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Abstract

The association between artificial sweetener (AS) consumption and the risk of organ-specific
cancers has been debated for decades. We hypothesized that AS consumption is associated with
reduced risk of gastrointestinal (GI) cancers. We aimed to test this hypothesis by conducting a
systematic review with meta-analysis of the association between AS and GI cancers. We searched
four databases for comparative studies of AS consumption (exposed) versus no consumption
(nonexposed) and the odds or risk of GI luminal or non-luminal cancer (primary outcome).
Estimates were pooled using a random-effects model. Studies were evaluated for quality, bias, and
heterogeneity. We analyzed 8 (4 prospective, 4 case-control) studies comprising data on 1,043,496
individuals, among whom 3271 pancreatic, 395 gastric, 304 esophageal, 3008 colorectal, and

598 oropharyngeal cancers occurred. While there was no significant association between AS
consumption and odds of GI cancer overall, AS consumption was associated with 19% reduced
likelihood of luminal GI cancer (OR 0.81, 95% CI1:0.68-0.97). There was no association between
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AS consumption and non-luminal GI cancer. Meta-regression demonstrated no difference in
effect estimates based on study type. Based on this first meta-analysis of AS and Gl cancer, we
demonstrated that AS consumption is associated with a significantly lower likelihood of luminal,
but not non-luminal, GI cancer.
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meta-analysis; systematic review; epidemiology; environment and public health; digestive system
neoplasm; nutrition therapy

1. Introduction

The use of artificial sweeteners (AS) as low-calorie chemical substitutes for sugar-sweetened
foods and beverages has become increasingly widespread over the past several decades.[1-
4] According to the most recent reports, which reflect data from nearly a decade ago, at least
one-third of adults and children in the United States (US) reported regular AS consumption,
with similar trends demonstrated in Europe and Australia, and even higher rates in South
American countries.[1-4] Notably, rates of AS consumption have continued to rise. This is
in large part attributed to the increasing availability and introduction of newer AS, as well as
the rising obesity epidemic and the increased use of “diet” and “low-calorie” products,
especially beverages.[5] Prior to 2014, there were five Federal Drug Administration
(FDA)-approved AS: saccharin, which was the earliest AS discovered (1879); aspartame
(FDA-approved 1981); acesulfame (FDA-approved 1988); neotame (FDA-approved 2002);
and sucralose (FDA-approved 1998), which is the most commonly used AS.[3,6] As of
2014, the FDA approved a sixth AS, advantame. Since their introduction, there have

been mixed data regarding the possible health effects associated with AS, with most

studies demonstrating null associations or generally favoring a slight positive influence on
metabolic parameters including insulin sensitivity.[7-10] Although the supporting body of
literature is heterogeneous, AS use is more common among populations specifically trying
to reduce their sugar intake, such as individuals with diabetes and obesity participating in
diet modifications for intentional weight loss, which complicates the picture. The underlying
mechanisms for AS and altered metabolic parameters might relate to both biological (e.g.
altered metabolism and insulin sensitivity, microbiome changes) and nonbiological (e.g.
altered compensatory nutritional intake, including paradoxically increased consumption of
more sugar-sweetened and processed foods) factors.[11-13]

The controversy surrounding the health risks and benefits of AS extends also to their
carcinogenic potential (or lack thereof). Whether AS are associated with cancer risk has
been a topic of debate for nearly half a century and one which was spurred initially by
experimental studies demonstrating an increased risk of bladder cancer in rodents exposed
to high doses of saccharin. This observation was supported by early epidemiological studies
in humans, but has not borne out in subsequent, larger epidemiological studies.[14—20]
Since these first investigations in the 1970s-1980s, there have been several more studies
analyzing the association between AS and solid and liquid malignancies, especially urinary
tract, brain and hematopoietic cancers.[21, 22] While saccharin was the first AS and
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therefore has a larger body of literature compared to other AS types, more recent studies,
including experimental studies, have also analyzed the association between newer AS,

such as aspartame, but again with mixed results.[23,24] Human studies remain limited,
particularly studies analyzing the association between AS and gastrointestinal (GI) neoplasia
specifically. Indeed, dietary factors have long been studied for their role in the development
and progression of neoplasia, particularly of the Gl tract since this is the first point of direct
contact and digestion. Notably, while sugar-sweetened beverages have been associated with
increased risk of pancreatic cancer,[21,25] increased risk of colon cancer recurrence,[26]
and possibly increased risk of gastric cancer,[27] the association between AS and GI cancers
is less defined. One Italian case-control study reported no association between aspartame

or saccharin consumption and pancreatic cancer,[21] while other studies have reported

a positive association. There are mixed data for luminal GI cancer as well, especially
colorectal cancer.[28] Whether there is a differential association based on luminal tract (e.g.
colorectal, esophageal, gastric) versus non-luminal tract (e.g. pancreatic, hepatocellular or
other hepatobiliary) Gl malignancies or based on AS type and sources (e.g. AS-containing
beverages) is therefore unclear.

A better understanding of downstream biological and non-biological consequences of AS
is fundamental, particularly the association with GI cancer risk, given the increased use

of AS in our society and the need to identify modifiable cancer risk determinants in

order to improve health outcomes. Based on the observation that consumption of sugar-
sweetened products is associated with increased risk of several GI cancers and recurrence,
we hypothesized that AS consumption is associated with reduced risk of Gl cancers,
perhaps due to a direct biological effect (e.g. microbiome changes) or indirect effect of
less consumption of sugar-sweetened products. We aimed to test the primary hypothesis by
1) systematically reviewing the literature for comparative studies estimating the association
between AS consumption and Gl cancers overall, as well as based on anatomic location
within the Gl tract, and 2) performing a meta-analysis of these studies as appropriate.

2. Methods

This study was conducted in compliance with the guidelines as detailed in the Cochrane
Handbook[29] and the Preferred Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.[30]

2.1 Data Sources and Searches

In consultation with a certified biomedical librarian, we searched four publicly available
databases—Pubmed, Embase, Medline, and Web of Science—from their inception

dates through July 71, 2019. We searched key words including “neoplasm”, “cancer”,
“malignancy”, “tumor”, “carcinoma”, “artificial sweetener”, “diet soda”, “sugar substitute”,
“diet beverage”, and related terms. Multiple search strings were included to capture

studies of any cancer type associated with AS, as well as narrower search strings focused
specifically on Gl cancers associated with AS. The full search strings are provided in

the Supplemental Material. Animal studies were excluded. To remain broad in our initial

catchment, we did not restrict our initial search to studies published only in the English
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language; however, there were no articles published solely in a non-English language
identified in our search. References of included studies, review articles or other relevant
articles were also manually searched for any additional studies.

2.2 Inclusion/Exclusion Criteria

The following inclusion criteria were applied to all studies: (1) confirmed diagnosis of
gastrointestinal cancer (primary outcome); (2) comparative study design with distinct
comparison between individuals exposed versus not exposed to AS (primary exposure), as
well as sufficient details to determine exposed versus nonexposed categories; (3) sufficient
detail to calculate or determine effect estimates (e.g. odds ratio); (4) AS as defined by any
consumption of food or drinks containing artificial sweetener or packets with mention of
specific sweetener type such as saccharin or aspartame or any consumption of AS as long
as this was distinctly quantified; (5) full text article available in English. Case series and
non-comparative study designs were excluded. Studies that did not meet above criteria were
excluded from analysis.

2.3 Data Abstraction

Initial screening for eligibility and data abstraction processes were independently conducted
by three reviewers (AT, GH, and SJ) using the Covidence web-based platform. Any
discrepancies were resolved by consensus with final arbitration by SCS. Standardized

data collection forms were generated and included the following information: primary
author(s) last name(s); date of publication; country of origin; study design; study population,
eligibility criteria, study interval; type(s) of cancer; study definition for exposure vs non-
exposure to AS, including threshold cutoff for exposed vs nonexposed determination; counts
and demographics (age, sex) of exposed vs nonexposed; exposure (AS) type and method

of measurement; number of cancer cases, type of cancer, histology (e.g. adenocarcinoma),
method of confirmation for cancer diagnosis (e.g. histology) and data source (e.g. cancer

registry).

2.4 Primary Exposure and Outcome Categorization

The primary exposure for this analysis was AS consumption. Studies differed in the type

of AS (e.g. aspartame, saccharin), the formulation/quantification (e.g. diet drinks vs packets
or grams of AS consumed), as well as threshold cutoffs for qualifying someone as a
consumer (“exposed”) vs non-consumer (“nonexposed”) of AS; these study-specific details
were documented as described above (Table 1). To maintain consistency, we categorized AS
exposure as “any” vs. “none”. Studies varied in AS type as well as definition of exposure.
Of the studies that examined diet beverages, the least specific was Bao et a/. where the
nonexposed group was simply defined as “never-drinkers” of diet soda. Similarly, Bosetti et
al. nonspecifically designated groups as “users and nonusers” of saccharin and aspartame.
As best able, we quantified the amount of AS consumed.

The primary outcome for this study was Gl cancers, both overall and stratified by luminal
vs non-luminal. Luminal Gl tract cancers included any cancer occurring in the luminal Gl
tract, such as oropharyngeal, esophageal, gastric, small intestinal, and colorectal, while
non-luminal GI cancers included pancreatic and hepatobiliary including hepatocellular
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carcinoma. If a study included several cancer types, we abstracted data separately for each
cancer type. Of note, all cancer cases were independent and only the first primary cancer
was considered for all studies.

2.5 Quality and Risk of Bias and Assessment

We used the Newcastle-Ottawa Scale (NOS) for quality and risk of bias assessment for
non-randomized studies, including respective templates for case-control and cohort studies
as appropriate.[31] No randomized controlled trials were identified. Studies were each
independently assessed and scored by AT and SJ, with discrepancies adjudicated by a third
arbiter (SCS). Studies were categorized as “high-quality” if the NOS score was at least 7 out
of a possible maximum score of 9. [31]

2.6 Qualitative Synthesis and Quantitative Statistical Analysis

Reviewers recorded and organized the details of each study, including cancer type, study
design, country/region, AS used and exposure amount, study population information and
data sources. The odds of Gl cancer in AS exposed vs nonexposed were calculated and
reported as odds ratios (OR) for each included study based on raw numbers provided by
contributing studies. A random-effects model was used to pool risk estimates from included
studies, which was reported as OR and 95% confidence interval (95% CI). In addition

to the overall meta-analysis including all studies, separate analyses were also performed
for luminal cancers, non-luminal cancers, and for studies that included only beverages.
Subanalysis based on AS type (e.g. saccharin, aspartame) was also planned a priori, but
this was not possible since the included studies did not provide these granular details.

A meta-regression analysis was planned a priorito evaluate for influence of study type
(prospective cohort and case-control studies) on the observed effect estimates.

Publication bias for the primary outcome was assessed with Egger’s test and the use of

a funnel plot. Chi-squared and 12 tests were utilized to determine heterogeneity among
studies.[32] Heterogeneity between studies is indicated by Chi-squared test with p-value
<0.15, while the 12 test provides a graded scale for heterogeneity interpretation: 12 cut-offs
of <30%, 30-59%, 60-75%, and >75% indicate low, moderate, substantial, and considerable
heterogeneity, respectively.[32]

RevMan 5.1 (Review Manager Version 5.1, Copenhagen, Denmark) and Comprehensive
MetaAnalysis (version 2.0; Biostat, Englewood, NJ) software were used for these analyses.

3. Results

The flow diagram for study eligibility and ultimate inclusion is illustrated in Figure 1. The
search identified 6106 studies, from which 3272 duplicate studies were removed, yielding a
total of 2834 unique articles for eligibility review. A total of 2775 articles were removed for
irrelevance based on title/abstract screening alone. Review of the references of the full-texts
meeting inclusion criteria as well as relevant reviews yielded an additional 3 studies which
also met full eligibility criteria.[33—35] The full-texts of each of the remaining 62 studies
were reviewed for eligibility. From these 62 total studies, 54 studies were excluded for the
following reasons: lack of GI cancer data (n=41); AS exposure (n=7); insufficient detail,
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such as not reporting the data inputs necessary to calculate numbers of exposed versus
nonexposed (n=5); and ineligible study design (n=1). Attempts at contacting authors for
additional details were unsuccessful. Thus, data from the 8 studies meeting full inclusion
criteria were extracted for qualitative synthesis and quantitative meta-analysis.

3.1 Qualitative synthesis of included studies

Details of the included studies are summarized in Table 1. Of the 8 included studies,

4 were prospective cohort studies[36—39] and 4 were case-control studies[21,40-42]. No
randomized-controlled or interventional studies were identified. Of the included studies, 4
were from European countries[21, 37, 40, 41], 3 from the US[36, 39, 42], and 1 from
Australia[38]. All studies included only adult patients. Three studies included more than one
type of Gl cancer.[21, 38, 41] All studies used cancer incidence as the primary outcome.

In total, 6 studies analyzed pancreatic cancer, 2 analyzed gastric cancer (one cardia[38],
other study[21] anatomic location was not distinctly specified, but is suspected to be cardia
and noncardia), and 1 study[41] analyzed esophageal, colon, rectal, and oropharyngeal
cancer each as independent outcomes. Four of the studies did not specifically state the Gl
cancer histology[21, 36, 38, 41], while the other 4 studies, all of which were pancreatic
cancer studies, specifically stated exocrine pancreatic adenocarcinoma histology.[37, 39, 40,
42] Other than pancreatic cancer, no other analyses of non-luminal Gl cancers met criteria
for inclusion. Of note, while the study by Hodge et a/. captured liver cancer as an outcome,
the investigators only analyzed those cancers with at least 100 cases; thus, effect estimates
and other details were not provided for liver cancer in this study since there were only 52
cases. Our attempts to contact the study authors were unsuccessful.

The longest study time interval extended from 1976-2010, with most studies spanning
1990-2007. The populations for the cohort studies were derived from already established
population-based cohorts including the American Association for Retired Persons (AARP,
males and females aged 50-71 at entry)[39], the Melbourne Collaborative Cohort Study
(MCCS, males and females age 40-79),[38] Health Professionals Follow-up Study (HPFS,
males only aged 40-75 at entry), and Nurses’ Health Study (NHS, females only aged

30-55 at entry),[36] and the European Prospective Investigation into Cancer and nutrition
(EPIC, males and females age 47-59 at entry, although some centers recruited only females)
cohort.[37] The two Italian case-control studies included hospitalized patients,[21, 41] while
the other 2 case-control studies included outpatients[42] and patients seen in surgical
centers[40]. Three studies specified that controls were age and sex matched,[21, 40, 42]

2 studies[21, 41] used inpatient controls admitted for “acute, non-neoplastic disorders”,

and 1 study[40] selected controls from parish registries which included both inpatient and
outpatient controls separately. One study did not provide details on the selection of controls.
[42]

All studies used food frequency questionnaires (FFQ) to ascertain AS exposure. Several

of the studies used previously validated FFQs with many modeled from the Block
questionnaire and some also commercially available.[37, 39, 42, 43] Three studies, two
from Italy and one from Australia, used country-specific FFQs validated for their respective
country’s population.[44, 45, 46] The measure of exposure also varied significantly among
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studies. All 4 prospective cohort studies included diet AS-sweetened soft drinks as the AS
exposure of interest. Of the 4 case-control studies, Chan et a/. was the only study that
examined diet AS-sweetened soft drinks. The remaining 3 case-control studies included
exposure to saccharin, aspartame and unspecified AS. No studies provided the level of
granularity to determine outcome according to AS type. Both Navarrete-Munoz et a/. and
Hodge et al. analyzed diet soda as the AS exposure, which they defined differently; the
former defined AS exposure as =0.1 grams/day, while Hodge et a/. had a lower limit

of exposure of “1 time per month” for diet soft drink consumption. Chan et a/. and
Schernhammer et al. used a cut off of “1 serving per month” of diet carbonated beverages
(with variation based on subcategories), while Bao et a/. simply defined nonexposed group
as “never-drinkers” of diet soda. Gallus et a/. defined exposure as anything more than

0 “sachets [small packets] or tablets” of saccharin or “other artificial sweeteners”. Both
Bosetti ef al. and Norell et a/. were binary in their categorization, designating groups simply
as “users and nonusers” of saccharin and aspartame, or “yes” or “no” regarding AS use,
respectively.

All individual studies provided risk estimates adjusted for demographics and relevant
confounders, although the exact covariates varied. Only one study did not mention the

exact covariates included in the model.[40] Otherwise, all studies at a minimum adjusted

for age, sex, body mass index (BMI), caloric intake, smoking, education, and history of
diabetes, while most also adjusted for alcohol and physical activity as well. We were unable
to perform a separate meta-analysis of the adjusted odds ratios for these studies since the
categorization of comparative subgroups varied across all studies, for example study-specific
quantiles of sweetener intake; thus, pooling these studies would not be appropriate.

3.2 Quantitative Analysis

In total, 1,043,496 people overall were included for analysis, including 1,030,044 from
prospective cohort and 13,452 from case-control studies. Across all studies, 3271 pancreatic,
395 gastric, 304 esophageal, 3008 colorectal, and 598 oropharyngeal cancers cases occurred.

Based on meta-analysis of all 8 studies of GI luminal and non-luminal (pancreatic) cancers,
there was no significant association between AS exposure and odds of GI cancer overall
(OR 0.96, 95% CI: 0.88-1.05) (Supplemental Figure 1, Supplemental Table 1 and 2). There
was also no association between AS exposure and non-luminal Gl cancer, i.e. pancreatic
cancer (OR 1.04, 95% CI: 0.95-1.14) (Figure 2). However, compared to non-exposure,

AS exposure was associated with 19% significantly lower odds of luminal GI cancer (OR
0.81, 95% CI: 0.68-0.97) (Figure 3a). The directionality and significance of the association
was maintained when the individual analysis for oropharyngeal cancers (study-specific OR
for oropharyngeal cancer: 0.39, 95% CI: 0.23-0.64) was specifically excluded from the
meta-analysis (OR 0.90, 95% CI: 0.81-0.99) (Figure 3b).

Based on a subgroup analysis of the studies that included consumption of diet beverages

containing AS, there was no association between diet beverages and odds of Gl cancer (OR
1.02, 95% ClI: 0.91-1.13) (Supplemental Figure 2, Supplemental Table 3). Of note, of the 5
separate studies included in the sub-analysis, 4 analyzed pancreatic cancer while Hodge et

Nutr Res. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tepler et al.

Page 8

al. analyzed gastric cancer and colorectal cancer separately. Removing the study by Hodge
et al. did not alter the outcome of the analysis (data not shown).

Meta-regression analysis of prospective versus case-control study design demonstrated no

significant difference in effect size between the two study types (p=0.47, Supplemental

Figure 3). Overall, the meta-analysis results were potentially most influenced by limitations
of exposure ascertainment, including variation of AS measurement and cutoffs, and by the
inability to separate AS by type.

3.3 Publication bias and heterogeneity

The funnel plot generated from the included studies was symmetrical, suggesting no
significant publication bias. This was confirmed by Egger’s test (p=0.42, Supplemental
Figure 4). There was no statistically significant heterogeneity (Chi-squared test p =0.60;
12=0%) among the studies including in the two primary meta-analyses—that is the
association between AS exposure and odds of GI luminal (Chi-squared test p =0.60; 12=0%,
Figure 3b) or non-luminal (Chi-squared test p =0.13; 12=35.8%; Figure 2) cancer. However,
including the one study of AS exposure and odds of oropharyngeal cancer [41] in the Gl
luminal cancer meta-analysis increased the heterogeneity estimates significantly, such that
there was moderate heterogeneity (Chi-squared test p =0.03; 12=56.9%; Figure 3a). The
secondary analyses of the association between AS exposure and all luminal or non-luminal
Gl cancer and AS-sweetened diet beverages and all GI cancer demonstrated substantial
heterogeneity that was statistically significant (Supplemental Figure 1 and 2).

3.4 Quality Assessment

Based on the NOS risk of bias assessment tool for case-control and cohort studies, all
studies were considered “good quality” and achieved a score =7.[31] The scores for
each subcategory of selection, comparability and exposure categories are provided in
Supplemental Table 2. All case-control studies received a score of 7 and all prospective
cohort studies received a score of 8.

4. Discussion

We conducted a comprehensive systematic review and identified 4305 cases of luminal

and 3271 cases of non-luminal GI cancer among 1,043,496 people, the majority derived
from prospective cohort studies. The corresponding meta-analysis demonstrated that while
AS intake was associated with a modest, but statistically significant lower likelihood of
luminal Gl tract cancer, there was no association with pancreatic cancer, which was the only
non-luminal GI cancer meeting inclusion criteria for the analysis. There was no difference
in effect estimates based on prospective versus case-control study design. To our best
knowledge, this is the first meta-analysis analyzing the association between AS, including a
separate analysis of diet beverages, and Gl cancers. Overall, these data, which represent over
1 million people globally, are congruent with the majority of contemporary epidemiological
data demonstrating no association between AS and increased risk of cancer, although the
modest reduction in luminal GI tract cancer warrants further investigation, ideally with
well-designed interventional studies.
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There has been a plethora of human studies over the past few decades analyzing the

impact of each of the FDA-approved AS on various non-malignant and primarily metabolic
health parameters, such as weight gain and glucose metabolism. While heterogeneity across
study designs and populations complicates direct comparison, no AS has consistently been
associated with adverse health effects and, based on FDA scrutiny, all are designated

as safe for consumption.[47] However, the carcinogenic potential of AS remains a

point of controversy and is not rigorously studied for gastrointestinal cancers. Some

of the byproducts of AS, for example formaldehyde as a metabolic byproduct of

aspartame, or additional components of diet beverages, such as 4-methylimidazole, are
established carcinogens and provide biological plausibility through mechanisms identified
in experimental studies, such as DNA damage, chromosomal aberrations and mitotic errors.
[48, 49] This is especially the case for Gl cancers given their intimate role in digestion and
direct contact with byproducts of digestion. However, the quantity and duration of exposure
for which these byproducts are clinically significant with respect to cancer risk in humans
is not precisely defined and complicates our understanding; while it is unlikely, based

on current evidence, that standard daily consumption of AS is associated with clinically
significant risk, excessive consumption particularly in someone with additional predisposing
risk factors, might be relevant. To this end, all human studies including those in this meta-
analysis, have included participants with non-excessive consumption with the threshold for
“AS exposure” relatively low (e.g. more than one sachet [small packet] or tablet per day).

Other considerations perhaps explaining the association we observed between AS and

lower odds of luminal GI tract cancer are the indirect effects of AS consumption, such

as reduced intake of sugar-sweetened foods, especially beverages. There is some evidence
to suggest that AS might positively affect metabolic parameters including insulin sensitivity,
so long as compensatory caloric intake does not occur and shroud these potential benefits.
[5, 50-52] Accordingly, it is plausible that the corresponding decrease in sugar-sweetened
food/beverages might explain, in part, the observed association of AS with lower odds of

Gl luminal tract cancer. Sugar-sweetened beverages in particularly have been associated
with obesity, weight gain, glucose intolerance and overt diabetes mellitus type Il, each of
which are independently and positively associated with colorectal cancer risk.[53] Indeed,
colorectal cancer, which accounted for the largest weight in the meta-analysis of GI luminal
tract cancers, is one of the cancers that is most consistently associated with sugar-containing
food/beverages, with the mechanism of carcinogenesis hypothesized to relate to heightened
synthesis of insulin-like growth factor, as well as possibly secondary bile acid production
and gut microbiome changes.[47, 54-59] AS might also be associated with microbiome
changes, although these are not as well-defined.[11, 12] The findings from a large
prospective cohort study analyzing the association between nutritional intakes and lifestyle
habits and the risk of subsequent obesity-related cancers, including colorectal and gastric
cardia cancer, supports the hypothesis that compensatory decrease in sugar-sweetened foods/
beverages might confound the association between AS and lower odds of Gl tract cancer.
Based on this prospective analysis of over 35,500 participants without diabetes in Australia
followed for over three decades including linkage to the Australian Cancer Database and the
Victorian Cancer Registry, sugar-sweetened beverages were associated with a 28% increased
risk of colorectal cancer after adjusting for several relevant confounders, including age,
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sex, waist circumference, alcohol, smoking, physical activity, and Mediterranean diet score;
however, while there was a trend for a protective association between AS and colorectal
cancer, this was not statistically significant after adjusting for sugar-sweetened beverages in
addition to the other factors listed.[38]

The association between sweetened beverages and risk of pancreatic cancer has been
mixed, with several studies showing an increased risk,[25] but others showing a null
association.[37] There also has been no consistent association between AS or diet beverages
and pancreatic cancer after adjusting for relevant confounders, including sugar-sweetened
beverages and obesity, which is confirmed by our meta-analysis; although, one case-control
study did demonstrate a suggestive trend for AS and reduced odds of pancreatic cancer
(adjusted OR 0.62, 95% ClI: 0.37-1.04), which was significant for individuals at least 60
years old and also among those with caloric intakes =2100 calories/day (study-specific
caloric intake threshold per Bosetti et al.).[21] Notably, long-term consumption of sugar-
sweetened but not artificially sweetened beverages has been associated with increased risk
of cancer-related mortality.[60] While we excluded analyses of cancer-related mortality,

no study in our search analyzed Gl cancer-related mortality specifically. Our finding that
AS are associated with significantly lower odds of luminal Gl tract cancer therefore holds
importance irrespective of whether it is via biological mechanisms such as microbiome
changes or via indirect mechanisms through reduction in sugar-sweetened beverage intake
and improved metabolic parameters. Our findings, particularly in the context of non-Gl
cancer literature, supports not only the safety of AS with respect to GI cancer risk, but

also supports the current public health recommendations to limit sugar-sweetened food/
beverages.

In addition to our comprehensive search strategy, our study has several other strengths.

This is the first meta-analysis analyzing the association between AS and luminal and
non-luminal Gl tract cancers. All studies stated which confounders were adjusted for in

the respective study’s analysis, including metabolic and lifestyle parameters such as physical
activity. Outcome assessment was appropriate, since all studies included only histologically
confirmed cancer cases. For studies which included multiple cancers, we were able to
appropriately separate cases from controls and ensure that cases were independent of each
other, without duplication of entries (e.g. more than one type of cancer). There was no
statistically significant heterogeneity across the included studies. Notwithstanding, our study
does have limitations, most of which are inherent limitations of meta-analyses. One primary
limitation is with respect to exposure measurement and categorization. The included studies
used FFQs, which have the intrinsic limitation that these are based on subjective self-report
rather than direct confirmed measurements of intake; that said, each of the FFQs were
validated as appropriate metrics of actual intake. The FFQs also varied across the studies,
but again were validated for the population in which these instruments were used. We
therefore do not think that this significantly influenced our findings, as also evidenced

by the lack of significant heterogeneity across included studies. The exposure threshold

and duration also varied, and we are therefore unable to comment on whether there is a
dose-dependent association between AS and luminal Gl tract cancers. There was also an
insufficient number of studies and granularity of details to perform separate meta-analyses
based on AS type (e.g. saccharin, aspartame), although we acknowledge the relevance.

Nutr Res. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tepler et al.

Page 11

While we conducted a separate analysis for diet AS-containing beverages, we are not able
to fully adjust for unmeasured additives or other possible unmeasured confounders. There

is also the potential for recall bias in the case-control studies, although we conducted a
meta-regression for study design and did not identify and difference in effect between
prospective cohort vs. case-control studies. In addition to clarifying dose threshold for effect
and the influence of AS type, future studies, and distinctly experimental studies, should
focus on identifying putative mechanisms underlying our observations.

In conclusion, we demonstrated that AS consumption is associated with a reduced likelihood
of luminal Gl tract cancers, but not pancreatic cancer. Given the very high prevalence

of current AS use in US, which is projected to only increase in the face of the obesity
epidemic and rising rates of diabetes, it is critical that we better define both the biological
and non-biological mechanisms underlying this observation. Rigorous scrutiny of these
findings would be best achieved with an interventional study design, although the logistical
limitations, including prolonged follow up time for the outcome occurrence (i.e. luminal Gl
tract cancer) are acknowledged. That said, given the potential public health implications of
providing evidenced-based guidance regarding the cancer reducing benefit, or lack thereof,
of one of the mostly commonly consumed food/beverage additives would have great value
from a public health promotion standpoint with respect to reducing cancer burden.
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Figure 1.
Flowchart of study inclusion
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Study

Statistics for each study

Odds Lower Upper
limit Z-Value p-Value

ratio

Navarrete-Munoz, 2016 (Pancreatic) 0.977
Schernhammer, 2005 (Pancreatic) 1.355
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Bosetti, 2009 (Pancreatic) 1.143
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Figure 3.

Study

Statistics for each study

Odds Lower Upper

ratio
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Total 0.812
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