36 months) among subjects
who were confirmed to be without colorectal adenomas at recruitment, as well as
for those receiving supplemental folic acid combined with vitamins B 6 and B 12 17,18 .
It should be noted that the results in these latter studies may have been affected
by the lower generalizability of the study populations and by modification of the
effect of folic acid supplementation by other vitamins. The methods in Chapter
3 & Chapter 4 were limited by a lack of information on folate and iron statuses,
alcohol intake, and physical activity, which impaired the quality of findings on the
association between folic acid fortification/supplementation and GI cancer risk.
Besides, inconsistent coverage in the cancer registry systems during the study
period in Chapter 3 required an adjustment of the reported incident cases for the
coverage rate of corresponding years.

Folic acid fortification and CRC
There was a reported non-significant effect of folic acid supplementation on the
risk of CRC in a meta-analysis of 13 cohort and randomized control trials (Chapter
2), as well as that of maternal folic acid supplementation in a population where
supplemental folic acid is prescribed with regular intervals for women of childbearing
age (Chapter 4). Despite these results, the findings from Chapter 3 support a probable
beneficial role of national folic acid fortification on CRC rates. The dual role of
folate in the methylation of some genes, where it leads to cell protection, and in
triggering carcinogenesis in others may explain the possible undesirable effect of
folic acid intake CRC risk 20 . The inconsistent results in this thesis, combined with
the highlighted importance of individualizing the dose and duration of folic acid
supplementation, necessitates further investigation into the true role of folic acid
supplementation/fortification on the risk of CRC. Future investigations should take
into account possible confounding factors, including time sequencing 19 and genetic
factors responsible for folate metabolism.

Iron fortification and GI cancers
Findings from this thesis (Chapter 3) and previous studies 15,16,21 support the possibility
that iron supplementation increases susceptibility to CRC. Excess iron intake
may induce a systematic oxidative stress response that enhances susceptibility
to carcinogenesis. Additionally, combining iron supplementation with folic acid
might enhance the iron-induced peroxidation process 22 . Further investigations
are required to establish the effect of population-based iron supplementation on
the risk of GI cancer.
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Diet Quality and GI Cancer
In a systematic review and meta-analysis of related studies, resulting in a sample
of approximately 1.5 million individuals (Chapter 5), we found that a high-quality
diet was significantly and consistently associated with a lower risk of UGI cancer.
However, the quality of the pooled findings was insufficient to develop dietary
recommendations for preventing UGI cancer.
The observed benefits of a high-quality diet, as quantified by the Diet Inflammatory
Index (DII), on UGI cancer prevention contradicted the evidence that there would be
no impact on risk 23 . The paucity of food components applied for quantifying diet
quality, failure to adjust for risk factors of UGI cancer (e.g., gastroesophageal reflux
disease and Helicobacter pylori), and reduced study power due to the previous cohort
study (e.g., few incident cases) likely account for the discrepancies. The low overall
quality of our findings hampers our ability to develop dietary recommendations
for UGI cancer prevention based on the DII scoring system. The main limiting
factors were observed inconsistency, indirectness (few studies from some continents,
including Asia and North America), publication bias, and diversity in the scoring
system based on the inflammatory response of food components.
The desirable effect of a high-quality diet based on the Mediterranean Diet Score (MDS)
in terms of UGI cancer prevention has not been confirmed, with studies reporting
a non-significant effect of diet quality 23-26 . This discrepancy can be explained in
several ways: i) the variation in UGI cancer subgroups in these studies; ii) intertumor heterogeneity and not considering confounders such as gastroesophageal
reflux disease 24 or H. pylori 24,25 in adjustments; iii) the low number of incident
cases 23 ; and iv) applying a single nutrition quality assessment tool 24,26 .
In the systematic review and meta-analysis of 38 studies presented in Chapter 6,
we demonstrated a consistent and significant association between high diet quality
and lower CRC risk among approximately 5.6 million people. However, a low quality
of evidence was observed for the pooled findings.
The controversial findings on the role of high diet quality measured by the DII on
CRC prevention shown in this and previous investigations 27-29 may have several
explanations. These include the lack of data on food parameters with anti-inflammatory
effects in the DII calculation, limitations in adjusting for confounders such as a
history of NSAID intake 27, and the poor generalizability of findings due to the study
population (e.g., health professionals 28 or individuals with Lynch syndrome 29).
Given that the protective effect of a low DII-based (i.e., a high anti-inflammatory)
diet has been shown consistently in analyses stratified by study design, geographic
region, gender, and tumor site, the observed benefit is more likely to be genuine
rather than being due to confounding.
In contrast to our findings, several studies reported no benefits from high MDS
scores on CRC prevention. Differences in study populations (e.g., use of a specific
socioeconomic class that is not truly representative of a general population) 30-34 or
the inclusion of a small number of incident cases 31 may have contributed to the
high level of heterogeneity. Thus, inconstancies in the existing evidence mean that
the efficacy of adhering to a diet based on high MDS scores could not be generalized
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in CRC prevention.
The observed benefits of high diet quality, as quantified by the Dietary Approach to
Stop Hypertension (DASH), are consistent with current evidence 30,32, 35-37 . Nevertheless,
the findings were mostly limited to North America, and the small effect size led to
a possible indirectness in the overall beneficial findings. This resulted in a downrating of the overall quality and transparency of the conclusions for developing
dietary recommendations.
As a methodological consideration in Chapter 5 & Chapter 6, limiting the findings
to a specific geographic region precluded wider generalizability. For example, the
preventive effect of high adherence to the Healthy Eating Index (HEI) on CRC risk
was consistent in analyses stratified by study design, geographic region, gender,
and tumor. Nonetheless, given the limited findings from regions other than North
America, and given the observed moderate publication bias despite the use of a
homogenous scoring system, we cannot develop recommendations until data are
available from large prospective studies from various geographic regions.
We conducted a large population-based prospective study with a median followup of 8 years (interquartile range = 2 years) (Chapter 7). In this, high diet quality
quantified by the Lifeline diet (LLD) and American Cancer society score (ACS)
indices was significantly associated with a reduced risk of CRC. The association was
driven by a synergy among included food components rather than by any specific
food component in either index. These findings were also in agreement with those
from pooled findings on the benefits of a high diet quality quantified by various
diet quality indices for preventing CRC in Chapter 6. Moreover, the performance
of the LLD and ACS indices for CRC risk prediction in the Dutch population were
highly significant, having comparable effect sizes (1.6-times reduced risk of GI
cancer) despite a shorter follow-up time (i.e., approximately half the mean followup in pooled findings). In Chapter 7, low statistical power was ultimately found
given the limited number of UGI cancers, thereby limiting the detection of some
hypothesized associations.
Among survivors of GI cancer, the intake of foods with proven desirable health
effects did not meet the amounts recommended in dietary guidelines, while food
components with undesirable health effects were reportedly ingested on a daily
routine basis (Chapter 8). Unhealthy foods, including sugar-sweetened beverages,
hard margarine, red meat, and processed meat, were consumed in at least one
serving per day. According to dietary guidelines, iIt is preferred that these food
components not be consumed at all 38 . These findings are consistent with those
reported by Zhang et al., who reported a high intake of empty calories, saturated
fatty acids, and poor micronutrient intake among survivors of all cancer types 39 .
However, some data in Chapter 8 was self-reported, including that concerning GI
cancers, which may have affected the accuracy of the findings.
Additionally, a lack of data on persistent changes in diet quality highlights the
possibility of survivor bias in observed diet quality.
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Diet Qualit y and GI Cancer Prevention
The findings on diet quality and UGI cancer risk (Chapter 5) are mainly limited
to Europe. Thus, further investigation is warranted in other geographic areas to
assess the impact of geography. Current findings indicate that gender and tumor
type were not responsible for the observed discrepancies because the observed
beneficial effects persisted after the analyses were stratified by these variables.
Inter-tumoral heterogeneity and differences in the covariates in the included
studies remain potential sources of heterogeneity. Furthermore, analysis of CRC
risk and diet quality quantified by DASH (Chapter 6) was mainly limited to North
America and only demonstrated a small effect size. The inclusion of food components
with a prominent role in reducing CRC risk, and setting gender, age, and physical
activity standards, means that there is higher transparency for developing dietary
recommendations to prevent CRC based on DASH compared with the DII, MDS,
and HEI. Accordingly, there is a need for further large-scale prospective studies
from various geographic regions to improve the quality of evidence on diet quality
measured by DASH. This could facilitate the development of meaningful dietary
recommendations for the prevention of CRC. In Chapter 7, the performance of
various nutritional indices at predicting the risk of CRC revealed that using the
LLD and ACS nutrition quality indicators could lead to significant CRC prevention
in the Dutch population. Null findings on indices specific to cancer prevention
demonstrate that there is a demand for nutrition quality indices that are tailored
to dietary lifestyle habits needed for cancer prevention.

Diet qualit y in Survivors of GI Cancer
The findings in Chapter 8 demonstrated that there diet was imbalanced in the
study populations, indicating a need for interventions to improve the quality of
nutrition among GI cancer survivors. Existing data indicate that an imbalanced
diet has the potential to increase susceptibility to chronic disease 40, and given the
increased morbidity among cancer survivors than among the healthy population,
we must assess the impact of improving diet quality on morbidity and mortality
risk. Conducting interventions that enhance diet quality among cancer survivors
may promote longer and healthier lives. Given the problems with food ingestion
in many GI cancer survivors, however, we may only improve diet quality through
personalized palliative care and enteral nutritional supplements delivered by a
team of physicians and nutritionists.

Recommendations for Future Research
The following research recommendations are appropriate to address unresolved
discrepancies in current evidence on the effect of folic acid and iron supplementation,
as well as folate status, on GI cancer risk. Optimized measurement is a missing
component of studies into the diets of patients with cancer, with the potential for
more precise association estimates if dose-response analyses can be conducted. Such
an approach could better define the effects of nutrient levels (e.g., iron and folic
acid status/intake) on the risk of GI cancer. Further, a unified pooled analysis by
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nutrient intake category could minimize any discrepancies about exposure levels
across populations. Another shortcoming of studies conducted into the relationship
between diet and cancer to date is that there has been no assessment of the modifying
effect of the molecular mechanism of dietary digestion and utilization in the body.
Given the possible synergy between genetic susceptibility for GI cancer and its
metabolomic fingerprints, together with how this interacts with nutrients 41-46 ,
future studies should investigate the added value of including genetic susceptibility
and metabolomic profiles to CRC risk prediction for different levels of nutrients.
These shortcomings, coupled with those discussed in the various chapters of this
thesis, reveal that there is a low quality of evidence for the effect of a high diet
quality on GI cancer.
The current body of evidence is not sufficient to develop scientifically validated
dietary guidelines for practical application, despite the growing popular support
for a beneficial role of diet in lowering cancer risk. Prospective investigations are
therefore warranted to improve the limited evidence on diet quality quantified by
general and cancer-specific dietary indices, specifically in less represented regions.
In turn, this will contribute to a higher transparency for developing globally valid
dietary guidelines for not only preventing, but also for improving the prognosis of,
GI cancer. Investigating the genetic and metabolic state of the individual offers an
opportunity to fine-tune our understanding of the relationship between nutrients
and GI cancers in terms of genetic susceptibility and metabolomic profile. The latter
will be crucial to drive effective personalized nutritional advice for the prevention
of GI cancer, and indeed, should serve as a key marker on the roadmap to nearfuture applicable cancer-preventive diet programs.
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