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Background

Consumption of free sugars has been linked to escalating rates of overweight and obesity (2,
3), as well as development of diet-related noncommunicable diseases (NCDs), including dental
caries, type 2 diabetes, cardiovascular diseases and cancer (4-7).

As part of global efforts to stem the tide of obesity and diet-related NCDs, the World Health
Organization (WHO) has issued guidance on intake of sugars, recommending that intake be
significantly reduced (8). With the current focus on reducing intake of free sugars, interest in
non-sugar sweeteners (NSS) as a possible alternative has intensified.

NSS are no-calorie or low-calorie artificial and natural sweeteners that have been developed
as an alternative to sugars. They are widely used as ingredients in pre-packaged foods and
beverages, and are added to foods and beverages by consumers (9-11). NSS include synthetically
derived chemicals and natural extracts that may or may not be chemically modified. Because of
their ability to impart sweet taste without calories, some argue that they can help to prevent
overweight and obesity. However, others suggest that they may increase risk. From an oral
health standpoint, NSS might reduce the risk of dental caries if used as a replacement for sugar.
Although commercially available NSS are tested for toxicity before being introduced into the
market, potential long-term effects on health of consuming NSS at levels below the acceptable
daily intake (ADI) established by authoritative bodies are not as well characterized.

Toinformthe developmentof WHO guidance on NSSintake, a systematicreview was commissioned
and publishedin 2019 (1). The currentreview is an update and expansion of that review: it updates
the review with new studies published since the search was conducted in the original review,
and also includes studies excluded from the original review in which NSS were not specified
by name, as well studies assessing the effects of NSS intake in pregnant women. This review
attempts to address both any inherent health effects of NSS (i.e. health effects attributable to
NSS regardless of comparator), as well as health effects of NSS when compared with sugars or
water, when consumed at safe levels as established by authoritative bodies.









2.1.6

2.1.7

2.2

2.3

2.4

controlled trials, ecological studies, case series and case reports, reviews, and meta-analyses
were excluded.

Duration

Studies with a minimum intervention duration or follow-up of 13 days for blood lipid outcomes,
1 year for disease incidence outcomes (i.e. incident cancer, cardiovascular diseases, type 2
diabetes), and 7 days for all other outcomes in adults and children were included. Outcomes for
pregnant women required assessment of NSS exposure during pregnancy without restrictions on
follow-up time.

Other

There were no restrictions by type of setting, language or date of publication.

Search strategy

We conducted a multipronged search, building on the search conducted in the original systematic
review (1). This included:

A screening the excluded studies list from the original review for studies that were excluded
because the NSS was unspecified;

A systematically searching MEDLINE,* Embase and the Cochrane Central Register of Controlled
Trials (CENTRAL), from 1 January 2017 to 26 July 2021 to update the original review; and

A because we slightly modified the search strategy used in the original review to increase the
sensitivity, searching the same databases with the added or modified terms and without date
restrictions to pick up any relevant studies not included in the original search.

The search strategies are shown in Annex 1.

Selection process

After collection of all potential records and removal of duplicates, all the titles, abstracts and
full texts were screened for eligibility in duplicate by two researchers. The data management
software Covidence? was used for the selection process. Any disagreement on the exclusion or
inclusion of a record between the two reviewers was resolved by discussion.

Data extraction

Data extraction was done in two steps. In the first step, the basic study information, such as
study design, population, country, funding, intervention, comparator, outcome, sample size and
summary of effect, were extracted for all studies. In the second step, the full information was
extracted for a subset of studies, depending on the study designs available for each outcome. The
order of priority for full data extraction was RCTs, prospective cohort studies, nonrandomized
controlled trials, case—control studies and cross-sectional studies.

If multiple interventions were conducted in a study, the comparisons allowing the best estimate
of the effect of NSS were selected. Data were not extracted for arms of trials with multifactorial
interventions that were not matched for everything except NSS across arms of the trial. If
outcomes were measured at multiple time points, the time points nearest to the beginning and
the end of the intervention were selected for experimental studies, or the longest follow-up for
observational studies. If a single study was published in multiple articles, the most complete and
recent estimates were extracted.

t Including MEDLINE In-Process & Other Non-Indexed Citations
2 https://www.covidence.org/
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2.7

When we were unable to identify relevant studies from which to derive a correlation coefficient, a
value of 0.5 was selected, and sensitivity analyses using values of 0.25 and 0.75 were conducted
to assess the impact on the results.

If comparable outcome data from two or more studies were available, we conducted random
effects meta-analyses using the DerSimonian-Laird method (21). Meta-analyses were conducted
separately for adults, children and pregnant women, and, within each population, separately
for RCTs, prospective cohort studies and case-control studies. In multi-arm trials, arms were
combined for the main meta-analyses when they included:

A two or more relevant comparators to NSS (i.e. sugar-sweetened beverages [SSBs] and water
controls); or

A two or more NSS interventions (e.g. multiple doses of the same NSS or multiple, different
NSS).

Trial arms were combined using the formula for combining groups recommended in the Cochrane
handbook for systematic reviews of interventions (16). Heterogeneity was assessed with the I?
statistic. Sources of heterogeneity and confounding were explored using pre-specified subgroup,
sensitivity and meta-regression analyses. A priori analyses included differences in effects
between:

>

normal-weight and overweight populations;

>

comparators of NSS (i.e. water, sugar, nothing/placebo);

>

study designs (including weight loss vs non-weight loss studies);

>

publication types (e.g. poster/abstract, journal article);

>

participant consumption patterns of foods and beverages containing free sugars and foods
and beverages containing NSS;

A durations of the intervention/exposure; and

A risks of bias in the studies.
Studies that could not be meta-analysed were reported narratively.

For the 1997 study by Blackburn et al. (22), the data reported for the longest follow-up (week
151) were used in all analyses except for subgroup analyses by study design (weight loss vs non—
weight loss studies); for these analyses, the data reported at the end of the weight maintenance
phase were used (week 71). In the original study by Engel et al. (2018) (23), standard deviations
were erroneously reported as standard errors. A correction was issued in 2020 fixing this error
(24), and values used in this review are the corrected values.

Statistical analyses were conducted with RAnalyticFlow (version 3.1.8) with the package meta.

Assessment of quality of evidence

The quality of (certainty in) the evidence was assessed using the GRADE framework.* Certainty in
the evidence was assessed as very low, low, moderate or high, based on risk of bias, inconsistency,
indirectness and imprecision, as well as other considerations including possibility of publication
bias and evidence of a dose-response relationship (in the case of observational studies).

* https://www.gradeworkinggroup.org/
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Results

From more than 8000 records identified, a total of 370 records, representing 283 unique studies
conducted in adults, children, pregnant women or mixed populations, were included in this
review:

A 50RCTs

>

97 prospective cohort studies

>

47 case—control studies assessing cancer outcomes

>

5 nonrandomized controlled trials

A 69 cross-sectional studies

A 15 ongoing/registered trials (for which published results were not identified).

The flowchart of the study selection process is shown in Fig. 1. Studies were identified that
assessed virtually all priority health outcomes for each population of interest, and the coverage
of outcomes across study types is shown in Fig. 2 and in tabular form in Annex 2. Characteristics
of included studies are shown in Annex 3 and of ongoing trials in Annex 4. Reasons for exclusion
of studies can be found in Annex 10, and differences between this review and the original review
can be found in Annex 11.

This review includes 45 RCTs conducted in adults, four in children, and one including both adults
and children. No relevant trials in pregnant women were identified. Trial duration in adults
(including follow-up post-intervention) ranged from 7 days to more than 3 years. Trials in adults
were conducted in lean populations (n = 10), mixed-weight populations (n = 20) or exclusively
overweight populations (n = 15). They were generally of mixed sex (n = 38), but one trial included
males only, and five trials included females only (one trial did not specify). Eight of the trials
conducted in adults were crossover trials; the remainder had a parallel design. Thirteen of the
trials used an unspecified NSS in their intervention, 12 used aspartame, six used sucralose, three
used stevia, one used saccharin, five used a mix of more than one NSS, one used advantame,
and four tested multiple NSS separately (saccharin, aspartame, rebaudioside A/stevia, sucralose;
sucralose, stevia; aspartame, acesulfame K). Trials in adults were conducted in Australia (n = 2),
Denmark (n = 2), France (n = 2), Greece (n = 1), the Republic of Korea (n = 4), the Islamic Republic of
Iran (n = 1), Latvia (n = 1), Mexico (n = 6), New Zealand (n = 2), Switzerland (n = 1), Thailand (n = 1),
the United Kingdom (n = 7), the United States (n = 14) and multiple countries (n = 1).

The four RCTs in children were all of parallel design, conducted in mixed-sex populations (except
for one conducted in females only), and lasted from 6 weeks to 18 months. Two trials used stevia
in the intervention arm, one used a mix of sucralose and acesulfame K, and one used sucralose.
One trial in children was conducted in each of India, Italy, the Netherlands and South Africa.

The single parallel trial conducted in adults and children included a mixed-sex population, used
aspartame in the intervention, and was conducted in the United States.

Seventeen of the trials conducted in adults, two of the trials conducted in children, and the trial
with both adults and children were either fully or partially funded by industry. Interventions
included providing dietary advice (with or without the provision of food) to effect behaviour
change (e.g. replacing sugar-sweetened foods and/or beverages with those that contained NSS
or were unsweetened), using supplemental foods and beverages containing sugars or NSS, asking
habitual users of NSS to discontinue use, and providing NSS in capsule form compared with a
placebo. The focus of the trials was not always on assessing the effects of NSS; several trials had



Fig. 1. Flow chart of study identifcation and selection

8237 records retrieved from searches

% 1397 duplicates excluded

6840 records screened based on
title and abstract

% 6519 records excluded

321 records included for
full-text screening

Search

Title and abstract
screening

205 records included from list
of included and excluded studies

o0 from BM] 2019 review N

'g J 33 duplicates excluded

(4]

E . 139 articles excluded because:

3 493 records mcludgd for 48 Wrong intervention/exposure

:.'7' full-text screening 23 No outcome of interest

2 16 Wrong study/publication type
17 Study duration too short
10 Wrong study population

4 hand-searched }% 7 Wrong or no comparator
6 NSS too high
12 records identified from other 9 Duplicate
systematic reviews 3 Full text not found

= 370 records including 283 unique studies:

B 50 randomized controlled trials

o 97 prospective cohort studies

& 47 case—control studies

o 5 non-randomized controlled trials

& 69 cross-sectional studies

15 ongoing/registered trials

the primary goal of testing the effects of sugars and used NSS as a control. To reflect this, we refer
to the results of trials as having achieved a higher intake of NSS in one or more arms, rather than
explicitly increasing NSS intake or replacing sugars, for example. Additional detail about the RCTs
can be found in Table A3.1 of Annex 3.

Significant concerns were noted regarding one RCT included in this review with respect to how
data were reported, possible numerical errors, and unusual results for some outcomes (25).
Sensitivity analyses, in which this trial was removed, did not significantly alter the results for
any outcome, including body weight, waist circumference, body fat percentage, fasting glucose,
fasting insulin, triglycerides, total cholesterol, low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein (HDL) cholesterol, Homeostatic Model Assessment of Insulin Resistance
(HOMA-IR), energy intake or sugars intake. Excluding this trial also did not significantly affect
heterogeneity (i.e. did not push the value for |2 across the threshold for serious inconsistency of
50%), although results for BMI became statistically significant (see section 3.1.1). The study was
therefore retained in the main analyses.

This review includes 64 prospective cohort studies conducted in adults (representing
approximately 35 unique cohorts), 15 cohort studies in children (representing 13 unique cohorts),
one cohort study in children and adults (representing one unique cohort) and 17 cohort studies in

9 3. Results
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pregnant women (representing 12 unique cohorts). Of the studies in adults, 47 were of mixed sex,
15 were exclusively female, and two were exclusively male. All studies of children were of mixed
sex, except one that was exclusively girls. Follow-up in cohort studies in adults ranged from 2
years to more than 30 years, in children from 8 months to 10 years, and in pregnant women from
8 months to 16 years. Cohort studies in adults were conducted in Australia (n = 3), France (n = 4),
Japan (n = 1), Mexico (n = 1), the Russian Federation (n = 1), Spain (n = 4), the United Kingdom
(n = 1), the United States (n = 44) and multiple countries (n = 5). Cohort studies in children were
conducted in Australia (n = 1), Denmark (n = 1), the United Kingdom (n = 1) and the United States
(n = 12). The cohort study conducted in children and adults was conducted in Australia. Cohort
studies in pregnant women were conducted in Canada (n = 1), Denmark (n = 6), Germany (n = 1),
Iceland (n = 1), the Netherlands (n = 1), Norway (n = 2), Slovenia (n = 1), the United Kingdom
(n = 1) and the United States (n = 3). Additional detail about the prospective cohort studies can be
found in Table A3.2 in Annex 3. The prospective cohort studies included in this review adjusted
extensively for potential confounders, which are summarized in Annex5.

This review includes 41 case-control studies assessing cancer outcomes in adults (one study
reports results from two populations separately, and one reports on multiple, unspecified
populations together, for a total of 42 data sets). All case—control studies were conducted in
populations of mixed weight. Two were conducted exclusively in males, three exclusively in
femalesandtherestinmixed-sexpopulations. Twenty-two studies assessed effects of unspecified
sweeteners, 11 of multiple sweeteners, seven of saccharin and two of aspartame. Studies were
conducted in Argentina (n = 2), Canada (n = 4), China (n = 2), Denmark (n = 3), Egypt (n = 1), France
(n=2), Italy (n = 2), Japan (n = 2), Lebanon (n = 1), Serbia (n = 1), Spain (n = 1), Sweden (n = 2), the
United Kingdom (n = 2), the United States (n = 15) and multiple countries (n =1). Two studies
conducted in the United States assessing cancer in children were also included.! Additional detail
about the case-control studies can be found in Annex 3.

Results from nonrandomized controlled trials and cross-sectional studies are provided in
sections 3.1, 3.2 and 3.3 as supplementary evidence when little to no evidence is available from
trials, prospective cohort studies or case-control studies (in the case of cancer).

Risk of bias and GRADE assessments can be found in Annex 6 and Annex 7, respectively. Results
of funnel plot analysis can be found in Annex 8.

Adults
Adiposity

A total of 32 RCTs (22, 23, 25-54) and 13 prospective cohort studies (55-69) reporting on
measures of adiposity were included in meta-analyses. Results for measures of adiposity are
summarized in Table 2.

As assessed in RCTs, higher intakes of NSS resulted in a reduction in body weight of 0.71 kg
(Fig. 3) and BMI of 0.14 kg/m?, although the latter was not quite statistically significant (Fig. 4).
No significant effects were observed for other measures of adiposity as assessed in RCTs (Table 2;
Annex 9: Fig. A9.1-A9.5). Higher intakes of NSS were associated with a 0.14 kg/m?increase in BMI
and a 76% increase in risk of incident obesity as assessed in prospective cohort studies (Fig. 5
and 6). No other significant associations were observed in prospective cohort studies (Table 2;
Annex 9: Fig. A9.6-A9.9).

Data from studies that could not be included in meta-analyses

Six RCTs reported no significant effect on weight or intermediate markers of adiposity in adults,
but could not be included in the meta-analyses because of missing data (33, 70-75). In an RCT of

t |n addition, three case-control studies assessing outcomes other than cancer in adults were included in
the review but were not assessed as part of the evidence base as data was available from higher quality
RCTs and/or prospective observational studies.



Fig. 2. Outcomes reported by study design and population
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Note: Disease outcomes include both disease incidence and risk factors.

Table 2. Summary of results for NSS intake and measures of adiposity in adults

Measure of adiposity (unit) No. of studies/cohorts Efect estimate (95% Cl) 12 (%) Figure
29 RCTs MD -0.71 (-1.13, -0.28) 83 3
Weight (kg) 4 cohorts (cont) MD -0.12 (-0.40, 0.15) 76 A9.6
5 cohorts (hvl) MD -0.01 (-0.67,0.64) 49 A9.7
oM g/ 5 coharts (1) oossoom o | 19 | =
Incident obesity 2 cohorts (hvl) HR 1.76 (1.25, 2.49) 0] 6
Waist circumference (cm) 10 RCTs MD -0.24(-1.06, 0.58) 74 Ag.1
3 cohorts (hvl) MD 0.92 (-1.73, 3.56) 85 A9.8
Abdominal obesity 4 cohorts (hvl) HR 1.33(0.91, 1.96) 91 A9.9
Waist-to-hip ratio 3 RCTs MD 0.00 (-0.01, 0.01) 0] A9.2
Body fat mass (kg) 6 RCTs MD -0.54 (-1.56, 0.49) 87 A9.3
Body fat mass (%) 10 RCTs MD -0.11 (-0.78, 0.56) 74 A9.4
Body lean mass (kg) 6 RCTs MD -0.29 (-0.70, 0.11) 48 A9.5

cont: continuous, per serving; hvl: highest versus lowest category of intake.
Note: Bold font indicates a statistically significant effect.

11 3. Results
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Fig. 3. Efect of NSS intake on body weight (kg) in randomized controlled trials

Study NSS noNSS MD 95% ClI Weight MD (95% Cl)
Al-Dujaili 2017 16 16 -0.80 (-3.87,207) 1.5%

Blackburm 1997 41 45 -5.10 (-7.15,-3.05) 24% —=—

Bonnet 2018 (SEDULC) 50 50 -059 (-1.70,0.52) 4.0%

Campos 2015 (REDUCS study) 14 13  -2.30 (-5.09,049) 1.6%

Ebbeling 2020 (BASH Iil) 67 136 -0.35 (-1.75,1.05) 3.5%

Engel 2018 15 30 -0.57 (-227,112) 29%

Han 2018 40 81 077 (011,143) 49%

Higgins 2018 31 31 070 (-0.60,2.00) 3.6%

Higgins 2019 115 39 -1.41 (-2.20,-061) 4.6% L |

Kanders 1988 28 27 -0.98 (-2.75,0.78) 28% —-

Kim 2011 9 12 068 (-1.61,0.25) 44% 1

Kim 2020 39 39 -020 (-4.13,3.73) 1.0% —_—
Kuzma 2015 9 9 0.00 (-578,578) 05% —_—
Lertrit 2018 15 15  0.05 (-10.71,10.81) 0.2%

Madjd 2018 (week 77) 36 35 240 (097,383) 34% -
Markey 2016 (REFORM) 50 50 -0.40 (-1.56,0.76) 3.9%

McLay-Cooke 2016 (Ice Tea Study) 63 53 -088 (-1.27,-010) 5.0% q

Nijike 2011 32 33 -0.09 (-0.49,031) 53%

Peters 2016 (week 52) 154 149 -3.76 (-4.52,-3.00) 4.7% |

Raben 2002 20 21 -2.60 (-3.71,-1.49) 4.0% E 3

Reid 2007 65 68 -066 (-1.04,-028) 53%

Reid 2010 29 24  -049 (-1.13,014) 4.9%

Reid 2014 21 20 0.18 (-099,1.35) 3.9%

Romo-Romo 2018 30 31 -0.82 (-1.59,-0.05) 4.7%

Sagrario Lopez-Meza 2021 26 13 -0.37 (-1.99,125) 3.1%

Sanchez-Delgado 2021 26 12 -1.08 (-2.89,0.72) 28%

Stamataki 2020 14 14 111 (-1.37,-085) 54% =

Tate 2012 (CHOICE) 105 162 -0.70 (-1.79,0.39) 4.1%

Viveros-Watty 2021 21 24 3.53 (073,633 1.6% ——
Total 1181 1252 -0.71 (-1.13,-0.28) 100.0% *
Heterogeneity: Tau® = 0.9; Chi® = 167.77, df = 28 (P < 0.01); I = 83% I ! I !
Test for overall effect: Z = -3.25 (P < 0.01) =10 -5 0 5 10

Favours NSS Favours no NSS

both adults and children (76), overweight participants (n = 57) between 10 and 21 years of age
(mean age: 19 years) were given capsules totalling 2.7 g aspartame daily or a lactose placebo.
At the end of the intervention, when compared to the placebo arm, the aspartame arm had lost
1.09 kg (standard error [SE]: 0.87).

In a prospective cohort study conducted in both adults and children (14-22 years of age),
substituting 100 g/day of SSBs with diet drink was association with a 0.20 kg (SE 0.05) higher
BMI and a 0.18 cm (SE 0.05) higher waist circumference (77). In other prospective cohort studies,
authors reported that intake of NSS-sweetened beverages is likely to represent an important
driver of the relationship between lower education and greater weight gain over time in Australian
women (78). No associations were observed between consumption of NSS-sweetened beverages
and risk of weight gain (79), or the amount of fat in the liver or incidence of non-alcoholic fatty
liver disease (80).

Subgroup and sensitivity analyses

Subgroup analyses suggest that the effect of NSS on body weight may be greatest in those who
are overweight (Fig. 7), and those intentionally trying to lose weight by restricting energy intake
(Fig. 8), though neither test for subgroup differences were statistically significant, and pooled
effects for some of the subgroups may have been skewed by outliers. Differences were observed
for individual subgroups in subgroup analysis of body weight and BMI by comparator: adding
NSS to the diet compared with nothing (or placebo), and adding NSS to the diet compared with
sugars (either NSS replacing sugars, or both NSS and sugars being added to the diet, in separate
arms of a trial) both resulted in decreases in body weight and BMI, whereas NSS compared with
water showed no effect on body weight and a nonsignificant increase in BMI (test for subgroup



Fig.4. EfFect of NSS intake on body mass index (kg/m?) in randomized controlled

trials
Study NSS noNSS MD 95% Cl  Weight MD (95% CI)
Al-Dujaili 2017 16 16 -0.30 (-1.58,0.98) 1.3%
Blackburn 1997 71 65 0.00 (-0.50,0.50) 4.6%
Bueno-Hernandez 2020 61 34 0.05 (-0.49,0.59) 4.3%
Campos 2015 (REDUCS study) 14 13 -0.90 (-2.23,043) 1.2%
Ebbeling 2020 (BASH III) 67 136 -0.12 (-0.59,0.36) 4.8%
Engel 2018 15 30 -0.14 (-0.95,0.67) 27%
Han 2018 40 81 0.27 (0.01,053) 6.8%
Higgins 2019 115 39 -048 (-0.74-0.21) 68% -
Kanders 1988 28 27 -0.98 (-1.48,-0.48) 48% -
Kassi 2016 19 19 -0.57 (-4.61,3.46) 0.2%
Kim 2020 39 39 0.50 (-0.96,1.96) 1.1% —t—
Madijd 2018 (week 77) 36 35 090 (0.31,1.49) 39% —
Markey 2016 (REFORM) 50 50 -0.10 (-0.57,0.37) 4.9%
McLay-Cooke 2016 (Ice Tea Study) 63 53 -0.24 (-0.44,-0.05) 7.4%
Njike 2011 32 33 -0.10 (-0.42,0.22) 6.3%
Raben 2002 20 21 -0.90 (-1.45,-0.35) 4.2% -
Reid 2007 65 68  -0.30 (-0.64,0.04) 6.0%
Romo-Romo 2018 30 31 -0.15 (-0.45,0.15) 64%
Sagrario Lopez-Meza 2021 26 13 -047 (-0.68,0.34) 4.5%
Sanchez-Delgado 2021 26 12 -0.28 (-0.95,0.41) 3.3%
Stamataki 2020 14 14 -0.40 (-0.50,-0.30) 8.1% =
Vazquez-Duran 2016 49 a7 043 (-0.12,0.98) 4.2%
Viveros-Watty 2021 21 24 1.00 (0.16,1.85) 2.5% =,
Total 917 940 -0.14 (-0.30,0.02) 100.0%
Heterogeneity: Tau? < 0.1; Chi = 76.16, df = 22 (P < 0.01); ¥ = 71% I I ' ' '
Test for overall effect: Z = -1.73 (P = 0.08) 4 -2 0 2 4

Favours NSS Favours no NSS

Fig.5. Association between NSS intake and body mass index (kg/m?) in prospective
cohort studies

Study n MD 95%Cl Weight MD (95% CI)
Acero 2020 (Talking Health) 36 0.10 (0.03,0.17) 34.7% |=

Chia 2016 (BLSA) 1484 0.71 (0.13,1.30) 3.1%

Fowler 2015 (SALSA) 184 0.46 (0.03,0.89) 5.5%

Garduno-Alanis 2020 (HAPIEE) 185 0.27 (0.07,047) 17.2% ——
Stellman 1986 (American Cancer Society study) 78694 0.03 (0.01,0.04) 39.4% | ]

Total 80583 0.14 (0.03,0.25) 100.0% <&
Heterogeneity: Tau® < 0.1; Chi® = 19.24, df =4 (P < 0.01); I = 79% ! ! ! !
Test for overall effect: Z = 2.51 (P = 0.01) -1 05 0 05 1

Favours NSS Favours no NSS

Fig. 6. Association between NSS intake and incident obesity in prospective
cohort studies
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Fig. 7. Efect of NSS intake on body weight (kg) in randomized controlled trials,
subgrouped by baseline weight status

differences was only statistically significant for BMI) (Fig. 9 and 10). The observed changes in
body weight and BMI were likely mediated by a reduction in energy intake as all studies that
compared NSS to sugars and reported both body weight or BMI, and energy intake collectively,
showed reductions in body weight, BMI and energy intake (data not shown), whereas studies not
comparing NSS to sugars did not collectively show a reduction in energy intake (section 3.1.7.1:
Fig. 29). When studies were limited to those that gave explicit instructions to habitual consumers
of SSBs or sugar-containing foods to replace these foods and beverages with alternatives
sweetened with NSS, the effect on body weight remained but was slightly attenuated and became
statistically nonsignificant (Fig. 11), and an effect on BMI was no longer observed (Fig. 12).

Sensitivity analyses in which one study that appeared to contain numerical errors and/or unusual
results for some outcomes (25) was excluded did not significantly change the results for body









Fig. 10. EFfect of NSS on body mass index (kg/m?) in randomized controlled trials,
subgrouped by comparator

Study NSS no NSS MD 95% Cl  Weight MD (95% ClI)
Nothing

Kanders 1988 28 27 -098 (-1.48,-048) 4.2% -
Romo-Romo 2018 30 31 -0.15 (-0.45,0.15) 59%

Stamataki 2020 14 14 -0.40 (-0.50,-0.30) 7.4% =i
Viveros-Watty 2021 21 24 1.00 (0.16,1.85) 2.3% ——
Total 93 96 -0.26 (-0.68,0.16) 19.8%

Heterogeneity: Tau? = 0.1; Chi® = 18.3, df = 3 (P < 0.01); 1> = 84%
Test for overall effect: Z = -1.20 (P = 0.23)

Sugar

Al-Dujaili 2017 16 16 -0.30 (-1.58,0.98) 1.2% #
Blackburn 1997 71 B85 0.00 (-0.50,0.50) 4.2%

Campos 2015 (REDUCS study) 14 13 -0.90 (-2.23,043) 1.2%

Ebbeling 2020 (BASH I11) 67 B7 -0.22 (-0.77,0.33) 3.8%

Engel 2018 15 14 -030 (-1.21,0.61) 2.1%

Han 2018 40 81 0.27 (0.01,053) 6.2%

Higgins 2019 115 39 -048 (-0.74,-0.21) 6.2% | |

Kassi 2016 19 19 -0.57 (-4.61,3.46) 0.1%

Markey 2016 (REFORM) 50 50 -0.10 (-0.57,0.37) 4.5%

McLay-Cooke 2016 (Ice Tea Study) 63 53 -0.24 (-0.44,-0.05) 6.8%

Njike 2011 32 33 -0.10 (-0.42,0.22) 5.8%

Raben 2002 20 21 -0.90 (-1.45,-0.35) 3.8% -

Reid 2007 65 68 -0.30 (-0.64, 0.04) 5.5%

Sagrario Lopez-Meza 2021 26 13 -0.17 (-0.68,0.34) 4.2%

Sanchez-Delgado 2021 26 12 -0.28 (-0.96,0.41) 3.0%

Vazquez-Duran 2016 49 48 -0.08 (-0.67,0.51) 36%

Total 688 612 -0.21 (-0.36,-0.06) 62.2% *
Heterogeneity: Tau® = < 0.1; Chi? = 25.76, df = 15 (P = 0.04); I = 42%

Test for overall effect: Z =-2.71 (P < 0.01)

Water

Bueno-Hernandez 2020 61 34 005 (-0.49,059) 3.9%

Ebbeling 2020 (BASH IIl) 67 69 -0.02 (-0.56, 0.52) 3.9% E
Engel 2018 15 16 0.00 (-0.80,0.80) 2.5%

Kim 2020 39 39 0.50 (-0.98, 1.96) 1.0% —_——
Madjd 2018 (week 77) 36 35 090 (0.31,149) 36% —-
Vazquez-Duran 2016 49 39 094 (0.25 1.63) 3.0% —-—
Total 267 232 037 (-0.02,0.77) 18.0% >
Heterogeneity: Tau? = 0.1; Chi? = 9.94, df = 5 (P = 0.08); I = 50%

Test for overall effect: Z = 1.85 (P = 0.06)

Total 1048 940 -0.13 (-0.28, 0.03) 100.0% ?
Heterogeneity: Tau? < 0.1; Chi® = 82.67, df = 25 (P < 0.01); I* = 70% ! I ' !
Test for overall effect: Z =-1.62 (P =0.11) -4 =2 0 ] 4
Test for subgroup differences: Chi® = 7.58, df = 2 (P = 0.02) Favours NSS Favours no NSS

Note: Some studies appear more than once because they had multiple arms (e.g. comparing artificially
sweetened beverages with both sugar-sweetened beverages and water, or separately comparing multiple
different NSS with a control); therefore, the overall pooled effect is also slightly different from the main
effect, and only effects for individual subgroups should be considered.
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Fig. 11. Efect of NSS intake on body weight (kg) for trials with explicit replacement
of sugars with NSS

Study NSS no NSS MD 95% Cl  Weight MD (95% CI)
Campos 2015 (REDUCS study) 14 13 -2.30 (-5.09,0.49) 5.8%

Ebbeling 2020 (BASH III) 67 136 -0.35 (-1.75,1.05) 23.0%

Markey 2016 (REFORM) 50 50 -0.40 (-1.56,0.76) 33.3%

Tate 2012 (CHOICE) 105 162 -0.70 (-1.79,0.39) 37.9% —

Total 236 361 -0.61 (-1.28,0.06) 100.0%

Heterogeneity: Tau® = 0; Chi’ = 1.69, df = 3 (P = 0.64); I* = 0% ! ! ! ! !
Test for overall effect: Z = -1.78 (P = 0.07) -4 -2 0 2 4

Favours NSS Favours no NSS

Fig. 12. Efect of NSS intake on body mass index (kg/m?) for trials with explicit
replacement of sugars with NSS

Study NSS no NSS MD 95% Cl  Weight MD (95% CI)
Campos 2015 (REDUCS study) 14 13 -0.90 (-2.23,043) 6.8%

Ebbeling 2020 (BASH III) 67 136 -0.12 (-0.59,0.36) 32.6%

Markey 2016 (REFORM) 50 50 -0.10 (-0.57,0.37) 33.1%

Vazquez-Duran 2016 49 87 043 (-0.12,0.98) 27.5%

Total 180 286 -0.01 (-0.38,0.35) 100.0%

Heterogeneity: Tau® < 0.1; Chi® = 4.55, df =3 (P = 0.21); I? = 34% ! ! ! ' !
Test for overall effect: Z = -0.08 (P = 0.94) -2 a4 0 1 9

Favours NSS Favours no NSS

Sensitivity analyses using a fixed effects model, removing abstract-only publications, and
removing crossover studies and studies of shorter duration (<8 weeks) did not significantly
change the effect observed for body weight (data not shown). Sensitivity analysis in which
studies that were at least partially funded by industry were removed attenuated the reduction in
body weight, which was no longer statistically significant (MD —-0.33 kg; 95% Cl -0.80, 0.13; 18
studies with 1277 participants; 12 74%).

Supplementary results from nonrandomized controlled trials

In addition to the results observed for RCTs and prospective cohort studies, a reduction in body
weight of 0.48 kg was observed in pooling of nonrandomized controlled trials (MD -0.48 kg;
95% Cl-0.64,-0.32; 3 studies with 233 participants; I 44%) (81-83) (Fig. A9.22).

Type 2 diabetes

Results for type 2 diabetes are summarized in Table 3.

Incident type 2 diabetes

Twelve prospective cohort studies (comprising 14 cohorts) reporting on the risk of developing
type 2 diabetes were included in meta-analyses (66, 84-94). As assessed in prospective cohort
studies, higher intakes of NSS were associated with increased risk of developing type 2 diabetes,
regardless of whether the NSS were consumed in beverage form (a 23% increase in risk; Fig. 13)
or added to foods or beverages by the consumer, i.e. tabletop (a 34% increase in risk; Fig. 14).2

t Fagherazzi et al. (2013) (86) and Fagherazzi et al. (2017) (85) reported results for the entire French E3N
g g p

cohort, which is part of the EPIC Interact European cohort. Interact Consortium et al. (2013) (94) includes
a small number of the E3N cohort in its analysis (less than 1% of the full cohort). Therefore, both studies
were included in the analysis of type 2 diabetes risk, with beverages as the exposure.



To address reverse causation, all 12 prospective cohort studies adjusted for relevant confounders,
including BMI (Annex 5), and most performed a number of relevant sensitivity analyses, including
the exclusion of diabetes cases in the first 3—7 years of follow-up from baseline. Most studies
reported quantitively or narratively that the effect was not significantly affected (Table 4).

Table 3. Summary of results for NSS intake and type 2 diabetes

Mea_tsure of type 2 diabetes No. of studies/ Efect estimate (95% Cl) 1 (%) Flgure
(unit) cohorts
Incident t 2 diabet
ncidenttype 2 iabetes 13 cohorts HR 1.23 (1.14, 1.32) 6 13
(beverages)
Incident type 2 diabetes

2 cohorts HR 1.34(1.21,1.48) 0 14
(tabletop)
Fasting glucose (mmol/L) 16 RCTs MD -0.01 (-0.05, 0.04) 0 A9.23
Fasting insulin (pmol/L) 10 RCTs MD -0.49 (-4.99, 4.02) 74 A9.24
HbA1c (%) 6 RCTs MD 0.02 (-0.03, 0.07) 0 A9.25
HOMA-IR 11 RCTs MD 0.03 (-0.32, 0.38) 89 A9.26
High fasting glucose 3 cohorts HR 1.21(1.01, 1.45) 47 A9.27

HbA1c: glycated haemoglobin; HOMA-IR: Homeostatic Model Assessment of Insulin Resistance.
Note: Bold font indicates a statistically significant effect.

Fig. 13. Association between NSS-containing beverage intake and risk of type 2

diabetes in prospective cohort studies

Fig. 14. Association between tabletop NSS use and risk of type 2 diabetes in

prospective cohort studies

Study Cases Total
Fagherazzi 2017 (E3N) 2152 61440
Jensen 2020 (Strong Heart Family Study) 98 1142

Total 2250 62582
Heterageneity: Tau® = 0; Chi* =0.77, df = 1 (P = 0.38); I = 0%
Test for overall effect: Z=5.71 (P < 0.01)

HR 95%Cl Weight HR (95% CI)

1.33 (1.20,1.47) 97.6% =5

1.79 (0.93,344) 24% E

1.34 (1.21,1.48) 100.0% -
I —
0.5 1 2

Favours NSS Favours no NSS
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Intermediate markers of disease

Twenty-one RCTs (23, 25-30, 35-37, 39, 40, 45-47, 49, 51, 53, 95-97) and three prospective
cohort studies (61, 62, 66) reporting on intermediate markers of type 2 diabetes were included
in meta-analyses. No significant effects were observed for any measure of glycaemic control as
assessed in RCTs (Table 3; Annex 9: Fig. A9.23-A9.26). Higher intakes of NSS were associated
with a 21% increase in risk of high fasting glucose! as assessed in prospective cohort studies
(hazard ratio [HR] 1.21; 95% Cl 1.01, 1.45; 3 studies with 11 213 participants; |2 47%) (Table 3;
Annex 9: Fig. A9.27).

Because there was generally very little heterogeneity or very few studies for each outcome,
subgroup analyses were not performed.

Table 4. Summary of sensitivity analyses within cohort studies

Study

Key sensitivity analysis

Original efect
(95% Cl)

Post-sensitivity analysis
(95% Cl)

Drouin-Chartier
2019 (NHS)

4-year lag in analysis (after change
in beverage consumption)

1.02 (0.83, 1.25)

Drouin-Chartier
2019 (NHS 1)

4-year lag in analysis (after change
in beverage consumption)

1.35(1.04, 1.76)

Drouin-Chartier
2019 (HPFS)

4-year lag in analysis (after change
in beverage consumption)

1.38(0.98, 1.93)

1.20(1.12, 1.28)
(all 3 cohorts pooled)

Fagherazzi 2013

Excluding first 5 years

1.68(1.19, 2.39)

1.81(1.19,2.73)

Fagherazzi 2017

Excluding first 5 years

1.33(1.20, 1.47)

1.76 (1.59, 1.96)

Gardener 2018 Excluding first 3 years 1.44(0.93,2.24) 1.63 (1.04, 2.56)
Hirahatake 2019 Excluding first 7 years 1.37(0.98, 1.92) No significant change
Huang 2017 Excluding first 4 years 1.21(1.08, 1.36) 1.18(1.02.1.37)
InterAct Results not reported for

Consortium 2013

Excluding first 2 and 5 years

1.13(0.85, 1.52)

NSS-sweetened beverages

Jensen 2020

None reported

1.41(0.70, 2.80)

NA

Nettleton 2009

Adjusted for change in body
weight

1.38 (1.04, 1.82)

No significant change

O’Connor 2015

Excluding first 5 years

1.17 (0.93, 1.48)

1.03(0.88,1.22)

Palmer 2008

None reported

1.06 (0.83, 1.36)

NA

Sakurai 2014

Excluded those receiving dietary
intervention for NCDs

1.71(1.11, 2.63)

No significant change

HPFS: Health Professionals Follow-up Study; NA: not applicable; NCDs: noncommunicable diseases; NHS: Nurses’ Health

Study.
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Results from studies that could not be included in meta-analyses

Eight trials that could not be included in the meta-analyses reported no significant effect of
NSS on intermediate markers of diabetes (27, 31, 33, 52, 70, 72-74, 98). One study reported that
NSS augmented glucose absorption (15%; P < 0.05) and glycaemic responses to enteral glucose
(26%; P < 0.01) (99). Studies reporting on glucose and insulin area under the curve (AUC) and

1 High fasting glucose (as part of the criteria for assessing metabolic syndrome, as indicated in the relevant
included studies) was defined as 2100 mg/dL.
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Fig. 16. Association between NSS-containing beverage intake and risk of
cardiovascular disease mortality in prospective cohort studies

Study Cases Total HR 95%Cl Weight HR (95% CI)
Gardener 2012 (NOMAS) 351 2564 1.29 (0.84,1.99) 5.6% —
Malik 2019 (NHS) 4139 56280 1.15 (1.01,1.31) 38.4% il

Malik 2019 (HPFS) 3757 28770 1.06 (0.91,1.24) 29.2% ——

Mullee 2019 (EPIC) CHD & Stroke mortality 2958 451743 1.34 (1.11,1.63) 22.4% ——

Vyas 2015 (WHI-OS) 1884 59614 1.50 (1.00,2.24) 6.4% ———————
Total 13089 598951 1.19 (1.07,1.32) 100.0% -
Heterogeneity: Tau® < 0.1; Chi® = 5.31, df = 4 (P = 0.26); I = 25% I 1
Tast for overall effect: Z = 3.24 (P < 0.01) 0.5 1 2

Favours NSS Favours no NSS

Cardiovascular events

Three prospective cohort studies reporting on the risk of cardiovascular events were included
in meta-analyses (108-110). As assessed in prospective cohort studies, higher intakes of NSS-
containing beverages were associated with a 32% increase in risk of cardiovascular events®
(Fig. 17).

Fig. 17. Association between NSS-containing beverage intake and risk of
cardiovascular events in prospective cohort studies

Coronary heart disease

Four prospective cohort studies reporting on the risk of coronary heart disease were included in
this review (103, 108, 111, 112). As assessed in prospective cohort studies, higher intakes of NSS-
containing beverages were associated with a nonsignificant increase in risk of coronary heart
disease (Fig. 18). A fifth prospective cohort study found no association between NSS-containing
beverage intake and coronary heart disease mortality (HR 1.11; 95% Cl 0.72, 1.70) (107).

Fig. 18. Association between NSS-containing beverage intake and risk of coronary
heart disease in prospective cohort studies

Study Cases Total HR 95% Cl  Weight HR (95% CI)

Fung 2009 (NHS) 3105 88520 1.15 (0.96,1.37) 27.5% i

Gardener 2012 (NOMAS) 155 2564 166 (0.99,2.78) 9.1% ——&—
Mossavar-Rahmani 2019 (WHI-OS) 3161 71488 1.29 (1.11,1.50) 29.4% -

de Koning 2012 (HPFS) 3683 42883 0.98 (0.89,1.08) 34.0% -

Total 10104 205455 1.16 (0.97,1.39) 100.0% ———
Heterogeneity: Tau® < 0.1; Chi® = 12.22, df = 3 (P < 0.01); 1> = 75% ! '

Test for averall effect: Z = 1.67 (P = 0.09) 05 1 2

Favours NSS Favours no NSS

! Cardiovascular events in Gardener et al. (2012) (108) included stroke, myocardial infarction and vascular
death.InVyasetal.(2015) (109), they included coronary heart disease, myocardial infarction, heart failure,
coronary revascularization procedure, ischaemic stroke, peripheral artery disease and cardiovascular
disease mortality.
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Intermediate markers of disease

Nineteen RCTs (23, 25, 27-30, 36-40, 46-50, 52, 96, 97) and four prospective cohort studies (61,
62, 66, 116) reporting on intermediate markers of cardiovascular diseases were included in meta-
analyses. As assessed in RCTs, higher intakes of NSS did not have a significant effect on systolic
or diastolic blood pressure (Fig. 21 and 22), though a trend to lower systolic blood pressure
was observed with NSS intake. With the exception of a small, but significant, increase in total
cholesterol:HDL cholesterol (MD 0.09; 95% Cl 0.02, 0.16; four trials with 326 participants; |12 0%)
(Annex 9: Fig. A9.30), no significant effects were observed for any blood lipid measure in RCTs
or prospective cohort studies (Table 5; Annex 9: Fig. A9.31-A9.34), including LDL cholesterol or
triglycerides (Fig. 23 and 24).

Fig. 21. EFect of NSS intake on systolic blood pressure (mmHg) in randomized
controlled trials

Study NSS noNSS MD  95%Cl  Weight MD (95% Cl)
Al-Dujaili 2017 16 16 460 (-3.80,13.00) 2.4% o .

Campos 2015 (REDUCS study) 14 13  -350 (-13.06, 6.06) 1.9% —]

Ebbeling 2020 (BASH IlI) 67 136 -240 (-496, 0.16) 12.5%

Engel 2018 15 30 -5.81 (-12.01,039) 4.1%

Han 2018 40 81 021 (-3.74, 4186) 7.8%

Kanders 1988 28 27 -0.54 (-562 453) 55%

Kassi 2016 19 19  -11.44 (-31.65,8.78) 0.5%

Markey 2016 (REFORM) 50 50 -1.00 (-5.21,321) 7.2%

Njike 2011 32 33 190 (-2.99 6.79) 59%

Peters 2016 (week 52) 154 149 423 (-7.44-1.02) 10.0% = 3

Raben 2002 20 21 -6.90 (-11.58,-2.22) 6.2% ——

Stamataki 2020 14 14 022 (-1.50,1.94) 16.2%

Tate 2012 (CHOICE) 84 162  -0.53 (-3.55,248) 10.7%

Vazquez-Duran 2016 49 87 089 (-2.79,4.17) 9.2%

Total 602 838 -1.33 (-2.71,0.06) 100.0%

Heterogeneity: Tau® = 2.3; Chi® = 21.11, df = 13 (P = 0.07); I = 38% L
Test for overall effect: Z =-1.88 (P = 0.06) 30 -20 10 0 10 20 30

Favours NSS Favours no NSS

Fig. 22. EFfect of NSS intake on diastolic blood pressure (mmHg) in randomized
controlled trials






Table 5. Summary of results for NSS intake and cardiovascular diseases

Measure of CVD (unit) Number of studies/cohorts Efect estimate (95% Cl) 12 (%) | Figure
CVD mortality 5 cohorts HR 1.19 (1.07,1.32) 25 16
Cardiovascular events 3 cohorts HR1.32(1.17,1.50) 0 17
Coronary heart disease 4 cohorts HR 1.16 (0.97, 1.39) 75 18
Stroke 6 cohorts HR 1.19 (1.09, 1.29) (0] 19
Hypertension 6 cohorts HR1.13(1.09,1.17) 48 20
Systolic blood pressure (mmHg) 14 RCTs MD -1.33 (-2.71, 0.06) 38 21
Diastolic blood pressure (mmHg) | 13 RCTs MD -0.51 (-1.68, 0.65) 40 22
Total cholesterol (mmol/L) 14 RCTs MD 0.01 (-0.09, 0.11) 32 A9.31
LDL cholesterol (mmol/L) 12 RCTs MD 0.03 (-0.03, 0.09) 32 23
HDL cholesterol (mmol/L) 13 RCTs MD 0.00 (-0.03, 0.03) 45 A9.32
Total cholesterol:HDL cholesterol | 4 RCTs MD 0.09 (0.02, 0.16) 0 A9.30
Low HDL cholesterol 4 cohorts HR 1.03 (0.92, 1.16) 0 A9.33
Triglycerides (mmol/L) 14 RCTs MD -0.04 (-0.11, 0.04) 55 24
High triglycerides 4 cohorts HR 1.03 (0.88, 1.21) 37 A9.34

CVD: cardiovascular diseases; HDL: high-density lipoprotein; LDL: low-density lipoprotein.
Note: Bold font indicates a statistically significant effect.
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Data from studies that could not be included in meta-analyses

Five RCTs that could not be included in meta-analyses reported no effect of NSS on intermediate
cardiovascular disease markers (31, 33, 70, 72-74). One prospective cohort study found no
association between NSS-sweetened beverage intake and common carotid artery intima-media
thickness (CCA-IMT) (P = 0.96), common carotid artery adventitial diameter (CCA-AD) (P = 0.34) or
carotid plaque (P = 0.39) (117).

In a replacement analysis from the Harvard Pooling Project of Diet and Coronary Disease! that
could not be included in the meta-analysis, replacing SSBs with beverages containing NSS was
associated with a 12% reduction in risk of coronary events (HR 0.88; 95% Cl 0.81, 0.95; 305
480 participants); however, this study did not allow independent assessment of NSS-sweetened
beverages (118).

In an RCT conducted in overweight adults and children (n = 57) between 10 and 21 years of age
(mean age: 19 years), participants were given capsules or a lactose placebo. At the end of the
intervention, the aspartame arm compared with the placebo arm had an increase of 1 mmHg (SE
3.5)in systolic blood pressure, 1 mmHg (SE 2.6) in diastolic blood pressure, 0.18 mmol/L (SE 0.23)
in total cholesterol, and 0.12 mmol/L (SE 0.10) in triglycerides (76).

Cancer

Results for cancer are summarized in Table 6.

t Data were pooled from the following cohorts and studies: Atherosclerosis Risk in Communities Study,
Alpha-Tocopherol and Beta-Carotene Cancer Prevention Study, Health Professionals Follow-up Study,
lowa Women'’s Health Study, Women's Health Study and Nurses’ Health Study.






Table 6. Summary of results for NSS intake and cancer

Cancer site No. of studies/cohorts Efect estimate (95% Cl) 12 (%) Figure
Cancer mortality 4 cohorts HR 1.02 (0.92,1.13) 50 25
Any type 7 cohorts HR 1.02 (0.95, 1.09) 37 26
Bladder 26 case—controls OR1.31(1.06, 1.62) 92 27
Brain 2 case—controls OR 1.13(0.76, 1.69) 0 A9.37
1 cohort RR 0.73(0.46, 1.15) NA NA
Breast 3 case—controls OR 0.83 (0.64, 1.08) 47 A9.38
4 cohorts HR 0.98 (0.89, 1.09) 55 A9.39
Colorectum 3 case—controls OR 0.85 (0.68, 1.07) 0 A9.40
3 cohorts HR 0.80(0.63, 1.01) 0 A9.41
Endometrium 1 case—control OR 0.96 (0.66, 1.39) NA NA
1 cohort HR 0.81(0.42, 1.56) NA NA
Kidne 4 case—controls OR 1.25(0.94, 1.65) 61 A9.42
y 1 cohort HR 0.92 (0.46, 1.84) NA NA
Larynx 1 case—control OR2.34(1.20, 4.56) NA NA
Lung 2 case-controls OR0.40(0.26, 0.61) 0 A9.43
Oesophagus 1 case—control OR 1.24(0.54,2.83) NA NA
Oral cavity and pharynx 1 case—control OR0.77(0.36, 1.64) NA NA
Ovar 1 case—control OR0.56 (0.38, 0.82) NA NA
y 1 cohort HR 1.37 (0.72, 2.61) NA NA
4 case—controls OR 0.88(0.51, 1.50) 83 A9.44
Pancreas
3 cohort RR 1.06 (0.88, 1.28) 0 A9.45
2 case—controls OR0.88(0.30, 2.62) 40 A9.46
Prostate
2 cohorts HR 1.09 (0.67, 1.75) 66 A9.47
2 case—controls OR0.79 (0.50, 1.26) 0 A9.48
Stomach
1 cohort HR 1.03 (0.53, 1.99) NA NA
Leukaemia 3 cohorts RR 1.24(0.92, 1.69) 0 A9.49
Multiple myeloma 4 cohorts RR 1.05 (0.70, 1.59) 70 A9.50
Hodgkin lymphoma 1 cohort RR0.77 (0.44, 1.33) NA NA
Non-Hodgkin lymphoma 4 cohorts RR 1.08 (0.87,1.34) 64 A9.51
All cancers 1 case-control RR:0.90(0.67,1.23) NA NA
1 cohort HR:1.00(0.84,1.19) NA NA
Cancers not related to obesity 1 cohort HR:1.23(1.02,1.48) NA NA
Cancers related to obesity? 1 cohort HR: 1.00(0.79, 1,27) NA NA

NA: not applicable.

2 Defined as liver cancer, aggressive prostate cancer, ovarian cancer, gallbladder cancer, kidney cancer, colorectal cancer,
oesophageal cancer, postmenopausal breast cancer, pancreatic cancer, endometrial cancer and gastric cardia cancer

(165).

Note: Bold font indicates a statistically significant effect.
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3.1.6

Meta-analysis results of the association between NSS intake and individual types of cancers are
summarized in Table 6. As assessed in case-control studies, a 31% increase in risk of bladder
cancer was observed with NSS intake (Fig. 27). Subgroup analysis suggests that tabletop use of
NSS, particularly saccharin, may be associated with bladder cancer (Annex 9: Fig. A9.35and A9.36),
although the differences between subgroups were not statistically significant for saccharin.
Other significant associations were observed for NSS intake and increased risk of cancer of the
larynx and cancers not related to obesity,* and decreased risk of cancer of the lung and ovary;
however, only one or two studies contributed data to each of these results, so they must be
interpreted with caution. All other results were nonsignificant, including a study of the effects of
consumption of NSS-sweetened beverages on survival in women already diagnosed with breast
cancer (not shown in Table 6) (106), though a trend towards decreased risk of colorectal cancer
with NSS use was observed.

Fig. 27. Association between NSS intake and risk of bladder cancer

Chronic kidney disease
Results for chronic kidney disease are summarized in Table 7.

Two RCTs (29, 97) and two prospective cohort studies (173, 174) reporting on the risk of chronic
kidney disease were included in meta-analyses.

As assessed in prospective cohort studies, no association was observed between NSS intake and
chronic kidney disease? (Annex 9: Fig. A9.52). One prospective study reported an association

* Defined as prostate cancer, diffuse large B-cell lymphoma, noncardia gastric cancer, lung cancer,
melanoma, premenopausal breast cancer, bladder cancer, brain cancer, cancer of unknown primary,
lymphoid leukaemia and other cancers (172)

2 Lin 2011 reported the association between NSS use and decline in estimated glomerular filtration rate
(eGFR) of 230% (173), and Rebholz 2017 the association between NSS use and chronic kidney disease with
one defining characteristic being a 225% decline in eGFR (174).
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Table 7. Summary of results for NSS intake and chronic kidney disease

Measure of chronic kidney disease No. of trials/cohorts Estimate (95% Cl) 12 (%) Figure
Chronic kidney disease 2 cohort HR 1.41(0.89, 2.24) 86 A9.52
Incident end-stage renal disease 1 cohort OR 1.64(1.18,2.28) NA NA
Microalbuminuria 1 cohort OR 0.92 (0.52, 1.64) NA NA
Creatinine (mmol/L) 2 RCTs MD 8.80 (-14.65, 32.25) 92 A9.53
Albumin (g/L) 2 RCTs MD 0.00 (-0.56, 0.56) 0 A9.54

NA: not applicable.

between NSS intake and a 64% increase in risk of end-stage renal disease (95% Cl 1.18, 2.28;
one study with 15 368 participants). No other significant effects or associations were observed.

3.1.7 Eating behaviour
Twenty-six RCTs (22, 23, 25-31, 34-37, 39, 41-45, 47, 50, 52-54, 175, 176) were included in meta-

analyses.

3.1.7.1 Energy intake

As assessed in RCTs, higher intakes of NSS resulted in a reduction in total energy intake of more
than 560 k] per day (Fig. 28). Subgroup analysis indicates that energy intake is reduced when NSS
are used to replace sugars (Fig. 29), but also in mixed-weight or overweight/obese individuals
(Fig. 30), although the difference between subgroups in the latter is not statistically significant
and there is considerable residual heterogeneity within most individual subgroups. Results of
additional subgroup analyses can be found in Annex 9: Fig. A9.55-A9.58.

Fig. 28. Efect of NSS intake on total energy intake (kJ/day) in randomized controlled

trials
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3.1.7.3

3.1.7.4
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Satiety

As assessed in RCTs, a small but significant decrease in subjective measures of satiety or fullness
was observed with NSS intake (SMD -0.15; 95% Cl-0.30,-0.01; three trials with 518 participants;
I298%) (Annex 9: Fig. A9.60). In addition, one RCT (41) and one nonrandomized controlled trial
(177) reported no effects narratively.

Appetite and desire to eat

As assessed in RCTs, a small but significant effect of NSS intake on subjective measures of appetite
or desire to eat was observed (SMD 0.23; 95% Cl 0.04, 0.42; three trials with 518 participants; I?
99%) (Annex 9: Fig. A9.61). Two additional RCTs reported no effects narratively (32, 41).

In a nonrandomized controlled trial that compared responses to NSS-sweetened beverages, SSBs
and water in habitually high and low consumers of NSS-sweetened beverages, high consumers
had a greater desire to eat than low consumers, independent of beverage (177).

Fig. 30. Efect of NSS intake on total energy intake (kJ/day) in randomized controlled
trials subgrouped by body weight status

Study NSS noNSS MD 95% Cl Weight MD (95% CI)

Lean

Bueno-Hernandez 2020 61 34  2053.58 ( 298.71, 3808.45) 2.0% —_—
Fantino 2018 166 166 40,70 (-517.13, 598.53) 67% -

Kuzma 2015 9 9  -149160 (-3644.94, 661.74) 15% —

Reid 2007 65 65 -1186.07 (-1811.28,-560.86) 5.4% e

Romo-Romo 2018 30 31 25418 (-748.10,1256.45) 3.9% —i—
Sanchez-Delgado 2021 13 256 -376.56 (-1636.27, 883.15) 3.1% ——

Stamataki 2020 14 14 -1243.32 (-1566.81,-919.82) 6.6% B

Total 358 344 -383.55 (-1088.17, 321.06) 27.9% ——

Heterogeneity: Tau® = 617105.2; Chi® = 32.6, df = 6 (P < 0.01); > = 82%
Test for overall effect: Z =-1.07 (P =0.29)

Mixed

Bonnet 2018 (SEDULC) 50 50 -302.92 (-1242.30, 636.46) 4.1%

Ebbeling 2020 (BASH Ili) 67 136 -1049.05 (-1712.63,-38547) 52% ——

Han 2018 40 81 13.21 (-552.99, 579.41) 56%

Lertrit 2018 15 15  -408.50 (-1868.52, 1051.52) 2.6% —
Markey 2016 (REFORM) 50 50 -765.67 (-1656.28, 124.94) 4.3% ——
Sagrario Lopez-Meza 2021 26 13 -2156.85 (-3494.70,-819.01) 28% —&—
Vazquez-Duran 2016 49 87 -95.88 (-1004.26, 812.51) 42% ——
Total 297 432  -595.28 (-1089.74,-100.82) 28.8% -

Heterogeneity: Tau” = 224850.5; Chi’ = 12.96, df = 6 (P = 0.04); I =54%
Test for overall effect: Z = -2.36 (P = 0.02)

Overweight/obese

Blackburn 1997 35 32 -548.00 (-689.26,-406.74) 7.0% -
Campos 2015 (REDUCS study) 14 13 -1802.89 (-3703.43, 97.66) 18% ——&—
Engel 2018 15 30 33813 (-1206.26, 1882.52) 24% B
Higgins 2019 115 39 -2150.30 (-2814.86,-1485.74) 5.2% ——

Madjd 2018 (week 77) 36 35 86190 ( 352.35 1371.46) 59% & =
Njike 2011 32 33 -887.43 (-1901.22, 126.37) 3.8% ——t
Raben 2002 20 21 -2056.00 (-3563.70,-548.30) 24% ——=———

Reid 2010 29 24  -530.00 (-1674.79, 614.79) 3.4% s
Reid 2014 21 20 -1141.10 (-2428.32, 146.12) 3.0% ——
Piernas 2013 (CHOICE) 84 84  -143.00 (-323.41, 37.41) 6.9% -
Viveros-Watty 2021 21 24 9545 (-2027.99, 221890) 15% —
Total 422 355 -620.22 (-1063.01,-177.43) 43.3% -

Heterogeneity: Tau® = 309864.4; Chi’ = 72.24, df = 10 (P < 0.01); I* = 86%
Test for overall effect: Z =-2.75 (P < 0.01)

Total 1077 1131 -568.55 (-859.37,-277.74) 100.0% -

Heterogeneity: Tau® = 308402.3: Chi® = 127.83, df = 24 (P < 0.01): I* = 81% L o
Test for overall effect: Z =-3.83 (P < 0.01) -3000 -10000 1000 3000
Test for subgroup differences: Chi® = 0.33, df = 2 (P = 0.85) Favours NSS Favours no NSS



3.1.7.5

3.1.8

3.1.8.1

Other outcomes related to eating behaviour

One RCT found no effect of NSS, compared with no NSS, on eating control (22). Another found
loweringestive frequency and smaller portionsin the NSS arm, but no difference in preoccupation
with food (31). In a third trial comparing NSS and sugars, no differences in a three-factor eating
questionnaire (rating attitudes about foods and body weight) were found between the two arms
(41).

In an analysis of the cross-sectional National Health and Nutrition Examination Survey (NHANES)
data, individuals who consumed NSS had more eating episodes per day, which started earlier
in the morning and lasted longer across the day, than those who did not (178). Another cross-
sectional study comparing heavy users and non-users of NSS-sweetened beverages found that
heavy users scored higher on body weight concerns and guilt related to overeating (179).

Sweet preference

Sugars intake

Twelve RCTs were included in meta-analyses (22, 25-27, 37, 41-43, 45, 46, 175, 176, 180). As
assessed in RCTs, higher intakes of NSS resulted in a reduction in sugars intake of approximately
39 g per day (Fig. 31). Not unexpectedly, subgroup analysis indicates that sugars intake is
reduced significantly when NSS are used to replace sugars (Fig. 32), but also in overweight/obese
individuals (Fig. 33), although there is considerable residual heterogeneity within the sugars and
overweight/obese subgroups themselves. Results of additional subgroup analyses can be found
in Annex 9: Fig. A9.62-A9.65.

Fig. 31. EFect of NSS intake on sugars intake (g/day) in randomized controlled trials

Study NSS no NSS MD 95% CI Weight MD (5% CI)
Blackburn 1997 35 32 -9.00 (-10.81,-7.19) 9.3% =

Bonnet 2018 (SEDULC) 50 50 -360 (-16.63, 9.43) 9.0%

Campos 2016 (REDUCS study) 14 13 -72.30 (-106.36,-3824) 7.2% —=—

Ebbeling 2020 (BASH IIl) 67 136 -38.68 (-54.85-2252) 8.8% —

Fantino 2018 166 166 16.46 ( 14.72,18.20) 9.3% [al

Markey 2016 (REFORM) 50 50 -69.59 (-73.53,65.66) 9.3% [#

Raben 2002 20 21 -120.00 (-150.05,-89.95) 7.6% —#—

Reid 2010 29 24  -59.62 (-101.46,-17.78) 6.5% —E—

Reid 2014 21 20 -83.10 (-110.89,-55.31) 7.8% ———

Romo-Romo 2018 30 31 -5.74 (-20.91, 9.43) 8.8% L 3

Piernas 2013 (CHOICE) 84 85 -15.76 (-31.62, 0.12) 8.8% E

Viveros-Watty 2021 21 24 -30.33 (-61.74, 1.08) 7.5% ——

Total 587 652 -38.42 (-57.75,-19.08) 100.0% P

Heterogeneity: Tau = 1042.1; Chi? = 1760.97, df = 11 (P = 0); I = 99% L o '
Test for overall effect: Z=-3.89 (P < 0.01) -150 -100 -50 0 50 100 150

Favours NSS Favours no NSS
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Fig. 32. Efect of NSS intake on sugars intake (g/day) in randomized controlled trials,

subgrouped by comparator

Study NSS noNSS MD 95% Cl
Nothing

Romo-Romo 2018 30 Ky -5.74 (-20.91, 9.43)
Viveros-Watty 2021 21 24 -30.33 (-61.74, 1.08)
Total 51 55 -14.03 (-36.81, 8.75)

Heterogeneity: Tau® = 143.9; Chi® = 1,91, df = 1 (P =0.17); I = 48%
Test for overall effect: Z =-1.21 (P =0.23)

Sugar

Blackburn 1997 35 32 9.00 (-10.81,-7.19)
Campos 2015 (REDUCS study) 14 13 -72.30 (-106.36,-38.24)
Ebbeling 2020 (BASH Iil) 67 67 -81.30 (-101.81,-60.79)
Markey 2016 (REFORM) 50 50 -69.59 (-73.53,-65.66)
Raben 2002 20 21 -120.00 (-150.05,-89.95)
Reid 2010 29 24 -69.62 (-101.46,-17.78)
Reid 2014 21 20 -83.10 (-110.89,-55.31)
Total 236 227 -69.88 (-103.63,-36.14)

Heterageneity: Tau® = 1898.7; Chi® = 859.79, df = 6 (P < 0.01); I* = 99%
Test for overall effect; Z = -4.06 (P <0.01)

Water

Bonnet 2018 (SEDULC) 50 50 -3.60 (-16.63, 9.43)
Ebbeling 2020 (BASH IiI) 67 69 270 (-11.81,17.21)
Fantino 2018 166 166 16.46 ( 14.72, 18.20)
Piernas 2013 (CHOICE) 84 85 -16.75 (-31.62, 0.12)
Total 367 370 1.00 (-14.85, 16.85)

Heterogeneity: Tau® = 222.8; Chi® = 27.31, df = 3 (P < 0.01); I” = 89%
Test for overall effect: Z=10.12 (P = 0.90)

Total 654 652  -38.40 (-57.04,-19.75)
Heterogeneity: Tau® = 1052.9; Chi® = 1796.77, df = 12 (P = 0); I = 99%

Test for overall effect: Z = -4.04 (P <0.01)

Test for subgroup differences: Chi® = 13.91, df = 2 (P < 0.01)

Weight MD (95% Cl)

8.1%
6.9%
15.0% N

8.6% i3]
6.7% ——
7.8% -
8.6% =
7.0%
6.0%
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_._
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Fig. 33. EFfect of NSS intake on sugars intake (g/day) in randomized controlled trials,

subgrouped by body weight status









3.2.3

3.2.4

3.25
3.2.5.1

Cardiovascular diseases

No studies reported on development of cardiovascular diseases in children, but one prospective
cohort study (193) reported on intermediate markers. In a cohort of 12-18-year-old overweight
children followed up for 1 year, chronic consumers of NSS-sweetened beverages had no difference
in total cholesterol, HDL cholesterol, LDL cholesterol or triglycerides when compared with NSS-
sweetened beverage initiators and non-consumers.

Cancer

Two case—control studies reported on NSS intake and brain cancer in children (206, 207). One
study looked at mothers’ intake of NSS-sweetened beverages during pregnancy and cancer in
offspring, and the other at intake of aspartame from drinks and tabletop sweeteners by both
mothers during pregnancy and offspring in childhood. Intake of NSS was not significantly
associated with brain cancer in offspring (OR 1.14; 95% Cl 0.80, 1.63; two studies with 1151
participants; 12 5%) (Annex 9: Fig. A9.73).

Eating behaviour

Energy intake

Four studies of mixed design reported on NSS intake and daily energy intake (190, 193, 200, 205).
Results varied considerably and are summarized in Table 9.

Table 9. Summary of results for energy intake in children

Study Design Comparison n MD in kJ/day (SE)
Taljaard 2013 RCT NSS vs sugar 386 -419 (204)
Wolraich 1994 Non-RCT | NSS vs sugar 48 | -1066 (not reported)
. Chronic NSSB users vs never users 84 2462 (572)
D 2018 Cohort
avis onor Initiators of NSSB vs never users 89 432 (661)
Striegel-Moore 2006 Cohort Per 100 g/day increase in diet soda 2371 122 (17)

kJ: kilojoules; MD: mean difference; n: number of study participants; NSSB: NSS-sweetened beverages; SE: standard error.

3.2.5.2

3.2.5.3

3.2.6
3.2.6.1

Hunger

One RCT conducted in children reported no effect of NSS on hunger in a narrative manner (205).

Satiety

In one RCT conducted in children comparing NSS-sweetened beverages and SSBs, subjective
assessment of satiety was not significantly different (208). The same trial found that children
liked and wanted the NSS-sweetened beverages slightly less than the SSBs after 18 months.

Sweet preference
Sugar intake

Three studies reported on NSS intake and sugars intake (193, 200, 205). In a nonrandomized
controlled trial, the sugars intake of children given foods and drinks with NSS was 88 g/day
less than for those given foods and drinks with sucrose. In a 1-year-long prospective cohort
study, chronic users of NSS-sweetened beverages had a sugars intake that was 40.2 g/day (SE
11.6) higher than never users, whereas initiators of NSS-sweetened beverage use had a sugars
intake that was 23.9 g/day (SE 17.9) lower than never users. In a 10-year-long prospective cohort
study, for every 100 g/day increase in NSS-sweetened beverage intake, sugars intake tended to
decrease, but not significantly. Results are summarized in Table 10.
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Table 10. Summary of results for sugars intake in children

Study Design Comparison n MD (SE)
Wolraich 1994 Non-RCT | NSS vs sugar 48 -88.3 (not reported)
Davis 2018 (SOLAR) Cohort Chronic NSSB users vs never users 84 40.2 (11.6)
Initiators of NSSB vs never users 89 -23.9(17.9)
Striegel-Moore 2006 | Cohort Per 100 g/day increase in diet soda 2371 -0.3(0.2)

MD: mean difference; n: number of study participants; NSSB: NSS-sweetened beverages; SE: standard error.

3.2.7

3.2.8

3.2.9

3.2.10

38

Dental caries

Inone RCT, snacks containing stevia or sugars were given twice daily to children for 6 weeks. At the
end of the trial, the concentrations of cariogenic Streptococcus mutans bacteria and lactobacilli
(x2 8.01; P < 0.01), and the probability of developing caries (measured by a cariogram) in the
stevia arm had decreased compared with baseline, whereas there were no statistically significant
changes in the sugars arm (209).

In another RCT, mouth rinse containing stevia or placebo was used daily by children for 6 months.
At the end of the trial, there was a significant improvement in the stevia arm compared with the
placebo arm in plaque scores (P = 0.03) and gingival scores (P = 0.01). There were no changes in
the number of cavitated lesions in the stevia arm, but there was an increase in cavitated lesions
in the placebo arm (from 5.6% to 5.8%) (210).

A prospective cohort study found that low intakes of NSS-sweetened beverages were associated
with fewer teeth surfaces having caries compared with no intake (P < 0.025). However, the
association with high intakes of NSS-sweetened beverages was not reported (211).

A cross-sectional study found that consumption of NSS-sweetened beverages (21 cup/day) was
associated with higher OR of toothache (adjusted for age, sex, socioeconomic status, language
background, place of residence and brushing teeth) (212). Another cross-sectional study found
that NSS intake was higher in those with caries than in those without (P = 0.036), but did not
find any significant difference in caries prevalence according to NSS-sweetened beverage intake
(213).

Mood

A nonrandomized controlled trial in which children were given sucrose, aspartame or saccharin
for 3 weeks in a crossover manner found no differences in mood (205). However, a cross-sectional
study among children found that children who consumed NSS-sweetened foods or drinks had
higher theta/betaratios (an electroencephalographic measure used to assess attention, emotional
regulation, or resilience to stress), which may indicate a negative impact on mood (214).

Behaviour

In a nonrandomized controlled trial, children who were described by their parents as sensitive to
sugars were given sucrose, aspartame or saccharin for 3 weeks in a crossover manner. As rated by
their parents and teachers, there were no significant differences between the diets in the ratings
of different measures of the children’s behaviour, including conduct, attention deficit, deviation,
attention, hyperactivity, social skills or oppositional behaviour (205).

Neurocognition

In an RCT, children were given drinks with sucralose or sucrose for 8.5 months. There were no
significant differences between the two groups in cognition measures (tested using the Kaufman
Assessment Battery for Children version Il [KABC-II] subtests and the Hopkins Verbal Learning
Test[HVLT]) (190).



3.2.11

3.2.12

3.3
3.3.1
3.3.1.1

3.3.2
3.3.2.1

In a prospective cohort study following children in utero up to 7 years of age, early and mid-
childhood cognition scores were inversely associated with maternal intake of NSS-sweetened
beverages during pregnancy (PPVT-III,* early childhood: -1.2; 95% Cl -2.9, 0.5; total WRAVMA,
early childhood: -1.5; 95% Cl -2.9,-0.1; KBIT-1l verbal, mid-childhood: -3.2; 95% CI -5.0, -1.5;
KBIT-Il nonverbal, mid-childhood: -2.0; 95% Cl -4.3, 0.2; WRAVMA drawing, mid-childhood: -1.7;
95% Cl -4.1, 0.6; WRAML visual memory, mid-childhood: -0.1; 95% Cl -0.7, 0.5); however, there
was no association between early and mid-childhood cognition scores and childhood intake of
NSS-sweetened beverages at 3 years (215).

In a nonrandomized controlled trial in which children were given sucrose, aspartame or saccharin
for 3 weeks in a crossover manner, no significant differences were found in cognition (205).

Asthma

A cross-sectional analysis within the PIAMA birth cohort found that intake of NSS-sweetened
beveragesin 11-year-old children (22 glasses/week) was associated with higher but nonsignificant
odds of asthma (adjusted OR 1.08; 95% Cl 0.74, 1.59) (216).

Allergies

No studies were identified that directly assessed allergies in children consuming NSS. See Section
3.3.3.4.

Pregnant women
Maternal outcomes
Gestational diabetes

In a cohort study among pregnant women, intake of NSS-sweetened beverages was not associated
with the risk of developing gestational diabetes (adjusted relative risk [RR] 0.92; 95% Cl 0.81,
1.04) (217); a cross-sectional study also found no association (218). A separate cross-sectional
study did identify an association between NSS-sweetened beverages and gestational diabetes
in 376 pregnant women attending a diabetes clinic for routine screening for gestational diabetes
(adjusted OR 1.77; 95% Cl 1.09, 2.86) (219).

Birth outcomes

Preterm birth

Three prospective cohortstudies reported on use of NSS-sweetened beverages during pregnancy
and preterm delivery (220-222). Results of meta-analysis suggest that NSS intake during
pregnancy is associated with a 25% increase in risk of preterm birth (Fig. 34). A dose-response
relationship was observed in the two studies that reported a significant association. Additional
analyses suggested that the association was primarily for late preterm delivery (between weeks
34 and 37), not early preterm delivery (<32 weeks), and that the association was similar for lean
and overweight women (220, 221). Analyses in one of the studies further suggested that the
preterm delivery associated with intake of NSS-sweetened beverages was primarily medically
induceddeliveryratherthanspontaneouspretermdelivery,although adjustmentforhypertension
and removal of women with diagnosed pre-eclampsia did not alter the effect significantly (221).
A cross-sectional study reported no difference in gestational age at delivery between highest
and lowest consumers of NSS-sweetened beverages (218).

t PPVT-lll: Peabody Picture Vocabulary Test-1ll; WRAVMA: Wide Range Assessment of Visual Motor Ability;
KBIT-II: Kaufman Brief Intelligence Test 2nd edition; WRAML: Wide Range Assessment of Memory and
Learning.
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Fig. 34. Association between NSS intake and risk of preterm birth

Birthweight

A secondary analysis of the cluster-randomized GeliS trial, which assessed the effects of a healthy
lifestyle during pregnancy, found that intake of NSS-sweetened beverages during pregnancy was
not associated with birthweight or BMI, or categorical assessments of low or high birthweight, or
small or large for gestational age (223).

In a Dutch cohort of pregnant women, intake of NSS-sweetened products before conception was
associated with increased birthweight (adjusted z-score coefficient per 10 g per 1000 kcal/day:
0.001; 95% Cl 0.000, 0.001; P = 0.002) (224).

Large for gestational age

In a cohort study with women with gestational diabetes in Slovenia, intake of low-calorie
beverages' was not associated with large for gestational age (Spearman correlation 0.118;
P nonsignificant) (225).

Health efects in oFspring
Adiposity

In a prospective cohort study of pregnant women conducted in Canada, daily intake of NSS-
sweetened beverages during pregnancy (compared with less than one serving per month) was
associated with a 0.2 increase in infant BMI z-score (95% Cl 0.02, 0.38) and a more than twofold
increase in risk of overweight at 1 year of age (adjusted OR 2.19; 95% Cl 1.23, 3.88). Adjustment
for maternal BMI, diet quality, total energy intake or other obesity risk factors did not change the
results (226).

In a prospective cohort study conducted in the United States, consumption of NSS-sweetened
beverages during pregnancy was not associated with BMI z-score or waist circumference in
offspring at mid-childhood (median age: 7.7 years) (227).

In a prospective cohort study conducted in Denmark, the children of women with gestational
diabetes who consumed more than one NSS-sweetened beverage per day (compared with never)
had a higher BMI z-score (b 0.59; 95% Cl 0.23, 0.96) and risk of overweight or obesity (RR 1.93;
95% Cl 1.24, 3.01) at 7 years of age (228).

Neurocognition

In a prospective cohort study following children in utero up to 7 years of age, early and mid-
childhood cognition scores were inversely associated with maternal intake of NSS-sweetened
beverages during pregnancy (PPVT-111,2 early childhood: -1.2; 95% Cl -2.9, 0.5; total WRAVMA,

! Based on the reporting of other beverage types in this study, it was determined that “low-calorie
beverages” consisted primarily, if not entirely, of NSS-sweetened beverages.

2 PPVT-IIl: Peabody Picture Vocabulary Test-Ill; WRAVMA: Wide Range Assessment of Visual Motor Ability;
KBIT-II: Kaufman Brief Intelligence Test 2nd edition; WRAML: Wide Range Assessment of Memory and
Learning.
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Cardiometabolic health (maternal)

In a cohort study of women with gestational diabetes in Denmark, intake of two or more NSS-
sweetened beverages per week during and after pregnancy (when compared with four or fewer
per month) was associated with significantly higher HbA1c (6.0%; 95% Cl 2.8, 9.1), fasting
glucose (7.1 mmol/L; 95% Cl 2.2, 12.4) and obesity (RR 1.37; 95% Cl 1.04, 1.81), but no significant
difference in fasting insulin, HOMA-IR, triglycerides, HDL cholesterol, LDL cholesterol, BMI, waist
circumference or type 2 diabetes (235).



Discussion

Summary of results

This systematic review of a large number of RCTs, prospective cohort studies and case—control
studies found that NSSuseresultsinasmallreductioninbodyweightand BMlin adults, as assessed
in RCTs (low certainty evidence) without significant effects on other measures of adiposity or
cardiometabolic health, including fasting glucose, insulin, blood lipids and blood pressure (very
low to high certainty evidence). The effects appear more pronounced when NSS are compared
with sugars, and it is likely that they are mediated by a reduction in energy intake, which is only
observed in studies in which NSS are compared to sugars. When NSS are used specifically as
replacements for sugars (mostly in the form of replacing SSBs with NSS-sweetened beverages),
the effects on body weight and BMI are smaller, and neither are statistically significant (moderate
certainty evidence).

Results from prospective cohort studies suggest that higher NSS intake is associated with
increased body weight, and increased risk of type 2 diabetes, cardiovascular diseases and all-
cause mortality (very low to low certainty evidence). Results from case-control studies suggest
an association between saccharin intake and bladder cancer (very low certainty evidence), but
significant associations for other types of cancer were not observed in case-control studies or
meta-analysis of prospective cohort studies (very low to low certainty evidence).

Relatively fewer studies were found for children, and results were largely inconclusive. One fairly
large, well-conducted RCT in which SSBs were replaced with NSS-sweetened beverages reported
asmallreductionin measures of adiposity (moderate certainty evidence). However, the effect was
not observed when this study was meta-analysed with another study, and was not corroborated
by results from prospective cohort studies.

Results for pregnant women suggest that higher NSS intake is associated with increased risk of
preterm birth (low certainty evidence) and possibly adiposity in offspring (very low certainty
evidence).

Interpretation

The results suggest that, in the short term, NSS use may lead to small reductions in adiposity
without any significant impact on cardiometabolic risk. There is suggestion of negative health
effects with long-term use, but the evidence is ultimately inconclusive.

That a difference in body weight with NSS intake was observed in shorter term RCTs, primarily
when NSS were compared with sugars, is not unexpected given current knowledge regarding
the role of sugars in unhealthy weight gain, particularly when they are consumed in beverage
form. Evidence suggests that the body does not sense calories from SSBs in the same manner
as those in solid foods, in terms of satiety (236) — as a result, they are not compensated for by
a reduction in energy intake in the rest of the diet, thus leading to positive energy balance.
Because most of the studies included in this review that compared NSS with sugars did so by
providing NSS-sweetened beverages or SSBs as a supplement to the existing diet, it is likely that
those receiving the SSBs did not fully compensate for the extra calories from the added sugars,
whereas those receiving NSS-sweetened beverages were not consuming these extra calories.
This is supported by the observation that energy intake was significantly higher in those not
receiving NSS, exclusively in studies that compared NSS with sugars. Because the effects of NSS
on adiposity were smaller for studies in which NSS were used specifically as a replacement for
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mortality and cardiovascular diseases are not as consistent, but also do not rule out a bona fide
association between NSS intake and increased risk.

Although the discordant results between shorter-term RCTs and longer-term cohort studies may
be partially or largely a result of reverse causation and/or residual confounding, an alternative
explanation may be found in likely differences in how NSS were consumed between the
experimental settings of RCTs and in free-living populations as assessed in prospective cohort
studies. In most of the RCTs included in this review, NSS were consumed as an alternative to
sugars, and, in many, NSS were provided directly as a stand-alone item (mostly beverages) to
consume. Although it is not known how the NSS in every trial were actually consumed, given the
design of many of the trials, it is reasonable to assume that the NSS were generally treated as an
experimental food or beverage to be consumed, likely on its own, and in many cases specifically
as a replacement for sugars. In contrast, real-world consumption of NSS as assessed in cohort
studies is more complex and could follow a variety of patterns including as a conscious, specific
replacement of sugars, but also as a general part of the diet without concern for whether or not
they are replacing sugars, or have low or no calories. NSS could also be used as a justification
for consuming other sugary or unhealthy foods - that is, people who have consumed a food or
beverage with NSS might feel that itis acceptable to then consume sugar-containing (or otherwise
unhealthy) foods or drinks (239). Evidence does suggest that many people consume products
with NSS not in replacement of, but in addition to, foods containing sugars, as well as other
unhealthy foods (240-242), and results of a cross-sectional study of children completing the
NHANES survey in the United States suggest that consuming both NSS and sugars is associated
with greater total energy intake than consuming either alone (242). The effects of consuming
NSS and sugars together have also been explored in a recent RCT (included in this review)
that reported that the intake of sucralose alone does not impair insulin sensitivity, but, when
consumed together with another carbohydrate (maltodextrin), it both impairs insulin sensitivity
and decreases the neural response to sugars intake, suggesting that sucralose, when consumed
with carbohydrates, disrupts gut-brain regulation of glucose metabolism (100). Evidence for
effects of regularly consuming NSS and sugars together is very limited, and further research
is clearly needed. However, these results do suggest a possible explanation for some of the
differences observed between the RCTs and prospective cohort studies.

Mechanisms by which NSS as a class of molecules might exert effects that increase risk for
obesity and certain NCDs have been reviewed extensively and include interaction with extra-
oral taste receptors (243), possibly with alteration of the gut microbiome (244). Because sugars
and all known NSS presumably elicit sweet taste through the TAS1R heterodimeric sweet-taste
receptor (245), which has been identified not just in the oral cavity but in other glucose-sensing
tissues (243), it is not surprising that such a group of vastly different chemical entities could
be responsible for similar effects on health. However, as NSS are a diverse group of molecules,
the magnitude or precise effects on disease risk might differ slightly, and off-target interactions
(i.e. interactions other than with the sweet-taste receptor) could differ significantly between
individual NSS (246). Several of the RCTs included in this review used individual sweeteners, but
the limited meta-analyses did not suggest any striking differences, although a small number of
studies included in the review concluded that there appeared to be NSS-specific differences in
effects on body weight, for example. Virtually none of the cohort studies reported on individual
NSS as exposures.

The results of the review suggest an association between NSS intake and risk of bladder cancer,
with the effect being almost entirely driven by use of saccharin, primarily via tabletop use
(i.e. added by the consumer). The results were unexpected given that, despite early concerns
regarding a possible link between saccharin and bladder cancer based on results of studies
in rodents (247), subsequent studies in humans failed to replicate the findings (248). A 2015
systematic review on NSS intake and cancer did not find an association between NSS intake and
bladder cancer; however, the review included only five studies in total (249). A number of the
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studies included in the current review are decades old; many lack important details, including
information on doses being consumed in the studies; and nearly half have serious risk of bias.
As aresult, confidence (certainty) in the results for bladder cancer is very low, and therefore the
results must be interpreted cautiously.

The results for pregnant women require further scrutiny, but are in line with a recent study that
provided supporting mechanistic data from animal and in vitro studies regarding a possible
association between NSS intake during pregnancy and childhood adiposity (250). Although there
are questions about the nature of the association observed between NSS intake during pregnancy
and preterm birth, including potential mechanisms, the recent finding from a systematic review
of an association between preterm birth and childhood obesity (251) draws a link between the
two main observations in this review for NSS intake during pregnancy. Given that NSS use may
be increasing among pregnant women (10), further research is needed to confirm the findings for
pregnant women.

Agreement with other recent systematic reviews

Result of this review largely agree with those of other recent systematic reviews, in that replacing
sugars with NSS in the short term results in reductions in body weight, with little impact on
other cardiometabolic risk factors, but is associated with increased risk of type 2 diabetes,
cardiovascular diseases and mortality in the longer term.

As in the current review, a 2021 systematic review and meta-analysis of NSS consumption and
body weight and energy intake in intervention studies found that body weight, BMI and energy
intake were lower among those receiving NSS when compared with sugars, but not water (252).
Similarly, a 2020 systematic review of the effects of NSS intake on body weight as assessed in
RCTs found a small reduction in body weight with NSS intake, which was strongest in overweight
and obese individuals, and when NSS replaced sugars (253). Similarly, the review did not find a
significant pooled effect on body weightin children. Strong similarity in results between previous
reviews and the current review are observed despite less restrictive inclusion and exclusion
criteria in the earlier reviews (e.g. inclusion of trials that were not randomized (254), employed
doses that exceeded the ADI (255), included exclusively pre-diabetic or diabetic participants
(256), or used interventions where the effects of NSS could not be isolated, such as replacement
of SSBs with “noncaloric beverages” (257, 258), which resulted in slightly different, but largely
the same, sets of studies for each outcome between the earlier reviews and the current one). A
2018 systematic review of observational studies found a significant association between NSS use
and increased BMI in children (259); however, the review included three cross-sectional studies
in the meta-analysis that showed fairly large associations between NSS intake and BMI, which is
likely to have skewed the results (the three studies accounted for 32% of the weight in the meta-
analysis). Because it is very likely, especially in children, that consumption of NSS is initiated as
aresult of weight gain, cross-sectional studies are not an informative study design for assessing
causation; we therefore did not include them in assessing body weight outcomes.

Three systematic reviews with dose-response meta-analyses published in 2021 found significant
associations between consumption of NSS-sweetened beverages andall-cause and cardiovascular
disease mortality. However, there was some inconsistency between the studies in the nature of
the identified dose-response relationships, with some reporting linear relationships and others
reporting J-shaped or nonlinear relationships (260-262). Two of these reviews that also assessed
the effects of consumption of NSS-sweetened beverages on cancer mortality found no evidence
of an association. Similarly, a 2021 systematic review and meta-analysis of NSS consumption
and gastrointestinal cancer as assessed in cohort and case—control studies found no association
(263).

A 2017 systematic review assessing body weight and disease outcomes in studies with a minimum
duration of 6 months found significant associations between higher NSS intake and increased
risk of incident obesity, type 2 diabetes, hypertension, cardiovascular events and stroke (264). A



nonsignificant reduction in body weight as assessed in RCTs was reported; however, the review
included only five RCTs reporting on body weight, far fewer than the number included in the
current review. A 2017 systematic review of the effects of NSS on measures of glycaemic control
found that NSS intake did not appreciably effect blood glucose levels (265). Similarly, a 2021
systematic review and meta-analysis of NSS consumption and chronic kidney disease in cohort
and case-control studies found no association between NSS consumption and risk of chronic
kidney disease; however, dose-response analysis suggested increased risk above seven servings
of NSS per week (266).

A 2021 systematic review on the effects of NSS use during pregnancy and birth outcomes
found significant associations between NSS use and increased risk of preterm birth, decrease
in gestational age and increased birthweight (267). A 2016 systematic review on the effects of
early exposure to NSS (including use during pregnancy) on longer-term metabolic outcomes did
not identify any studies that reported on NSS use during pregnancy and metabolic outcomes in
offspring (268). The current review also found an association between NSS use and preterm birth,
as well as a suggestion of slightly increased adiposity later in childhood, although the data for the
latter and other birth outcomes were not amenable to meta-analyses.

Strengths and limitations

The strengths of this review are breadth and depth of the dataidentified from different study types,
and rigorous assessment of the certainty in the evidence via the GRADE framework. Limitations
include our inability to meta-analyse a significant portion of the data, particularly outcomes
measured predominantly in subjective terms. In addition, because a head-to-head comparison
of NSS vs water as replacement for SSB was not prioritized by the NUGAG Subgroup, we were
unable to fully account for the effects of water compared with NSS-sweetened beverages as a
replacement for SSBs — that is, our literature search strategy was not designed to identify studies
that exclusively assessed water as a replacement, without NSS as a comparator.! We were also
limited in our ability to assess potentially differential health effects of individual sweeteners,
and while very few of the cohort studies provided detail on specific sweeteners as exposures, it
is likely that in most studies, especially those with many years of follow-up, NSS consumed were
primarily those that have been on the market for many years, and that newer sweeteners were
less well represented.

Because so many different interventions and experimental designs were employed to assess the
effects of NSS intake in the included RCTs, it was difficult to relate the pooled effects to the
primary interest of NSS as a replacement for sugars in the context of body weight. Although a
small number of studies specifically assessed the effects on habitual users of sugar-sweetened
foods and beverages of replacing these foods and beverages with NSS-sweetened alternatives,
most trials provided NSS or sugars as an addition to the diet, others provided nothing or water
as the comparator, still others provided NSS in capsule form, and a small number assessed the
inclusion of NSS in the context of a calorie restricted diet. In addition, two trials assessed the
effects of asking habitual users of NSS-sweetened beverages to switch to water. As a result,
the majority of the available evidence for effects of NSS used as a replacement for sugars on
measures of adiposity is indirect.

Concluding remarks

The results of this review suggest that, in shorter-term RCTs, those consuming NSS had lower
body weight and BMI at the end of the trials than those not consuming NSS, particularly when
compared with sugars (including when NSS were explicitly used as replacements for sugars), but
not when compared with water. Those consuming NSS also exhibited a significant reduction in
energy intake, primarily when NSS were compared to sugars. Therefore, NSS may be effective at

1 The search strategy employed in the original systematic review (1) was also not designed to identify
studies that exclusively assessed water as a replacement, without NSS as a comparator.
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assisting with short-term weight loss when their use leads to a reduction in total energy intake.
Results from prospective cohort studies suggest the possibility of long-term harm in the form of
increased risk of obesity, type 2 diabetes, cardiovascular diseases and mortality. Further research
is needed to determine whether the observed associations are genuine or a result of reverse
causation and/or residual confounding. Further research is also needed in children and pregnant
women, the latter for which prospective cohort studies currently suggest possible unfavourable
effects of NSS consumption on birthweight and adiposity in offspring later in life.



ANNEX 1.
Search strategies

The following search terms were used to search the respective databases as indicated.

MEDLINE, MEDLINE In-Process and Other Non-Indexed Citations (Ovid),
and Embase (Ovid)

1 artificial sweetener*.mp.

2 exp Aspartame/

3 aspartame.mp.

4 acesulfame.mp.

5 Ace K.mp.

6 Saccharin/

7 saccharin®.mp.

8 neotame.mp.

9 sucralose.mp.

10 advantame.mp.
11 Cyclamates/

12 cyclamate.mp.

13 alitame.mp.

14 neohesperidin.mp.
15 stevia.mp.

16 Stevia/

17 steviol*.mp.

18 stevioside*.mp.
19 rebaudioside*.mp.
20 rebiana*.mp.

21 thaumatin®*.mp.

22 brazzein*.mp.

23 mogroside*.mp.

24 sweetening agent/ or non-nutritive sweetener/ or nutritive sweetener/

25 ((non-calori* or noncalori*) adj (sweetener* or sweetner*)).mp.

26 ((non-sugar or nonsugar) adj (sweetener* or sweetner®)).mp.

27 ((non-nutritive or nonnutritive) adj (sweetener* or sweetner)).mp.

28 ((low-calori* or lowcalori*) adj (sweetener* or sweetner*)).mp.

29 ((intense or high intensity or high potency) adj3 (sweetener* or sweetner*)).mp.
30 natural sweetener*.mp.

31 nonnutritive sweetener/
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32 natural sweetening agent*.mp.

33 ((non-caloric or noncaloric) adj (beverage* or drink* or soft drink*)).mp.
34  sugar substitute*.mp.

35 (diet soda*).mp

36 (diet beverage®).mp

37 (dietdrink*).mp

38 (dietcola*).mp

39 (sugar-free).mp

40 (calorie-free).mp

41 (artificially sweetened).mp

42 (non-nutritively sweetened).mp

43 (non-calorically sweetened).mp

44 (Low calorie beverage).mp

45 (Low calorie drink).mp

46  (Low calorie soda).mp

47 or/1-46

48 exp animals/ not humans.mp.

49 47 not 48

50 limit 49 to yr="2017 -Current”

51 or/1-40

52 51not48

53 49 not52

Cochrane CENTRAL

#1 “artificial sweetener*”

#2 MeSH descriptor: [Aspartame] explode all trees
#3 aspartame

#4 acesulfame

#5 “AceK”

#6 MeSH descriptor: [Saccharin] this term only

#7 saccharin

#8 neotame

#9 sucralose

#10 advantame

#11 MeSH descriptor: [Cyclamates] explode all trees
#12 cyclamate

#13 alitame

#14 neohesperidin

#15 MeSH descriptor: [Sweetening Agents] this term only
#16 MeSH descriptor: [Non-Nutritive Sweeteners] this term only
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ANNEX 6.

Risk of bias assessment

Figure A6.1. Risk of bias in randomized controlled trials (Cochrane risk of bias tool)
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Fig. A8.2. Body mass index (kg/m?) among adults in randomized controlled trials
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Fig. A8.3  Fasting glucose (mmol/L) among adults in randomized controlled trials
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Fig. A8.4  Type 2 diabetes among adults in cohort studies

Fig. A8.5  Funnel plot of HOMA-IR among adults in randomized controlled trials
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Fig. A8.8  LDL cholesterol (mmol/L) among adults in randomized controlled trials
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Fig. A8.9  HDL cholesterol (mmol/L) among adults in randomized controlled trials
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Fig. A8.10 Bladder cancer among adults in case—control studies

Fig. A8.11 Energy intake (kJ/day) among adults in randomized controlled trials
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Fig. A8.12 Sugars intake (g/day) among adults in randomized controlled trials
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ANNEX 9.
Supplementary fgures

Fig. A9.1  Efect of NSS on waist circumference (cm) in randomized controlled trials

inadults
Study NSS noNSS MD  95%Cl Weight MD (95% CI)
Bonnet 2018 (SEDULC) 50 50 0.20 (-1.61,2.01) 89% e
Han 2018 40 81  0.91 (-0.33,2.14) 11.6% T
Madijd 2018 (week 77) 36 35  1.30 (0.02,258) 11.4% ——
McLay-Cooke 2016 (Ice Tea Study) 63 53  -0.80 (-1.56,-0.05) 14.0% ]
Njike 2011 32 33 -0.50 (-2.41,1.41) 85% e
Peters 2016 (week 52) 154 149 .4.50 (-6.77,-2.23) 71% —&—
Stamataki 2020 14 14 096 (-1.51,-041) 14.8% e
Tate 2012 (CHOICE) 105 162 -0.79 (-2.26,0.68) 10.5% —E -
Vazquez-Duran 2016 49 87 0.62 (-1.16,2.39) 9.1% —il—
Viveros-Watty 2021 21 24  3.08 (-0.28,6.45) 4.3% I
Total 564 688 -0.24 (-1.06, 0.58) 100.0% -
Heterogeneity: Tau®? = 1.1; Chi® = 34.31, df = 9 (P < 0.01); I* = 74% rrr-Tr-T1T 11
Test for overall effect: Z = -0.58 (P = 0.56) 6 4 2 0 2 4 8

Favours NSS Favours na NSS

Fig. A9.2  Efect of NSS on waist-to-hip ratio in randomized controlled trials in
adults

Fig. A9.3  Efect of NSS on fat mass (kg) in randomized controlled trials in adults

121

Annex 9. Supplementary figures









Fig. A9.10 Meta-regression: body weight results in randomized controlled trials by
study duration

Note: B coefficient =-0.002; P=0.052.
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Fig. A9.11 Efect of NSS on body weight (kg) in randomized controlled trials,
subgrouped by study duration, in adults

Study NSS noNSS MD

1 month or less

Al-Dujaili 2017 16 16 -0.90
Kim 2011 9 12 -0.68
Kim 2020 39 39 -0.20
Kuzma 2015 9 9 0.00
Lertrit 2018 15 15 0.05
Reid 2007 65 68 -0.66
Reid 2010 29 24 -0.49
Reid 2014 21 20 0.18
Romo-Romo 2018 30 31 -0.82
Total 233 234 -0.60

Hetarogeneity: Tau? = 0; Chi=2.37, df=8 (P = 0.97); I’ = 0%

Test for overall effect: Z = -4.31 (P < 0.01)

2-3 months

Bonnet 2018 (SEDULC) 50
Campos 2015 (REDUCS study) 14
Han 2018 40
Higgins 2018 31
Higgins 2019 115
Kanders 1988 28
Markey 2016 (REFORM) 50
MclLay-Cooke 2016 (lce Tea Study) 63
Njike 2011 32
Raben 2002 20
Sagrario Lopez-Meza 2021 26
Sanchez-Delgado 2021 26
Stamataki 2020 14
Viveros-Watty 2021 21
Total 530

461

-0.59
-2.30
0.77
0.70
-1.41
-0.98
-0.40
-0.68
-0.09
-2.60
-0.37
-1.08
-1.11
3.53
-0.56

95% Cl

(-3.87, 2.07)
(-1.61, 0.25)
(-4.13,3.73)
(-5.78, 5.78)
(-10.71,10.81)
(-1.04,-0.28)
(-1.13,0.14)
(-0.99, 1.35)
(-1.59,-0.05)
(-0.88,-0.33)

(-1.70, 0.52)
( -5.09, 0.49)
( 0.11,1.43)
( -0.60, 2.00)
(-2.20,-0.61)
(-2.75, 0.78)
(-1.56, 0.76)
(-1.27,-0.10)
(-0.49, 0.31)
(-3.71,-1.49)
(-1.99, 1.25)
(-2.89,0.72)
(-1.37,-0.85)
( 0.73,6.33)
( +1.08,-0.05)

Heterageneity; Tau? = 0.6; Chi® = 66.96, df = 13 (P < 0.01); I* = 81%

Test for overall effect: Z = -2.15 (P = 0.03)

3 months or more

Blackburn 1997 41
Ebbeling 2020 (BASH IlI) 67
Engel 2018 15
Madjd 2018 (week 77) 36
Peters 2016 (week 52) 154
Tate 2012 (CHOICE) 105
Total 418

45
136
30
35
149
162
557

-5.10
-0.35
-0.57
2.40
-3.76
-0.70
-1.32

(-7.15,-3.05)
(-1.75, 1.05)
(-2.27,1.12)
( 0.97, 3.83)
(-4.52,-3.00)
(-1.79, 0.39)
(-3.40, 0.75)

Heterogeneity: Tau® = 6.2; Chi® = 78.75, df = 5 (P < 0.01); I = 94%

Test for overall effect: Z =-1.25 (P = 0.21)

Total 1181

1252 -0.71 (-1.13,-0.28)

Heterageneity: Tau® = 0.9; Chi* = 167.77, df = 28 (P < 0.01); I* = 83%

Test for overall effect: Z = -3.25 (P < 0.01)

Test for subgroup differences: Chi® = 0.48, df = 2 (P = 0.79)

Weight

1.5%
4.4%
1.0%
0.5%
0.2%
5.3%
4.9%
3.9%
4.7%
26.3%

4.0%
1.6%
4.9%
3.6%
4.6%
2.8%
3.9%
5.0%
5.3%
4.0%
31%
2.8%
5.4%
1.6%
52.7%

2.4%
3.5%
2.9%
3.4%
4.7%
4.1%
21.0%

100.0%

MD (95% CI)

A
[ T T 1

-10 -5 0 5 10
Favours NSS Favours no NSS
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Fig. A9.12 Efect of NSS on body mass index (kg/m?) in randomized controlled trials,
subgrouped by consumption pattern, in adults

Study NSS no NSS MD 95% Cl  Weight MD (95% ClI)
Habitual users ASB

Madjd 2018 (week 77) 36 35 0.90 (0.31,1.49) 3.9% -
Viveros-Watty 2021 21 24 1.00 (0.16,1.85) 2.5% ——
Total 57 59 093 (0.45,1.41) 6.5% -

Heterogeneity: Tau? = 0; Chi® = 0.04, df = 1 (P = 0.84); = 0%
Test for overall effect: Z =3.81 (P <0.01)

Habitual users SSB

Campos 2015 (REDUCS study) 14 13 -0.90 (-2.23,043) 12% —
Ebbeling 2020 (BASH IIl) 67 136 -0.12 (-0.59,0.36) 4.8%
Vazquez-Duran 2016 49 87 043 (-0.12,0.98) 4.2% }
Total 130 236 -0.01 (-0.58,0.56) 10.3%

Heterogeneity: Tau® = 0.1; Chi* = 4.3, df = 2 (P = 0.12); I° = 53%
Test for overall effect: Z =-0.03 (P = 0.98)

Non/low-users NSS

Higgins 2019 115 39 -048 (-0.74-021) 6.8% ™
Stamataki 2020 14 14 040 (-0.50-0.30) 8.1% =

Total 129 53 -0.41 (-0.50,-0.32) 14.9% +
Heterogeneity: Tau® = 0; Chi? = 0.28, df = 1 (P = 0.60); I =0%

Test for overall effect: Z = -8.83 (P < 0.01)

Some users NSS or SSB

Blackburn 1997 71 65 0.00 (-0.50,0.50) 4.6%

Kanders 1988 28 27 -0.98 (-1.48,-0.48) 46% -
McLay-Cooke 2016 (Ice Tea Study) 63 53 -0.24 (-0.44,-0.05) 7.4%

Reid 2007 65 68 -0.30 (-0.64,004) 6.0%

Total 227 213  -0.36 (-0.67,-0.04) 22.6% »>
Heterogeneity: Tau® = < 0.1; Chi? = 8.86, df =3 (P = 0.03); I* = 66%

Test for overall effect: Z = -2.24 (P = 0.02)

Unclear

Al-Dujaili 2017 16 16  -0.30 (-1.58,0.98) 1.3% ——
Bueno-Hernandez 2020 61 34 0.05 (-0.49,0.59) 4.3%

Engel 2018 15 30 -0.14 (-0.95,067) 27%

Han 2018 40 81 0.27 (0.01,0.53) 6.8%

Kassi 2016 19 19  -0.57 (-4.61,346) 02%

Kim 2020 39 39 0.50 (-0.96,1.96) 1.1% —
Markey 2016 (REFORM) 50 50 -0.10 (-0.57,037) 4.9%

Njike 2011 32 33 -0.10 (-042,022) 6.3%

Raben 2002 20 21 -0.90 (-1.45,-0.35) 4.2% -
Romo-Romao 2018 30 31 -0.15 (-0.45,0.15) 6.4%

Sagrario Lopez-Meza 2021 26 13 -0.17 (-0.68,0.34) 4.5%

Sanchez-Delgado 2021 26 12 -0.28 (-0.96,0.41) 3.3%

Total 374 379 -0.11 (-0.30,0.08) 45.8%

Heterogeneity:; Tau® = < 0.1; Chi® = 16.91, df = 11 (P = 0.11); I = 35%

Test for overall effect: Z =-1.12 (P = 0.26)

Total 917 940 -0.14 (-0.30,0.02) 100.0%

Heterogeneity: Tau® < 0.1; Chi® = 76.16, df = 22 (P < 0.01); * = 71% I ' ! T !
Test for overall effect: Z =-1.73 (P = 0.08) -4 ) 0 2 4
Test for subgroup differences: Chi? = 35.85, df = 4 (P < 0.01) Favours NSS Favours no NSS






Fig. A9.14 Meta-regression: body mass index by energy intake in randomized
controlled trials
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Note: B coefficient = 0.0003; P < 0.001.
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Fig. A9.15 Efect of NSS on body weight (kg) in randomized controlled trials,
subgrouped by type of NSS, in adults

Study NSS no NSS MD 95% CI Weight MD (95% CI)
Acesulfame K + aspartame

Bonnet 2018 (SEDULC) 50 50 -0.58 (-1.70,052) 3.4%

Kim 2020 39 39 -0.20 (413,373} 08%

McLay-Cooke 2016 (lce Tea Study) 63 53 -0.68 (-1.27,-0.10) 4.3%

Total 152 142 -0.66 (-1.17,-0.14) B.5% +

Helerogeneity: Tau® = 0; Chi® = 0.07, df = 2 (P = 0.96); 17 = 0%
Test for overall effect: Z = -0.17 (P = 0.86)

Aspartame

Blackbum 1997 41 45 -5.10 (-7.15-3.058) 21% ——

Engel 2018 15 30 -057 (-227,112) 25% —i
Higgins 2018 31 31 070 (-0.80, 2000 31%

Higgins 2019 30 38 112 (-210,-0.14) 3.7% L
Kanders 1988 28 27 -098 (-2.75 0.78) 24% — -
Kim 2011 9 12 -0.68 (-161,025 37%

Kuzma 2015 9 9 000 (-578,578) 04%

Reid 2007 65 68 -066 (-1.04,-0.28) 4.5%

Reid 2010 29 24  -049 (-113,0.14) 42%

Reid 2014 21 20 018 (-0.99,1.35) 3.3%

Total 278 305 -0.73 (-1.30,-0.16) 30.0% »
Heterogeneity: not applicable

Test for overall effect: Z = -2.05 (P = 0.04)

Saccharin

Higgins 2019 29 38 -0.67 (-1.67,033) 3.6% E 1§
Total 29 39 -0.67 (-1.67,0.33) 3.6% -
Heterogeneity: not applicable

Tast for overall effect: Z = -5.14 (P < 0.01)

Stevia

Al-Dujaili 2017 16 16 -0.90 (-3.87,207) 1.3% —.—
Higgins 2019 28 39 -1.25 (-225,-0.25) 3.6% .
Sanchez-Delgado 2021 13 12 -1.78 (-3.38-0.19) 27% —-
Stamataki 2020 14 14 -1.11 (-1.37,-0.85) 4.6% =
Total 7 81 -1.13 (-1.39,-0.88) 12.2% ]
Heterogeneity: not applicable

Taest for overall effect: Z = -2.50 (P = 0.01)

Steviol glycoside

Sagrario Lopez-Meza 2021 13 13 -0.13 (-1.61,1.35) 28% 1
Total 13 13 <013 (-1.61,1.35) 2.8%

Heterogeneity: Tau® = NA; Chi® = 0, df =9 (P < 0.01); I = NA%

Taest for overall effect: Z = NA (P = NA}

Sucralose

Han 2018 40 81 077 (011,143) 42%

Higgins 2019 28 39 -263 (-3.63-1.63) 3.6% : 3
Lertrit 2018 15 15 005 (-10.71,10.81) 0.1%

Romo-Romo 2018 30 31  -0.82 (-1.59,-0.05) 4.0%

Sagrario Lopez-Meza 2021 13 13  -061 (-331,2.09) 1.5%

Sanchez-Delgado 2021 13 12 038 (-258,1.81) 1.9%

Total 139 191 -0.74 (-2.12,0.65) 153% -
Heterogeneity: not applicable

Test for overall effect: Z = NA (P = NA)

Unspecified

Campos 2015 (REDUCS study) 14 13 230 (-5.09,049) 1.4% e
Ebbeling 2020 (BASH lil) 67 136 -0.35 (-1.75,1.05) 3.0%

Madjd 2018 (week 77) 36 35 240 (097,383 29% -
Markey 2016 (REFORM) 50 50 -040 (-156,0.76) 3.3%

Njike 2011 3z 33 -0.09 (-049,031) 45%

Peters 2016 (week 52) 154 149  -3.76 (-4.52,-3.00) 4.0% -]

Raben 2002 20 21 260 (-371,-149) 34% . 5

Tate 2012 (CHOICE) 105 162 -0.70 (-1.79,0.39) 3.5%

Viveros-Watty 2021 21 24 353 (073,633 14% I—I—
Total 499 623 -0.59 (-1.90,0.72) 27.4%

Heterogeneity: Tau® = 3.4; Chi®= 111,51, df = 3 (P = 0.86); I* = 93%

Test for overall effect: Z = NA (P = NA)

Total 1181 1384 -0.79 (-1.18,-0.39) 100.0% +
Heterogeneity: Tau® = 0.8; Chi® = 181,99, df = 33 (P < 0.01); I° = 82% ! ' ' !
Test for overall effect: £ =-3.93 (P < 0.01) -10 -5 0 5 10
Test for subgroup differences: ChiZ = 5.76, df = 6 (P = 0.45) Favours NSS Fawvours no NSS

Note: Some studies appear more than once because they had multiple arms (e.g. comparing artificially
sweetened beverages with both sugar-sweetened beverages and water, or separately comparing multiple
different NSS with a control); therefore, the overall pooled effect is also slightly different from the main
effect, and only effects for individual subgroups should be considered.
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Fig. A9.16 Efect of NSS on body weight (kg) in randomized controlled trials,
subgrouped by delivery mode, in adults
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Fig. A9.18 ETFect of NSS on body mass index (kg/m?) in randomized controlled trials,
subgrouped by weight status, in adults

Study NSS noNSS MD 95% Cl  Weight MD (95% CI)
Lean

Bueno-Hemandez 2020 61 34 0.05 (-0.49,059) 4.3%

Reid 2007 65 68 -0.30 (-064,0.04) 6.0%

Romo-Romo 2018 30 31 -0.15 (-0.45,0.15) 6.4%

Sanchez-Delgado 2021 26 12 -0.28 (-0.96,041) 3.3%

Stamataki 2020 14 14 -0.40 (-0.50,-0.30) 8.1% [%]

Total 196 159  -0.32 (-0.45,-0.18) 28.1% *

Heterogeneity: Tau® = < 0.1; Chi® = 4.87, df = 4 (P = 0.30); I = 18%
Test for overall effect: Z = -4.61 (P < 0.01)

Mixed

Al-Dujaili 2017 16 16  -0.30 (-1.58,098) 1.3% ———
Ebbeling 2020 (BASH IlI) 67 136 -0.12 (-0.59,0.36) 4.8% 1
Han 2018 40 81 0.27 (0.01,0.53) 6.8%

Kassi 2016 19 19 -0.57 (-4.61,3.46) 0.2%

Kim 2020 39 39 0.50 (-0.96,1.96) 1.1% T
Markey 2016 (REFORM) 50 50 -0.10 (-0.57,0.37) 4.9%

McLay-Cooke 2016 (Ice Tea Study) 63 53 -0.24 (-0.44,-0.05) 7.4% E
Sagrario Lopez-Meza 2021 26 13 -0.17 (-0.68,0.34) 4.5%

Vazquez-Duran 2016 49 a7 0.43 (-0.12,0.98) 4.2% L
Total 369 494 -0.01 (-0.22,0.21) 35.2% <

Heterogeneity: Tau® = < 0.1; Chi® = 13.6, df = 8 (P = 0.09); I° = 41%
Test for overall effect: Z = -0.05 (P = 0.96)

Overweight/obese

Blackburn 1997 71 65 0.00 (-0.50,050) 4.6%

Campos 2015 (REDUCS study) 14 13 -0.90 (-2.23,043) 1.2% %

Engel 2018 15 30 -0.14 (-0.95,067) 2.7%

Higgins 2019 115 39 -0.48 (-0.74,-0.21) 6.8% |

Kanders 1988 28 27 -0.98 (-1.48,-0.48) 4.6% E o

Madijd 2018 (week 77) 36 35 090 (0.31,149) 3.9% -

Nijike 2011 32 33 -0.10 (-042,022) 6.3% ]

Raben 2002 20 21 -0.90 (-1.45,-0.35) 4.2% -

Viveros-Watty 2021 21 24 1.00 (0.16,1.85) 2.5% ——

Total 352 287 -0.18 (-0.58,0.22) 36.8% -
Heterogeneity: Tau® = 0.3; Chi® = 42.37, df =8 (P < 0.01); I =81%

Test for overall effect: Z = -0.88 (P = 0.38)

Total 917 940 -0.14 (-0.30,0.02) 100.0% L

Heterogeneity: Tau® < 0.1; Chi® = 76.16, df =22 (P < 0.01); P = 71% ! ' ' !
Test for overall effect: Z = -1.73 (P = 0.08) .1 2 0 2 4
Test for subgroup differences: Chi® = 5.95, df = 2 (P = 0.05) Favours NSS Favours no NSS



Fig. A9.19 Efect of NSS on body mass index (kg/m?) in randomized controlled trials,
subgrouped by delivery mode, in adults

Study NSS noNSS MD 95% Cl  Weight MD (95% ClI)
Beverage

Bueno-Hernandez 2020 61 34 0.05 (-0.49,0.59) 4.3%

Campos 2015 (REDUCS study) 14 13 090 (-2.23,0.43) 1.2%

Ebbeling 2020 (BASH Iil) 67 136 -0.12 (-0.59, 0.36) 4.8%

Engel 2018 15 30 -0.14 (-0.95,0.67) 2.7%

Han 2018 40 81 0.27 (0.01,0.53) 6.8%

Higgins 2019 115 39 048 (-0.74,-0.21) 6.8% =

Kim 2020 39 39 0.50 (-0.96, 1.96) 1.1% —
Madjd 2018 (week 77) 36 35 0.90 (0.31,1.49) 3.9% -
McLay-Cooke 2016 (Ice Tea Study) 63 53 -0.24 (-0.44,-0.05) 7.4% E

Nijike 2011 32 33 -0.10 (-0.42, 0.22) B6.3%

Reid 2007 65 68 -0.30 (-0.64,0.04) 6.0%

Vazquez-Duran 2016 49 87 043 (-0.12,0.98) 4.2% -
Viveros-Watty 2021 21 24 1.00 (0.16,1.85) 2.5% i
Total 617 672 0.03 (-0.20, 0.25) 58.0% *

Heterogeneity: Tau® = 0.1; Chi? = 42.46, df = 12 (P < 0.01); 2 = 72%
Test for overall effect: Z =-0.28 (P = 0.78)

Beverage + food

Raben 2002 20 21 -0.90 (-1.45,-0.35) 4.2% -
Sanchez-Delgado 2021 26 12 -0.28 (-0.96,0.41) 3.3% —.—
Total 46 33 -0.62 (-1.23,-0.02) 7.5% -

Heterogeneity: Tau® = < 0.1; Chi® = 1.91, df = 1 (P = 0.17); I* = 48%
Test for overall effect: Z=-8.03 (P < 0.01)

Beverage + food + tabletop

Blackburn 1997 71 65 0.00 (-0.50, 0.50) 4.6% I
Kanders 1988 28 27 -0.98 (-1.48,-0.48) 4.6% -
Total 99 92  -0.49 (-1.46,0.47) 9.2%

Heterogeneity: Tau® = 0.4; Chi*=7.4, df =1 (P < 0.01); I° = 86%
Test for overall effect: Z =0.22 (P = 0.83)

Capsule + beverage/food

Markey 2016 (REFORM) 50 50 -0.10 (-0.57,0.37) 4.9% e

Total 50 50  -0.10 (-0.57,0.37) 4.9% -
Heterogeneity: not applicable

Test for overall effect: Z =-2.02 (P = 0.04)

Food

Kassi 2016 19 19  -0.57 (-4.61,3.46) 0.2%

Total 19 19  -0.57 (-4.61,3.46) 0.2% ————
Heterogeneity: not applicable

Test for overall effect: Z = -1.00 (P = 0.32)

Tabletop

Al-Duijaili 2017 16 16 -0.30 (-1.58,0.98) 1.3% —
Romo-Romo 2018 30 31 -0.15 (-0.45, 0.15) 6.4%

Sagrario Lopez-Meza 2021 26 13 -0.17 (-0.68, 0.34) 4.5% ;’

Stamataki 2020 14 14 040 (-0.50,-0.30) 8.1% [l

Total 86 74 -0.37 (-0.46,-0.28) 20.3% +

Heterogeneity: not applicable

Test for overall effect: Z = NA (P = NA)

Total 917 940 -0.14 (-0.30, 0.02) 100.0% 4

Heterogeneity: Tau® < 0.1; Chi’ = 76.16, df =22 (P < 0.01); P =71% ' ' T !
Test for overall effect: Z =-1.73 (P = 0.08) -4 -2 0 2 4
Test for subgroup differences: Chi® = 11,91, df=5 (P = 0.04) Favours NSS Favours no NSS
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Fig. A9.20 Efect of NSS on body mass index (kg/m?), subgrouped by study design
(weight loss studies versus non-weight loss studies), in adults

Note: Weight loss studies were those in which the participants were instructed to restrict energy intake AND
consume NSS or control. Weight maintenance studies were those that followed up participants after active
weight loss, with instructions on energy intake designed to prevent weight gain. Non-weight loss studies

were those that had no intentional weight loss component.
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Fig. A9.21 Efect of NSS intake on body mass index (kg/m?), subgrouped by
NSS type

Note: Some studies appear more than once because they had multiple arms (e.g. comparing artificially
sweetened beverages with both sugar-sweetened beverages and water, or separately comparing multiple
different NSS with a control); therefore, the overall pooled effect is also slightly different from the main
effect, and only effects for individual subgroups should be considered.
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Fig. A9.22 Efect of NSS on body weight (kg) in nonrandomized controlled trials in

adults
Study NSS no NSS MD 95% Cl  Weight MD (95% Cl)
Hieronimus 2020 23 122  -0.43 (-0.55,-0.31) 55.8% =
Naismith 1995 14 14 0.22 (-0.90,1.35) 2.0%
Tordoff 1990 30 30 -0.58 (-0.75,-0.41) 42.1% =
Total 67 166 -0.48 (-0.64,-0.32) 100.0% -
Heterogeneity: Tau® < 0.1; Chi® = 3.59, df =2 (P = 0.17); I = 44% ! ! ! !
Test for overall effect: Z = -5.80 (P < 0.01) -1 05 0 05 1

Favours NSS Favours no NSS

Fig. A9.23 ETFect of NSS on fasting glucose (mmol/L) in randomized controlled trials

in adults
Study NSS noNSS MD 95%Cl Weight MD (95% Cl)
Campos 2015 (REDUCS study) 14 13 0.00 (-0.28,028) 3.0% i—
Ebbeling 2020 (BASH III) 67 136 -0.05 (-0.14,0.04) 30.6%
Engel 2018 15 30 -0.14 (-0.38,0.10) 4.0% —
Han 2018 40 81 014 (-0.07,0.35) 5.5% S
Kassi 2016 19 19 -046 (-1.64,0.71) 0.2%
Kim 2020 34 34  -0.19 (-0.54,0.16) 1.9% —e—m
Lee 2012 10 10 0.00 (-0.97,0.97) 0.2% —
Madjd 2018 (week 77) 36 35 010 (-0.09,0.29) 6.3%
Markey 2016 (REFORM) 50 50  0.07 (-0.09,0.23) 8.8%
Njike 2011 32 33  0.06 (-0.18,0.30) 4.0%
Peters 2016 (week 52) 154 149 -0.04 (-0.20,0.12) 9.0%
Raben 2011 11 12 -0.15 (-0.49,0.19) 2.0%
Romo-Romo 2018 30 31 -0.00 (-0.18,0.17) 7.6%
Sanchez-Delgado 2021 13 25 0.05 (-0.38,0.48) 1.2%
Tate 2012 (CHOICE) 104 162 -0.04 (-0.18,0.10) 12.2%
Viveros-Watty 2021 21 24 024 (-0.03,050) 3.3% -—
Total 650 844 -0.01 (-0.05,0.04) 100.0% +
Heterogeneity: Tau? = 0; Chi® = 12.44, df = 15 (P = 0.65); I* = 0% Tl o
Test for overall effect: Z = -0.24 (P = 0.81) 15 -1 =05 0 05 1 15

Favours NSS Favours no NSS

Fig. A9.24 Efect of NSS on fasting insulin (pmol/L) in randomized controlled trials
in adults
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Fig. A9.28 Association between NSS and haemorrhagic stroke in cohort studies
(highest versus lowest) in adults

Study Cases Total HR 95%Cl Weight HR (95% Cl)
Bernstein 2012 (NHS) 519 84085 1.55 (1.20,2.00) 57.0% e
Bernstein 2012 (HPFS) 217 43371 1.05 (0.66,1.67) 24.7% =
Mossavar-Rahmani 2019 (WHI-OS) 328 69428 1.14 (0.65,1.98) 18.3% —

Total 1064 196884 1.33 (1.03,1.72) 100.0% e
Heterogeneity: Tau® < 0.1; Chi® = 2.58, df = 2 (P = 0.28); I = 22% f '
Test for overall effect: Z=2.18 (P = 0.03) 0.5 1 2

Favours NSS Favours no NSS

Fig. A9.29 Association between NSS and ischaemic stroke in cohort studies (highest
versus lowest) in adults

Fig. A9.30 Efect of NSS on total:HDL cholesterol in randomized controlled trials in

adults
Study NSS noNSS MD 95%Cl Weight MD (95% CI)
Engel 2018 15 30 -0.29 (-1.18,0.61) 0.6%
Markey 2016 (REFORM) 50 50 -0.04 (-0.33,0.25) 5.5% —
McLay-Cooke 2016 (Ice Tea Study) 63 53 020 (-0.55,0.94) 0.8%  —
Njike 2011 32 33 010 (0.03,017) 93.1% 2]
Total 160 166 0.09 (0.02,0.16) 100.0% *
Heterogeneity: Tau? = 0; Chi? = 1.61, df = 3 (P = 0.66); I = 0% | ' I 1
Test for overall effect: Z = 2.61 (P < 0.01) -1 -0.5 0 0.5 1

Favours no NSS Favours NSS









Fig. A9.35 Association between NSS and bladder cancer in case—control studies,
subgrouped by mode of delivery, in adults
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Fig. A9.36 Association between NSS and bladder cancer in case—control studies,
subgrouped by NSS type, in adults

Study Cases Total OR 95% Cl  Weight OR (95% CI)
Acesulfame K / aspartame

Andreatta 2008 157 483 146 (066,3.22) 2.3%

Total 157 483 1.46 (0.66,3.22) 2.3%

Heterogeneity: not applicable
Test for overall effect: Z = 0.94 (P = 0.35)

Cyclamate

Kessler 1978 519 1038 097 (0.71,1.32) 3.3%
Moller-Jensen 1983 388 1175 0.84 (0.34,2.05) 2.1%
Risch 1988 826 1618 1.36 (062,296) 2.3%
Simon 1975 220 850 1.17 (0.65,211) 2.7%
Total 1953 4681 1.03 (0.80,1.32) 10.4%

Heterogeneity: Tau® = 0; Chi® = 1.02, df = 3 (P = 0.80); I = 0%
Test for overall effect: Z = 0.21 (P = 0.84)

Cyclamate / saccharin

Andreatta 2008 186 567 1.20 (0.77,1.85) 3.1%
Kessler 1978 519 1038 1.03 (0.77,1.38) 3.3%
Kessler 1978 519 1038 1.00 (0.73,1.37) 3.3%
Total 1224 2643 1.05 (0.87,1.27) 9.7%

Heterogeneity: Tau? = 0; Chi® = 0.45, df = 2 (P = 0.80); I° = 0%
Test for overall effect: Z = 0.49 (P = 0.63)

Saccharin

Cartwright 1981 841 1901 1.27 (0.98,1.64) 3.4%
Howe 1880 632 1264 3.10 (2.63,365) 35%
Kessler 1978 519 1038 1.06 (0.79,1.42) 3.3%
Moller-Jensen 1983 388 1175 0.76 (0.53,1.08) 3.2%
Momas 1994 161 846 150 (0.77,290) 2.6%
Mommsen 1983 47 141 6.36 (4.90,825) 34%
Najem 1982 74 216 1.25 (0.57,2.75) 2.3%
Nomura 1991 233 719 1.06 (063,1.76) 2.9%
Risch 1988 826 1618 0.81 (0.63,1.32) 3.2%
Yu 1997 217 471 390 (1.77,8B57) 2.3%
Zou 1990 60 183 425 (197,919) 2.3%
Total 3998 9582 1.77 (1.11,282) 323%

Heterogeneity: Tau® = 0.6; Chi® = 194.06, df = 10 (P < 0.01); I° = 95%
Test for overall effect: Z=2.38 (P = 0.02)

Unspecified

Akdas 1990 194 388 252 (1.08,591) 2.1%
Bravo 1987 406 812 293 (2.13,4.04) 3.3%
Connolly 1978 341 1014 0.86 (0.61,1.20) 3.2%
Hoover 1980 3000 8776 1.02 (0.94,1.12) 3.6%
Howe 1977 632 1264 096 (0.68,1.36) 3.2%
Kobeissi 2013 50 126 355 (1.13,11.11) 1.6%
Morrison 1980 592 1128 0.92 (0.78,1.08) 3.5%
Morrison 1982 (Japan) 289 865 061 (046,082) 3.3%
Morrison 1982 (United Kingdom) 555 1290 0.92 (0.76,1.11) 3.5%
Najem 1982 74 216 116 (0.64,2.07) 27%
Nomura 1991 226 701 1.07 (0.60,191) 2.7%
Ohno 1985 289 864 0.62 (0.47,0.82) 3.3%
Radosavljevic 2001 130 260 1.18 (0.39,3.60) 1.7%
Silverman 1983 381 1136 1.06 (0.82,1.35) 3.4%
Sullivan 1982 82 251 1.78 (1.34,2.35) 3.3%
Wynder 1977 148 282 090 (0.13,6.51) 0.8%
Total 7399 19373 1.10 (0.81,1.33) 454%

Heterogeneity: Tau? = < 0.1; Chi* = 93.84, df =15 (P < 0.01); I’ = 84%
Test for overall effect: Z = 1.02 (P = 0.31)

Total 14731 36762 1.30 (1.07,1.59) 100.0%

Heterogeneity: Tau® = 0.3; Chi® = 444.71, df = 34 (P < 0.01); I =92%

Test for overall effect: Z = 2.63 (P < 0.01) 0.1 05 1 2 10
Test for subgroup differences: Chi® = 4.95, df = 4 (P = 0.29) Favours NSS Favours no NSS

Note: Some studies appear more than once because they had multiple arms (comparing different NSS with a
control); therefore, the overall pooled effect is also slightly different from the main effect, and only effects
for individual subgroups should be considered.
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Fig. A9.37 Association between NSS and brain cancer in case—control studies in

adults
Study Cases Total OR 95% Cl Weight OR (95% Cl)
Cabaniols 2011 122 244 1.02 (0.57,1.84) 46.1% F

Hardell 2001 233 699 1.24 (0.72,2.14) 53.9% i
Total 355 943 1.3 (0.76,1.69) 100.0% —J——
Heterogeneity: Tau® = 0; Chi® = 0.23,df =1 (P = 0.63); 1°=0% | I 1

Test for overall effect: Z=0.61 (P =0.54) 0.5 1 2
Favours NSS Favours no NSS

Fig. A9.38 Association between NSS and breast cancer in case—control studies in
adults

Fig. A9.39 Association between NSS and breast cancer in prospective cohort studies

inadults
Study Cases Total HR 95%Cl Weight HR (95% ClI)
Chazelas 2019 (NutriNet-Sant.) 693 101257 1.33 (1.00,1.78) 10.4% e
Hodge 2018 (MCCS) 946 35503 095 (0.73,1.24) 11.7% —_——
Romanos-Nanclares 2021 (NHS Il) 3884 93085 0.91 (0.83,1.00) 36.9% —
Romanos-Nanclares 2021 (NHS) 7495 82713 0.99 (0.92,1.07) 41.0%
Total 13018 312648 0.98 (0.89,1.09) 100.0%
Heterogeneity: Tau? < 0.1; Chi® = 6.66, df = 3 (P = 0.08); I = 55%
Test for overall effect: Z=-0.29 (P = 0.77) 0.75 1 15

Favours NSS Favours no NSS

Fig. A9.40 Association between NSS and colorectal cancer in case—control studies in

adults
Study Cases Total OR 95%Cl Weight OR (95% CI)
Gallus 2007 1851 5760 0.85 (0.67,1.09) 87.4% e
Mahfouz 2014 150 450 1.29 (0.17,9.92) 1.3%
Morrison 1979 145 11019 0.80 (0.40,1.57) 11.3% —
Total 2146 17229 0.85 (0.68,1.07) 100.0% -
Heterogeneity: Tau® = 0; Chi? = 0.20, df = 2 (P = 0.91); I* = 0% ! L !
Test for overall effect: Z = -1.37 (P = 0.17) 02 05 1 2 5

Favours NSS Favours no NSS
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Fig. A9.41 Association between NSS and colorectal cancer in prospective cohort
studies in adults

Fig. A9.42 Association between NSS and renal cancer in case—control studies

in adults
Study Cases Total OR 95%Cl Weight OR (95% CI)
Andreatta 2008 197 594 1.24 (0.84,1.85) 22.5% ———
Asal 1988 307 642 1.87 (1.31,2.65) 25.1% ——
Gallus 2007 728 2181 0.96 (0.64,1.43) 22.5% j.—_
Goodman 1986 267 534 1.09 (0.83,1.42) 29.9%
Total 1499 3951 1.25 (0.94,1.65) 100.0% ~T——
Heterogeneity: Tau? <0.1; Chi?=7.73, df =3 (P =0.05); =61% ! !
Test for overall effect: Z=1.55 (P =0.12) 0.5 1 2

Favours NSS Favours no NSS

Fig. A9.43 Association between NSS and lung cancer in case—control studies
in adults

Study Cases Total OR 95%Cl Weight OR (95% Cl)

Mettlin 1989 475 803 048 (0.27,0.86) 51.5% —
Morrison 1979 314 11188 0.33 (0.18,0.60) 485% — B —
|

Total 789 11991 0.40 (0.26,0.61) 100.0% ~——
Heterogeneity: Tau® = 0; Chi* = 0.78,df = 1 (P =0.38): 1°=0% ! ' ' I
Test for overall effect: Z = -4.28 (P < 0.01) 0.2 0.5 1 2 5

Favours NSS Favours no NSS

Fig. A9.44 Association between NSS and pancreatic cancer in case—control studies

in adults
Study Cases Total OR 95%Cl Weight OR (95% Cl)
Bosetti 2009 326 977 0.62 (0.37,1.04) 23.9% —@—
Chan 2009 402 1616 1.50 (1.09,2.07) 27.6% ——
Gold 1985 274 475 055 (0.37,0.83) 26.2% ———
Norell 1986 96 397 1.13 (0.62,2.05) 22.3% —
Total 1098 3465 0.88 (0.51,1.50) 100.0% R
Heterogeneity: Tau® = 0.2; Chi®=17.51,df =3 (P<0.01): I° =83% ! I '
Test for overall effect: Z = -0.47 (P = 0.64) 05 1 2

Favours NSS Favours no NSS



Fig. A9.45 Association between NSS and pancreatic cancer in prospective cohort
studies in adults

Fig. A9.46 Association between NSS and prostate cancer in case—control studies

in adults
Study Cases Total OR 95%Cl Weight OR (95% Cl)
Gallus 2007 1238 2625 1.19 (0.80,1.78) 77.7% -F-
Morrison 1979 50 5925 0.31 (0.04,2.28) 22.3% =
Total 1288 8550 0.88 (0.30,2.62) 100.0% —L—
Heterogeneity: Tau? = 0.4; Chi® = 1.66, df = 1 (P =0.20); I =40% ! rr I
Test for overall effect: Z = -0.22 (P = 0.82) 0.1 051 2 10

Favours NSS Favours no NSS

Fig. A9.47 Association between NSS and prostate cancer in prospective cohort
studies in adults

Study Cases Total HR 95%Cl Weight HR (95% CI)
Chazelas 2019 (NutriNet-Sant.) 291 101257 1.33 (1.01,1.75) 59.2% ——
Hodge 2018 (MCCS) 433 35593 0.81 (0.49,1.33) 40.8% &

Total 724 136850 1.09 (0.67,1.75) 100.0% ——— N ——
Heterageneity: Tau® < 0.1; Chi? = 2.91, df = 1 (P = 0.09); I’ = 66% ' ! !
Test for overall effect: Z=0.34 (P =0.73) 0.5 1 2z

Favours NSS Favours no NSS

Fig. A9.48 Association between NSS and gastric cancer in case—control studies

inadults
Study Cases Total OR 95%Cl Weight OR (95% CI)
Bosetti 2009 230 772 0.80 (0.45,1.43) 64.3% ——
Morrison 1979 93 10967 0.78 (0.36,1.68) 35.7% o
Total 323 11739 0.79 (0.50,1.26) 100.0% ——————
Heterogeneity: Tau? = 0; Chi® = 0.00, df = 1 (P = 0.95); I° = 0% ' 1
Test for overall effect: Z = -0.99 (P = 0.32) 0.5 1 2

Favours NSS Favours no NSS
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Fig. A9.49 Association between NSS and leukaemia in cohort studies in adults

Fig. A9.50 Association between NSS and multiple myeloma in cohort studies

in adults
Study Cases Total RR 95%Cl Weight RR (95% CI)
Lim 2006 (NIH-AARP Diet and Health study) 273 473984 1.03 (0.64,1.66) 25.8%
McCullough 2014 (CPS-11) 198 100442 0.96 (0.92,1.01) 39.3%
Schemhammer 2012 (NHS) 154 77218 059 (0.32,1.09) 21.1%
Schemhammer 2012 (HPFS) 131 47810 3.36 (1.38,8.19) 13.9% — =
Total 756 699454 1.05 (0.70,1.59) 100.0%
Heterogeneity: Tau® = 0.1; Chi® = 10.09, df = 3 (P = 0.02); I = 70% f ri 1 !
Test for overall effect: Z = 0.24 (P = 0.81) 02 05 1 2 5

Favours NSS Favours na NSS

Fig. A9.51 Association between NSS and non-Hodgkin lymphoma in cohort studies
in adults
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Fig. A9.52 Association between NSS and chronic kidney disease in cohort studies
in adults

Note:Lin 2011 reported the association between NSS use and decline in estimated glomerular filtration rate
(eGFR) of 230% (173), and Rebholz 2017, the association between NSS use and chronic kidney disease with
one defining characteristic being a 225% decline in eGFR (174). Lin 2011 reported the association as an odds
ratio which was converted to hazard ratio for this analysis using standard methods as described (16).

Fig. A9.53 Efect of NSS on creatinine (mmol/L) in randomized controlled trials
in adults

Fig. A9.54 Efect of NSS on albumin (g/L) in randomized controlled trials in adults

Study NSS noNSS MD 95%Cl Weight MD (95% Cl)

Han 2018 40 81 -0.05 (-0.65,0.55) 88.2% —q—

Warrington 2011 12 12 040 (-1.24,2.04) 11.8%

Total 52 93  -0.00 (-0.56,0.56) 100.0%

Heterogeneity: Tau? = 0; Chi® = 0.26, df = 1 (P = 0.61); I° = 0% I ' I ! !
Test for overall effect: Z = -0.00 (P = 1.00) -2 -1 0 1 2

Favours NSS Favours no NSS
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Fig. A9.56 ETfect of NSS on energy intake (kJ/d) in randomized controlled trials,
subgrouped by delivery mode, in adults

Study NSS noNSS MD 95% ClI Weight MD (95% Cl)
Beverage l
Bonnet 2018 (SEDULC) 50 50 -302.92 (-1242.30, 636.46) 4.1%

Bueno-Herandez 2020 61 34 2053.58 ( 298.71,3808.45) 2.0% —_—
Campos 2015 (REDUCS study) 14 13 -1802.89 (-3703.43, 97.66) 1.8% ——&—
Ebbeling 2020 (BASH lil) 67 136 -1040.05 (-1712.63,-385.47) 52% —-

Engel 2018 15 30  338.13 (-1206.26, 1882.52) 2.4% ———
Fantino 2018 166 166  40.70 (-517.13, 598.53) 65.7%

Han 2018 40 81 1321  (-552.99, 570.41) 5.6% 1
Higgins 2019 115 39 215030 (-2814.86,-1485.74) 5.2% ——

Kuzma 2015 9 9 -1491.60 (-3644.94, 661.74) 1.5% ——=——
Madjd 2018 (week 77) 36 35 86190 ( 352.35 1371.46) 5.9% -
Njike 2011 32 33 -887.43 (-1901.22, 126.37) 3.8% —

Reid 2007 65 65 -1186.07 (-1811.28,-560.86) 5.4% v

Reid 2010 29 24  -530.00 (-1674.79, 614.79) 3.4% —
Reid 2014 21 20 -1141.10 (-2428.32, 146.12) 3.0% —
Piemnas 2013 (CHOICE) 84 84  -143.00 (-323.41, 37.41) 6.9%

Vazquez-Duran 2016 49 87 -95.88 (-1004.26, 812.51) 4.2%

Viveros-Watty 2021 21 24 9545 (-2027.99,2218.90) 1.5%

Total 874 930 -436.93 (-840.59, -24.27) 67.4% e

Heterogeneity: Tau® = 481341.2; Ghi* = 81.94, df = 16 (P < 0.01); I* = 80%
Test for overall effect: Z = NA (P = NA)

Beverage + food

Raben 2002 20 21 -2056.00 (-3563.70,-548.30) 2.4% — .
Sanchez-Delgado 2021 13 25 -376.56 (-1636.27, 883.15) 3.1% ——
Total 33 46 -1163.09 (-2805.61, 479.42) 5.5% ——

Heterogeneity: Tau® = 907843.8; Chi* = 2.81, df = 1 (P = 0.09); I = 64%
Test for overall effect: Z = -7.55 (P < 0.01)

Beverage + food + tabletop

Blackburn 1997 35 32  -548.00 (-689.26,-406.74) 7.0% =

Total 35 32 -548.00 (-689.26, -406.74) 7.0% *

Heterogeneity: not applicable

Test for overall effect: Z =-2.08 (P = 0.04)

Capsule

Lertrit 2018 15 15  -408.50 (-1868.52, 1051.52) 2.6% ——

Total 15 15  -408.50 (-1868.52, 1051.52) 2.6% ——————
Haterogeneity: not applicable

Test for overall effect: Z=-1.39 (P = 0.17)

Capsule + beverage/food

Markey 2016 (REFORM) 50 50 -765.67 (-1656.28, 124.94) 4.3% ——

Total 50 50 -765.67 (-1656.28, 124.94) 4.3% ——
Heterogeneity: not applicable

Tesl for overall effect: Z =-7.80 (P < 0.01)

Tabletop

Romo-Romo 2018 30 31 254.18 (-748.10, 1256.45) 3.9% —i—
Sagrario Lopez-Meza 2021 26 13 -2156.85 (-3494.70,-819.01) 28% —&—

Stamataki 2020 14 14  -1243.32 (-1566.81,-919.82) 6.6% B

Total 70 58 -1008.01 (-2124.03, 108.00) 13.3% ——m—
Heterogeneity: not applicable

Test for overall effecl: Z = NA (P = NA)

Total 1077 113 -568.55 (-859.37,-277.74) 100.0% >
Heterogeneity: Tau® = 308402.3; Chi? = 127.83, df = 24 (P < 0.01); F =81% T 11
Test for overall effect: Z =-3.83 (P < 0.01) -3000 -10000 1000 3000
Test for subgroup differences: Chi*=1.73,df = 5 (P = 0.88) Favours NSS Favours no NSS
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Fig. A9.58 ETfect of NSS on energy intake (kJ/d) in randomized controlled trials,

subgrouped by NSS type, in adults

Study NSS noNSS MD 95% CI
Acesulfame K + aspartame

Bonnet 2018 (SEDULC) 50 50  -302.92 (-1242.30, 636.46)
Total 50 50 -302.92 (-1242.30, 636.46)
Heterogeneity: not applicable

Test for overall effect: Z = -1.08 (P = 0.28)

Acesulfame K + aspartame + sucralose

Fanfino 2018 166 166 4070  (-517.13, 598.53)
Total 166 166 40.70  (-517.13, 598.53)
Heterogeneity: not applicabl

Test for overall effect: Z = -2.07 (P = 0.04)

Aspartame

Blackburn 1997 35 32  -548.00 (-689.26, -406.74)
Engel 2018 15 30 338.13 (-1206.28, 1882.52)
Higgins 2018 30 39 -1405.82 (-2717.90, -93.75)
Kuzma 2015 '] 9  -1491.60 (-3644.94, 661.74)
Reid 2007 65 85 -1186.07 (-1811.28, -560.86)
Reid 2010 29 24  -530.00 (-1674.79, 614.79)
Reid 2014 21 20  -1141.10 (-2428.32, 146.12)
Total 204 219 -750.19 (~1100.09, -400.29)
Heterogeneity: not applicable

Test for overall effect Z = -0.63 (P = 0.53)

Saccharin

Higgins 2019 29 39 -244346 (-3771.94,-1114.98)
Total 29 39 -2443.46 (-3771.94,-1114.98)
Heterogeneity: not applicable

Test for overall effect: Z = 0.14 (P = 0.89)

Stevia

Higgins 2019 28 39 -2456.01 (-3800.89,-1111.13)
Sanchez-Delgado 2021 13 12 -246.86 (-1522.83, 1029.11)
Stamataki 2020 14 14 -1243.32 (-1566.81, -919.82)
Total 55 65 -1283.05 (-2203.18, -362.93)

Heterogeneity: Tau® = 420811.7; Chi® = 5.46, df = 6 (P = 0.23); I° = 83%
Test for overall effect: Z = NA (P = NA)

Steviol glycoside
Sagrario Lopez-Meza 2021 13 13
Total 13 13

Bl

-2719.60 (-4115.24,-1323.96)
-2719.60 (-4115.24,-1323.96)

r geneity: not appli
Test for overall effect: Z = NA (P = NA)

Sucralose

Bueno-Hemandez 2020 61 34 205358 ( 298.71, 3808.45)
Han 2018 40 81 13.21  (-552.99, 579.41)
Higgins 2019 28 39 -2313.75 (-3658.63, -968.87)
Lertrit 2018 15 15  -408.50 (-1868.52, 1051.52)
Romo-Romo 2018 30 31 254.18 (-748.10, 1256.45)
Sagrario Lopez-Meza 2021 13 13 -1594.10 (-3242.29, 54.08)
Sanchez-Delgado 2021 13 12 -506.26 (-1806.24, 793.71)
Total 200 225 -360.46 (-1184.29, 463.36)

Heterogeneity: Tau® = 806931.6; Chi* = 2019, df =2 (P = 0.07); I = 70%
Test for overall effect: 2 = -4.20 (P < 0.01)

Unspecified

Campos 2015 (REDUCS study) 14 13 -1802.89 (-3703.43, 97.66)
Ebbeling 2020 (BASH I11) 67 136 -1049.05 (-1712.63, -385.47)
Madjd 2018 (week 77) 36 35 861.90 ( 352.35, 1371.46)
Markey 2016 (REFORM) 50 50 -765.87 (-1656.28, 124.94)
Njike 2011 32 33 88743 (-1901.22, 126.37)
Raben 2002 20 21 -2056.00 (-3563.70, -548.30)
Piemnas 2013 (CHOICE) B84 84 -143.00 (-323.41, 37.41)

Vazquez-Duran 2016 49 a7 -95.88 (-1004.26, 812.51)
Viveros-Watty 2021 21 24 9545 (-2027.99, 2218.90)
Total 373 483 48527 (-1014.13, 43.59)
Heterogeneity: not applicable

Test for overall effect: £ = -3.60 (P < 0.01)

Total 1090 1260 -684.24 | -960.77, -407.72)

Heterogeneily: Tau® = 310870.3; Chi® = 135.03, df = 28 (P < 0.01); I* = 79%
Test for overall effect Z = -4.85 (P < 0.01)
Test for subgroup differences: Chi® = 24.84, df = 7 (P < 0.01)

Weight MD (95% Cl)
3.7% i
3.7%

5.1% 1
51%

6.3% =
2.1% —_—
2.6% ——

1.3% —
4.8% —_

3.1% ——
2.7% ——
22.9% -

2.6% ——

2.6% - ————

25% —&—

2.7% ——
5.9% =
11.1% e o

24% —8—

24%  ———

1.8% ——
5.0% -
2.5% —

2.3% —_——
3.5% —
2.0% —

2.7% —
19.8% —
1.6% ]
4.7% i

5.3% -
3.8% —

3.4% —
2.2% ——

6.2% =
3.8%

1.3% —_—
32.4% -

100.0% -

I 1 1 I
-4000 -2000 O 2000 4000

Favours NSS Favours no NSS

Note: Some studies appear more than once because they had multiple arms (e.g. comparing artificially
sweetened beverages with both sugar-sweetened beverages and water, or separately comparing multiple
different NSS with a control); therefore, the overall pooled effect is also slightly different from the main
effect, and only effects for individual subgroups should be considered.
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Fig. A9.62 ETfect of NSS on sugars intake (g/day) in randomized controlled trials,
subgrouped by consumption pattern, in adults
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Fig. A9.63 ETfect of NSS on sugars intake (g/day) in randomized controlled trials,

subgrouped by delivery mode, in adults

Study NSS noNSS MD 95% CI
Beverage

Bonnet 2018 (SEDULC) 50 50 -3.60 (-16.63, 9.43)
Campos 2015 (REDUCS study) 14 13 -72.30 (-106.36,-38.24)
Ebbeling 2020 (BASH Il1) 67 136 -38.68 (-54.85,-22.52)
Fantino 2018 166 166 16.46 ( 14.72, 18.20)
Reid 2010 29 24  -59.62 (-101.46,-17.78)
Reid 2014 21 20 -83.10 (-110.89,-55.31)
Piernas 2013 (CHOICE) 84 85 -15.75 (-31.62, 0.12)
Viveros-Watty 2021 21 24 -30.33 (-61.74, 1.08)
Total 452 518  -33.33 (-58.68, -7.99)

Heterogeneity: Tau® = 1178.5; Chi% = 159.98, df = 7 (P < 0.01); I = 96%
Test for overall effect: Z = -34.66 (P < 0.01)

Beverage + food

Raben 2002 20 21 -120.00 (-150.05,-89.95)
Total 20 21 -120.00 (-150.05,-89.95)
Heterogeneity: not applicable

Test for overall effect: Z = NA (P = NA)

Beverage + food + tabletop

Blackburn 1997 35 32 -9.00 (-10.81,-7.19)
Total 35 32 -9.00 (-10.81,-7.19)
Heterogeneity: not applicable

Test for overall effect: £=-0.74 (P = 0.46)

Capsule + beverage/food

Markey 2016 (REFORM) 50 50 -69.59 (-73.53,-65.66)
Total 50 50 -69.59 (-73.53,-65.66)
Heterogeneity: not applicable

Test for overall effect: Z = -2.58 (P < 0.01)

Tabletop

Romo-Romo 2018 30 31 -5.74  (-20.91, 9.43)
Total 30 31 -5.74 (-20.91, 9.43)
Heterogeneity: not applicable

Test for overall effect: Z = -7.83 (P < 0.01)

Total 587 652 -38.42 (-57.75,-19.08)

Heterogeneity: Tau® = 1042.1; Chi® = 1760.97, df = 11 (P = 0); 1> = 99%
Test for overall effect: Z = -3.89 (P < 0.01)

Test for subgroup differences: Chi? = 798.30, df = 4 (P < 0.01)

Weight MD (95% ClI)

9.0% 4

7.2% ——
8.8% : o

9.3% ]
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7.8% ——
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Fig. A9.64 ETfect of NSS on sugars intake (g/day) in randomized controlled trials,
subgrouped by NSS type, in adults

Study NSS noNSS MD 95% CI Weight MD (95% CI)
Acesulfame K + aspartame

Bonnet 2018 (SEDULC) 50 50 -3.60 (-16.63, 9.43) 9.0%

Total 50 50 -3.60 (-16.63, 9.43) 9.0%

Heterogeneity: not applicable
Test for overall effect: Z= NA (P = NA)

Acesulfame K + aspartame + sucralose
Fantino 2018 166 166 16.46 ( 14.72,18.20) 9.3% [ |
Total 166 166 16.46 ( 14.72,18.20) 9.3% ]
Heterogeneity: not applicable

Test for overall effect: Z = NA (P = NA)

Aspartame

Blackburn 1997 35 32 -0.00 (-10.81,-7.19) 9.3% i)
Reid 2010 29 24 -59.62 (-101.46,-17.78) 6.5% ——
Reid 2014 21 20 -83.10 (-110.89-55.31) 7.8% ——

Total 85 76 -48.99 (-103.95, 5.97) 23.7% ———

Heterogeneity: not applicable
Test for overall effect: Z= NA (P = NA)

Sucralose
Romo-Romo 2018 30 31 -5.74 (-20.91, 9.43) 8.8% 1
Total 30 n -5.74 (-20.91, 9.43) 8.8%

Heterogeneity: not applicable
Test for overall effect: £ = -0.74 (F = 0.46)

Unspecified

Campos 2015 (REDUCS study) 14 13 -72.30 (-106.36,-38.24) 7.2% ——
Ebbeling 2020 (BASH IIl) 67 136 -38.68 (-54.85-2252) 8.8% Ees
Markey 2016 (REFORM) 50 50 -89.59 (-73.53-6566) 9.3% [#]
Raben 2002 20 21 -120.00 (-150.05,-89.95) 7.6% —@—

Piernas 2013 (CHOICE) 84 85 -15.75 (-31.62, 0.12) 8.8% Rt
Viveros-Watty 2021 21 24  -30.33 (-61.74, 1.08) 7.5% —
Total 256 329 -56.52 (-81.92,-31.11) 49.2% -

Heterogeneity: Tau® = 865.4; Chi’ = 70.06, df = 2 (P < 0.01); I = 93%
Test for overall effect: Z = -35.20 (P < 0.01)

Total 587 652 -38.42 (-57.75,-19.08) 100.0% -

Heterogeneity: Tau® = 1042.1; Chi® = 1760.97, df = 11 (P = 0); I = 99% L Pl
Test for overall effect: Z = -3.89 (P < 0.01) -150 -100 -50 0 50 100 150
Test for subgroup differences: Chi? = 53.12, di = 4 (P <0.01) Favours NSS Favours na NSS
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Fig. A9.65 ETFect of NSS on sugars intake (g/day) in randomized controlled trials,
subgrouped by study design (weight loss studies versus non-weight loss
studies), in adults

Study NSS noNSS MD 95% ClI Weight MD (95% CI)
Not weight loss ‘
Bonnet 2018 (SEDULC) 50 50 -3.60 (-16.63, 9.43) 9.0%

Campos 2015 (REDUCS study) 14 13 -72.30 (-106.36,-38.24) 7.2%

Ebbeling 2020 (BASH Il 67 136 -38.68 (-54.85-22.52) 8.8% s 3
Fantino 2018 166 166  16.46 ( 14.72,18.20) 9.3% =l
Markey 2016 {(REFORM) 50 50 -69.59 (-73.53-65.66) 9.3% [ |

Raben 2002 20 21 -120.00 (-150.05-89.95) 7.6% —H—

Reid 2010 29 24  -50.62 (-101.46,-17.78) 6.5% ——
Reid 2014 21 20  -83.10 (-110.89,-55.31) 7.8% ——
Romo-Romo 2018 30 31 -574 (-20.91, 9.43) 8.8% L 3
Piernas 2013 (CHOICE) 84 85 -1575 (-31.62, 0.12) 8.8% 81
Viveros-Watty 2021 21 24  -30.33 (-61.74, 1.08) 7.5% —
Total 552 620 -42.93 (-76.06,-9.79) 90.7% R

Heterogeneity: Tau® = 2996.3; Chi® = 1695.99, df = 10 (P = 0); I* = 99%
Test for overall effect: Z=-2.54 (P = 0.01)

Weight loss/maintenance

Blackburn 1997 35 32 -9.00 (-10.81,-7.19) 9.3% &

Total 35 32 -9.00 (-10.81,-7.19) 9.3% 4

Heterogeneity: not applicable

Test for overall effect: Z =-9.73 (P < 0.01)

Total 587 652  -38.42 (-57.75,-19.08) 100.0% -

Heterogeneity: Tau® = 1042.1; Chi® = 1760.97, df = 11 (P = 0); I* = 99% L T
Test for overall effect: Z = -3.89 (P < 0.01) -150 -100 -50 0 50 100 150
Test for subgroup differences: Chi® = 4.01, df = 1 (P = 0.05) Favours NSS Favours no NSS

Fig. A9.66 Association between NSS and body weight (kg) in cohort studies
(continuous) in children

Fig. A9.67 Association between NSS and body mass index (kg/m?) in cohort studies
(continuous) in children

Study n MD 95%Cl Weight MD (95% CI)
Berkey 2004 (GUTS) 70 008 (0.020.14) 23.3% -

Field 2014 (GUTS 1) 7569 037 (0.24,0.50) 16.6% ——
Laska 2012 (IDEA and ECHO) 562 -0.00 (-0.02,0.02) 25.2%

Newby 2004 (North Dakota WIC Program for children) 1345 005 (-0.13,0.22) 13.1%

Striegel-Moore 2006 (NGHS) 2371 -0.03 (-0.11,005) 21.7%

Total 11907 0.08 (-0.01,0.17) 100.0%

Heterogeneity: Tau® < 0.1; Chi® = 36.18, df = 4 (P < 0.01); I* = 89% I T | T !
Test for overall effect: Z = 1.67 (P = 0.09) -04 02 0 02 04

Favours NSS Favours no NSS















STUDY

REASON FOR EXCLUSION

Lertrit 2018 (446)

Duplicate

Leung 2018 (447)

Wrong intervention/exposure

Lindseth 2014 (448)

Wrong study/publication type

Lodefalk 2006 (449)

Wrong study population

Lotto 2020 (450)

Wrong intervention/exposure

Lutsey 2008 (451)

No outcome of interest

Lutsey 2009 (452)

No outcome of interest

Maillot 2019 (453)

Wrong intervention/exposure

Maki 2008 (454)

NSS too high

Maloney 2019 (455)

Study duration too short

Markus 2020 (456)

Study duration too short

Marshall 2017 (457)

Wrong intervention/exposure

Marshall 2018 (458)

Wrong intervention/exposure

Marshall 2019 (459)

Wrong intervention/exposure

Marshall 2019 (460)

Wrong intervention/exposure

Marshall 2020 (461)

Wrong intervention/exposure

Mayasari 2018 (462)

Wrong or no comparator

McNaughton 2008 (463)

Wrong intervention/exposure

Meyer-Gerspach 2018 (464)

Study duration too short

Miguel-Berges 2020 (465)

No outcome of interest

Miranda Lora 2020 (466)

Study duration too short

Mirghani 2020¢

No outcome of interest

Mirghani 2021 (467)

Duplicate

Morin 2018 (468)

Wrong intervention/exposure

Mullie 2017 (469)

Wrong study/publication type

Nazari 2018 (470)

Wrong intervention/exposure

NCT00381160 2006 (471)

Wrong intervention/exposure

NCT04230824 2020 (472)

Wrong or no comparator

NCT04857554 2021 (473)

Study duration too short

Nejadsadeghi 2018 (474)

Wrong intervention/exposure

Nicklas 2003 (475)

Wrong intervention/exposure

Nissensohn 2015 (476)

Wrong intervention/exposure

Patel 2018 (477)

Wrong intervention/exposure

Petersen 2015 (478)

No outcome of interest

Porikos 1977 (479)

Study duration too short

Porikos 1982 (480)

Wrong or no comparator

Qiu 2020 (481)

No outcome of interest

Rusmevichientong 2018 (482)

No outcome of interest

Samman 2020 (483)

Wrong intervention/exposure

Sanchez-Delgado 2019 (47)

Duplicate

Shaywitz 1994 (484)

Wrong study population

Shin 2018 (485)

Wrong intervention/exposure

Small 2020

Duplicate (abstract)

Soparkar 1978 (486)

No outcome of interest

Stamataki 2020c (487)

Study duration too short
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STUDY

REASON FOR EXCLUSION

Stookey 2007 (488)

Wrong intervention/exposure

Storey 2009 (489)

No outcome of interest

Sushanthi 2020 (490)

Study duration too short

Sylvetsky 2020 (491)

Wrong study population

Sylvetsky 2020b (492)

WI’Oﬂg or no comparator

Tey 2017 (493)

Study duration too short

Thomson 2019 (494)

NSS too high

Tucker 2006 (495)

No outcome of interest

Turner-McGrievy 2016 (496)

No outcome of interest

van den Eeden 1991 (497)

No outcome of interest

Walker 1982 (498)

Wrong study/publication type

Walton 1993 (499)

Wrong study population

Wang 2017 (500)

Wrong study population

Williams 2017 (501)

Wrong intervention/exposure

Wilson 2000 (502)

Study duration too short

Yao 2014 (503)

No outcome of interest

Young 2018 (504)

No outcome of interest

Zanela 2002 (505)

Wrong intervention/exposure

Zhang 2021 (506)

Wrong intervention/exposure

Zollner 1971 (507)

Wrong study population

@ http://dx.doi.org/10.1016/j.clnesp.2020.09.651

® https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=202002239574388156
¢ https://amj.net.au/index.php/AM]/article/viewFile/3712/1809



ANNEX 11.

Diferences in study selection between
original review and current update

Table A11.1 Eligibility criteriain original review and update

CHARACTERISTIC

ORIGINAL ELIGIBILITY CRITERIA

NEW CRITERIA

Population

Included general, healthy population of
adults (218 years) or children (<18 years)

Excluded diseased populations, in vitro
studies and animal studies

Also included pregnant women

Intervention/exposure

Included any type of NSS, either as an
individual intervention or in combination
with other NSS

Excluded studies that did not specify the type
of sweetener

Excluded studies where dose was above ADI

Also included NSS unspecified
by name

Comparators Any alternative intervention — for example, Also included comparison of
any other type of caloric or non-caloric no/low vs high intakes of NSS
sweetener, any type of sugar, no intervention,
placebo, or plain water

Outcomes Body weight, oral health, incidence of Also included mortality and

diabetes, eating behaviour, preference for
sweet taste, incidence of any type of cancer,
incidence of cardiovascular disease, incidence
of chronic kidney disease, incidence of
asthma, incidence of allergies, mood,
behaviour and neurocognition

pregnancy-related outcomes

Study design

Included parallel grouped or crossover
(quasi-) randomized controlled trials, cluster
randomized trials, nonrandomized controlled
trials, prospective and retrospective cohort
studies, case—control studies and cross-
sectional studies

Unchanged

Duration

Minimum of 7 days

Minimum of 13 days for

blood lipid outcomes,

1 year for disease incidence
outcomes (i.e. incident cancer,
cardiovascular disease, type 2
diabetes) and 7 days for all
other outcomes

ADI: acceptable daily intake; NSS: non-sugar sweeteners.
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Table A11.2 Studies excluded from original because sweetener not specifed,
but included in update

Akdas 1990

Howe 1980

Pfeiffer 2015

Andreatta 2008

Hunt 2015

Piernas 2011

Asal 1988 InterActConsortium 2013 Piernas 2013

Azad 2016 Kantor 1985 Radosavljevi¢ 2001
Berkey 2004 Kessler 1976 Risch 1988

Bleich 2014 Kobeissi 2013 Sakurai 2014

Blum 2005 Kral 2008 Saldana 2007
Bomback 2010 Laverty 2015 Schernhammer 2012
Bravo 1987a Lin 2011 Schulze 2004
Campos 2015 Ma 2016 Silverman 1983
Chan 2009 Mahfouz 2014 Souza 2016

Chen 1991 Markey 2016 Stellman 1986
Chia 2016 Morgan 1974 Stellman 1988
Connolly 1978 Morrison 1979 Stepien 2016

de Koning 2011

Morrison 1980

Striegel-Moore 2006

de Koning 2012

Morrison 1982

Sullivan 1982

Drewnowski 2016

Mozaffarian 2011

Tate 2012

Duffey 2012

Nettleton 2009

Vanselow 2009

Ewertz 1990

Norell 1986

Vazquez-Duran 2016

Fagherazzi 2017

O’Connor 2006

Vyas 2015

Forshee 2003

Ohno 1985

Winkelmayer 2005

Fowler 2015

Pan 2013

Wynder 1980

Geraldo 2013

Pergrin Marriott 2016

Yarmolinsky 2016

Giammattei 2003

Peters 2016

Zou 1990

Hoover 1980

Petherick 2014
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Table A11.3 Studies excluded from original review but included in update

STUDY

REASON FOR EXCLUSION FROM
ORIGINAL REVIEW

REASON FOR INCLUSION IN UPDATE/
EXPANSION

Appleton 2001

No direct/concurrent comparison
arm

Comparison of habitual heavy users and non-
users of ASB

Bhupathiraju 2013

No direct/concurrent comparison
arm

Comparison of intakes of ASB

Bouchard 2010

Wrong study type

Cross-sectional study an eligible study type

Bravo 1987

Wrong study type

Case—-control study an eligible study type

Crichton 2015

Wrong intervention

Comparison of intakes of diet soft drinks

DeCastro 1993

Wrong intervention

Comparison of intakes of diet sodas

Drewnowski 2013

Wrong study type

Cross-sectional study an eligible study type

Duran Agliero 2015

No direct/concurrent comparison
arm

Comparison of intakes of stevia

Englund-Ogge 2012

Wrong study population

Pregnant women eligible

Fagherazzi 2013

No direct/concurrent comparison
arm

Comparison of intakes of ASB

Fowler 2008

No direct/concurrent comparison
arm

Comparison of intakes of ASB

Fung 2009

No direct/concurrent comparison
arm

Comparison of intakes of ASB

Halldorsson 2010

Wrong study population

Pregnant women eligible

Miscarriage eligible outcome for pregnant

Kline 1978 Outcome irrelevant
women
Ledoux 2011 Wrong study type Cross-sectional study an eligible study type
: No direct/concurrent comparison . . -
Ludwig 2001 P Comparison of intakes of diet soda

arm

Mackenzie 2006

Wrong study type

Cross-sectional study an eligible study type

Mahar 2007

Wrong outcome (no health
outcome)

Sweetness liking an eligible outcome

Masic 2017

Wrong outcome (no health
outcome)

Protocol of trial. Outcomes were weight, body
composition, appetite and cognition

Maslova 2013

Wrong study population

Intake of ASB during pregnancy and asthma
and allergic rhinitis during childhood

Paganini-Hill 2007

Outcome irrelevant

Outcome was mortality

Peters 2014

Study duration too short

Study duration of 12 weeks

Shoham 2008 Wrong study type Cross-sectional study an eligible study type
Sylvetsky 2012 Wrong study type Cross-sectional study an eligible study type
Taljaard 2013 Wrong study type Randomized controlled trial

Eligible study t lati i
Vazquez-Durén 2013 | Missing igible study type, population, comparison

and outcome

Winther 2016

Sweetener not defined

Sweetener defined in full text (Winther 2017)

ASB: artificially sweetened beverage

165

Annex 11. Differences in study selection between original review and current update



Table A11.4 Studies included in original review but excluded from update

STUDY

REASON FOR EXCLUSION FROM NEW REVIEW

Frey 1976

NSS level above ADI

Lindseth 2014

Study design not eligible: before and after study (no parallel control arm)

Maki 2008

NSS level above ADI

Porikos 1982

Study design not eligible: before and after study (no parallel control arm)

van den Eeden 1991

No outcome of interest (sleep)

Zanela 2002

Impossible to isolate the effect of NSS (comparison of 1) mentholated
deionized water, 2) chlorhexidine gluconate with sodium fluoride,
3) chlorhexidine digluconate, and 4) stevioside with sodium fluoride)

ADI: acceptable daily intake; NSS: non-sugar sweeteners.

Table A11.5 Outcome dataincluded in update but not in original review

STUDY

OUTCOME ORIGINAL REVIEW UPDATE/EXPANSION

Bes-Rastrollo 2006

Obtained necessary data from

Weight gai Not tedi blicati
eight gain ot reported in publication other review

Standard error or standard

Blackburn 1 Bod ight I ted standard
ackburn 1997 ody weig deviation not reported mputed standard error
Standard tandard
Kanders 1988 Body weight arT a.r error orstandar Imputed standard error
deviation not reported
Obtained data f
Reid 2007 Body weight Not reported in publication ainednecessary data from
authors
Obtained data f
Reid 2010 Body weight Not reported in publication ainednecessary data from

authors
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