o

British Journal of Nutrition

British Journal of Nutrition (2024), 131, 63-72 do0i:10.1017/S0007114523001484
© The Author(s), 2023. Published by Cambridge University Press on behalf of The Nutrition Society. This is an Open Access atticle, distributed
under the terms of the Creative Commons Attribution licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use,
distribution and reproduction, provided the original article is properly cited.

Association between consumption of sweeteners and endometrial cancer
risk: a systematic review and meta-analysis of observational studies

Huiping Li'f, Yeyuan Zhang®f, Yujing He?, Jianing Huang?, Jie Yao? and Xieyan Zhuang®

LGynecology, The Affiliated Libuili Hospital, Ningbo University, Ningbo, Zhejiang, People’s Republic of China

2School of Public Health, Zbejiang Chinese Medical University, Hangzhou, Zhejiang, People’s Republic of China

3The Second Clinical Medical College, Zhejiang Chinese Medical University, Hangzhou, Zbejiang, People’s Republic of China
iGynecology Department of Mingzhou Hospital, Ningbo, 315000 Zhejiang, People’s Republic of China

(Submitted 23 March 2023 — Final revision received 2 July 2023 — Accepted 4 July 2023 — First published online 10 July 2023)

Abstract

The purpose of this study is to further investigate the relationship between sweetener exposure and the risk of endometrial cancer (EC). Up until
December 2022, a literature search in an electronic database was carried out utilizing PubMed, Web of Science, Ovid, and Scopus. The odds ratio
(OR) and 95 % confidence interval (CD) were used to evaluate the results. Sweeteners were divided into nutritional sweeteners (generally refers to
sugar, such as sucrose and glucose) and non-nutritional sweeteners (generally refers to artificial sweeteners, such saccharin and aspartame). Ten
cohort studies and two case-control studies were eventually included. The study found that in 12 studies, compared with the non-exposed
group, the incidence rate of EC in the sweetener exposed group was higher (OR =115, 95 % CI =[1-07, 1-24]). Subgroup analysis showed that in
11 studies, the incidence rate of EC in the nutritional sweetener exposed group was higher than that in the non-exposed group (OR = 125,95 %
CI=[1-14, 1-38D. In 4 studies, there was no difference in the incidence rate of EC between individuals exposed to non-nutritional sweeteners and
those who were not exposed to non-nutritional sweeteners (OR = 0-90, 95 % CI=[0-81, 1-01]). This study reported that the consumption of
nutritional sweeteners may increase the risk of EC, whereas there was no significant relationship between the exposure of non-nutritional
sweeteners and the incidence of EC. Based on the results of this study, it is recommended to reduce the intake of nutritional sweeteners, but it is

uncertain whether use of on-nutritional sweeteners instead of nutritional sweetener.
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Endometrial cancer (EC) is the sixth most common cancer
worldwide and, after breast cancer, the second most common
female cancer in developed countries. Its incidence has
increased significantly over the last two decades'=?. In 2020,
EC caused 544 000 new cases and 260 000 deaths worldwide,
with Northern America and Europe having the highest
incidence and mortality rates'?. It is currently estimated that
the lifetime risk of EC in women is 3-1 %Y. As the incidence of
EC is increasing, it is critical to reduce the incidence of EC.
Ageing, obesity, type 2 diabetes mellitus (T2DM), insulin
resistance and lifelong oestrogen exposure have now been
established as EC risk factors®". According to a recent study,
obesity-related factors have a strong correlation among the
various risk factors for EC®, with obesity contributing to 34-0 %
of the worldwide incidence of EC®. Excessive energy intake!?)
and reduced physical activity'” are major contributors to
obesity, while high sugar intake may cause excessive energy

intake, which will lead to long-term weight gain’® and an
increased risk of T2DM"9. Sugar intake increases the risk of
cancer and can also be mediated by mechanisms such as
inflammation® and increased insulin resistance™®. Therefore,
some scholars have speculated that the consumption of
nutritional sweeteners is a potential cause of EC. The WHO
recommends limiting sugar intake to less than 10% of daily
energy intake due to the detrimental health effects of excessive
sugar consumption. Non-nutritional sweeteners, according to
the College of Nutrition and Nutrition, can help limit energy
intake as a tactic for weight and blood glucose control’®, and we
further speculated that it may reduce the incidence of EC!7.
Additionally, non-nutritional sweeteners are compounds in their
own right and their toxicity is of concern®.

To sum up, this study investigated the relationship between
sweetener exposure and the incidence of EC, both nutritional
and non-nutritional, by collecting relevant studies.

Abbreviations: EC, endometrial cancer; T2DM, type 2 diabetes mellitus.
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Methods
Search strategy

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyzes (PRISMA) guidelines”’ were followed in the planning,
execution and reporting of this meta. All literatures up to
December 2022 were searched in ‘PubMed’, “Web of Science’,
‘Scopus’ and ‘Ovid’ to identify relevant articles which reported
the exposure of sweeteners and the risk of EC. The terms
‘sweetener’, ‘artificial sweetener’, ‘nutritional sweetener’, ‘non-
nutritional sweetener’, ‘saccharin’, ‘sugar and ‘endometrial
cancer’ were used as core words for retrieval. In order to avoid
omitting any potentially relevant studies, references in the
primary articles and related reviews were manually checked as
well. This meta-analysis’s Prospero registration number was
CRD42023400167.

Inclusion criteria and exclusion criteria

For inclusion, studies should satisfy the following criteria: (1) the
design of case—control, prospective or retrospective cohort study
was adopted; (2) participants were not having EC at the time of
recruitment (cohort study) or who had no prior history of the
disease (case—control); (3) the exposed group was exposed to
any kind or dose of sweetener, while the non-exposed group
was rarely exposed to sweetener (compared with other
participants in the same study); and (4) the incidence of EC
was taken as the outcome.

As per the exclusion criteria: (1) the full text cannot be
obtained; (2) the research was not published in English;
(3) research data cannot be extracted; and (4) if the cohort or
participant is duplicated, the article should be included with the
most recent information or the most thorough information.

Sweeteners are a type of substance that can add sweetness to
food, including natural and added ingredients®”. Based on their
ability to generate heat and provide energy to the human body,
sweeteners can be categorised as either nutritional or non-
nutritional®”. Sugars and sugar alcohols, such as glucose,
fructose, sucrose, xylitol and maltose which are the common
sugars we come into contact with in life, are common nutritional
sweeteners in food and beverages'®, Non-nutritive sweeteners
are almost energy-free but highly sweet and can be divided into
two types: natural sources such as stevioside and ginsenoside,
and synthetic sweeteners such as aspartame, sucralose, and
saccharin®®. The non-nutritional sweeteners referred to in this
article are mainly artificial sweeteners.

Quality assessment and data extraction

29 was used to

The Newcastle-Ottawa Quality Assessment Scale
evaluate case—control and cohort studies. Selection, compa-
rability, outcome or exposure were all part of the assessment.
The article is of high quality when the score is greater than 6. If
there is disagreement in evaluation, a third researcher will
discuss and analyse it together.

Using a pre-made data extraction form, two authors separately
extracted the characteristics of the articles. These significant data
included author, year, country, exposure assessment, number of
participants, type of sweeteners, adjust parameters, study designs,

source of population, age at recruitment, the median age at the
time of analysis, duration of experiment, median follow-up time,
number of EC cases and sweetener dose measurement methods.

Statistical analysis

All statistical analyses of data were carried out by using Stata12.0
software. OR and 95 % CI were used to assess the relationship
between exposure to sweeteners and the incidence of EC. The
Chi-square test was used to identify any potential heterogeneity
between studies, and 12 > 50 % was regarded to indicate a high
level of heterogeneity®?. It is important to take into account the
complexity and diversity of exposure factors, such as different
kinds of sweeteners, different methods of sweetener extraction,
different exposure times and different follow-up times of each
cohort. The included studies were chosen by the random effect
model, while the proportion of each study was defined to
increase the reliability of the results. Subgroup analysis was
conducted concurrently to investigate the cause of hetero-
geneity. Begg’s test? can be used to evaluate publication bias,
and sensitivity analysis can be employed to evaluate the stability
of studies. P < 0-05 was considered statistically significant.

Results
Literature search

The research selection procedure in accordance with PRISMA
guidelines is reported in Fig. 1. A total of 588 potential publications
were identified from the electronic databases, such as PubMed,
Web of Science, Scopus and Ovid. After removing duplicates,
504 articles were screened out, 451 of which were disqualified
based on their titles and abstracts. Among the fifty-three eligible
articles, forty-one were excluded due to the following reasons:
eleven exposure factors did not include sweeteners, sixteen
studies belonged to basic studies, reviews, comments, and
meta-analyses, nine studies were unable to extract data or get the
full text, two studies were duplicate cohorts and three studies
belonged to non-English articles. Ultimately, twelve studies!>26-30)
were included in the systematic reviews, including two case—
control studies®*3? and ten cohort studies>20:27:2931-30) o which

(15,26,27,29-36)

eleven mentioned nutritional sweeteners and four

mentioned non-nutritional sweeteners2$29-3233),

Study characteristics and quality evaluation

Of the twelve studies>2°39 on the relationship between
sweetener exposure and the incidence of EC, four studies were
conducted in the USA®3139  three in Canada®3*3 and one
each in France®”, Sweden", Ttaly®® Australia®?, and the
UK®®_ The experiments were conducted from 1982 to 2016, and
the articles were published between 2005 and 2022. Most of the
studies used FFQ to evaluate sweeteners. The cohort study
enrolled 570 636 participants, of whom 3707 developed EC, with
a total of 878 cases of EC and 2829 controls in the case—control
study. The recruitment age of all studies was 20 years or older,
with a median age at analysis ranging from 50-8 to 67-6 years and
a median follow-up time ranging from 6-4 to 16-4 years. The
types of sweeteners were roughly divided into total sugars,

ssaud Ais1anun abpriquie) Ag auljuo paystiand 781 00£ZSy L LL000S/LL0L 0L/BIo 10p//:sd1y


https://doi.org/10.1017/S0007114523001484

o

British Journal of Nutrition

Endometrial cancer and sweetener exposure 65
=
-8 Records identified through Additional records identified
S database searching through other sources
=
= (n=588) (n =0)
)
a2
) v v
p— Records after duplicates removed
(n =504)
ap
=
=
@
Q h 4
(=]
&2 Records screened Records excluded
(n =504) g (n =451)
v
= Full-text articles assessed Full-text articles excluded, with reasons
= for eligibility (n=41)
= (n=53)
oo : .
o The exposure factors did not include
¥ sweeteners
o ] (n=11)
_ Studies included in Studies belong to basic
qualitative synthesis studies/reviews/comments/meta-analysis
(n=12) (n=16)
Studies unable to extract data or get the
W % full text
= o . =5
Té Studies included in Studies belongs to duplicate cohorts
= quantitative synthesis (n=2)
(meta-analysis) Studies belong to non-English articles
(n=12) (n=3)

Fig. 1. A schematic flow for the selection of articles included in this meta-analysis.

sugar-sweetened beverages, sugar-free beverages, artificially
sweetened soft drinks, and so on. Among four studies on non-
nutritional sweeteners?523239 only one®® was evaluated through
food (excluding soft drinks), while the other three®3233 were
evaluated through beverages. The main adjustment factors of
the study included age, BMI, smoking, physical activity, energy
intake, age at menarche, alcohol use, education and oral
contraceptive use. Other characteristics are detailed in Table 1
and online Supplementary Table 1.

Using the Newcastle-Ottawa Scale, the quality of each of the
aforementioned case—control studies and cohort studies was
evaluated. The end result complied with the quality standards of
meta-analysis (online Supplementary Tables 2 and 3).

Total sweeteners and risk of endometrial cancer

In this meta-analysis, compared with the non-exposed group,
the incidence rate of EC was higher in the sweetener exposed
group, with statistically significant results (OR = 115,95 % CI 1-07,
1-24, P < 0-001) (Fig. 2). Excluding case—control studies®®3?, the
statistical results of ten cohort studies!>2027:29.31-30) showed
that the incidence rate of EC in exposed group was higher than
in the non-exposed group, and the results were still statistically
significant (OR =1-14, 95% CI 1-05, 1-24, P=0-001) (online

Supplementary Fig. 1). The heterogeneity in this study was high
at 60-7 %.

Nutritional sweeteners

The relationship between nutritional sweeteners and EC was
(15,26,27,2‘)%56>7 ten cohort stud-
ies and one case—control study®”, with a total of
571 458 participants. Statistical results showed that participants
exposed to nutritional sweeteners had a higher incidence of EC
than those not exposed to nutritional sweeteners (OR=1:25,
95% CI 1-14, 1-38, P<0-001) (Fig. 3). Begg’s test showed no
significant published bias (P = 0-08) (online Supplementary Fig. 2).
After deleting each study individually, the statistical findings
remained stable, according to the result of sensitivity analysis
(online Supplementary Fig. 3). In addition, the relationship
between the dose of nutritional sweetener exposure and the
incidence of EC was further categorised into subgroups. The
outcomes were as follows: compared with those who were not
exposed to nutritional sweeteners, those who were exposed to
low (OR=1-23, P<0-001), middle (OR =1-18, P=0-015) and
high doses (OR = 1-25, P=0-005) of nutritional sweeteners had
higher incidence rate of EC, respectively (Table 2). After excluding
case—control study®?, ten cohort studies!!320:27:2931-30) showed

investigated in eleven studies
(15,26,27,29,31-36)
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Table 1. Characteristics of included observational studies in the meta-analysis

Exposure assess- No. of
Author, year Country  ment participants Type of sweeteners Adjust parameters Study design
Silvera, S. A. 2005 Canada FFQ 49 613 Total sugars BMI, menopausal status, smoking, alcohol Cohort study
use, HRT use, OC use, parity, age at
menarche, physical activity, energy intake,
study centre and treatment
allocation
Cust, A. E. 2007 France FFQ 288 428 Total sugars Age, energy intake, BMI, height (representing ~ Cohort study
lean body mass), physical activity and
smoking
Friberg, E. 2011 Sweden FFQ 61 226 Total sucrose Age, BMI, coffee intake, energy intake, Cohort study
diabetes and smoking
Inoue-Choi, M. 2013 USA FFQ 23 039 Sugar-sweetened Age, smoking, physical activity, alcohol use, Cohort study
beverages and oestrogen use, age at menarche, meno-
sugar-free beverages pausal age, parity, coffee intake and BMI
Coleman, H. G. 2014  USA DHQ 36 115 Total sugars Age, BMI, age at menarche, menopausal age, Cohort study
race, OC use and energy intake
Hodge, A. M. 2018 Australia FFQ 35 593 Sugar-sweetened soft SEIFA, country of birth, alcohol use, Cohort study
drinks and artificially smoking, physical activity, consumption of
sweetened soft drinks hot beverages, waist circumference and
Mediterranean diet score
Dunneram, Y. 2019 UK FFQ 35 372 Soft drinks, low energy/diet Age, alcohol use, duration of breast- Cohort study
soft drinks feeding, physical activity, smoking, social
class, menopausal status, history of
diabetes and history of hypertension
Arthur, R. S. 2021 Canada FFQ 2351 Sugar-sweetened Age, education, smoking, alcohol use, physi-  Case—cohort
beverages cal activity, age at menarche, parity, meno- study
pausal age, HRT use, OC use, AHEI and
BMI
Willemsen, R. F. 2022 Canada The Canadian 26 462 Fructose Age, sex, BMI, energy intake, smoking and Cohort study
Diet History physical activity
Questionnaire
Zhu, G. 2022 USA Interview 12 437 Total sugars Age, BMI, PIR, energy intake, education, race Cohort study
and physical activity
Bosetti, C. 2009 ltaly Interview, FFQ 1362 All low-energy Age, year of interview, education, BMI, smok- Case—control
sweeteners ing, history of diabetes, consumption of hot study
beverages and energy intake
King, M. G. 2013 USA Telephone 822 Total sugary foods/drinks ~ Age, education, race, age at menarche, meno- Case—control

interview, FFQ

pausal status, menopausal age, parity, OC study
use, HRT use, BMI, smoking, energy intake

and physical activity

No., number; HRT, hormone replacement therapy; OC, oral contraceptive; DHQ, diet history questionnaire; SEIFA, socio-economic indexes for areas; AHEI, alternate healthy eating

index; PIR, poverty-to-income ratio.

that the incidence rate of EC in exposed group was higher
than that in the non-exposed group (OR = 1-24,95 % CI 1-13, 1-37,
P <0-00D) (online Supplementary Fig. 4).

Non-nutritive sweeteners

Three cohort studies®3233 and one case—control study®® with
a total population of 95 366 participants were conducted to
explore the relationship between non-nutritional sweeteners
and EC. According to statistical findings, there was no difference
in the incidence of EC between population exposed to non-
nutritional sweeteners and those not exposed to non-nutritional
sweeteners (OR=0-90, 95% CI 0-81, 1-01, P=0-067) (Fig. 4.
Begg’s test showed no significant published bias (P=0-276)
(online Supplementary Fig. 5). In addition, sensitivity analysis
showed that after removing each study one by one, the statistical
results of the relationship between non-nutritional sweeteners
and EC remained stable (online Supplementary Fig. 6). The
further subgroup analysis of non-nutritional sweeteners was
carried out according to the dosage. The results were as follows:
compared with the population not exposed to non-nutritional

sweeteners, population exposed to low-dose non-nutritional
sweeteners had a lower EC incidence (OR = 0-77, 95 % CI 0-64,
0-94, P=0-011), which only included two studies. Besides, there
was no difference in the incidence of EC between the group
exposed to middle (OR=1-03, P=0-752) and high doses
(OR=0-81, P=0-090) of non-nutritional sweeteners and the
unexposed group, respectively (Table 2). After excluding case—
control study®, three cohort studies®®”3%3% showed that there
was no significant difference in the incidence rate of EC between
the exposed group and the non-exposed group (OR = 0-90, 95 %
CI 0-80, 1-01, P=0-064) (online Supplementary Fig. 7).

Discussion

A total of twelve studies!>?03% (two case—control studies?®3?
and ten cohort studies!!>20272931-30) "including 572 820 partic-
ipants, were included in this study to evaluate the relationship
between sweeteners and EC. According to the statistical results,
the consumption of sweeteners was positively correlated with the
risk of EC. After subgroup analysis of sweeteners, we discovered
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Study %
ID OR (95% Cl) Weight
Silvera, S. A. (2005) *— 1-23 (0-92, 1-63) 3-31
Silvera, S. A. (2005) & 1-17 (0-87, 1-56) 325
Silvera, S. A. (2005) :4 1-26 (0-94, 1-68) 327
Cust, A. E. (2007) —_ 1-36 (1-05, 1-76) 363
Bosetti, C. (2009) ———— 0-96 (0-67, 1-40) 253
Friberg, E. (2011) :—0— 1-50 (1-19, 1-89) 396
Friberg, E. (2011) - 1-41 (1-09, 1-83) 362
Friberg, E. (2011) —:—0— 1-36 (1-04, 1-77) 3.54
Friberg, E. (2011) 1 -4~ 1-51 (0-88, 2-58) 1-51
Friberg, E. (2011) - & 1-76 (1-03, 3-01) 1-52
Friberg, E. (2011) - ~4- 1:73 (1:01, 2:97) 1-51
Inoue-Choi, M. (2013) : % 1-34 (0-96, 1-86) 2:86
Inoue-Choi, M. (2013) —t 1-36 (0-98, 1-89) 2-88
Inoue-Choi, M. (2013) : ¢ 1-40 (1-01, 1-94) 2-90
Inoue-Choi, M. (2013) | —— 174 (1:27, 2-38) 302
Inoue-Choi, M. (2013) & ! 0-73 (0-50, 1-06) 2:47
Inoue-Choi, M. (2013) - : 0-86 (0-65, 1-13) 3-42
Inoue-Choi, M. (2013) —— 0-99 (076, 1-28) 3-60
Inoue-Choi, M. (2013) + : 0-80 (0-60, 1-06) 3:33
Inoue-Choi, M. (2013) - = 1-88 (0-91, 3-91) 0-93
Inoue-Choi, M. (2013) -+ ' 0-92 (0-40, 2-12) 0-73
Inoue-Choi, M. (2013) : -+ 1-46 (069, 3-10) 0-88
Inoue-Choi, M. (2013) - & 1-47 (0-69, 3-12) 0-87
Inoue-Choi, M. (2013) +- . 0-81 (0-35, 1-86) 0-73
Inoue-Choi, M. (2013) & : 0-63 (0-31, 1-28) 0-97
Inoue-Choi, M. (2013) - 1-16 (064, 2:09) 1-31
Inoue-Choi, M. (2013) % | 0-87 (0-45, 1-69) 1-09
King, M. G. (2013) - 1-38 (0-86, 2-19) 1-86
King, M. G. (2013) ' ¢ 1-46 (093, 2-29) 1-96
King, M. G. (2013) — 1:38 (0-87, 2:20) 188
Coleman, H. G. (2014) —— : 0-81 (071, 0-93) 522
Hodge, A. M. (2018) o 1-04 (0-60, 1-82) 1-44
Hodge, A. M. (2018) ——L 0-92 (0-52, 1-65) 1-36
Dunneram, Y. (2019) ——— 1.00 (0-74, 1-34) 3.20
Dunneram, Y. (2019) R 1-03 (079, 1-35) 352
Arthur, R. S. (2021) : - 1-39 (0-93, 2-08) 2:27
Arthur, R. S. (2021) — 1-37 (0-92, 2-05) 228
Willemsen, R. F. (2022) - + 0-82 (0-50, 1-36) 1-69
Willemsen, R. F. (2022) & : 0-75 (0-44, 1-26) 1-57
Willemsen, R. F. (2022) - 1-16 (0-73, 1-85) 1-87
Zhu, G. (2022) ¢ ! 1-00 (0-99, 1-02) 623
Overall (I-squared = 60-7%, p = 0-000) <> 1415 (1:07, 1-24) 100-00
NOTE: Weights are from random effects analysis :

| |

-256 1

3-91

Fig. 2. Forest diagram of total sweeteners exposure and endometrial cancer incidence (P < 0-001).

that nutritional sweeteners increase the incidence of EC, whereas
non-nutritional sweeteners may do not.

Nutritional sweeteners can burden heat and consist mainly of
sucrose, glucose and maltose!'>2". Due to their high concen-
tration of readily absorbed carbohydrates, nutritional sweeteners
can raise the risk of diabetes®”. Numerous studies showed that
T2DM was related to the occurrence of EC342, Compared with
women without T2DM, women with T2DM have a 62%
increased risk of EC“?. The metabolic disorders caused by

T2DM, such as dyslipidemia and hyperinsulinemia, were
thought to be responsible for EC“*#, Hyperlipidemia can lead
to increased levels of cholesterol and non-esterified fatty acid
levels, which activate cancer signal pathways, membrane
synthesis and ATP“?, further increasing the incidence of EC.
By obesity, nutritional sweeteners can also raise the risk of
EC“%. Due to their high added sugar content, low satiety and
potential for insufficient compensation for total energy, nutri-
tional sweeteners may cause excessive energy intake, resulting
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Study %
ID OR (95% CI) Weight
Silvera, S. A. (2005) —_ 1.23 (092, 1-63) 4-33
Silvera, S. A. (2005) — 1-17 (0-87, 1-56) 4-26
Silvera, S. A. (2005) _— 1-26 (0-94, 1-68) 4-28
Cust, A. E. (2007) —_—— 1-36 (1:05, 1-.76) 468
Frberg, £, (2011) T 141 (109, 183) 467
Friberg, E. (2011) —— 1-36 (1-04, 1-77) 458
Friberg, E. (2011) + 1-51(0-88,2-58) 2-16
Friberg, E. (2011) - - 1.76 (1:03,3-01) 216
Friberg, E. (2011) : + 1-73(1-01, 2.97) 215
Inoue-Choi, M. (2013) . 1.34 (0-96, 1-86) 3-82
Inoue-Choi, M. (2013) T 1-36 (0-98, 1-89) 3-84
Inoue-Choi, M. (2013) —— 1-40 (1-01, 1-94) 3.-87
Inoue-Choi, M. (2013) — 1.74 (1-27,2:38)  4-00
Inoue-Choi, M. (2013) ‘[ -4~ 1-88 (0-91, 3-91) 1-36
Inoue-Choi, M. (2013) ® - 0-92 (0-40,2:12) 1.09
Inoue-Choi, M. (2013) — 1-46 (0-69, 3-10) 1-29
Inoue-Choi, M. (2013) — 1-47 (0-69, 3-12) 1-28
King, M. G. (2013) —_—T— 1-38 (0-86, 2:-19) 2:60
King, M. G. (2013) ——— 1-46 (0-93,2-29) 272
King, M. G. (2013) — 1.38 (0-87, 2:20) 263
Coleman, H. G. (2014) — : 0-81(0-71,0-93) 6-28
Hodge, A. M. (2018) — 1.04 (0-60, 1-82) 2-06
Dunneram, Y. (2019) —— 1-00 (0-74, 1-34) 4-20
Arthur, R. S. (2021) — 1-39 (0-93,2-08) 3-12
Arthur, R. S. (2021) ——— 1.37 (0-92, 2.05) 313
Willemsen, R. F. (2022) * - 0-82 (0-50, 1-36) 2-38
Willemsen, R. F. (2022) + : 0-75 (0-44, 1-26) 2-22
Willemsen, R. F. (2022) —_— 116 (0-73, 1-85) 2-62
Zhu, G. (2022) o 1-00 (0-99, 1-02) 7-19
Overall (l-squared = 68:6%, p = 0-000) Q 1-25(1-14, 1-38) 100-00
NOTE: Weights are from random effects analysis :

T I

-256 1

Fig. 3. Forest plot of nutritional sweeteners exposure and incidence of endometrial cancer (P < 0-001).

Table 2. Subgroup analysis of the association between sweeteners
exposure and the incidence of endometrial cancer

Subgroup  No. of studies OR 95% CI P 12 (%)
Dose of nutritive sweeteners
Low 9 1.23 1-11,1.36 <0-001 82
Middle 8 1-18 1.03, 1-35 0-015 314
High 9 1.25 1.07, 147 0-005 50-7
Dose of non-nutritive sweeteners
Low 2 0.77 0-64, 0-94 0-011 0-0
Middle 2 1.03 0-84, 1-28 0-752 0-0
High 2 0-81 0-64, 1-03 0-090 0-0
No., number.

All references are rarely exposed to sweeteners.

in weight gain“>%”. Some studies showed that obesity increased
the risk of EC by 2-6 times*®. Inflammation, insulin resistance,
hyperinsulinemia, elevated steroid hormone bioavailability and
oxidative stress response are some of the mechanisms by which
obesity is associated with cancer?. Specifically, insulin acts on
endometrial tissue through mitosis and anti-apoptotic growth

factors, promoting cell proliferation and tumour growth®”5059,

Insulin can also promote tumorigenesis directly through insulin
receptors in the endometrium®. Hyperinsulinemia will pro-
mote the occurrence of ovarian hyperandrogenism, which in
turn leads to the release and aromatisation of androgens from
adipose tissue, resulting in an increase of oestrogen®”. Research
showed that the risk of EC is mainly related to hormone levels.
When oestrogen is not inhibited by progesterone, it will increase
the stimulation of endometrial epithelium and further increase
the probability of EC®?. Obesity also leads to the decrease of
hepatic sex hormone-binding globulin, which in turn increases
the diffusion of bioavailable oestrogen to the endometrium®?.

The mechanism of obesity-induced EC differs in women with
different menstrual statuses. The fundamental reason for this is
that oestrogen is not inhibited by progesterone in premeno-
pausal women. It might be because adipose tissue becomes the
primary component of oestrogen production in postmenopausal
women®?. Obesity caused by high glucose also means having
more adipose tissue, and this additional glandular transformation
of adipose tissue increases the production of oestrogen®>>®,
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Fig. 4. Forest plot of non-nutritional sweeteners exposure and incidence of endometrial cancer (P = 0-067).

Itincreases the level of oestrogen in the blood, thereby inhibiting
cell apoptosis, boosting endometrial cell proliferation, encour-
aging angiogenesis and increasing the risk of EC®”. In a word,
our study shows that nutritional sweeteners will increase the risk
of EC.

However, a recent Mendelian randomisation study on the
relationship between dietary factors and EC yielded inconsistent
results. Mendelian randomisation studies showed that sugar can
reduce the risk of EC®®. This may be due to the following
reasons: first, the study only included European participants.
Second, it did not take into account macronutrients according
to type, making it impossible to assess whether there are
differences in causal effects between certain subtypes and the
overall nutrients. Additionally, it was accomplished by using a
relative macronutrient intake that may be within the dose range
for safety. Finally, Mendelian randomisation was not consistent
with our study methodology, and the final conclusion needs
further evaluation.

Non-nutritional sweeteners, which primarily consist of stevia
glycosides, sucralose, aspartame, etc., have nearly no energy
content but are sweeter®!?2. Compared with nutritional sweet-
eners, the use of non-nutritional sweeteners may reduce the
incidence of T2DM and obesity®®. In order to control body
weight and blood glucose levels, obese patients frequently use

non-nutritional sweeteners to reduce energy content and
carbohydrate intake®”. Research showed that, compared with
sugary drinks, sugar-free soda water was less related to
diabetes'®. According to Higgins’ findings, sucralose, a non-
nutritional sweetener, could cause weight loss and a decrease
in energy intake in the non-nutritional sweetener group, while
sucrose or saccharin caused weight gain in the nutritional
sweetener group‘©,

However, according to the latest use of non-sugar sweet-
eners: WHO guideline, issued by WHO. This report suggests
higher incidence of obesity, higher BMI, higher risk of T2DM,
based on prospective observational studies®?. Because non-
nutritional sweeteners are synthetic, there are always safety
concerns. Some by-products of non-nutritional sweeteners,
such as formaldehyde, a metabolite of aspartame, are certain
carcinogens. At present, its reasonable biological mechanism has
been determined through experimental research. To be detailed,
formaldehyde can cause DNA damage, chromosome aberration
and mitotic error®%?. Some researchers have also speculated
that non-nutritional sweeteners may interact with both identified
and undiscovered taste receptors. These receptors have an affinity
for non-nutritional sweeteners found in the intestine and are
related to the ability to glucose absorption and homoeostasis®>,
indicating that they are somewhat comparable to sugar
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sweeteners. Alternatively, non-nutritional sweeteners can also
directly affect the intestinal epithelium to modify intestinal
epithelial functions, such as the production of adhesins and
intestinal barrier function©®=*?, which normally control the
formation and metabolism of the gut microbiota®7’?. Overall,
non-nutritional sweeteners can have an impact on the human
body through gut microbiota, including glucose intolerance and
metabolic changes. Furthermore, a meta-analysis including nine
cohort studies found that there was no relationship between non-
nutritional sweeteners intake and body weigh”V. Simultaneously,
some scholars have conducted relevant studies on the dose of
non-nutritional sweeteners. The results showed that compared
with the consumption of higher doses of non-nutritional sweet-
eners, lower doses of non-nutritional sweeteners consumption
can reduce weight gain’”. The specific mechanism is not clear.
According to our study, non-nutritional sweeteners are not
associated with EC, but the intake of low doses (< 0-4 servings/
week or 1-3 times/month) of non-nutritional sweeteners may
help reduce the incidence of EC.

Advantages, limitations and prospects of current
experiments

As far as we know, this is the first systematic review and meta-
analysis to investigate the relationship between sweeteners and
EC, which distinguishes between nutritional sweeteners and
non-nutritional sweeteners. Due to the heterogeneity among the
included studies, such as different types of sweeteners, different
follow-up times of each cohort and so forth, a random effect
model was adopted to improve the reliability of the results.
However, there are certain limitations on this study as well. It is
important to acknowledge that there was significant hetero-
geneity, which may result from variations in methods, pop-
ulations, sweetener kinds and their intake dose. There is no way
to do future research due to the small number of articles included
in this study, particularly those pertaining to non-nutritional
sweeteners. Despite the fact that we have divided sweetener
doses into groups, it is difficult to clearly distinguish between
low, middle and high doses due to the various dose evaluation
methods in each study. Among the four studies?®2323%
including non-nutritional sweeteners, only three®3233 consid-
ered the intake of non-nutritional sweeteners in beverages,
resulting in incomplete data. Due to the inconsistent adjustment
of confounding factors in each study, for example, only four
studies1>282933 excluded or adjusted for coffee as a con-
founding factor. As coffee has been proven to be associated with
a decrease in ECY?, it may also have a certain impact. Most of the
included studies used the FFQ, which is a self-reported
questionnaire, making it likely to have memory bias in data
collection. Most of the systematic reviews were conducted in
North America, while the rest were conducted in Northern
Europe and Australia. Therefore, the results of this study may not
be suitable for direct extrapolation to other countries.

Due to the limitations of this study, especially the non-
nutritional sweeteners, more and larger-scale studies are needed
for further discussion. In addition, our research shows that the
incidence of EC is different between nutritional sweeteners and

non-nutritional sweeteners. Consequently, it is advised to
distinguish between nutritional and non-nutritional sweeteners
by considering the danger of sweeteners and cancer risk in the
future.

Conclusion

This study reported that consumption of sweeteners as well as
nutritional sweeteners may increase the risk of EC, whereas the
exposure to non-nutritional sweeteners is not associated with
the incidence of EC. Besides, it is worth noting that consuming
low doses of non-nutritional sweeteners may lessen the
incidence of EC.
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