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		  Executive summary

A 2019 systematic review on intake of non-sugar sweeteners (NSS) in adults and children was 
updated and expanded to include studies in which NSS were not specified by name and studies 
of effects of NSS on pregnant women published through July 2021. A total of 283 studies were 
included in the review. Meta-analyses focused on randomized controlled trials, prospective 
cohort studies and case–control studies assessing cancer, and certainty in results was assessed 
via GRADE (Grading of Recommendations Assessment, Development and Evaluation). Results 
for key outcomes in adults (including pregnant women) are summarized in the figure below. In 
addition, a single randomized controlled trial conducted in children reported decreases in several 
measures of adiposity, but no significant effects or associations were observed in meta-analyses. 

Executive summary

BMI: body mass index; CHD: coronary heart disease; CV: cardiovascular; CVD; cardiovascular disease; HDL: 
high-density lipoprotein; HOMA-IR: Homeostatic Model Assessment of Insulin Resistance; HR: hazard ratio; 
LDL: low-density lipoprotein; OR: odds ratio; tabletop = NSS added to foods or beverages by the consumer.

Note: Text in parentheses refers to certainty in the evidence as assessed by GRADE. “Mostly in” refers to 
results of subgroup analysis; “NSSÒsugars” refers to studies in which NSS were compared with sugars.  
ã = increased effect, ä = decreased effect, Ø = no effect.

Randomized controlled trials	 Cohort/case–control studies

Adiposity
ä	 Body weight –0.71 kg (low)
ä	 BMI –0.14 kg/m2 (low)
Ø	 Other measures (waist-to-hip ratio, 

waist circumference, fat/lean mass)

Type 2 diabetes
Ø	 Intermediate markers (glucose, insulin, 

HOMA-IR, HbA1c)

All-cause mortality
No data

Cardiovascular diseases
ã	 Total:HDL cholesterol +0.09 (moderate)
Ø	 Blood pressure, cholesterol (total, LDL, 

HDL), triglycerides)

Cancer
No data

Total energy intake (kJ/day)
ä	 Energy intake –569 (low)

Sugars intake (g/day)
ä	 Sugars intake –38 (low)

Pregnancy
No data

Adiposity
ã	 Incident obesity HR 1.76 (low)
ã	 BMI +0.14 kg/m2 (very low)
Ø	 Other measures

Type 2 diabetes
ã	 Disease (beverage) HR 1.23 (low)
ã	 Disease (tabletop) HR 1.34 (low)
ã	 High fasting glucose HR 1.21 (low)
Ø	 Other measures

All-cause mortality
ã	 Mortality HR 1.12 (very low)

Cardiovascular diseases
ã	 CVD mortality HR 1.19 (low)
ã	 CV events HR 1.32 (low)
Ø	 CHD (very low)
ã	 Stroke HR 1.19 (low)
ã	 Hypertension HR 1.13 (low)

Cancer
Ø	 Mortality (very low)
Ø	 Incidence: any type (very low)
ã	 Bladder cancer OR 1.31  

(very low)

Total energy intake (kJ/day)
No data

Sugars intake (g/day)
No data

Pregnancy
ã	 Preterm birth HR 1.25 (low)

Mostly in
NSSÒsugars

Mostly in
saccharin

Mostly in
NSSÒsugars
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	 1.	 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. 

To inform the development of WHO guidance on NSS intake, a systematic review was commissioned 
and published in 2019 (1). The current review 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.
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	 2.	 Methods 

The protocol for the current review was modified slightly from that used in the original review (1). 
It was developed in accordance with the WHO guideline development process (12), the PRISMA 
statement for preferred reporting items for systematic review and meta-analysis protocols (13–
15), and the Cochrane handbook for systematic reviews of interventions (16). 

	 2.1	 Eligibility criteria
	 2.1.1	 Participants

We included studies conducted in generally healthy populations of adults (≥18 years of age), 
children (<18 years of age) or pregnant women. Studies conducted in overweight, obese or mixed-
weight populations were included, but studies conducted exclusively in pre-diabetic or diabetic 
populations were excluded. We also excluded studies conducted exclusively in populations with 
other diseases (except for case–control studies with hospital patient controls), as well as in vitro 
and animal studies.

	 2.1.2	 Interventions and exposures

The interventions and exposures of interest were any type of NSS (excluding sugar alcohols and 
natural caloric sweeteners), whether specified by name or not, and whether used alone or in 
combination with other NSS.1

We included studies that reported use of NSS within the ADI as established by the Joint FAO/
WHO Expert Committee on Food Additives (JECFA) (17) (Table 1) and excluded studies in which 
NSS intake explicitly exceeded the ADI. Studies were included if it was unclear whether an ADI 
had been exceeded (e.g. in prospective cohort studies, where exposures to NSS are generally 
not reported quantitatively in terms of amount of NSS, but rather in terms of servings of food or 
beverage containing NSS per day or week). 

Table 1.  ADI of NSS as established by JECFA

Sweetener ADI (mg/kg of body weight)

Acesulfame K 15

Advantame 5

Aspartame 40

Cyclamate 11

Neotame 0.3

Saccharin 15

Steviol glycosides 4

Sucralose 5

ADI: acceptable daily intake; JECFA: Joint FAO/WHO Expert Committee on 
Food Additives; NSS: non-sugar sweeteners.

1	 This review uses the same definition for non-sugar sweeteners as in the original review (1) – that is, NSS 
include all artificial sweeteners and natural non-caloric sweeteners. They do not include sugar alcohols 
or modified sugars. For simplicity, “NSS” is used throughout the main body of this document to refer to 
non-sugar sweeteners regardless of what they were called in the individual studies (e.g. non-nutritive 
sweeteners, artificial sweeteners, low/no-calorie sweeteners).

2. Methods
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	 2.1.3	 Comparators

We included studies that compared NSS consumption with no or lower doses of NSS consumption. 
We included trials that compared the intervention with any type of sugar, placebo, plain water 
or no intervention. Trials with concomitant interventions were included, provided that the 
concomitant interventions were similar and equally balanced between the comparison arms. 
We did not include studies that only compared one or more NSS to one another, without also 
comparing with a sugar, placebo, plain water or no intervention.

	 2.1.4	 Outcomes

The health outcomes of interest for adults and children were identified by the WHO Nutrition 
Guidance Expert Advisory Group (NUGAG) Subgroup on Diet and Health as:

¢¢ measures of adiposity (e.g. body weight, body mass index [BMI], overweight/obesity, fat and 
lean mass);

¢¢ type 2 diabetes and pre-diabetes (incidence and intermediate markers of glycaemic control);

¢¢ cardiovascular diseases (incidence and intermediate markers, such as blood pressure and 
lipids);

¢¢ cancer;

¢¢ dental caries;

¢¢ chronic kidney disease;

¢¢ eating behaviour (e.g. appetite, satiety, energy intake);

¢¢ sweet preference (e.g. subjective measures, sugars intake);

¢¢ neurocognition;

¢¢ mood and behaviour; and

¢¢ asthma and allergies (for children only).

In addition, we included all-cause mortality; cause-specific mortality related to cardiovascular 
diseases and cancer; and pregnancy and birth outcomes for pregnant women, based on outcomes 
specified in this review for children, as well as those previously identified for previous pregnancy 
reviews (including gestational diabetes, birthweight and gestation-related outcomes). We also 
included any outcomes assessed to be adverse outcomes or events that were not included in the 
list of outcomes of interest.

	 2.1.5	 Study design

Randomized controlled trials (RCTs) (including parallel, cluster and crossover trials), nonrandomized 
controlled trials, prospective cohort studies, case–control studies and cross-sectional studies 
were included in the review. Because there was ample evidence from RCTs and prospective cohort 
studies for most major outcomes of interest, results from these study designs and case–control 
studies reporting on cancer outcomes1 were included in the main meta-analyses and assessed using 
the Grading of Recommendations Assessment, Development and Evaluation (GRADE) framework.2 
 Results from other study types were pooled in secondary analyses and/or summarized narratively 
as supplementary data (when data from RCTs and/or prospective cohort studies were not 
available) and were not assessed using GRADE. All other study designs, including nonrandomized 

1	 A majority of studies reporting on cancer outcomes are of case–control design, and therefore were 
included in meta-analyses and GRADE assessment to avoid excluding this significant body of evidence. 
Case–control studies reporting on other outcomes were not included in meta-analysis and GRADE 
assessment.

2	 https://www.gradeworkinggroup.org/
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controlled trials, ecological studies, case series and case reports, reviews, and meta-analyses 
were excluded. 

	 2.1.6	 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. 

	 2.1.7	 Other

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

	 2.2	 Search strategy

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

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

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

¢¢ 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.

	 2.3	 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 Covidence2 was used for the selection process. Any disagreement on the exclusion or 
inclusion of a record between the two reviewers was resolved by discussion.

	 2.4	 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. 

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

2. Methods
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Because of slight baseline imbalance in most of the RCTs included in the review (concomitant 
with relatively small effect sizes), we extracted change from baseline values for each arm in a 
trial. 

For prospective cohort studies reporting adjusted results from multiple models, the effect sizes 
corresponding to the most adjusted models were extracted. In prospective cohort studies where 
the upper quantile was clearly above the ADI for a particular NSS, data were extracted from the 
next lower quantile to be used for comparison with the lowest, referent quantile. In prospective 
cohort studies, when effect sizes were reported continuously, the effect size reporting per 
serving size was used. If the only effect sizes available were not per serving size (e.g. per fluid 
ounce, per N mL), they were scaled to a serving size of 300 mL.

If data were ambiguous, not reported in a usable format, missing or not yet published (in the case 
of ongoing studies identified from trial registries), we contacted the responsible researcher via 
email. If data were only available from figures, they were extracted using the validated software 
Plot Digitizer.1

	 2.5	 Assessment of risk of bias

Risk of bias in RCTs was assessed using the Cochrane risk of bias (ROB) tool (16). In assessing risk 
of bias in RCTs, emphasis was placed on adequate randomization, and limited loss to follow-up 
(incomplete outcome data) and selective reporting. Blinding of participants would have been 
difficult in many studies, given different behavioural advice, and the obvious taste differences 
between sugars, water and NSS. Risk of bias related to blinding of participants was assessed as:

¢¢ high in studies comparing clear differences in advice, or comparing water with NSS; 

¢¢ low in studies delivering NSS via capsule; and 

¢¢ unclear where NSS were compared with sugars, as it is not clear whether participants would 
have been able to taste the difference in foods or beverages.

Risk of bias in prospective cohort studies and case–control studies was assessed by the risk of 
bias in nonrandomized studies of interventions (ROBINS-I) method (18) and confirmed with the 
Newcastle–Ottawa Scale.2 Risk of bias assessments using each method were largely in agreement, 
and Newcastle–Ottawa Scale results were used in assessing the quality of the evidence for 
observational studies via the GRADE framework.3

Publication bias was assessed with enhanced funnel plots and Egger’s test when data from at 
least 10 studies could be meta-analysed (16, 19). 

	 2.6	 Data analysis

Data transformations and imputations were done according to the Cochrane handbook for 
systematic reviews of interventions (16) and following the recommendations of Borenstein et 
al. (20). Whenever possible, the different effect sizes reported were transformed to a common 
effect size to allow meta-analysis. If standard deviations were missing, they were calculated from 
standard errors, confidence intervals, P values or t values; approximated using the Taylor series 
expansion; or imputed from the standard errors reported in the same study. Where the standard 
deviation or equivalent was not reported for the change from baseline, we derived a correlation 
coefficient from well-conducted trials reporting the same outcome for the same or very similar 
intervention (16). When multiple trials provided data and the calculated correlation coefficients 
were very similar within an arm of the trial, we averaged them. When the correlation coefficients 
across arms (i.e. across intervention and control arms) were similar, we averaged these into an 
outcome-specific single correlation coefficient to be used on any arm in a trial for that outcome. 

1	 http://plotdigitizer.sourceforge.net
2	 http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
3	 https://www.gradeworkinggroup.org/
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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:

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

¢¢ 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 I2 
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;

¢¢ durations of the intervention/exposure; and 

¢¢ 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.

	 2.7	 Assessment of quality of evidence

The quality of (certainty in) the evidence was assessed using the GRADE framework.1 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). 

	

1	 https://www.gradeworkinggroup.org/

2. Methods
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	 3.	 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:

¢¢ 50 RCTs

¢¢ 97 prospective cohort studies

¢¢ 47 case–control studies assessing cancer outcomes

¢¢ 5 nonrandomized controlled trials

¢¢ 69 cross-sectional studies

¢¢ 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 
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Fig. 1.  Flow chart of study identification and selection
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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 I2 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 
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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 Annex 5.

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 
females and the rest in mixed-sex populations. 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.1 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.

	 3.1	 Adults
	 3.1.1	 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/m2, 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/m2 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 

1	 In 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.
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Fig. 2.  Outcomes reported by study design and population

CVD: cardiovascular disease.
Note: Disease outcomes include both disease incidence and risk factors.
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Table 2.  Summary of results for NSS intake and measures of adiposity in adults

Measure of adiposity (unit) No. of studies/cohorts Effect estimate (95% CI) I2 (%) Figure

Weight (kg)
29 RCTs
4 cohorts (cont)
5 cohorts (hvl)

MD –0.71 (–1.13, –0.28)
MD –0.12 (–0.40, 0.15)
MD –0.01 (–0.67, 0.64)

83
76
49

3
A9.6
A9.7

BMI (kg/m2)
23 RCTs
5 cohorts (hvl)

MD –0.14 (–0.30, 0.02)
MD 0.14 (0.03, 0.25)

71
79

4
5

Incident obesity 2 cohorts (hvl) HR 1.76 (1.25, 2.49) 0 6

Waist circumference (cm)
10 RCTs
3 cohorts (hvl)

MD –0.24 (–1.06, 0.58)
MD 0.92 (–1.73, 3.56)

74
85

A9.1
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.
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Fig. 3.	 Effect of NSS intake on body weight (kg) in randomized controlled trials

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 
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Fig. 4.	 Effect of NSS intake on body mass index (kg/m2) in randomized controlled 
trials

Fig. 5.	 Association between NSS intake and body mass index (kg/m2) in prospective 
cohort studies

Fig. 6.	 Association between NSS intake and incident obesity in prospective  
cohort studies
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Fig. 7.	 Effect 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 
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Fig. 8.	 Effect of NSS intake on body weight (kg) in randomized controlled trials, 
subgrouped by study design (weight loss studies vs non–weight loss studies)

Note: Weight loss studies were those in which 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.

weight (mean difference [MD] –0.78; 95% confidence interval [CI] –1.20, –0.35; I2 83%) or BMI (MD 
–0.17; 95% CI –0.33, –0.02; I2 69%), although the result for BMI became statistically significant. 

Greater weight reduction in trials of longer duration was suggested by subgroup analysis and 
meta-regression; however, results were not statistically significant for either (Annex 9: Fig. 
A9.10 and A9.11). Significant differences were also observed for subgroup analysis of BMI by 
consumption pattern; however, the differences between consumption pattern subgroups did not 
allow a coherent interpretation (Annex 9: Fig. A9.12). Results of meta-regression found a dose–
response relationship between changes in body weight or BMI and changes in energy intake – 
that is, greater decreases in energy intake were associated with greater decreases in body weight 
and BMI (Annex 9: Fig. A9.13 and A9.14). Results of other subgroup analyses did not suggest 
meaningful differences (Annex 9: Fig. A9.15–A9.21). 
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Fig. 9.	 Effect of NSS intake on body weight (kg) in randomized controlled trials, 
subgrouped by comparator

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. 10.	 Effect of NSS on body mass index (kg/m2) in randomized controlled trials, 
subgrouped by comparator 

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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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% CI –0.80, 0.13; 18 
studies with 1277 participants; I2 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% CI –0.64, –0.32; 3 studies with 233 participants; I2 44%) (81-83) (Fig. A9.22).

	 3.1.2	 Type 2 diabetes

Results for type 2 diabetes are summarized in Table 3.

	 3.1.2.1	 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).1

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

Fig. 12.	 Effect of NSS intake on body mass index (kg/m2) for trials with explicit 
replacement of sugars with NSS

Fig. 11.	 Effect of NSS intake on body weight (kg) for trials with explicit replacement 
of sugars with NSS



19

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

Measure of type 2 diabetes 
(unit)

No. of studies/
cohorts

Effect estimate (95% CI) I2 (%) Figure

Incident type 2 diabetes 
(beverages)

13 cohorts HR 1.23 (1.14, 1.32) 6 13

Incident type 2 diabetes 
(tabletop)

2 cohorts HR 1.34 (1.21, 1.48) 0 14

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.

3. Results

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
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	 3.1.2.2	 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 glucose1 as assessed in prospective cohort studies 
(hazard ratio [HR] 1.21; 95% CI 1.01, 1.45; 3 studies with 11 213 participants; I2 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. 

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 ≥100 mg/dL.

Table 4.  Summary of sensitivity analyses within cohort studies 

Study Key sensitivity analysis
Original effect  

(95% CI)
Post-sensitivity analysis 

(95% CI)

Drouin-Chartier 
2019 (NHS) 

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

1.02 (0.83, 1.25)

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

Drouin-Chartier 
2019 (NHS II)

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)

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 
Consortium 2013 

Excluding first 2 and 5 years 1.13 (0.85, 1.52)
Results not reported for 

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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incremental AUC (iAUC) were not amenable to meta-analysis; however, most did not report 
significant differences (23, 26, 31, 35, 53, 100, 101). One trial found a significant increase in 
glucose iAUC in the NSS arm compared with the sucrose arm (P < 0.05) (96).

In an RCT conducted in overweight participants, adults and children (n = 57) between 10 and 
21 years of age (mean age 19 years) were given capsules or a lactose placebo. At the end of the 
intervention, fasting glucose was 0.32 mmol/L (SE 0.16) higher in the aspartame arm compared 
with the placebo arm (76).

	 3.1.3	 All-cause mortality 

Seven prospective cohort studies (comprising eight cohorts) reporting on the risk of all-cause 
mortality were included in meta-analyses (69, 102–107). As assessed in prospective cohort 
studies, higher intakes of NSS-containing beverages were associated with a 12% increase in risk 
of all-cause mortality (Fig. 15). Three of the six cohorts with Ptrend data had Ptrend values <0.5. In 
addition, three of the studies with positive associations that conducted sensitivity analyses, in 
which cases were excluded from the first 3–8 years of follow-up, reported little to no impact on 
results. In the 2019 study by Malik et al. (102), the effect in the Nurses’ Health Study (NHS) cohort 
was attenuated when the data were adjusted for incident hypertension, hypercholesterolaemia, 
type 2 diabetes, coronary heart disease and stroke, but was still significant in those consuming 
four or more NSS-sweetened beverages per day. The association observed in the 2020 study by 
Anderson et al. (69) was no longer statistically significant when participants with recent weight 
loss or who died in the first 2 years of follow-up were excluded. The association was stronger 
when participants with prevalent disease associated with unintentional weight loss at baseline 
were excluded from the analysis or when BMI was not adjusted for in the multivariate model.

3. Results

Fig. 15.	 Association between NSS-containing beverage intake and risk of all-cause 
mortality in prospective cohort studies

	 3.1.4	 Cardiovascular diseases

Results for cardiovascular diseases are summarized in Table 5.

	 3.1.4.1	 Cardiovascular disease mortality

Four prospective cohort studies (comprising five cohorts) reporting on the risk of cardiovascular 
disease mortality were included in meta-analyses (102, 104, 108, 109). As assessed in prospective 
cohort studies, higher intakes of NSS-containing beverages were associated with a 19% increase 
in risk of cardiovascular disease mortality (Fig. 16). 
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	 3.1.4.2	 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 events1 
(Fig.  17). 

	 3.1.4.3	 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% CI 0.72, 1.70) (107).

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

Fig. 16.	 Association between NSS-containing beverage intake and risk of 
cardiovascular disease mortality in prospective cohort studies

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

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

Five prospective cohort studies (comprising six cohorts) reporting on the risk of stroke were 
included in this review (103, 104, 108, 113, 114). As assessed in prospective cohort studies, 
higher intakes of NSS-containing beverages were associated with a 19% increase in risk of any 
type of stroke (Fig. 19), with significant increases in risk of both haemorrhagic stroke (HR 1.33; 
95% CI 1.03, 1.72; two studies and three comparisons with 196 884 participants; I2 22%) and 
ischaemic stroke (HR 1.22; 95% CI 1.04, 1.44; three studies and four comparisons with 200 827 
participants; I2 44%) when assessed individually (Annex 9: Fig. A9.28 and A9.29). Sensitivity 
analyses conducted within the individual studies, in which those with significant weight change 
within 4–5 years of baseline (113), or type 2 diabetes or cardiovascular disease within 3 years of 
baseline were removed (103), did not significantly affect the results. However, removing those 
with prevalent hypertension, cardiovascular disease or type 2 diabetes abrogated the effect in 
the 2017 study by Pase et al. (114).

3. Results

Fig. 19.	 Association between NSS-containing beverage intake and risk of stroke in 
prospective cohort studies

	 3.1.4.5	 Hypertension

Four prospective cohort studies (comprising six cohorts) reporting on the risk of hypertension1 
were included in this review (61, 62, 66, 115). As assessed in prospective cohort studies, higher 
intakes of NSS-containing beverages were associated with a 13% increase in risk of hypertension 
(Fig. 20). 

1	 Defined as systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg, or taking 
antihypertensive medication.

Fig. 20.	 Association between NSS-containing beverage intake and risk of 
hypertension in prospective cohort studies 
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	 3.1.4.6	 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% CI 0.02, 0.16; four trials with 326 participants; I2 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.	 Effect of NSS intake on systolic blood pressure (mmHg) in randomized 
controlled trials

Fig. 22.	 Effect of NSS intake on diastolic blood pressure (mmHg) in randomized 
controlled trials
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Fig. 24.	 Effect of NSS intake on triglycerides (mmol/L) in randomized controlled 
trials

Fig. 23.	 Effect of NSS intake on LDL cholesterol (mmol/L) in randomized controlled 
trials
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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 Disease1 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% CI 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).

	 3.1.5	 Cancer

Results for cancer are summarized in Table 6.

1	 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, 
Iowa Women’s Health Study, Women’s Health Study and Nurses’ Health Study.

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

Measure of CVD (unit) Number of studies/cohorts Effect estimate (95% CI) I2 (%) Figure

CVD mortality 5 cohorts HR 1.19 (1.07, 1.32) 25 16

Cardiovascular events 3 cohorts HR 1.32 (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 HR 1.13 (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. 



27

	 3.1.5.1	 Cancer mortality

Three prospective cohort studies (comprising four cohorts) reporting on the risk of cancer 
mortality were included in meta-analyses (102, 104, 107). As assessed in prospective cohort 
studies, no significant association was observed between higher intakes of NSS-containing 
beverages and cancer mortality (Fig. 25).

3. Results

Fig. 25.	 Association between NSS-containing beverage intake and risk of cancer 
mortality in prospective cohort studies

	 3.1.5.2	 Cancer incidence

A total of 48 studies investigating the association between NSS and cancer were included in 
meta-analyses: 39 case–control studies (119–162) and nine cohort studies (163–171). 

As assessed in prospective cohort studies, no significant association was observed between 
higher intakes of primarily NSS-containing beverages and any type of cancer (Fig. 26). 

Fig. 26.	 Association between primarily NSS-containing beverage intake and risk of 
any type of cancer in prospective cohort studies

Note: In calculating the total number of participants across all studies, the values displayed for NIH-AARP, 
MCCS, NHS and HPFS in separate studies were averaged, to avoid double-counting participants. 

942600
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Table 6.  Summary of results for NSS intake and cancer

Cancer site No. of studies/cohorts Effect estimate (95% CI) I2 (%) 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 OR 1.31 (1.06, 1.62) 92 27

Brain
2 case–controls

1 cohort
OR 1.13 (0.76, 1.69)
RR 0.73 (0.46, 1.15)

0
NA

A9.37
NA

Breast
3 case–controls

4 cohorts
OR 0.83 (0.64, 1.08)
HR 0.98 (0.89, 1.09)

47
55

A9.38
A9.39

Colorectum
3 case–controls

3 cohorts
OR 0.85 (0.68, 1.07)
HR 0.80 (0.63, 1.01)

0
0

A9.40
A9.41

Endometrium
1 case–control

1 cohort
OR 0.96 (0.66, 1.39)
HR 0.81 (0.42, 1.56)

NA 
NA 

NA 
NA

Kidney
4 case–controls

1 cohort
OR 1.25 (0.94, 1.65)
HR 0.92 (0.46, 1.84)

61
NA 

A9.42
NA 

Larynx 1 case–control OR 2.34 (1.20, 4.56) NA NA 

Lung 2 case–controls OR 0.40 (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 OR 0.77 (0.36, 1.64) NA NA 

Ovary
1 case–control

1 cohort
OR 0.56 (0.38, 0.82)
HR 1.37 (0.72, 2.61)

NA 
NA 

NA 
NA

Pancreas
4 case–controls

3 cohort
OR 0.88 (0.51, 1.50)
RR 1.06 (0.88, 1.28)

83
0

A9.44
A9.45

Prostate
2 case–controls

2 cohorts
OR 0.88 (0.30, 2.62)
HR 1.09 (0.67, 1.75)

40
66

A9.46
A9.47

Stomach
2 case–controls

1 cohort
OR 0.79 (0.50, 1.26)
HR 1.03 (0.53, 1.99)

0
NA 

A9.48
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 RR 0.77 (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

1 cohort
RR: 0.90 (0.67, 1.23)
HR : 1.00 (0.84, 1.19)

NA 
NA 

NA
NA 

Cancers not related to obesity 1 cohort HR: 1.23 (1.02, 1.48) NA NA 

Cancers related to obesitya 1 cohort HR: 1.00 (0.79, 1,27) NA NA 

NA: not applicable.
a	 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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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. A9.35 and 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,1 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.

	 3.1.6	 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 disease2 (Annex 9: Fig. A9.52). One prospective study reported an association 

1	 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 ≥30% (173), and Rebholz 2017 the association between NSS use and chronic kidney disease with 
one defining characteristic being a ≥25% decline in eGFR (174).

3. Results

Fig. 27.	 Association between NSS intake and risk of bladder cancer
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between NSS intake and a 64% increase in risk of end-stage renal disease (95% CI 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 kJ 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.	 Effect of NSS intake on total energy intake (kJ/day) in randomized controlled 
trials

Table 7.  Summary of results for NSS intake and chronic kidney disease

Measure of chronic kidney disease No. of trials/cohorts Estimate (95% CI) I2 (%) 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.
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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 energy intake than low consumers (177).

	 3.1.7.2	 Hunger

As assessed in RCTs, no significant effect of NSS intake on subjective measures of hunger was 
observed (standardized mean difference [SMD] 0.24; 95% CI –0.86, 0.38; five trials with 817 
participants; I2 100%) (Annex 9: Fig. A9.59). In addition, in one trial, the participants in the control 
arm reported overall higher hunger scores compared with an arm receiving stevia (52). Three 
other RCTs (41–43) and one nonrandomized controlled trial (177) reported no effects narratively.

Fig. 29.	 Effect of NSS intake on total energy intake (kJ/day) in randomized controlled 
trials, subgrouped by comparator

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 to a control); therefore, the overall pooled effect is also slightly different from the main effect, 
and only effects for individual subgroups should be considered.

3. Results
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	 3.1.7.3	 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% CI –0.30,–0.01; three trials with 518 participants; 
I2 98%) (Annex 9: Fig. A9.60). In addition, one RCT (41) and one nonrandomized controlled trial 
(177) reported no effects narratively. 

	 3.1.7.4	 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% CI 0.04, 0.42; three trials with 518 participants; I2 
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.	 Effect of NSS intake on total energy intake (kJ/day) in randomized controlled 
trials subgrouped by body weight status
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	 3.1.7.5	 Other outcomes related to eating behaviour

One RCT found no effect of NSS, compared with no NSS, on eating control (22). Another found 
lower ingestive frequency and smaller portions in 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). 

	 3.1.8	 Sweet preference

	 3.1.8.1	 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.

3. Results

Fig. 31.	 Effect of NSS intake on sugars intake (g/day) in randomized controlled trials
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Fig. 33.	 Effect of NSS intake on sugars intake (g/day) in randomized controlled trials, 
subgrouped by body weight status

Fig. 32.	 Effect of NSS intake on sugars intake (g/day) in randomized controlled trials, 
subgrouped by comparator
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Data from studies that could not be included in meta-analyses

Several studies reported on the effects of NSS intake on measures related to sweet taste 
perception, including sweet preference and liking, and sweet taste threshold. In two RCTs 
comparing sugars with NSS, desire for sweets changed over the course of the intervention but 
did not differ between arms (22, 41). In another trial comparing NSS-sweetened beverages with 
water, individuals who were given the NSS-sweetened beverage did not significantly choose 
more sweet foods during the test meal than those who were given water (175). A fourth trial, 
comparing NSS-sweetened, sugar-sweetened and unsweetened beverages, found that sweetness 
threshold was reduced in the unsweetened beverage arm, but not in the NSS-sweetened or sugar-
sweetened beverage arms (28). A fifth trial reported that those who replaced SSBs with either 
NSS-sweetened beverages or water showed no differences in liking between beverages and 
that both were equally effective in reducing consumption of SSBs (181). A sixth trial reported a 
significant positive correlation between sweet cravings and sugars intake but not between sweet 
cravings and stevia intake (52). 

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, low consumers 
demonstrated an increase in appetite in response to sweet taste that high consumers did not, 
suggesting a decoupling of expectation of energy with sweet taste in the high consumers (177).

In a cross-sectional analysis comparing high and low users of NSS-sweetened beverages and 
SSBs, high users preferred sweeter orange juice than low users (182).

	 3.1.9	 Dental caries

In a 6-month RCT, participants were assigned to consume sugar-sweetened or NSS-sweetened 
soft drinks, and neither group developed caries nor experienced acid erosion of the enamel at 
any point during the intervention (183).

	 3.1.10	 Mood

In two similar RCTs conducted in normal-weight (44) and overweight women (42), who were 
provided with aspartame-sweetened or sucrose-sweetened soft drinks for 4 weeks, no effect was 
found on mood. Similarly, in an RCT in which participants were provided aspartame-sweetened, 
sucrose-sweetened or unsweetened beverages and capsules for 20 days, no effect was found on 
mood (184).

A prospective cohort study found an association between consuming NSS-sweetened beverages 
and increased risk of depression over 7 years of follow-up in adults (adjusted odds ratio [OR] for 
soft drinks 1.25; 95% CI 1.15, 1.35; and adjusted OR for coffee or tea 1.11; 95% CI 0.99, 1.24) 
(185). However, two additional prospective cohort studies did not find a significant association 
between NSS intake and depression over 1–4 years of follow-up (186, 187), or with anxiety or 
general mood. 

	 3.1.11	 Neurocognition

In an RCT in which adults were given aspartame-sweetened, sucrose-sweetened or unsweetened 
beverages and supplements over 20 days, there were no significant effects on cognitive or 
neuropsychological measures (verbal learning, attention span, memory, motor response, 
cognitive efficiency, long-term memory) (184). In a second RCT, those receiving stevia for 6 weeks 
did not display any changes in cognitive function, whereas those receiving sucralose showed a 
significant decrease in overall memory, encoding memory and executive functions (54).

In a prospective cohort study, after 6 years of follow-up, adults drinking NSS-sweetened 
beverages more than once per month had nonsignificantly lower cognitive function (STICS-m1 
score difference: b –0.19; 95% CI –0.78, 0.40; P = 0.53) (188). In another cohort study, the 10-year 

1	  Spanish version of the modified Telephone Interview for Cognitive Status (TICS-m)

3. Results
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risk of developing dementia or Alzheimer’s disease was increased among adults consuming NSS-
sweetened beverages daily compared with those consuming none (HR 2.47; 95% CI 1.15, 5.30, 
for dementia; and HR 2.89; 95% CI 1.18, 7.07, for Alzheimer’s disease), adjusted for prevalent 
hypertension, cardiovascular diseases, type 2 diabetes and risk factors for these diseases (114).

	 3.1.12	 Behaviour

No studies in adults were identified.

	 3.2	 Children
	 3.2.1	 Adiposity

Results are summarized in Table 8.

Two RCTs (189, 190) and 14 cohort studies (191–204) reported on NSS intake and measures of 
adiposity in children. 

Meta-analyses of the small number of studies reporting data in a manner amenable to meta-
analysis yielded no significant results for any measure of adiposity. One fairly large, well-
conducted RCT, however, reported significant reductions in body weight, BMI z-score (i.e. BMI 
adjusted for child age and sex), waist circumference and body fat mass when SSBs were replaced 
with NSS-sweetened beverages (189).

Table 8.  Summary of results for NSS intake and measures of adiposity in children

Adiposity outcomes (unit) No. of studies Effect estimate (95% CI) I2 (%) Figure

Body weight
1 RCT
2 cohorts

MD –1.01 (–1.54, –0.48)
MD 0.03 (–0.14, 0.21)

NA
0

NA
A9.66

BMI (kg/m2)
5 cohorts (cont)
2 cohorts (hvl)

MD 0.08 (–0.01, 0.17)
MD 0.04 (–0.32, 0.40)

89
44

A9.67
A9.68

BMI z-score
2 RCTs
3 cohorts (cont)
1 cohort (hvl)

MD –0.07 (–0.26, 0.11)
MD –0.23 (–0.70, 0.25)

MD 0.0 (–0.3, 0.3)

48
86
NA 

A9.69
A9.70

NA 

Waist circumference (cm) 1 RCT MD –0.66 (–1.23, –0.09) NA NA 

Body fat mass (kg)
1 RCT
1 cohort

MD –0.57 (–1.02, –0.12)
MD –1.00 (–2.52, 0.52)

NA 
NA 

NA 
NA 

Body fat mass (%)
1 RCT
2 cohorts

MD –1.07 (–1.99, –0.15)
MD –1.53 (–5.73, 2.66)

NA 
77

NA 
A9.71

Overweight 2 cohorts OR 1.25 (0.43, 3.66) 36 A9.72

cont: continuous, per serving; hvl: highest versus lowest category of intake; NA: not applicable.
Note: Bold font indicates a statistically significant effect.

	 3.2.2	 Type 2 diabetes

No studies reported on development of type 2 diabetes in children, but one nonrandomized 
crossover trial (205) and one prospective cohort study (193) reported on intermediate markers. 
In a trial comparing sucrose, aspartame or saccharin given for 3 weeks to 3–10-year-old children, 
NSS collectively did not significantly affect postprandial glucose (MD 0.22 mmol/L; SE 0.29) when 
compared with sucrose. 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 intermediate markers of 
diabetes when compared with NSS-sweetened beverage initiators and non-consumers, except 
for glycated haemoglobin (HbA1c), which increased more in chronic consumers of NSS-sweetened 
beverages (P = 0.01).
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	 3.2.3	 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.

	 3.2.4	 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% CI 0.80, 1.63; two studies with 1151 
participants; I2 5%) (Annex 9: Fig. A9.73). 

	 3.2.5	 Eating behaviour

	 3.2.5.1	 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)

Davis 2018 Cohort
Chronic NSSB users vs never users
Initiators of NSSB vs never users

84
89

2462 (572)
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	 Hunger

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

	 3.2.5.3	 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.

	 3.2.6	 Sweet preference

	 3.2.6.1	 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.

3. Results
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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
Initiators of NSSB vs never users

84
89

40.2 (11.6)
–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	 Dental caries

In one 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 
(χ2 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 (≥1 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).

	 3.2.8	 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/beta ratios (an electroencephalographic measure used to assess attention, emotional 
regulation, or resilience to stress), which may indicate a negative impact on mood (214).

	 3.2.9	 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).

	 3.2.10	 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 II [KABC-II] subtests and the Hopkins Verbal Learning 
Test [HVLT]) (190). 
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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,1 early childhood: –1.2; 95% CI –2.9, 0.5; total WRAVMA, 
early childhood: –1.5; 95% CI –2.9,–0.1; KBIT-II verbal, mid-childhood: –3.2; 95% CI –5.0, –1.5; 
KBIT-II nonverbal, mid-childhood: –2.0; 95% CI –4.3, 0.2; WRAVMA drawing, mid-childhood: –1.7; 
95% CI –4.1, 0.6; WRAML visual memory, mid-childhood: –0.1; 95% CI –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).

	 3.2.11	 Asthma

A cross-sectional analysis within the PIAMA birth cohort found that intake of NSS-sweetened 
beverages in 11-year-old children (≥2 glasses/week) was associated with higher but nonsignificant 
odds of asthma (adjusted OR 1.08; 95% CI 0.74, 1.59) (216). 

	 3.2.12	 Allergies

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

	 3.3	 Pregnant women
	 3.3.1	 Maternal outcomes

	 3.3.1.1	 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% CI 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% CI 1.09, 2.86) (219).

	 3.3.2	 Birth outcomes

	 3.3.2.1	 Preterm birth

Three prospective cohort studies 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 
induced delivery rather than spontaneous preterm delivery, although adjustment for hypertension 
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).

 

1	 PPVT-III: Peabody Picture Vocabulary Test-III; WRAVMA: Wide Range Assessment of Visual Motor Ability; 
KBIT-II: Kaufman Brief Intelligence Test 2nd edition; WRAML: Wide Range Assessment of Memory and 
Learning.

3. Results
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	 3.3.2.2	 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% CI 0.000, 0.001; P = 0.002) (224).

	 3.3.2.3	 Large for gestational age

In a cohort study with women with gestational diabetes in Slovenia, intake of low-calorie 
beverages1 was not associated with large for gestational age (Spearman correlation 0.118; 
P nonsignificant) (225). 

	 3.3.3	 Health effects in offspring 

	 3.3.3.1	 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% CI 0.02, 0.38) and a more than twofold 
increase in risk of overweight at 1 year of age (adjusted OR 2.19; 95% CI 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% CI 0.23, 0.96) and risk of overweight or obesity (RR 1.93; 
95% CI 1.24, 3.01) at 7 years of age (228).

	 3.3.3.2	 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-III,2 early childhood: –1.2; 95% CI –2.9, 0.5; total WRAVMA, 

1	 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-III: Peabody Picture Vocabulary Test-III; WRAVMA: Wide Range Assessment of Visual Motor Ability; 
KBIT-II: Kaufman Brief Intelligence Test 2nd edition; WRAML: Wide Range Assessment of Memory and 
Learning.

Fig. 34.	 Association between NSS intake and risk of preterm birth
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early childhood: –1.5; 95% CI –2.9, –0.1; KBIT-II verbal, mid-childhood: –3.2; 95% CI –5.0, –1.5; 
KBIT-II nonverbal, mid-childhood: –2.0; 95% CI –4.3, 0.2; WRAVMA drawing, mid-childhood: 
–1.7; 95% CI –4.1, 0.6; WRAML visual memory, mid-childhood: –0.1; 95% CI –0.7, 0.5); however, 
there was no association between early and mid-childhood cognition scores and childhood NSS-
sweetened beverage intake at 3 years (215).

	 3.3.3.3	 Asthma 

In a Danish birth cohort, the association between intake of NSS-sweetened beverages during 
pregnancy and child asthma at 1.5 years and 7 years was assessed. Consumption of more than 1 
serving/day of NSS-sweetened beverages during pregnancy was associated with higher odds of 
the child having asthma at 18 months of age (adjusted OR 1.14; 95% CI 1.00, 1.28) and at 7 years 
of age (adjusted OR 1.20; 95% CI 1.07, 1.35) (229). 

	 3.3.3.4	 Allergies

In a Danish birth cohort, intake of more than 1 serving/day of NSS-sweetened beverages during 
pregnancy was associated with statistically nonsignificant higher odds of the child ever having 
allergic rhinitis by 7 years of age (OR 1.11; 95% CI 0.86, 1.43) (229). 

	 3.3.3.5	 Adverse effects

In a Norwegian birth cohort study, intake of artificially sweetened beverages during pregnancy 
was not significantly associated with higher risks of congenital heart disease in the offspring 
(adjusted OR 0.95–0.96, nonsignificant) (230), nor was consumption of NSS-sweetened beverages 
in a Danish cohort (≥4 servings/day versus no use; for carbonated beverages, adjusted OR 1.01; 
95% CI 0.32, 3.21; Ptrend 0.06; for noncarbonated beverages, adjusted OR 1.08; 95% CI 0.65, 1.80; 
Ptrend 0.72) (231).

A case–control study found no significant association of spontaneous abortion with intake of 
saccharin during pregnancy (232).

	 3.3.4	 Additional outcomes1 

	 3.3.4.1	 Gestational weight gain

In the TOP study (RCT) in Denmark, gestational weight gain and risk for excessive gestational 
weight were higher in pregnant women consuming NSS ≥1/day compared with 0/day (MD 2.0 kg; 
95% CI –0.2, 4.2; and RR 1.50; 95% CI 1.17, 1.92, respectively) (233). 

In a cohort study with women with gestational diabetes in Slovenia, gestational weight gain was 
not significantly associated with intake of low-calorie beverages2 (Spearman correlation 0.118; 
P nonsignificant) (225). 

In a prospective cohort study in Iceland (the PREWICE cohort), pregnant women with excessive 
gestational weight gain consumed more NSS-sweetened beverages (median: 0.5 times per week; 
interquartile range [IQR] 0.1 to 2.0; P < 0.01) than those with optimal and suboptimal gestational 
weight gain (median 0.1; IQR 0.1 to 1.0) (234). 

1	 Not specified a priori.
2	 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.

3. Results
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	 3.3.4.2	 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% CI 2.8, 9.1), fasting 
glucose (7.1 mmol/L; 95% CI 2.2, 12.4) and obesity (RR 1.37; 95% CI 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).
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	 4.	 Discussion

4. Discussion

		  Summary of results

This systematic review of a large number of RCTs, prospective cohort studies and case–control 
studies found that NSS use results in a small reduction in body weight and BMI in 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 
a small reduction in 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 



44 Health effects of the use of non-sugar sweeteners

sugars, it may be that the effects observed for NSS compared with sugars in the main analyses are 
being driven in part by the inability to compensate for added sugars rather than the ability of NSS 
to limit energy intake per se, and consequently weight gain. 

In contrast to the shorter-term effects on adiposity observed in RCTs, longer-term cohort data 
with follow-up to 10 years, while more limited, suggest increased risk of adiposity with higher 
NSS intake. Although long-term data from RCTs are limited, two trials were identified that lasted 
1 year or more (the duration of most of the RCTs was less than 6 months) (22, 180). Both trials 
reported a modest reduction in body weight, although one trial, which consisted of active weight 
loss with or without NSS for 16 weeks followed by 12 months of active maintenance and another 
18 months of post-trial follow-up, reported significant differences only at the two latter time 
points: weight loss was similar between NSS and no NSS at the end of the 16-week active weight 
loss phase (22). Two additional trials lasting 12–18 months were included; however, they both 
tested the effects of asking habitual NSS users to switch to water (and reported vastly different 
results), and therefore do not directly provide insight on how longer-term use of NSS affects 
adiposity.

Differences were also seen between RCTs and prospective cohort studies in the effect of NSS 
use on intermediate markers of diabetes and cardiovascular diseases and incident disease. RCTs 
found no such effects, whereas positive associations were observed in the prospective cohort 
studies between NSS use and mortality and disease. 

The reason for the discrepancy between the results of the RCTs and prospective cohort studies 
is unclear, although reverse causation has been noted as a possible explanatory factor for the 
observed associations in cohort studies (237, 238). In the context of NSS, reverse causation 
implies that individuals assessed as higher consumers of NSS at baseline have recently 
experienced changes in body weight, are already in a “predisease” state or are otherwise at 
high risk for disease (e.g. overweight, elevated risk factors) and, in response, have initiated or 
increased NSS intake, thus leading to a spurious association between NSS intake and increased 
body weight, mortality or disease. Indeed, in some studies, those with the highest intakes of NSS 
had higher body weight or BMI, had poorer overall diet quality, or were at higher risk for disease at 
baseline than those with lower intakes, and associations between NSS and disease outcomes only 
remained significant in those with higher BMIs when results were stratified by BMI, suggesting 
that reverse causation may be contributing to the observed association. However, other studies 
reported no significant baseline imbalances between highest and lowest consumers of NSS, and/
or lower risk for disease among highest consumers of NSS at baseline (e.g. better diet quality, 
more exercise, less smoking). The greater association of NSS use in people with higher BMI can 
be interpreted either as an indication of reverse causation or as NSS contributing to weight gain 
as an intermediate step along the pathway to disease. 

Recognizing that reverse causation might be particularly relevant for NSS, many of the authors 
of the cohort studies took great lengths to address it. They undertook extensive adjustments for 
potential confounders and robust sensitivity analyses to test the impact of removing data that 
might contribute to reverse causation – for example, excluding data from the first several years 
after baseline assessment, or from participants with identified risk factors for disease, or who 
had experienced unplanned weight change prior to baseline assessment. In the case of type 2 
diabetes and stroke, the positive association remained in the majority of studies that performed 
such analyses, and in some cases strengthened. In addition, more than half the cohort studies 
assessing the effects of NSS on incident type 2 diabetes that reported a Ptrend value reported 
a statistically significant Ptrend, suggesting the possibility of a dose–response relationship. The 
results of these additional analyses are difficult to reconcile with reverse causation being the 
sole cause of the positive association between NSS use and type 2 diabetes as it would suggest 
a long latency period before manifestation of disease, and that those at increasingly greater risk 
of disease at baseline would have consumed proportionately more NSS, which is possible but 
not necessarily self-evident or logically explained. The results of similar sensitivity analyses 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 it is 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 

4. Discussion
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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 a result, 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 weight in 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 
a result 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 and all-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 
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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 data identified 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.1 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.

4. Discussion
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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.
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ANNEX 1.

		  Search strategies

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	 (diet drink*).mp

38	 (diet cola*).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	 51 not 48 

53	 49 not 52 

		  Cochrane CENTRAL

#1	 “artificial sweetener*” 

#2	 MeSH descriptor: [Aspartame] explode all trees

#3	 aspartame

#4	 acesulfame 

#5	 “Ace K” 

#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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#17	 MeSH descriptor: [Nutritive Sweeteners] this term only

#18	 stevia 

#19	 MeSH descriptor: [Stevia] this term only

#20	 steviol* 

#21	 stevioside* 

#22	 rebaudioside* 

#23	 rebiana* 	

#24	 thaumatin* 

#25	 brazzein* 

#26	 mogroside* 

#27	 (non-calori* or noncalori*) near (sweetener* or sweetner*) 

#28	 (non-sugar or nonsugar) near (sweetener* or sweetner*) 

#29	 (non-nutritive or nonnutritive) near (sweetener* or sweetner*) 

#30	 (low-calori* or lowcalori*) near (sweetener* or sweetner*) 

#31	 (intense or high intensity or high potency) near/3 (sweetener* or sweetner*) 

#32	 “natural sweetener*” 	

#33	 “natural sweetening agent*” 

#34	 (non-caloric or noncaloric) near (beverage* or drink* or soft drink*) 

#35	 “sugar substitute*” 

#36	 “diet soda*”

#37	 “diet beverage*”

#38	 “diet drink*”

#39	 “diet cola*”

#40	 “sugar-free”

#41	 “calorie-free”

#42	 “artificially sweetened”

#43	 “non-nutritively sweetened”

#44	 “non-calorically sweetened”

#45	 “Low calorie beverage”

#46	 “Low calorie drink”

#47	 “Low calorie soda”

#48	 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or 
#15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 
or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #37 or #38 or #39 or #40 or 
#41 or #42 or #43 or #44 or #45 or #46 or #47 [limited to Jan 2017 – present]

#49 	 #48 NOT the original search (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or 
#11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 
or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35) [no 
time limits]

#50	 #48 OR #4

Annex 1. Search strategies
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Annex 3. Characteristics of included studies



54 Health effects of the use of non-sugar sweeteners

ST
U

D
Y

 
C

O
U

N
TR

Y
 

ST
U

D
Y

 
ST

A
R

T 
(Y

EA
R

)
D

ES
IG

N
PA

R
TI

C
IP

A
N

T 
W

EI
G

H
T 

ST
A

TU
S 

N
U

M
B

ER
 O

F 
PA

R
TI

C
IP

A
N

TS
 

(S
EX

)
A

G
E 

(Y
EA

R
S)

N
SS

M
O

D
E 

O
F 

D
EL

IV
ER

Y
C

O
M

PA
R

A
-

TO
R

(S
)

D
U

R
A

TI
O

N
D

ES
C

R
IP

TI
O

N

B
on

ne
t 2

01
8 

(S
ED

U
LC

) (
26

)
Fr

an
ce

20
1

2
C

ro
ss

ov
er

M
ix

ed
5

0 
(m

ix
ed

)
31

 (m
ea

n)
A

sp
ar

ta
m

e,
 

ac
es

ul
fa

m
e 

K
So

ft
 d

ri
nk

W
at

er
1

2 
w

ee
ks

Pr
ov

is
io

n 
of

 a
sp

ar
ta

m
e-

sw
ee

te
ne

d 
(2

5
8 

m
g/

da
y)

 a
nd

 a
ce

su
lf

am
e 

K-
sw

ee
te

ne
d 

(2
6 

m
g/

da
y)

 

so
da

 o
r 

w
at

er
, 3

3
0 

m
L 

ea
ch

, 2
× 

p
er

 d
ay

. 

B
ue

no
-H

er
ná

nd
ez

 

20
20

 (5
3)

M
ex

ic
o

20
16

Pa
ra

ll
el

Le
an

1
37

 (m
ix

ed
)

1
8

–3
5

Su
cr

al
os

e
D

ri
nk

Pl
ac

eb
o

10
 w

ee
ks

Pr
ov

is
io

n 
of

 b
ot

tl
es

 (6
0 

m
L)

 c
on

ta
in

in
g 

su
cr

al
os

e-
sw

ee
te

ne
d 

w
at

er
 (6

2 
or

 1
2

3 
m

g/

da
y)

 o
r 

un
sw

ee
te

ne
d 

w
at

er
 9

× 
p

er
 w

ee
k.

C
am

p
os

 2
01

5 

(R
ED

U
C

S 
st

ud
y)

 

(2
7)

1  

Sw
it

ze
r-

la
nd

20
11

Pa
ra

ll
el

O
ve

rw
ei

gh
t

31
 (m

ix
ed

)
20

–4
3

U
ns

p
ec

ifi
ed

So
ft

 d
ri

nk
Su

ga
rs

1
2 

w
ee

ks

H
ab

it
ua

l c
on

su
m

er
s 

of
 S

SB
s 

w
er

e 
in

st
ru

ct
ed

 

to
 r

ep
la

ce
 S

SB
s 

w
it

h 
ar

ti
fi

ci
al

ly
 s

w
ee

te
ne

d 

b
ev

er
ag

es
, o

r 
no

t r
ep

la
ce

 t
he

m
. P

ro
vi

si
on

 o
f 

ar
ti

fi
ci

al
ly

 a
nd

 s
ug

ar
-s

w
ee

te
ne

d 
ca

rb
on

at
ed

 

so
ft

 d
ri

nk
s 

an
d 

ic
ed

 t
ea

.

C
ru

tc
hl

ey
 2

01
3 

(7
2)

U
nc

le
ar

–

Pa
ra

ll
el

 

(a
bs

tr
ac

t 

on
ly

)

M
ix

ed
–

–
U

ns
p

ec
ifi

ed
So

ft
 d

ri
nk

Su
ga

rs
8 

w
ee

ks
R

ep
la

ce
m

en
t o

f 
SS

B
s 

w
it

h 
di

et
 s

of
t d

ri
nk

s.
 

D
al

en
b

er
g 

20
20

 

(1
0

0
)2

U
ni

te
d 

St
at

es
20

1
5

Pa
ra

ll
el

M
ix

ed
39

 (m
ix

ed
)

20
–4

5
Su

cr
al

os
e

So
ft

 d
ri

nk
Su

cr
os

e
2 

w
ee

ks

Pr
ov

is
io

n 
of

 s
uc

ra
lo

se
-s

w
ee

te
ne

d 
(6

0 
m

g/
da

y)
 

or
 s

uc
ro

se
-s

w
ee

te
ne

d 
(3

0 
g/

da
y)

 b
ev

er
ag

es
 7

× 

ov
er

 2
 w

ee
ks

. T
he

 s
ep

ar
at

e 
tr

ia
l i

n 
ad

ol
es

ce
nt

s 

w
as

 h
al

te
d 

b
as

ed
 o

n 
p

re
li

m
in

ar
y 

re
su

lt
s 

of
 t

he
 

tr
ia

l i
n 

ad
ul

ts
.

Eb
b

el
in

g 
20

20
 

(B
A

SH
 II

I) 
(1

8
0

)3

U
ni

te
d 

St
at

es
20

11
Pa

ra
ll

el
M

ix
ed

20
3 

(m
ix

ed
)

1
8

–4
0

U
ns

p
ec

ifi
ed

So
ft

 d
ri

nk
SS

B
, w

at
er

1 
ye

ar

H
ab

it
ua

l c
on

su
m

er
s 

of
 S

SB
s 

w
er

e 
in

st
ru

ct
ed

 

to
 r

ep
la

ce
 S

SB
s 

w
it

h 
ar

ti
fi

ci
al

ly
 s

w
ee

te
ne

d 

b
ev

er
ag

es
 o

r 
un

sw
ee

te
ne

d 
b

ev
er

ag
es

 

(i
.e

. w
at

er
: s

ti
ll

 o
r 

sp
ar

kl
in

g,
 w

it
h 

or
 w

it
ho

ut
 

fl
av

ou
r)

. P
ro

vi
si

on
 o

f 
b

ev
er

ag
es

.

En
ge

l 2
01

8 
(2

3)
4

D
en

m
ar

k
20

0
8

Pa
ra

ll
el

O
ve

rw
ei

gh
t

7
3 

(m
ix

ed
)

20
–5

0
A

sp
ar

ta
m

e
So

ft
 d

ri
nk

SS
B

, w
at

er
, 

m
il

k
6 

m
on

th
s

Pr
ov

is
io

n 
of

 s
uc

ro
se

-s
w

ee
te

ne
d 

re
gu

la
r 

co
la

, 

as
p

ar
ta

m
e-

sw
ee

te
ne

d 
di

et
 c

ol
a,

 w
at

er
 o

r 

se
m

i-
sk

im
m

ed
 m

il
k 

(1
 L

/d
ay

). 
Pa

rt
ic

ip
an

ts
 

w
er

e 
al

lo
w

ed
 t

o 
dr

in
k 

w
at

er
, c

off
ee

, t
ea

 a
nd

 

th
ei

r 
re

gu
la

r 
am

ou
nt

 o
f 

al
co

ho
l. 

Fa
nt

in
o 

20
1

8 

(1
75

)5
Fr

an
ce

20
1

4
C

ro
ss

ov
er

 
Le

an
16

6 
(m

ix
ed

)
1

8
–4

5

A
ce

su
lf

am
e 

K 
+ 

as
p

ar
ta

m
e 

+ 

su
cr

al
os

e

So
ft

 d
ri

nk
W

at
er

5 
w

ee
ks

Pr
ov

is
io

n 
of

 a
ce

su
lf

am
e 

K-
, a

sp
ar

ta
m

e-
 a

nd
 

su
cr

al
os

e-
sw

ee
te

ne
d 

le
m

on
ad

e 
or

 w
at

er
 

(3
3

0 
m

L)
 3

× 
p

er
 d

ay
.

H
an

 2
01

8 
(2

9
)

R
ep

ub
li

c 
of

 

K
or

ea
20

16
Pa

ra
ll

el
M

ix
ed

1
21

 (m
ix

ed
)

20
–4

0
Su

cr
al

os
e

So
ft

 d
ri

nk
D

-a
ll

ul
os

e
1

2 
w

ee
ks

Pr
ov

is
io

n 
of

 g
ra

p
ef

ru
it

-fl
av

ou
re

d
, 

no
nc

ar
b

on
at

ed
 b

ot
tl

ed
 d

ri
nk

 (2
 ×

 3
0 

m
L)

, 

sw
ee

te
ne

d 
w

it
h 

ei
th

er
 s

uc
ra

lo
se

 (2
4 

m
g/

da
y)

 

or
 t

he
 r

ar
e 

lo
w

-e
ne

rg
y 

su
ga

r 
D

-a
ll

ul
os

e 
(8

 g
/

da
y 

or
 1

4 
g/

da
y)

.



55

ST
U

D
Y

 
C

O
U

N
TR

Y
 

ST
U

D
Y

 
ST

A
R

T 
(Y

EA
R

)
D

ES
IG

N
PA

R
TI

C
IP

A
N

T 
W

EI
G

H
T 

ST
A

TU
S 

N
U

M
B

ER
 O

F 
PA

R
TI

C
IP

A
N

TS
 

(S
EX

)
A

G
E 

(Y
EA

R
S)

N
SS

M
O

D
E 

O
F 

D
EL

IV
ER

Y
C

O
M

PA
R

A
-

TO
R

(S
)

D
U

R
A

TI
O

N
D

ES
C

R
IP

TI
O

N

H
ig

gi
ns

 2
01

8 
(3

0
)

U
ni

te
d 

St
at

es
20

16
Pa

ra
ll

el
Le

an
10

0 
(m

ix
ed

)
1

8
–6

0
A

sp
ar

ta
m

e
D

ri
nk

, 

ca
ps

ul
e

Pl
ac

eb
o

1
2 

w
ee

ks

Pr
ov

is
io

n 
of

 1
) 0

 m
g 

as
p

ar
ta

m
e/

da
y 

(2
 c

ap
su

le
s 

co
ll

ec
ti

ve
ly

 c
on

ta
in

in
g 

6
8

0 
m

g 
d

ex
tr

os
e 

an
d 

8
0 

m
g 

PA
B

A
, a

nd
 2

 e
m

p
ty

 c
ap

su
le

s)
; 2

) 3
5

0 
m

g 

as
p

ar
ta

m
e/

da
y 

(s
ac

he
ts

 o
f 

fl
av

ou
re

d 
dr

y 

p
ow

d
er

 b
ev

er
ag

e 
m

ix
tu

re
 r

ec
on

st
it

ut
ed

 b
y 

p
ar

ti
ci

p
an

ts
 t

o 
yi

el
d 

5
0

0 
m

L,
 c

on
ta

in
in

g 

35
0 

m
g 

as
p

ar
ta

m
e 

an
d 

8
0 

m
g 

PA
B

A
, 2

 c
ap

su
le

s 

co
ll

ec
ti

ve
ly

 c
on

ta
in

in
g 

6
8

0 
m

g 
d

ex
tr

os
e 

an
d 

2 
em

p
ty

 c
ap

su
le

s)
; o

r 
3)

 1
05

0 
m

g 
as

p
ar

ta
m

e/

da
y 

(s
ac

he
ts

 o
f 

fl
av

ou
re

d 
dr

y 
p

ow
d

er
 b

ev
er

ag
e 

m
ix

tu
re

 r
ec

on
st

it
ut

ed
 b

y 
p

ar
ti

ci
p

an
ts

 t
o 

yi
el

d 

5
0

0 
m

L,
 c

on
ta

in
in

g 
35

0 
m

g 
as

p
ar

ta
m

e 
an

d 

8
0 

m
g 

PA
B

A
, 4

 c
ap

su
le

s 
co

ll
ec

ti
ve

ly
 c

on
ta

in
in

g 

70
0 

m
g 

as
p

ar
ta

m
e 

an
d 

6
8

0 
m

g 
d

ex
tr

os
e)

.

H
ig

gi
ns

 2
01

9 
(3

1)
U

ni
te

d 

St
at

es
20

16
Pa

ra
ll

el
O

ve
rw

ei
gh

t
1

5
4 

(m
ix

ed
)

1
8

–6
0

Sa
cc

ha
ri

n
, 

as
p

ar
ta

m
e,

 

re
b

au
di

os
id

e 

A
, s

uc
ra

lo
se

So
ft

 d
ri

nk
Su

cr
os

e
1

2 
w

ee
ks

Pr
ov

is
io

n 
of

 1
.2

5
–1

.7
5 

L/
da

y 
of

 a
n 

eq
ua

ll
y 

sw
ee

t f
ru

it
-fl

av
ou

re
d 

b
ev

er
ag

e 
w

it
h 

su
cr

os
e 

(1
0

0
–1

4
0 

g/
da

y)
, s

ac
ch

ar
in

 (0
.7

3 
g/

da
y)

, 

as
p

ar
ta

m
e 

(0
.5

8 
g/

da
y)

, r
eb

au
di

os
id

e 
A

 

(0
.6

6 
g/

da
y)

 o
r 

su
cr

al
os

e 
(0

.1
6 

g/
da

y)
.

Ju
da

h 
20

20
 (1

81
)

U
ni

te
d 

K
in

gd
om

, 

U
ni

te
d 

St
at

es

–
Pa

ra
ll

el
M

ix
ed

1
5

8 
(m

ix
ed

)
≥1

8
U

ns
p

ec
ifi

ed
D

ri
nk

Su
ga

rs
2 

m
on

th
s

Pa
rt

ic
ip

an
ts

 w
er

e 
re

cr
ui

te
d 

on
li

ne
, a

nd
 t

he
 

in
te

rv
en

ti
on

 w
as

 d
el

iv
er

ed
 o

nl
in

e.
 R

eg
ul

ar
 

co
ns

um
er

s 
of

 S
SB

s 
w

er
e 

ad
vi

se
d 

to
 s

ub
st

it
ut

e 

th
ei

r 
SS

B
s 

w
it

h 
ei

th
er

 w
at

er
 o

r 
di

et
 d

ri
nk

s.

K
an

d
er

s 
19

8
8 

(3
2)

U
ni

te
d 

St
at

es
19

8
6

Pa
ra

ll
el

O
ve

rw
ei

gh
t

59
 (m

ix
ed

)
20

–6
0

A
sp

ar
ta

m
e

D
ri

nk
, 

fo
od

, 

ta
b

le
to

p

A
vo

id
in

g 

as
p

ar
ta

m
e

1
2 

w
ee

ks

Pr
ov

is
io

n 
of

 in
te

rv
en

ti
on

 a
rm

’s
 m

il
k 

ex
ch

an
ge

s 

as
 a

sp
ar

ta
m

e-
sw

ee
te

ne
d 

p
ud

di
ng

 o
r 

m
il

ks
ha

ke
. P

ar
ti

ci
p

an
ts

 w
er

e 
in

st
ru

ct
ed

 t
o 

co
ns

um
e 

2 
p

er
 d

ay
 a

nd
 w

er
e 

en
co

ur
ag

ed
 t

o 

us
e 

lo
w

-c
al

or
ie

 t
ab

le
 s

w
ee

te
ne

r, 
as

p
ar

ta
m

e,
 

di
et

 s
od

as
 a

nd
 g

el
at

in
 a

s 
d

es
ir

ed
. C

on
tr

ol
 a

rm
 

av
oi

d
ed

 t
he

 u
se

 o
f 

al
l a

sp
ar

ta
m

e-
 o

r 
sa

cc
ha

ri
n

-

sw
ee

te
ne

d 
p

ro
du

ct
s.

 B
ot

h 
ar

m
s 

fo
ll

ow
ed

 a
 

b
al

an
ce

d 
d

efi
ci

t d
ie

t c
on

si
st

in
g 

of
 1

0
0

0 
kc

al
 

fo
r 

fe
m

al
es

 a
nd

 1
20

0 
kc

al
 f

or
 m

al
es

.

K
as

si
 2

01
6 

(4
9

)
G

re
ec

e
–

Pa
ra

ll
el

 

(a
bs

tr
ac

t 

on
ly

)

M
et

ab
ol

ic
 

sy
nd

ro
m

e
3

8 
(m

ix
ed

)
47

 (m
ea

n)
St

ev
ia

Fo
od

Su
ga

r-

sw
ee

te
ne

d 

sn
ac

k

4 
m

on
th

s
Pr

ov
is

io
n 

of
 a

 s
te

vi
a-

sw
ee

te
ne

d 
sn

ac
k 

4×
 p

er
 

w
ee

k 
or

 a
 s

ug
ar

-s
w

ee
te

ne
d 

sn
ac

k 
1×

 p
er

 w
ee

k.

Annex 3. Characteristics of included studies
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Annex 3. Characteristics of included studies
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Annex 3. Characteristics of included studies
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Annex 3. Characteristics of included studies
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Annex 3. Characteristics of included studies
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Annex 3. Characteristics of included studies
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Annex 3. Characteristics of included studies
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Annex 5. Adjustments for potential confounders in cohort studies
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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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Annex 6. Risk of bias assessment



94 Health effects of the use of non-sugar sweeteners

ST
U

D
Y

R
EP

R
ES

EN
TA

TI
V

EN
ES

S 
O

F 
EX

P
O

SE
D

 C
O

H
O

R
T

SE
LE

C
TI

O
N

 O
F 

N
O

N
-E

X
P

O
SE

D
 

C
O

H
O

R
T

A
SC

ER
TA

IN
M

EN
T 

O
F 

EX
P

O
SU

R
E

O
U

TC
O

M
E 

O
F 

IN
TE

R
ES

T 
N

O
T 

PR
ES

EN
T 

A
T 

ST
A

R
T 

O
F 

ST
U

D
Y

C
O

M
PA

R
A

B
IL

IT
Y

 
O

F 
C

O
H

O
R

TS
A

SS
ES

SM
EN

T 
O

F 
O

U
TC

O
M

E

A
D

EQ
U

A
C

Y
 

O
F 

LE
N

G
TH

 O
F 

FO
LL

O
W

-U
P

A
D

EQ
U

A
C

Y
 O

F 
FO

LL
O

W
-U

P 
O

F 
C

O
H

O
R

TS
TO

TA
L 

(M
A

X
 9

)

G
ar

d
en

er
 2

01
2 

(N
O

M
A

S)
ì

ì
–

ì
ì
ì

ì
ì

ì
8

G
ar

d
en

er
 2

01
8 

(N
O

M
A

S)
ì

ì
–

ì
ì

ì
ì

ì
7

G
ar

du
no

-A
la

ni
s 

20
20

 (H
A

PI
EE

)
ì

ì
ì

ì
ì

ì
ì

–
7

G
ea

ro
n 

20
1

4 
(M

C
C

S)
ì

ì
–

–
ì

–
ì

–
4

G
il

lm
an

 2
01

7 
(P

ro
je

ct
 V

iv
a)

–
ì

ì
–

ì
ì

ì
ì

6

G
un

th
er

 2
01

9 
(G

el
iS

)
–

ì
ì

–
ì

ì
ì

ì
6

G
uo

 2
01

4 
(N

IH
-A

A
R

P 
D

ie
t a

nd
 H

ea
lt

h 
St

ud
y)

ì
ì

–
ì

ì
–

ì
–

5

H
ai

ne
s 

20
1

2 
(E

AT
)

–
ì

ì
–

ì
–

ì
ì

5

H
al

ld
or

ss
on

 2
01

0 
(D

an
is

h 
N

at
io

na
l B

ir
th

 

C
oh

or
t)

ì
ì

ì
–

ì
ì

ì
ì

7

H
as

la
m

 2
02

0 
(F

O
S)

–
ì

ì
ì

ì
ì

ì
ì

ì
8

H
in

kl
e 

20
19

 (D
W

H
)

–
ì

ì
–

ì
ì

ì
–

5

H
ir

ah
at

ak
e 

20
19

 (C
A

R
D

IA
)

ì
ì

ì
ì

ì
ì

ì
ì

–
8

H
od

ge
 2

01
8 

(M
C

C
S)

ì
ì

ì
ì

ì
ì

ì
ì

8

H
ro

lf
sd

ot
ti

r 
20

19
 (P

R
EW

IC
E)

–
ì

ì
–

–
–

ì
ì

4

H
ua

ng
 2

01
7 

(W
H

I-
O

S)
ì

ì
ì

ì
ì
ì

–
ì

–
7

H
ur

 2
02

1 
(N

H
S 

II)
–

ì
ì

ì
ì

–
ì

ì
6

In
te

rA
ct

C
on

so
rt

iu
m

 2
01

3 
(E

PI
C-

In
te

rA
ct

)
–

ì
ì

ì
ì
ì

ì
ì

–
7

Je
ns

en
 2

02
0 

(S
tr

on
g 

H
ea

rt
 F

am
il

y 
St

ud
y)

–
ì

ì
ì

ì
ì

–
ì

–
6

K
el

le
r 

20
20

 (H
PP

)
–

ì
ì

ì
ì
ì

ì
ì

–
7

K
ra

l 2
0

0
8

–
ì

ì
–

–
ì

ì
–

4

La
na

 2
01

5 
(E

N
R

IC
A

)
ì

ì
–

–
ì

–
ì

ì
5

La
sk

a 
20

1
2 

(I
D

EA
 a

nd
 E

C
H

O
)

–
ì

ì
–

ì
ì

ì
ì

6

Li
m

 2
0

0
6 

(N
IH

-A
A

R
P 

D
ie

t a
nd

 H
ea

lt
h 

St
ud

y)
ì

ì
–

ì
ì

ì
ì

ì
7

Li
n 

20
11

 (N
H

S)
–

ì
ì

–
ì

ì
ì

ì
6

Lu
d

w
ig

 2
0

01
–

ì
ì

–
ì

ì
ì

ì
6

M
a 

20
16

 (F
H

S 
3r

d 
G

en
er

at
io

n)
–

ì
ì

–
ì
ì

ì
ì

–
6

M
ac

in
ty

re
 2

01
8 

(G
U

S)
ì

ì
ì

ì
ì
ì

ì
ì

ì
9

M
as

lo
va

 2
01

3 
(D

an
is

h 
N

at
io

na
l B

ir
th

 C
oh

or
t)

ì
ì

ì
–

ì
ì

ì
ì

7

M
al

ik
 2

01
9 

(N
H

S,
 H

PF
S)

–
ì

ì
ì

ì
ì

ì
ì

ì
8

M
ar

sh
al

l 2
0

03
 (I

FS
)

–
ì

ì
–

–
ì

ì
–

4



95 Annex 6. Risk of bias assessment

ST
U

D
Y

R
EP

R
ES

EN
TA

TI
V

EN
ES

S 
O

F 
EX

P
O

SE
D

 C
O

H
O

R
T

SE
LE

C
TI

O
N

 O
F 

N
O

N
-E

X
P

O
SE

D
 

C
O

H
O

R
T

A
SC

ER
TA

IN
M

EN
T 

O
F 

EX
P

O
SU

R
E

O
U

TC
O

M
E 

O
F 

IN
TE

R
ES

T 
N

O
T 

PR
ES

EN
T 

A
T 

ST
A

R
T 

O
F 

ST
U

D
Y

C
O

M
PA

R
A

B
IL

IT
Y

 
O

F 
C

O
H

O
R

TS
A

SS
ES

SM
EN

T 
O

F 
O

U
TC

O
M

E

A
D

EQ
U

A
C

Y
 

O
F 

LE
N

G
TH

 O
F 

FO
LL

O
W

-U
P

A
D

EQ
U

A
C

Y
 O

F 
FO

LL
O

W
-U

P 
O

F 
C

O
H

O
R

TS
TO

TA
L 

(M
A

X
 9

)

M
cC

ul
lo

ug
h 

20
1

4 
(C

PS
-I

I)
–

ì
ì

ì
ì
ì

–
ì

–
6

M
os

sa
va

r-
R

ah
m

an
i 2

01
9 

(W
H

I-
O

S)
ì

ì
ì

ì
ì

ì
ì

–
7

M
ul

le
e 

20
19

 (E
PI

C
)

–
ì

ì
ì

ì
ì

ì
ì

ì
8

M
un

da
 2

01
9

–
ì

ì
–

–
ì

ì
–

4

M
uñ

oz
-G

ar
ci

a 
20

19
 (S

U
N

)
–

ì
ì

–
ì
ì

–
ì

ì
6

N
et

tl
et

on
 2

0
0

9 
(M

ES
A

)
ì

ì
–

ì
ì

ì
ì

ì
7

N
ew

by
 2

0
0

4 
(N

or
th

 D
ak

ot
a 

W
IC

 P
ro

gr
am

 f
or

 

C
hi

ld
re

n)
–

ì
ì

ì
ì

ì
ì

–
6

O
C

on
no

r 
20

1
5 

(E
PI

C-
N

or
fo

lk
)

–
ì

ì
ì

ì
ì

ì
ì

–
7

Pa
ga

ni
ni

-H
il

l 2
0

07
 (L

ei
su

re
 W

or
ld

 C
oh

or
t 

St
ud

y)
–

ì
–

ì
ì

ì
ì

ì
6

Pa
lm

er
 2

0
0

8 
(B

W
H

S)
–

ì
ì

ì
–

–
ì

ì
5

Pa
rk

 2
02

0 
(F

H
S,

 F
O

S)
–

ì
ì

ì
ì

 ì
ì

ì
–

7

Pa
rk

er
 1

9
97

 (P
H

H
P)

–
ì

ì
–

ì
ì

ì
–

5

Pa
se

 2
01

7 
(F

O
S)

–
ì

ì
ì

ì
ì

ì
–

6

Pe
th

er
ic

k 
20

1
4 

(B
iB

)
–

ì
ì

–
ì
ì

ì
ì

–
6

R
eb

ho
lz

 2
01

7 
(A

R
IC

)
–

ì
–

ì
ì
ì

ì
ì

–
6

R
en

au
lt

 2
01

5 
(T

O
P 

st
ud

y)
–

ì
ì

ì
ì

–
ì

ì
6

R
om

an
os

-N
an

cl
ar

es
 2

02
1 

(N
H

S 
an

d 
N

H
S 

II)
–

ì
ì

ì
ì

–
ì

–
5

Sa
ku

ra
i 2

01
4

–
ì

ì
ì

ì
ì

ì
ì

ì
8

Sa
la

va
ti

 2
02

0 
(P

er
in

ed
-L

if
el

in
es

 C
oh

or
t)

ì
ì

–
ì

ì
 ì

ì
ì

–
7

Sc
he

rn
ha

m
m

er
 2

0
05

 (N
H

S,
 H

PF
S)

–
ì

ì
ì

ì
ì

–
ì

ì
7

Sc
he

rn
ha

m
m

er
 2

01
2 

(N
H

S,
 H

PF
S)

–
ì

ì
ì

ì
ì

ì
ì

ì
8

Sc
hm

id
t 2

02
0 

(D
an

is
h 

N
at

io
na

l B
ir

th
 C

oh
or

t)
ì

ì
–

ì
ì

 ì
ì

ì
–

7

Sm
it

h 
20

1
5 

(N
H

S,
 N

H
S 

II
, H

PF
S)

–
ì

ì
ì

ì
ì

–
ì

–
6

St
el

lm
an

 1
9

8
6 

(A
m

er
ic

an
 C

an
ce

r 
So

ci
et

y 

st
ud

y)
–

ì
ì

–
–

–
ì

–
3

St
ep

ie
n 

20
16

 (E
PI

C
)

–
ì

ì
ì

ì
ì

ì
ì

7

St
er

n 
20

17
 (M

ex
ic

an
 T

ea
ch

er
s 

C
oh

or
t)

–
ì

ì
–

ì
ì

–
ì

–
5

St
ri

eg
el

-M
oo

re
 2

0
0

6 
(N

G
H

S)
–

ì
ì

–
ì

ì
ì

ì
6

Tu
ck

er
 2

01
5

–
ì

ì
–

–
ì

ì
–

4



96 Health effects of the use of non-sugar sweeteners

ST
U

D
Y

R
EP

R
ES

EN
TA

TI
V

EN
ES

S 
O

F 
EX

P
O

SE
D

 C
O

H
O

R
T

SE
LE

C
TI

O
N

 O
F 

N
O

N
-E

X
P

O
SE

D
 

C
O

H
O

R
T

A
SC

ER
TA

IN
M

EN
T 

O
F 

EX
P

O
SU

R
E

O
U

TC
O

M
E 

O
F 

IN
TE

R
ES

T 
N

O
T 

PR
ES

EN
T 

A
T 

ST
A

R
T 

O
F 

ST
U

D
Y

C
O

M
PA

R
A

B
IL

IT
Y

 
O

F 
C

O
H

O
R

TS
A

SS
ES

SM
EN

T 
O

F 
O

U
TC

O
M

E

A
D

EQ
U

A
C

Y
 

O
F 

LE
N

G
TH

 O
F 

FO
LL

O
W

-U
P

A
D

EQ
U

A
C

Y
 O

F 
FO

LL
O

W
-U

P 
O

F 
C

O
H

O
R

TS
TO

TA
L 

(M
A

X
 9

)

V
ya

s 
20

1
5 

(W
H

I-
O

S)
ì

ì
ì

ì
ì
ì

ì
ì

ì
9

V
an

se
lo

w
 2

0
0

9 
(E

AT
)

–
ì

ì
–

ì
–

ì
ì

5

W
an

g 
20

19
 (S

W
A

N
)

–
ì

ì
–

ì
ì

ì
–

5

Zh
en

g 
20

1
5

a 
(C

A
PS

)
–

ì
ì

–
ì

ì
ì

–
5

Zh
en

g 
20

1
5b

 (H
ea

lt
hy

 S
ta

rt
 S

tu
d

y)
ì

ì
ì

–
ì
ì

ì
ì

–
7

Zh
en

g 
20

19
 (R

ai
ne

)
–

ì
ì

–
ì

ì
ì

–
5

Zh
u 

20
17

 (D
W

H
)

ì
ì

ì
–

ì
ì

ì
ì

–
7

Zh
an

g 
20

21
 (N

H
A

N
ES

)
ì
ì

ì
ì

ì
ì

ì
–

–
7

Ta
bl

e 
A

6
.2

 
R

is
k 

of
 b

ia
s 

in
 c

as
e

–c
on

tr
ol

 s
tu

di
es

 (N
ew

ca
st

le
–O

tt
aw

a 
sc

al
e)

ST
U

D
Y

D
EF

IN
IT

IO
N

 O
F 

C
A

SE
S

R
EP

R
ES

EN
TA

TI
V

E-
N

ES
S 

O
F 

C
A

SE
S

SE
LE

C
TI

O
N

 
O

F 
C

O
N

TR
O

LS
D

EF
IN

IT
IO

N
 O

F 
C

O
N

TR
O

LS

C
O

M
PA

R
A

B
IL

IT
Y

 
O

F 
C

A
SE

S 
A

N
D

 
C

O
N

TR
O

LS

A
SS

ES
SM

EN
T 

O
F 

EX
P

O
SU

R
E

SA
M

E 
M

ET
H

O
D

 O
F 

A
SC

ER
TA

IN
M

EN
T 

FO
R

 
C

A
SE

S 
A

N
D

 C
O

N
TR

O
LS

N
O

N
R

ES
P

O
N

SE
 

R
A

TE
TO

TA
L 

SC
O

R
E 

(M
A

X
 9

)

A
kd

as
 1

9
9

0
ì

–
–

ì
ì
ì

–
ì

–
5

A
nd

re
at

ta
 2

0
0

8
ì

–
–

ì
ì
ì

–
ì

–
5

A
sa

l 1
9

8
8

ì
–

ì
–

–
–

–
–

2

B
os

et
ti

 2
0

0
9

ì
–

–
ì

ì
ì

–
ì

ì
6

B
ra

vo
 1

9
8

7
ì

–
–

ì
ì

–
ì

–
4

B
un

in
 2

0
05

ì
ì

ì
–

ì
ì

–
ì

–
6

C
ab

an
io

ls
 2

01
1

–
ì

–
–

ì
–

ì
–

3

C
ar

tw
ri

gh
t 1

9
81

–
ì

–
–

ì
–

ì
–

3

C
ha

n 
20

0
9

–
–

ì
–

ì
ì

–
ì

ì
5

C
on

no
ll

y 
19

7
8

–
–

–
–

ì
–

–
–

1

Ew
er

tz
 1

9
9

0
–

ì
ì

ì
ì

ì
ì

–
6

G
al

lu
s 

20
07

ì
–

–
–

ì
ì

–
ì

ì
5

G
ol

d 
19

85
–

–
ì

ì
ì
ì

–
ì

–
5

G
oo

dm
an

 1
9

8
6

ì
ì

–
ì

ì
–

ì
ì

6

G
ur

ne
y 

19
97

–
–

ì
–

ì
ì

–
–

–
3

H
ar

d
el

l 2
0

01
ì

–
ì

–
ì

ì
ì

ì
6

H
oo

ve
r 

19
8

0
ì

ì
ì

–
ì
ì

–
ì

ì
7

H
ow

e 
19

7
7 

an
d 

19
8

0
–

ì
ì

–
ì

–
ì

–
4



97 Annex 6. Risk of bias assessment

ST
U

D
Y

D
EF

IN
IT

IO
N

 O
F 

C
A

SE
S

R
EP

R
ES

EN
TA

TI
V

E-
N

ES
S 

O
F 

C
A

SE
S

SE
LE

C
TI

O
N

 
O

F 
C

O
N

TR
O

LS
D

EF
IN

IT
IO

N
 O

F 
C

O
N

TR
O

LS

C
O

M
PA

R
A

B
IL

IT
Y

 
O

F 
C

A
SE

S 
A

N
D

 
C

O
N

TR
O

LS

A
SS

ES
SM

EN
T 

O
F 

EX
P

O
SU

R
E

SA
M

E 
M

ET
H

O
D

 O
F 

A
SC

ER
TA

IN
M

EN
T 

FO
R

 
C

A
SE

S 
A

N
D

 C
O

N
TR

O
LS

N
O

N
R

ES
P

O
N

SE
 

R
A

TE
TO

TA
L 

SC
O

R
E 

(M
A

X
 9

)

Is
co

vi
ch

 1
97

8
ì

–
ì

–
ì

–
–

ì
4

K
es

sl
er

 1
97

6 
an

d 
19

7
8

ì
ì

–
ì

ì
ì

ì
ì

–
7

K
ob

ei
ss

i 2
01

3
ì

–
–

ì
–

–
ì

–
3

M
ah

fo
uz

 2
01

4
ì

–
ì

ì
ì

–
ì

–
5

M
et

tl
in

 1
9

8
9

–
ì

–
ì

ì
ì

ì
ì

–
6

M
ol

le
r-

Je
ns

en
 1

9
83

ì
ì

ì
–

ì
–

ì
–

5

M
om

as
 1

9
9

4
ì

ì
ì

–
ì
ì

–
–

–
5

M
om

m
se

n 
19

83
–

–
ì

–
ì
ì

–
ì

–
4

M
or

ga
n 

19
74

ì
–

–
–

ì
ì

ì
–

4

M
or

ri
so

n 
19

79
–

ì
–

–
ì

–
ì

–
3

M
or

ri
so

n 
19

8
0

ì
ì

ì
–

ì
–

ì
ì

6

M
or

ri
so

n 
19

82
 (J

ap
an

)
ì

ì
ì

–
ì

–
ì

ì
6

M
or

ri
so

n 
19

82
 (U

ni
te

d 
K

in
gd

om
)

ì
ì

ì
–

ì
–

ì
ì

6

N
aj

em
 1

9
82

ì
–

–
–

ì
–

ì
–

3

N
om

ur
a 

19
91

ì
ì

ì
–

ì
ì

–
ì

ì
7

N
or

el
l 1

9
8

6
ì

ì
ì

–
ì

ì
ì

–
6

O
hn

o 
19

85
ì

ì
ì

–
ì
ì

–
ì

ì
7

R
ad

os
av

lj
ev

ic
 2

0
01

ì
ì

–
ì

ì
–

ì
–

5

R
is

ch
 1

9
8

8
–

–
ì

–
ì
ì

–
ì

–
4

Si
lv

er
m

an
 1

9
83

ì
ì

ì
–

ì
–

ì
ì

6

Si
m

on
 1

97
5

–
–

–
ì

ì
ì

ì
ì

5

Su
ll

iv
an

 1
9

82
–

–
ì

–
–

–
–

–
1

W
yn

d
er

 1
97

7
ì

–
–

ì
ì

ì
ì

–
5

W
yn

d
er

 1
9

8
0

ì
–

ì
ì

–
–

–
–

3

Yu
 1

9
97

ì
–

–
–

ì
ì

–
ì

–
4

Zo
u 

19
9

0
ì

ì
–

ì
ì

–
ì

–
5



98 Health effects of the use of non-sugar sweeteners

A
N

N
EX

 7
. G

R
A

D
E 

ev
id

en
ce

 p
ro

fi
le

s
G

R
A

D
E 

ev
id

en
ce

 p
ro

fi
le

 1
Q

ue
st

io
n:

 W
ha

t i
s 

th
e 

eff
ec

t o
f 

hi
gh

er
 v

s 
lo

w
er

 in
ta

ke
 o

f 
no

n-
su

ga
r 

sw
ee

te
ne

rs
 in

 a
du

lt
s?

Po
pu

la
ti

on
: G

en
er

al
 a

du
lt

 p
op

ul
at

io
n

A
SS

ES
SM

EN
T

N
O

. O
F 

EV
EN

TS
/P

A
R

TI
C

IP
A

N
TS

(S
TU

D
Y

 E
V

EN
T 

R
A

TE
)

EF
FE

C
T

C
ER

TA
IN

T
Y6

N
O

. O
F 

ST
U

D
IE

S/
C

O
H

O
R

TS
ST

U
D

Y
 D

ES
IG

N
1

R
IS

K
 O

F 
B

IA
S

IN
C

O
N

SI
ST

EN
C

Y
IN

D
IR

EC
TN

ES
S2

IM
PR

EC
IS

IO
N

O
TH

ER
3  

LO
W

ER
/N

O
N

SS
 IN

TA
K

E
H

IG
H

ER
N

SS
 IN

TA
K

E

R
EL

A
TI

V
E/

M
EA

N
 

D
IF

FE
R

EN
C

E4  
(9

5%
 C

I)

A
B

SO
LU

TE
 –

  
PE

R
 1

0
0

0
5  

(9
5%

 C
I)

A
di

p
os

it
y:

 b
od

y 
w

ei
gh

t (
kg

)

29
R

C
T 

Se
ri

ou
s7

Se
ri

ou
s8  

N
ot

 s
er

io
us

 
N

ot
 s

er
io

us
N

on
e

1
2

52
11

81
M

D
 –

0
.7

1 

(–
1

.1
3 

to
 –

0
.2

8)
–

㊉
㊉

◯
◯

 

LO
W

4
O

bs
er

va
ti

on
al

 

(c
on

ti
nu

ou
s)

N
ot

 s
er

io
us

9
Se

ri
ou

s8
N

ot
 s

er
io

us
N

ot
 s

er
io

us
10

N
on

e
11

8
4

57
M

D
 –

0
.1

2

(–
0

.4
0 

to
 0

.1
5)

–
㊉

◯
◯

◯
 

V
ER

Y 
LO

W

5
O

bs
er

va
ti

on
al

 

(h
ig

h 
vs

 lo
w

)
Se

ri
ou

s11
N

ot
 s

er
io

us
N

ot
 s

er
io

us
N

ot
 s

er
io

us
10

N
on

e
11

8
74

M
D

 –
0

.0
1

(–
0

.6
7 

to
 0

.6
4)

–
㊉

◯
◯

◯
 

V
ER

Y 
LO

W

A
di

p
os

it
y:

 B
M

I (
kg

/m
2 )

2
3 

R
C

T 
Se

ri
ou

s7
Se

ri
ou

s8
N

ot
 s

er
io

us
 

N
ot

 s
er

io
us

1
2

N
on

e
9

4
0

91
7

M
D

 –
0

.1
4

(–
0

.3
0 

to
 0

.0
2)

–
㊉

㊉
◯

◯
 

LO
W

5
O

bs
er

va
ti

on
al

 

(h
ig

h 
vs

 lo
w

)
N

ot
 s

er
io

us
9

Se
ri

ou
s8

N
ot

 s
er

io
us

N
ot

 s
er

io
us

N
on

e
8

05
83

M
D

 0
.1

4

(0
.0

3 
to

 0
.2

5)
–

㊉
◯

◯
◯

 

V
ER

Y 
LO

W

A
di

p
os

it
y:

 in
ci

de
nt

 o
b

es
it

y

2
O

bs
er

va
ti

on
al

 
N

ot
 s

er
io

us
9

N
ot

 s
er

io
us

N
ot

 s
er

io
us

N
ot

 s
er

io
us

 1
3  

N
on

e
6

03
/1

6
6

8 
 

(3
6

.2
%

)

H
R

 1
.7

6 

(1
.2

5
, 2

.4
9)

27
5 

m
or

e

(f
ro

m
 9

1 
m

or
e 

to
 5

39
 m

or
e)

㊉
㊉

◯
◯

 

LO
W

A
di

p
os

it
y:

 a
b

do
m

in
al

 o
b

es
it

y

4
O

bs
er

va
ti

on
al

 
N

ot
 s

er
io

us
9

Se
ri

ou
s8

N
ot

 s
er

io
us

 
Se

ri
ou

s1
4

N
on

e
53

81
/1

0
8

95

(4
9

.4
%

)

H
R

 1
.3

3 
 

(0
.9

1 
to

 1
.9

6)

16
3 

m
or

e

(f
ro

m
 4

4 
fe

w
er

 

to
 4

74
 m

or
e)

㊉
◯

◯
◯

 

V
ER

Y 
LO

W

A
di

p
os

it
y:

 w
ai

st
-t

o
-h

ip
 r

at
io

3
R

C
T

Se
ri

ou
s1

5
N

ot
 s

er
io

us
N

ot
 s

er
io

us
 

Se
ri

ou
s16

N
on

e
1

21
79

M
D

 0
.0

0 

(–
0

.0
1 

to
 0

.0
1)

–
㊉

㊉
◯

◯
 

LO
W



99 Annex 7. GRADE evidence profiles

A
SS

ES
SM

EN
T

N
O

. O
F 

EV
EN

TS
/P

A
R

TI
C

IP
A

N
TS

(S
TU

D
Y

 E
V

EN
T 

R
A

TE
)

EF
FE

C
T

C
ER

TA
IN

T
Y6

N
O

. O
F 

ST
U

D
IE

S/
C

O
H

O
R

TS
ST

U
D

Y
 D

ES
IG

N
1

R
IS

K
 O

F 
B

IA
S

IN
C

O
N

SI
ST

EN
C

Y
IN

D
IR

EC
TN

ES
S2

IM
PR

EC
IS

IO
N

O
TH

ER
3  

LO
W

ER
/N

O
N

SS
 IN

TA
K

E
H

IG
H

ER
N

SS
 IN

TA
K

E

R
EL

A
TI

V
E/

M
EA

N
 

D
IF

FE
R

EN
C

E4  
(9

5%
 C

I)

A
B

SO
LU

TE
 –

  
PE

R
 1

0
0

0
5  

(9
5%

 C
I)

A
di

p
os

it
y:

 w
ai

st
 c

ir
cu

m
fe

re
nc

e 
(c

m
)

10
R

C
T 

N
ot

 s
er

io
us

17
Se

ri
ou

s8
N

ot
 s

er
io

us
 

N
ot

 s
er

io
us

10
N

on
e

6
8

8
5

6
4

M
D

 –
0

.2
4

(–
1

.0
6 

to
 0

.5
8)

–
㊉

㊉
㊉

◯
 

M
O

D
ER

AT
E

3
O

bs
er

va
ti

on
al

 

(h
ig

h 
vs

 lo
w

)
N

ot
 s

er
io

us
9

Se
ri

ou
s8

N
ot

 s
er

io
us

Se
ri

ou
s1

4
N

on
e

1
2

8
8

6
M

D
 0

.9
2

(–
1

.7
3 

to
 3

.5
6)

–
㊉

◯
◯

◯
 

V
ER

Y 
LO

W

A
di

p
os

it
y:

 f
at

 m
as

s 
(k

g)

6
R

C
T

N
ot

 s
er

io
us

1
8

Se
ri

ou
s8

N
ot

 s
er

io
us

 
Se

ri
ou

s1
4

N
on

e
33

2
2

8
6

M
D

 –
0

.5
4

(–
1

.5
6 

to
 0

.4
9)

–
㊉

㊉
◯

◯
 

LO
W

A
di

p
os

it
y:

 f
at

 m
as

s 
(%

)

10
R

C
T

N
ot

 s
er

io
us

1
8

Se
ri

ou
s8

N
ot

 s
er

io
us

 
Se

ri
ou

s1
4

N
on

e
3

4
3

4
1

4
M

D
 –

0
.1

1

(–
0

.7
8 

to
 0

.5
6)

–
㊉

㊉
◯

◯
 

LO
W

A
di

p
os

it
y:

 le
an

 m
as

s 
(k

g)

6
R

C
T

N
ot

 s
er

io
us

1
8

N
ot

 s
er

io
us

N
ot

 s
er

io
us

 
N

ot
 s

er
io

us
10

N
on

e
2

55
2

8
4

M
D

 –
0

.2
9

(–
0

.7
0 

to
 0

.1
1)

–
㊉

㊉
㊉

㊉
 

H
IG

H

D
ia

b
et

es
: i

nc
id

en
t d

ia
b

et
es

 

1
3

O
bs

er
va

ti
on

al
 

(b
ev

er
ag

es
)

N
ot

 s
er

io
us

9
N

ot
 s

er
io

us
N

ot
 s

er
io

us
 

N
ot

 s
er

io
us

N
on

e19
2

82
2

2
/4

0
8

6
0

9

(6
.9

%
)

H
R

 1
.2

3

(1
.1

4 
to

 1
.3

2)

16
 m

or
e

(f
ro

m
 1

0 
m

or
e 

to
 2

2 
m

or
e)

㊉
㊉

◯
◯

 

LO
W

2
O

bs
er

va
ti

on
al

 

(t
ab

le
to

p)
N

ot
 s

er
io

us
9  

N
ot

 s
er

io
us

N
ot

 s
er

io
us

 
N

ot
 s

er
io

us
N

on
e

2
25

0
/6

25
82

(3
.6

%
)

H
R

 1
.3

4

(1
.2

1 
to

 1
.4

8)

1
2 

m
or

e

(f
ro

m
 8

 m
or

e 
to

 

17
 m

or
e)

㊉
㊉

◯
◯

 

LO
W

D
ia

b
et

es
: f

as
ti

ng
 g

lu
co

se
 (m

m
ol

/L
)

16
R

C
T

Se
ri

ou
s20

N
ot

 s
er

io
us

N
ot

 s
er

io
us

N
ot

 s
er

io
us

10
 

N
on

e
8

4
4

65
0

M
D

 –
0

.0
1

(–
0

.0
5 

to
 0

.0
4)

–
㊉

㊉
㊉

◯
 

M
O

D
ER

AT
E

D
ia

b
et

es
: f

as
ti

ng
 in

su
li

n 
(p

m
ol

/L
)

10
R

C
T

N
ot

 s
er

io
us

21
Se

ri
ou

s8
N

ot
 s

er
io

us
 

Se
ri

ou
s1

4
N

on
e

4
4

4
31

5
M

D
 –

0
.4

9

(–
4

.9
9 

to
 4

.0
2)

–
㊉

㊉
◯

◯
 

LO
W

D
ia

b
et

es
: H

bA
1

c 
(%

)

6
R

C
T

N
ot

 s
er

io
us

2
2

N
ot

 s
er

io
us

N
ot

 s
er

io
us

 
Se

ri
ou

s16
N

on
e

21
2

19
9

M
D

 0
.0

2

(–
0

.0
3 

to
 0

.0
7

)
–

㊉
㊉

㊉
◯

 

M
O

D
ER

AT
E

D
ia

b
et

es
: H

O
M

A
-I

R

11
R

C
T

Se
ri

ou
s2

3
Se

ri
ou

s8
N

ot
 s

er
io

us
 

N
ot

 s
er

io
us

10
N

on
e

4
57

32
9

M
D

 0
.0

3

(–
0

.3
2 

to
 0

.3
8)

–
㊉

㊉
◯

◯
 

LO
W



100 Health effects of the use of non-sugar sweeteners

A
SS

ES
SM

EN
T

N
O

. O
F 

EV
EN

TS
/P

A
R

TI
C

IP
A

N
TS

(S
TU

D
Y

 E
V

EN
T 

R
A

TE
)

EF
FE

C
T

C
ER

TA
IN

T
Y6

N
O

. O
F 

ST
U

D
IE

S/
C

O
H

O
R

TS
ST

U
D

Y
 D

ES
IG

N
1

R
IS

K
 O

F 
B

IA
S

IN
C

O
N

SI
ST

EN
C

Y
IN

D
IR

EC
TN

ES
S2

IM
PR

EC
IS

IO
N

O
TH

ER
3  

LO
W

ER
/N

O
N

SS
 IN

TA
K

E
H

IG
H

ER
N

SS
 IN

TA
K

E

R
EL

A
TI

V
E/

M
EA

N
 

D
IF

FE
R

EN
C

E4  
(9

5%
 C

I)

A
B

SO
LU

TE
 –

  
PE

R
 1

0
0

0
5  

(9
5%

 C
I)

D
ia

b
et

es
: h

ig
h 

fa
st

in
g 

gl
uc

os
e

3
O

bs
er

va
ti

on
al

N
ot

 s
er

io
us

9
N

ot
 s

er
io

us
N

ot
 s

er
io

us
 

N
ot

 s
er

io
us

 
N

on
e

6
0

8
6

/1
1

21
3

(5
4

.3
%

)

H
R

 1
.2

1

(1
.0

1 
to

 1
.4

5)

11
4 

m
or

e

(f
ro

m
 5

 m
or

e 
to

 

2
4

5 
m

or
e)

㊉
㊉

◯
◯

 

LO
W

D
en

ta
l c

ar
ie

s

1
R

C
T

Se
ri

ou
s2

4
U

na
b

le
 t

o 

as
se

ss
2

5
N

ot
 s

er
io

us
V

er
y 

se
ri

ou
s26

N
on

e
1

4
1

5

In
 a

 6
-m

on
th

 R
C

T 
am

on
g 

ad
ul

ts
 

(2
6)

27
, t

he
 p

ar
ti

ci
p

an
ts

 w
ho

 w
er

e 

as
si

gn
ed

 t
o 

co
ns

um
e 

su
ga

r-

sw
ee

te
ne

d 
or

 N
SS

-s
w

ee
te

ne
d 

so
ft

 

dr
in

ks
 d

id
 n

ot
 d

ev
el

op
 c

ar
ie

s 
or

 

ac
id

 e
ro

si
on

 o
f 

th
e 

en
am

el
 d

ur
in

g 

th
e 

in
te

rv
en

ti
on

.

㊉
◯

◯
◯

 

V
ER

Y 
LO

W

A
ll

-c
au

se
 m

or
ta

li
ty

8
O

bs
er

va
ti

on
al

N
ot

 s
er

io
us

9
Se

ri
ou

s8
N

ot
 s

er
io

us
 

N
ot

 s
er

io
us

N
on

e
10

26
7

7/
8

6
0

8
7

3

(1
1

.9
%

)

H
R

 1
.1

2

(1
.0

5 
to

 1
.1

9)

1
4 

m
or

e

(f
ro

m
 6

 m
or

e 
to

 

2
3 

m
or

e)

㊉
◯

◯
◯

 

V
ER

Y 
LO

W

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: c
ar

di
ov

as
cu

la
r 

di
se

as
e 

m
or

ta
li

ty

5
O

bs
er

va
ti

on
al

N
ot

 s
er

io
us

9
N

ot
 s

er
io

us
N

ot
 s

er
io

us
 

N
ot

 s
er

io
us

N
on

e
1

3
0

8
9/

59
8

95
1

(2
.2

%
)

H
R

 1
.1

9

(1
.0

7 
to

 1
.3

2)

4 
m

or
e

(f
ro

m
 2

 m
or

e 
to

 

7 
m

or
e)

㊉
㊉

◯
◯

 

LO
W

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: c
ar

di
ov

as
cu

la
r 

ev
en

ts

3
O

bs
er

va
ti

on
al

N
ot

 s
er

io
us

9
N

ot
 s

er
io

us
N

ot
 s

er
io

us
 

N
ot

 s
er

io
us

N
on

e
63

8
4

/1
6

6
93

8

(3
.8

%
)

H
R

 1
.3

2

(1
.1

7 
to

 1
.5

0)

1
2 

m
or

e

(f
ro

m
 6

 m
or

e 
to

 

19
 m

or
e)

㊉
㊉

◯
◯

 

LO
W

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: c
or

on
ar

y 
he

ar
t d

is
ea

se

4
O

bs
er

va
ti

on
al

N
ot

 s
er

io
us

9
Se

ri
ou

s8
N

ot
 s

er
io

us
 

Se
ri

ou
s1

4
N

on
e

10
10

4
/2

05
4

55

(4
.9

%
)

H
R

 1
.1

6

(0
.9

7 
to

 1
.3

9)

8 
m

or
e

(f
ro

m
 1

 f
ew

er
 

to
 1

9 
m

or
e)

㊉
◯

◯
◯

 

V
ER

Y 
LO

W

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: s
tr

ok
e

6
O

bs
er

va
ti

on
al

N
ot

 s
er

io
us

9
N

ot
 s

er
io

us
N

ot
 s

er
io

us
 

N
ot

 s
er

io
us

N
on

e
83

4
6

/6
55

95
3

(1
.3

%
)

H
R

 1
.1

9

(1
.0

9 
to

 1
.2

9)

2 
m

or
e

(f
ro

m
 1

 m
or

e 
to

 

4 
m

or
e)

㊉
㊉

◯
◯

 

LO
W



101

A
SS

ES
SM

EN
T

N
O

. O
F 

EV
EN

TS
/P

A
R

TI
C

IP
A

N
TS

(S
TU

D
Y

 E
V

EN
T 

R
A

TE
)

EF
FE

C
T

C
ER

TA
IN

T
Y6

N
O

. O
F 

ST
U

D
IE

S/
C

O
H

O
R

TS
ST

U
D

Y
 D

ES
IG

N
1

R
IS

K
 O

F 
B

IA
S

IN
C

O
N

SI
ST

EN
C

Y
IN

D
IR

EC
TN

ES
S2

IM
PR

EC
IS

IO
N

O
TH

ER
3  

LO
W

ER
/N

O
N

SS
 IN

TA
K

E
H

IG
H

ER
N

SS
 IN

TA
K

E

R
EL

A
TI

V
E/

M
EA

N
 

D
IF

FE
R

EN
C

E4  
(9

5%
 C

I)

A
B

SO
LU

TE
 –

  
PE

R
 1

0
0

0
5  

(9
5%

 C
I)

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: h
yp

er
te

ns
io

n

6
O

bs
er

va
ti

on
al

N
ot

 s
er

io
us

9
N

ot
 s

er
io

us
N

ot
 s

er
io

us
 

N
ot

 s
er

io
us

N
on

e
81

9
65

/2
3

4
1

37

(3
5%

)

H
R

 1
.1

3

(1
.0

9 
to

 1
.1

7
)

4
6 

m
or

e

(f
ro

m
 3

2 
m

or
e 

to
 6

0 
m

or
e)

㊉
㊉

◯
◯

 

LO
W

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: s
ys

to
li

c 
b

lo
od

 p
re

ss
ur

e 
(m

m
H

g)

1
4

R
C

T
Se

ri
ou

s2
8

N
ot

 s
er

io
us

N
ot

 s
er

io
us

 
N

ot
 s

er
io

us
10

N
on

e
83

8
6

02
M

D
 –

1
.3

3

(–
2

.7
1 

to
 0

.0
6)

–
㊉

㊉
㊉

◯
 

M
O

D
ER

AT
E

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: d
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e 
(m

m
H

g)

1
3

R
C

T
Se

ri
ou

s2
8

N
ot

 s
er

io
us

N
ot

 s
er

io
us

 
N

ot
 s

er
io

us
10

N
on

e
6

8
9

4
4

8
M

D
 –

0
.5

1

(–
1

.6
8 

to
 0

.6
5)

–
㊉

㊉
㊉

◯
 

M
O

D
ER

AT
E

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: L
D

L-
ch

ol
es

te
ro

l (
m

m
ol

/L
)

1
2

R
C

T
Se

ri
ou

s2
8

N
ot

 s
er

io
us

N
ot

 s
er

io
us

 
Se

ri
ou

s1
4

N
on

e
65

3
5

4
0

M
D

 0
.0

3

(–
0

.0
3 

to
 0

.0
9)

–
㊉

㊉
◯

◯
 

LO
W

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: t
ot

al
 c

ho
le

st
er

ol
 (m

m
ol

/L
)

1
4

R
C

T
Se

ri
ou

s2
8

Se
ri

ou
s8

N
ot

 s
er

io
us

 
N

ot
 s

er
io

us
10

N
on

e
5

67
51

1
M

D
 0

.0
1

(–
0

.0
9 

to
 0

.1
1)

–
㊉

㊉
◯

◯
 

LO
W

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: H
D

L 
ch

ol
es

te
ro

l (
m

m
ol

/L
)

1
3

R
C

T
Se

ri
ou

s2
8

N
ot

 s
er

io
us

N
ot

 s
er

io
us

 
N

ot
 s

er
io

us
10

N
on

e
65

9
5

4
6

M
D

 0
.0

0

(–
0

.0
3 

to
 0

.0
3)

–
㊉

㊉
㊉

◯
 

M
O

D
ER

AT
E

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: t
ot

al
 c

ho
le

st
er

ol
 t

o 
H

D
L 

ch
ol

es
te

ro
l r

at
io

4
R

C
T

N
ot

 s
er

io
us

2
9

N
ot

 s
er

io
us

N
ot

 s
er

io
us

 
Se

ri
ou

s16
N

on
e

16
6

16
0

M
D

 0
.0

9

(0
.0

2 
to

 0
.1

6)
–

㊉
㊉

㊉
◯

 

M
O

D
ER

AT
E

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: l
ow

 H
D

L 
ch

ol
es

te
ro

l 

4
O

bs
er

va
ti

on
al

N
ot

 s
er

io
us

9
N

ot
 s

er
io

us
N

ot
 s

er
io

us
 

Se
ri

ou
s1

4
N

on
e

5
82

3
/1

19
16

(4
8

.9
%

)

H
R

 1
.0

3

(0
.9

2 
to

 1
.1

6)

1
5 

m
or

e

(f
ro

m
 3

9 
fe

w
er

 

to
 7

8 
m

or
e)

㊉
◯

◯
◯

 

V
ER

Y 
LO

W

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: t
ri

gl
yc

er
id

es
 (m

m
ol

/L
)

1
4

R
C

T
Se

ri
ou

s2
8

Se
ri

ou
s8

N
ot

 s
er

io
us

 
Se

ri
ou

s1
4

N
on

e
6

8
4

55
9

M
D

 –
0

.0
4

(–
0

.1
1 

to
 0

.0
4)

–
㊉

◯
◯

◯
 

V
ER

Y 
LO

W

Annex 7. GRADE evidence profiles



102 Health effects of the use of non-sugar sweeteners

A
SS

ES
SM

EN
T

N
O

. O
F 

EV
EN

TS
/P

A
R

TI
C

IP
A

N
TS

(S
TU

D
Y

 E
V

EN
T 

R
A

TE
)

EF
FE

C
T

C
ER

TA
IN

T
Y6

N
O

. O
F 

ST
U

D
IE

S/
C

O
H

O
R

TS
ST

U
D

Y
 D

ES
IG

N
1

R
IS

K
 O

F 
B

IA
S

IN
C

O
N

SI
ST

EN
C

Y
IN

D
IR

EC
TN

ES
S2

IM
PR

EC
IS

IO
N

O
TH

ER
3  

LO
W

ER
/N

O
N

SS
 IN

TA
K

E
H

IG
H

ER
N

SS
 IN

TA
K

E

R
EL

A
TI

V
E/

M
EA

N
 

D
IF

FE
R

EN
C

E4  
(9

5%
 C

I)

A
B

SO
LU

TE
 –

  
PE

R
 1

0
0

0
5  

(9
5%

 C
I)

C
ar

di
ov

as
cu

la
r 

di
se

as
es

: h
ig

h 
tr

ig
ly

ce
ri

de
s

4
O

bs
er

va
ti

on
al

N
ot

 s
er

io
us

9
N

ot
 s

er
io

us
N

ot
 s

er
io

us
 

Se
ri

ou
s1

4
N

on
e

6
67

3
/1

27
2

8

(5
2

.4
%

)

H
R

 1
.0

3

(0
.8

8 
to

 1
.2

1)

16
 m

or
e

(f
ro

m
 6

3 
fe

w
er

 

to
 1

10
 m

or
e)

㊉
◯

◯
◯

 

V
ER

Y 
LO

W

C
an

ce
r:

 c
an

ce
r 

m
or

ta
li

ty
 

4
O

bs
er

va
ti

on
al

N
ot

 s
er

io
us

9
Se

ri
ou

s8
N

ot
 s

er
io

us
 

Se
ri

ou
s1

4
N

on
e

2
5

49
4

/5
6

81
75

(4
.5

%
)

H
R

 1
.0

2

(0
.9

2 
to

 1
.1

3)

1 
m

or
e

(f
ro

m
 4

 f
ew

er
 

to
 6

 m
or

e)

㊉
◯

◯
◯

 

V
ER

Y 
LO

W

C
an

ce
r:

 in
ci

de
nc

e 
(a

ny
 t

yp
e)

7
O

bs
er

va
ti

on
al

N
ot

 s
er

io
us

9
N

ot
 s

er
io

us
N

ot
 s

er
io

us
 

Se
ri

ou
s1

4
N

on
e

27
57

3
/9

4
26

0
0

(2
.9

%
)

H
R

 1
.0

2

(0
.9

5 
to

 1
.0

9)

1 
m

or
e

(f
ro

m
 1

 f
ew

er
 

to
 3

 m
or

e)

㊉
◯

◯
◯

 

V
ER

Y 
LO

W

C
an

ce
r:

 in
ci

de
nc

e 
(b

la
dd

er
)

26
O

bs
er

va
ti

on
al

 

(c
as

e-
co

nt
ro

l)
Se

ri
ou

s11
Se

ri
ou

s8
N

ot
 s

er
io

us
 

N
ot

 s
er

io
us

 
N

on
e

11
07

1 
ca

se
s

2
85

8
9 

co
nt

ro
ls

O
R

 1
.3

1

(1
.0

6 
to

 1
.6

2)
–

㊉
◯

◯
◯

V
ER

Y 
LO

W

C
hr

on
ic

 k
id

ne
y 

di
se

as
e:

 in
ci

de
nt

 d
is

ea
se

2
O

bs
er

va
ti

on
al

N
ot

 s
er

io
us

9
Se

ri
ou

s8
N

ot
 s

er
io

us
 

Se
ri

ou
s1

4
N

on
e

31
61

/1
83

7
2

(1
7.

2%
)

H
R

 1
.4

1

(0
.8

9 
to

 2
.2

4)

71
 m

or
e

(f
ro

m
 1

9 
fe

w
er

 

to
 2

1
3 

m
or

e)

㊉
◯

◯
◯

 

V
ER

Y 
LO

W

C
hr

on
ic

 k
id

ne
y 

di
se

as
e:

 c
re

at
in

in
e 

(µ
m

ol
/L

)

2
R

C
T

Se
ri

ou
s3

0
Se

ri
ou

s8
N

ot
 s

er
io

us
 

V
er

y 
se

ri
ou

s31
N

on
e

93
52

M
D

 8
.8

0

(–
1

4
.6

5 
to

 3
2

.2
5)

–
㊉

◯
◯

◯
 

V
ER

Y 
LO

W

C
hr

on
ic

 k
id

ne
y 

di
se

as
e:

 a
lb

um
in

 (g
/L

)

2
R

C
T

Se
ri

ou
s3

0
N

ot
 s

er
io

us
N

ot
 s

er
io

us
 

Se
ri

ou
s16

N
on

e
93

52
M

D
 0

.0
0

(–
0

.5
6 

to
 0

.5
6)

–
㊉

㊉
◯

◯
 

LO
W

En
er

g
y 

in
ta

ke
 (k

J/
da

y)

25
R

C
T

Se
ri

ou
s32

Se
ri

ou
s8

N
ot

 s
er

io
us

 
N

ot
 s

er
io

us
N

on
e

11
31

10
7

7
M

D
 –

56
9

(–
85

9 
to

 –
27

8)
–

㊉
㊉

◯
◯

 

LO
W

Su
ga

rs
 in

ta
ke

 (g
/d

ay
)

1
2

R
C

T
Se

ri
ou

s33
Se

ri
ou

s8
N

ot
 s

er
io

us
 

N
ot

 s
er

io
us

 
N

on
e

65
2

5
8

7
M

D
 –

3
8

.4

(–
57

.8
 t

o 
–1

9
.1

)
–

㊉
㊉

◯
◯

 

LO
W



103

B
M

I: 
b

od
y 

m
as

s 
in

d
ex

; C
I: 

co
nfi

d
en

ce
 in

te
rv

al
; H

D
L:

 h
ig

h
-d

en
si

ty
 li

p
op

ro
te

in
; H

O
M

A
-I

R
: H

om
eo

st
at

ic
 M

od
el

 A
ss

es
sm

en
t o

f 
In

su
li

n 
R

es
is

ta
nc

e;
 H

R
: h

az
ar

d 
ra

ti
o;

 L
D

L:
 lo

w
-d

en
si

ty
 li

p
op

ro
te

in
; M

D
: m

ea
n 

di
ff

er
en

ce
; 

N
SS

: n
on

-s
ug

ar
 s

w
ee

te
ne

rs
; O

R
: o

dd
s 

ra
ti

o;
 R

C
T:

 r
an

d
om

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l.

1	
U

nl
es

s 
ot

he
rw

is
e 

no
te

d
, o

bs
er

va
ti

on
al

 s
tu

di
es

 a
re

 p
ro

sp
ec

ti
ve

 c
oh

or
t 

st
ud

ie
s 

th
at

 a
ss

es
se

d 
ou

tc
om

es
 b

y 
co

m
p

ar
in

g 
th

e 
hi

gh
es

t 
qu

an
ti

le
 o

f 
in

ta
ke

 t
o 

th
e 

lo
w

es
t.

 S
om

e 
co

ho
rt

 s
tu

di
es

 a
ss

es
se

d 
ou

tc
om

es
 

co
nt

in
uo

us
ly

, a
s 

no
te

d 
in

 t
he

 e
vi

d
en

ce
 p

ro
fi

le
. 

2 
	

A
ll

 s
tu

di
es

 w
er

e 
co

nd
uc

te
d 

in
 t

he
 p

op
ul

at
io

n 
of

 in
te

re
st

 (i
.e

. g
en

er
al

 a
du

lt
 p

op
ul

at
io

n)
. A

lt
ho

ug
h 

m
os

t 
st

ud
ie

s 
w

er
e 

co
nd

uc
te

d 
in

 N
or

th
 A

m
er

ic
a 

an
d 

Eu
ro

p
e,

 a
nd

 v
er

y 
fe

w
 w

er
e 

co
nd

uc
te

d 
in

 lo
w

- 
an

d 
m

id
dl

e-
in

co
m

e 
co

un
tr

ie
s 

(L
M

IC
s)

, p
hy

si
ol

og
ic

al
 r

es
p

on
se

s 
to

 N
SS

 a
re

 n
ot

 e
xp

ec
te

d 
to

 d
iff

er
 s

ig
ni

fi
ca

nt
ly

 a
cr

os
s 

di
ff

er
en

t 
p

op
ul

at
io

ns
. B

eh
av

io
ur

al
 r

es
p

on
se

s 
m

ay
 d

iff
er

 b
et

w
ee

n 
th

os
e 

w
ho

 a
re

 h
ab

it
ua

te
d 

to
 s

w
ee

t-
ta

st
in

g 
fo

od
s 

an
d 

b
ev

er
ag

es
 a

nd
 t

ho
se

 w
ho

se
 d

ie
ts

 c
on

ta
in

 li
tt

le
 t

o 
no

 s
w

ee
t 

fo
od

s 
or

 b
ev

er
ag

es
. H

ow
ev

er
, i

n 
p

op
ul

at
io

ns
 w

it
h 

li
m

it
ed

 e
xp

os
ur

e 
to

 N
SS

 (w
hi

ch
 m

ay
 b

e 
fo

un
d 

m
or

e 
w

id
el

y 
in

 L
M

IC
s)

, t
he

 e
ff

ec
ts

 
ob

se
rv

ed
 o

n 
th

e 
co

ns
um

p
ti

on
 o

f 
N

SS
 in

 t
hi

s 
re

vi
ew

 m
ay

 b
e 

la
rg

el
y 

ir
re

le
va

nt
 u

nl
es

s 
th

ey
 a

re
 in

tr
od

uc
ed

 t
o 

th
es

e 
p

op
ul

at
io

ns
. W

it
h 

th
e 

ex
ce

p
ti

on
 o

f 
LD

L 
ch

ol
es

te
ro

l, 
b

lo
od

 li
pi

ds
, g

ly
ca

em
ic

 m
ar

ke
rs

 a
nd

 b
lo

od
 

p
re

ss
ur

e 
ar

e 
la

rg
el

y 
un

va
li

da
te

d 
in

te
rm

ed
ia

te
 m

ar
ke

rs
 o

f 
di

se
as

e 
an

d
, a

lt
ho

ug
h 

in
fo

rm
at

iv
e,

 a
re

 n
ot

 a
 s

ur
ro

ga
te

 f
or

 d
is

ea
se

. H
ow

ev
er

, t
he

 W
H

O
 N

U
G

A
G

 S
ub

gr
ou

p 
on

 D
ie

t 
an

d 
H

ea
lt

h 
p

ri
or

it
iz

ed
 in

te
rm

ed
ia

te
 

m
ar

ke
rs

 in
 t

he
 o

ut
co

m
es

 o
f 

in
te

re
st

 a
nd

, t
he

re
fo

re
, n

on
e 

of
 t

he
se

 o
ut

co
m

es
 w

er
e 

d
ow

ng
ra

d
ed

 f
or

 in
di

re
ct

ne
ss

.
3 

	
Fu

nn
el

 p
lo

t a
na

ly
se

s 
co

nd
uc

te
d 

fo
r 

ou
tc

om
es

 w
it

h 
10

 s
tu

di
es

 o
r 

m
or

e.
 U

nl
es

s 
ot

he
rw

is
e 

no
te

d
, f

un
ne

l p
lo

t a
na

ly
si

s 
di

d 
no

t s
ug

ge
st

 s
ig

ni
fi

ca
nt

 r
is

k 
fo

r 
p

ub
li

ca
ti

on
 b

ia
s.

4 
	

Fo
r 

ob
se

rv
at

io
na

l s
tu

di
es

, r
el

at
iv

e 
eff

ec
ts

 a
re

 m
os

t-
ad

ju
st

ed
 m

ul
ti

va
ri

at
e 

es
ti

m
at

es
 (i

.e
. t

he
 m

ul
ti

va
ri

at
e 

as
so

ci
at

io
n 

m
ea

su
re

 w
it

h 
th

e 
hi

gh
es

t n
um

b
er

 o
f 

co
va

ri
at

es
 a

s 
re

p
or

te
d 

in
 in

di
vi

du
al

 s
tu

di
es

).
5 

	
B

as
ed

 o
n 

th
e 

ev
en

t r
at

e 
in

 th
e 

st
ud

ie
s 

– 
th

at
 is

, t
he

 n
um

b
er

 o
f p

eo
p

le
 w

it
h 

ev
en

ts
 d

iv
id

ed
 b

y 
th

e 
to

ta
l n

um
b

er
 o

f p
eo

p
le

. T
he

 a
bs

ol
ut

e 
eff

ec
t (

p
er

 1
0

0
0 

p
eo

p
le

) i
s 

ca
lc

ul
at

ed
 u

si
ng

 th
e 

fo
ll

ow
in

g 
eq

ua
ti

on
: a

bs
ol

ut
e 

eff
ec

t =
 1

0
0

0 
× 

[e
ve

nt
 r

at
e 

× 
(1

 –
 R

R
)]

. T
he

 m
ag

ni
tu

d
e 

of
 a

bs
ol

ut
e 

eff
ec

t i
n 

“r
ea

l w
or

ld
” 

se
tt

in
gs

 d
ep

en
ds

 o
n 

b
as

el
in

e 
ri

sk
, w

hi
ch

 c
an

 v
ar

y 
ac

ro
ss

 d
iff

er
en

t p
op

ul
at

io
ns

.
6 

	
C

ri
ti

ca
l o

ut
co

m
es

 in
 t

hi
s 

ev
id

en
ce

 p
ro

fi
le

 a
re

 s
ho

w
n 

in
 b

lu
e 

an
d 

im
p

or
ta

nt
 o

ut
co

m
es

 in
 b

la
ck

, a
s 

p
ri

or
it

iz
ed

 b
y 

th
e 

W
H

O
 N

U
G

A
G

 S
ub

gr
ou

p 
on

 D
ie

t a
nd

 H
ea

lt
h

. O
ut

co
m

es
 c

an
 b

e 
as

se
ss

ed
 a

s 
ei

th
er

 n
ot

 im
p

or
ta

nt
, 

im
p

or
ta

nt
 o

r 
cr

it
ic

al
 f

or
 d

ec
is

io
n

-m
ak

in
g 

in
 t

he
 W

H
O

 g
ui

d
el

in
e 

d
ev

el
op

m
en

t p
ro

ce
ss

 (1
2)

.
7 

	
M

os
t 

R
C

Ts
 in

cl
ud

ed
 in

 t
he

 m
et

a-
an

al
ys

es
 f

or
 m

ea
su

re
s 

of
 a

di
p

os
it

y 
w

er
e 

as
se

ss
ed

 a
s 

ha
vi

ng
 u

nc
le

ar
 r

is
k 

of
 b

ia
s 

ov
er

al
l a

s 
a 

re
su

lt
 o

f 
la

ck
 o

f 
ne

ce
ss

ar
y 

d
et

ai
l i

n 
re

p
or

ti
ng

 t
he

 m
et

ho
ds

 t
ha

t 
w

er
e 

us
ed

. L
es

s 
th

an
 

ha
lf

 o
f 

th
e 

tr
ia

ls
 f

or
 b

od
y 

w
ei

gh
t a

nd
 s

li
gh

tl
y 

m
or

e 
th

an
 h

al
f 

fo
r 

B
M

I a
p

p
ea

re
d 

to
 u

se
 a

p
p

ro
p

ri
at

e 
m

et
ho

ds
 o

f 
ra

nd
om

 s
eq

ue
nc

e 
ge

ne
ra

ti
on

 (o
ne

 o
r 

tw
o 

em
p

lo
ye

d 
in

ad
eq

ua
te

 r
an

d
om

iz
at

io
n 

m
et

ho
ds

). 
Le

ss
 t

ha
n 

a 
qu

ar
te

r o
f t

he
 t

ri
al

s 
re

p
or

te
d 

ad
eq

ua
te

 a
ll

oc
at

io
n 

co
nc

ea
lm

en
t f

or
 b

od
y 

w
ei

gh
t a

nd
 a

 t
hi

rd
 f

or
 B

M
I (

ex
ce

p
t f

or
 o

ne
 t

ri
al

 w
it

h 
in

ad
eq

ua
te

 a
ll

oc
at

io
n 

co
nc

ea
lm

en
t o

f b
od

y 
w

ei
gh

t;
 d

et
ai

ls
 in

 r
em

ai
ni

ng
 t

ri
al

s 
w

er
e 

no
t 

re
p

or
te

d 
an

d 
th

us
 a

ss
es

se
d 

as
 u

nc
le

ar
). 

B
li

nd
in

g 
of

 p
ar

ti
ci

p
an

ts
 w

as
 o

nl
y 

p
os

si
b

le
 in

 o
ne

 o
r 

tw
o 

st
ud

ie
s;

 it
 w

as
 n

ot
 p

os
si

b
le

 in
 h

al
f 

th
e 

re
m

ai
ni

ng
 t

ri
al

s 
(s

tu
di

es
 c

om
p

ar
in

g 
N

SS
 w

it
h 

w
at

er
 o

r 
no

th
in

g)
 a

nd
 

un
cl

ea
r 

in
 t

he
 o

th
er

 h
al

f 
(N

SS
 c

om
p

ar
ed

 w
it

h 
su

ga
rs

, b
ec

au
se

 it
 is

 u
nk

no
w

n 
to

 w
ha

t 
ex

te
nt

 t
he

 p
ar

ti
ci

p
an

ts
 c

ou
ld

 t
as

te
 t

he
 d

iff
er

en
ce

 b
et

w
ee

n 
fo

od
s 

an
d 

b
ev

er
ag

es
 s

w
ee

te
ne

d 
w

it
h 

N
SS

 a
nd

 t
ho

se
 s

w
ee

te
ne

d 
w

it
h 

su
ga

rs
). 

O
nl

y 
a 

ve
ry

 s
m

al
l n

um
b

er
 o

f 
tr

ia
ls

 p
ro

vi
d

e 
su

ffi
ci

en
t 

in
fo

rm
at

io
n 

to
 e

na
b

le
 a

n 
as

se
ss

m
en

t 
re

ga
rd

in
g 

b
li

nd
in

g 
of

 o
ut

co
m

e 
as

se
ss

m
en

t.
 A

 li
tt

le
 f

ew
er

 t
ha

n 
ha

lf
 t

he
 t

ri
al

s 
di

d 
no

t 
re

p
or

t 
si

gn
ifi

ca
nt

 
p

ar
ti

ci
p

an
t 

dr
op

ou
t 

or
 im

b
al

an
ce

 in
 d

ro
p

ou
t 

ra
te

s 
ac

ro
ss

 a
rm

s,
 a

nd
 a

b
ou

t 
ha

lf
 o

f 
th

e 
re

m
ai

ni
ng

 t
ri

al
s 

re
p

or
te

d 
si

gn
ifi

ca
nt

 d
ro

p
ou

t 
ra

te
s 

(>
1

5%
), 

w
hi

ch
 r

ep
re

se
nt

 a
 s

er
io

us
 c

on
ce

rn
. H

ow
ev

er
, m

os
t 

tr
ia

ls
 d

id
 n

ot
 

p
ro

vi
d

e 
su

ffi
ci

en
t d

et
ai

l r
eg

ar
di

ng
 r

ea
so

ns
 f

or
 p

ar
ti

ci
p

an
t d

ro
p

ou
t,

 s
o 

it
 is

 d
iffi

cu
lt

 t
o 

d
et

er
m

in
e 

w
he

th
er

 a
tt

ri
ti

on
 m

ig
ht

 h
av

e 
aff

ec
te

d 
re

su
lt

s.
 S

el
ec

ti
ve

 r
ep

or
ti

ng
 o

f o
ut

co
m

es
 w

as
 c

le
ar

ly
 e

vi
d

en
t i

n 
on

ly
 a

 v
er

y 
sm

al
l n

um
b

er
 o

f t
ri

al
s;

 o
f t

he
 r

em
ai

ni
ng

 tr
ia

ls
, a

b
ou

t h
al

f w
er

e 
as

se
ss

ed
 a

s 
lo

w
 r

is
k 

of
 b

ia
s 

an
d 

ha
lf

 a
s 

un
cl

ea
r r

is
k 

of
 b

ia
s.

 N
o 

ot
he

r s
ig

ni
fi

ca
nt

 s
ou

rc
es

 o
f b

ia
s 

w
er

e 
id

en
ti

fi
ed

. A
lt

ho
ug

h 
m

os
t t

ri
al

s 
ap

p
ea

re
d 

to
 b

e 
w

el
l c

on
du

ct
ed

, t
he

 w
id

es
p

re
ad

 la
ck

 o
f 

d
et

ai
l i

n 
th

e 
re

p
or

ti
ng

 o
f 

m
et

ho
ds

 c
re

at
es

 s
ig

ni
fi

ca
nt

 u
nc

er
ta

in
ty

 r
eg

ar
di

ng
 r

is
k 

of
 b

ia
s.

 D
ow

ng
ra

d
ed

 o
nc

e 
as

 a
 c

on
se

rv
at

iv
e 

m
ea

su
re

.
8 

	
I2  ≥

 5
0

%
, i

nd
ic

at
in

g 
a 

si
gn

ifi
ca

nt
 le

ve
l o

f 
he

te
ro

ge
ne

it
y.

 W
he

re
 t

he
 n

um
b

er
 o

f 
st

ud
ie

s 
w

as
 s

uffi
ci

en
t 

to
 e

xp
lo

re
 h

et
er

og
en

ei
ty

 v
ia

 s
ub

gr
ou

p 
an

d 
se

ns
it

iv
it

y 
an

al
ys

es
, r

es
ul

ts
 o

f 
th

e 
an

al
ys

is
 d

id
 n

ot
 s

ig
ni

fi
ca

nt
ly

 
ex

p
la

in
 t

he
 o

bs
er

ve
d 

he
te

ro
ge

ne
it

y.
 D

ow
ng

ra
d

ed
 o

nc
e.

9 
	

M
ea

n 
N

ew
ca

st
le

–O
tt

aw
a 

Sc
or

e 
of

 >
5 

w
it

h 
ve

ry
 c

on
se

rv
at

iv
e 

ap
p

li
ca

ti
on

 o
f 

ra
ti

ng
s.

 N
ot

 d
ow

ng
ra

d
ed

.
1

0 
	
A

 s
m

al
l m

ea
n 

eff
ec

t,
 li

ke
ly

 o
f l

it
tl

e 
to

 n
o 

cl
in

ic
al

 s
ig

ni
fi

ca
nc

e,
 a

nd
 n

ei
th

er
 b

ou
nd

 o
f t

he
 9

5%
 C

I i
nc

lu
d

es
 a

 p
ot

en
ti

al
ly

 im
p

or
ta

nt
 b

en
efi

t o
r h

ar
m

. T
he

re
fo

re
, c

on
si

d
er

ed
 a

 s
uffi

ci
en

tl
y 

p
re

ci
se

 e
st

im
at

e 
of

 n
o 

eff
ec

t.
  

N
ot

 d
ow

ng
ra

de
d

.
11

 	
M

ea
n 

N
ew

ca
st

le
–O

tt
aw

a 
Sc

or
e 

of
 ≤

5 
w

it
h 

ve
ry

 c
on

se
rv

at
iv

e 
ap

p
li

ca
ti

on
 o

f 
ra

ti
ng

s.
 D

ow
ng

ra
d

ed
 o

nc
e.

1
2 

	
O

ne
 b

ou
nd

 o
f 

th
e 

95
%

 C
I i

nc
lu

d
es

 p
ot

en
ti

al
ly

 im
p

or
ta

nt
 b

en
efi

t 
or

 h
ar

m
 a

nd
 t

he
 o

th
er

 b
ou

nd
 c

ro
ss

es
 t

he
 n

ul
l i

n 
th

e 
op

p
os

it
e 

di
re

ct
io

n
, b

ut
 o

nl
y 

ve
ry

 s
li

gh
tl

y 
an

d 
as

 a
 r

es
ul

t 
of

 t
he

 o
ut

ly
in

g 
eff

ec
t 

in
 o

ne
 s

tu
d

y 
(2

5)
. I

n 
se

ns
it

iv
it

y 
an

al
ys

is
 in

 w
hi

ch
 t

he
 s

tu
d

y 
is

 r
em

ov
ed

, t
he

 u
p

p
er

 b
ou

nd
 n

o 
lo

ng
er

 c
ro

ss
es

 t
he

 n
ul

l. 
N

ot
 d

ow
ng

ra
d

ed
. 

1
3 

	
Th

e 
sa

m
p

le
 s

iz
e 

is
 r

el
at

iv
el

y 
sm

al
l f

or
 p

ro
sp

ec
ti

ve
 c

oh
or

t s
tu

di
es

, b
ut

 s
uffi

ci
en

tl
y 

la
rg

e 
an

d 
w

it
h 

a 
hi

gh
 e

ve
nt

 r
at

e.
 N

ot
 d

ow
ng

ra
d

ed
.

1
4 

	
O

ne
 b

ou
nd

 o
f 

th
e 

95
%

 C
I i

nc
lu

d
es

 p
ot

en
ti

al
ly

 im
p

or
ta

nt
 b

en
efi

t o
r 

ha
rm

 a
nd

 t
he

 o
th

er
 b

ou
nd

 c
ro

ss
es

 t
he

 n
ul

l i
n 

th
e 

op
p

os
it

e 
di

re
ct

io
n

, a
nd

/o
r 

th
e 

sa
m

p
le

 s
iz

e 
is

 s
m

al
l. 

D
ow

ng
ra

d
ed

 o
nc

e.
1

5 
	
O

nl
y 

on
e 

tr
ia

l w
as

 a
ss

es
se

d 
as

 h
av

in
g 

ad
eq

ua
te

ly
 r

an
d

om
iz

ed
 a

nd
 m

ai
nt

ai
ne

d 
al

lo
ca

ti
on

 c
on

ce
al

m
en

t 
(o

th
er

s 
un

cl
ea

r)
. O

ne
 t

ri
al

 w
as

 a
n 

ab
st

ra
ct

 o
nl

y 
w

it
h 

ov
er

al
l h

ig
h 

ri
sk

 o
f 

bi
as

. R
em

ai
ni

ng
 d

om
ai

ns
 f

or
 t

he
 

ot
he

r 
tw

o 
tr

ia
ls

 w
er

e 
as

se
ss

ed
 a

s 
ha

lf
 w

it
h 

lo
w

 r
is

k 
of

 b
ia

s 
an

d 
ha

lf
 w

it
h 

un
cl

ea
r 

ri
sk

. D
ow

ng
ra

d
ed

 o
nc

e.
16

 	
A

 s
m

al
l m

ea
n 

eff
ec

t,
 li

ke
ly

 o
f 

li
tt

le
 t

o 
no

 c
li

ni
ca

l s
ig

ni
fi

ca
nc

e,
 a

nd
 n

ei
th

er
 b

ou
nd

 o
f 

th
e 

95
%

 C
I i

nc
lu

d
es

 a
 p

ot
en

ti
al

ly
 im

p
or

ta
nt

 b
en

efi
t o

r 
ha

rm
. H

ow
ev

er
, t

he
 s

am
p

le
 s

iz
e 

is
 s

m
al

l. 
D

ow
ng

ra
d

ed
 o

nc
e.

 
17

 	
A

ll
 b

ut
 o

ne
 t

ri
al

 h
ad

 a
d

eq
ua

te
 r

an
d

om
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Annex 7. GRADE evidence profiles
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ANNEX 8. 

		  Funnel plots

Fig. A8.1 	 Body weight (kg) among adults in randomized controlled trials



115 Annex 8. Funnel plots

Fig. A8.2.	 Body mass index (kg/m2) among adults in randomized controlled trials

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



117 Annex 8. Funnel plots

Fig. A8.6 	 Systolic blood pressure (mmHg) among adults in randomized controlled 
trials

Fig. A8.7 	 Diastolic blood pressure (mmHg) among adults in randomized controlled 
trials
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Fig. A8.8 	 LDL cholesterol (mmol/L) among adults in randomized controlled trials

Fig. A8.9 	 HDL cholesterol (mmol/L) among adults in randomized controlled trials



119 Annex 8. Funnel plots

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 figures

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

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

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

Annex 9. Supplementary figures



122 Health effects of the use of non-sugar sweeteners

Fig. A9.4	 Effect of NSS on fat mass (%) in randomized controlled trials in adults

Fig. A9.5	 Effect of NSS on lean mass (kg) in randomized controlled trials in adults

Fig. A9.6	 Association between NSS and body weight (kg) in prospective cohort 
studies (continuous effect) in adults
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Fig. A9.7	 Association between NSS and body weight (kg) in prospective cohort 
studies (highest versus lowest) in adults

Fig. A9.8	 Association between NSS and waist circumference (cm) in cohort studies 
(highest versus lowest) in adults

Fig. A9.9	 Association between NSS and abdominal obesity in cohort studies 
(highest versus lowest) in adults
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Fig. A9.10	 Meta-regression: body weight results in randomized controlled trials by 
study duration 

Note: B coefficient = –0.002; P = 0.052.



125 Annex 9. Supplementary figures

Fig. A9.11	 Effect of NSS on body weight (kg) in randomized controlled trials, 
subgrouped by study duration, in adults
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Fig. A9.12	 Effect of NSS on body mass index (kg/m2) in randomized controlled trials, 
subgrouped by consumption pattern, in adults
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Fig. A9.13	 Meta-regression: body weight by energy intake in randomized controlled 
trials 

Note: B coefficient = 0.008; P = 0.009.
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Fig. A9.14	 Meta-regression: body mass index by energy intake in randomized 
controlled trials

Note: B coefficient = 0.0003; P < 0.001.
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Fig. A9.15	 Effect of NSS on body weight (kg) in randomized controlled trials, 
subgrouped by type of NSS, in adults

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	 Effect of NSS on body weight (kg) in randomized controlled trials, 
subgrouped by delivery mode, in adults
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Fig. A9.17	 Effect of NSS intake on body weight (kg) in randomized controlled trials, 
subgrouped by consumption pattern
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Fig. A9.18	 Effect of NSS on body mass index (kg/m2) in randomized controlled trials, 
subgrouped by weight status, in adults
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Fig. A9.19	 Effect of NSS on body mass index (kg/m2) in randomized controlled trials, 
subgrouped by delivery mode, in adults
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Fig. A9.20	 Effect of NSS on body mass index (kg/m2), 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	 Effect of NSS intake on body mass index (kg/m2), 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	 Effect of NSS on body weight (kg) in nonrandomized controlled trials in 
adults

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

Fig. A9.24	 Effect of NSS on fasting insulin (pmol/L) in randomized controlled trials 
in adults
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Fig. A9.25	 Effect of NSS on HbA1c (%) in randomized controlled trials in adults

Fig. A9.26	 Effect of NSS on HOMA-IR in randomized controlled trials in adults

Fig. A9.27	 Association between NSS and high fasting glucose in cohort studies 
(highest versus lowest) in adults

Note: High fasting glucose is defined as ≥5.5 mmol/L.
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Fig. A9.28	 Association between NSS and haemorrhagic stroke in cohort studies 
(highest versus lowest) in adults

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

Fig. A9.30	 Effect of NSS on total:HDL cholesterol in randomized controlled trials in 
adults
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Fig. A9.31	 Effect of NSS on total cholesterol (mmol/L) in randomized controlled 
trials in adults

Fig. A9.32	 Effect of NSS on HDL cholesterol (mmol/L) in randomized controlled 
trials in adults



140 Health effects of the use of non-sugar sweeteners

Fig. A9.34	 Association between NSS and high triglycerides in cohort studies 
(highest versus lowest) in adults

Note: High triglycerides are defined as ≥1.70 mmol/L.

Fig. A9.33	 Association between NSS and low HDL cholesterol in cohort studies 
(highest versus lowest) in adults

Note: Low HDL cholesterol is defined as ≥5.5 mmol/L.
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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

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

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 
in adults

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

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

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

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

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

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 ≥30% (173), and Rebholz 2017, the association between NSS use and chronic kidney disease with 
one defining characteristic being a ≥25% 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	 Effect of NSS on creatinine (mmol/L) in randomized controlled trials  
in adults

Fig. A9.54	 Effect of NSS on albumin (g/L) in randomized controlled trials in adults 
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Fig. A9.55	 Effect of NSS on energy intake (kJ/d) in randomized controlled trials, 
subgrouped by consumption pattern, in adults
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Fig. A9.56	 Effect of NSS on energy intake (kJ/d) in randomized controlled trials, 
subgrouped by delivery mode, in adults
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Fig. A9.57	 Effect of NSS on energy intake (kJ/d) in randomized controlled trials, 
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. A9.58	 Effect of NSS on energy intake (kJ/d) in randomized controlled trials, 
subgrouped by NSS type, in adults

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. A9.59	 Effect of NSS on hunger in randomized controlled trials in adults

Fig. A9.60	 Effect of NSS on satiety in randomized controlled trials in adults

Fig. A9.61	 Effect of NSS on appetite/desire to eat in randomized controlled trials  
in adults
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Fig. A9.62	 Effect of NSS on sugars intake (g/day) in randomized controlled trials, 
subgrouped by consumption pattern, in adults
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Fig. A9.63	 Effect of NSS on sugars intake (g/day) in randomized controlled trials, 
subgrouped by delivery mode, in adults
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Fig. A9.64	 Effect of NSS on sugars intake (g/day) in randomized controlled trials, 
subgrouped by NSS type, in adults
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Fig. A9.65	 Effect 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

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/m2) in cohort studies 
(continuous) in children 
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Fig. A9.68	 Association between NSS and body mass index (kg/m2) in cohort studies 
(higher versus lower) in children 

Fig. A9.69	 Effect of NSS on BMI z-score in randomized controlled trials in children

Fig. A9.70	 Association between NSS and BMI z-score in cohort studies (continuous) 
in children 

Fig. A9.71	 Association between NSS and body fat mass (%) in cohort studies  
in children 
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Fig. A9.73	 Association between NSS and brain cancer in cohort studies in children 

Fig. A9.72	 Association between NSS and overweight in cohort studies in children 
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ANNEX 10. 

		  Excluded studies

STUDY REASON FOR EXCLUSION

Afonso 2013 (376) Wrong study population

Aguero 2019 (377) Wrong study/publication type

Ahmad 2020 (378) Wrong intervention/exposure

Ahmad 2020b (379) Wrong or no comparator

Akhavan 2011 (380) Study duration too short

Ali 2017 (381) Duplicate

Alsubaie 2017 (382) Wrong intervention/exposure

Alviso-Orellana 2018 (383) Wrong intervention/exposure

Anonymous 2015 (384) Wrong study/publication type

Anonymous 2016 (385) Wrong study/publication type

Anonymous 2019 (386) Wrong study/publication type

Appelhans 2013 (387) Wrong intervention/exposure

Appelhans 2017 (388) Wrong intervention/exposure

Armstrong 1974 (389) Wrong study/publication type

Barraj 2020 (390) No outcome of interest

Barriocanal 2008 (391) NSS too high

Bawa 2018 (392) Wrong intervention/exposure

Bawadi 2019 (393) Wrong intervention/exposure

Beck 2017 (394) Wrong intervention/exposure

Bellisle 2001 (395) Wrong intervention/exposure

Bolt-Evensen 2018 (396) No outcome of interest

Cancer Prevention Study I 1992 (397) Wrong study/publication type

Chen 2021 (398) Wrong intervention/exposure

ChiCTR-IOR-17011657 2017 (399) Wrong or no comparator

Cohen 1978 (400) Wrong study/publication type

Conway 2017 (401) No outcome of interest

Conway 2021 (402) No outcome of interest

Creighton 2014 (403) Wrong study/publication type

Creze 2018 (404) Wrong or no comparator

Cros 2020 (405) Study duration too short

Cullen 2004 (406) Wrong study population

De Christopher 2018 (407) No outcome of interest
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STUDY REASON FOR EXCLUSION

De Ruyter 2013 (408) Duplicate

De SagrarioLopez-Meza 2018 (409) NSS too high

Den Biggelaar 2020 (410) Wrong study population

Deschamps 1971 (411) Study duration too short

Ebbeling 2006 (258) Wrong intervention/exposure

Ebbeling 2012 (257) Wrong intervention/exposure

Fantino 2018 (412) Duplicate

Farr 2021 (413) Study duration too short

Forster 1993 (414) Wrong study/publication type

Franchi 2021 (415) No outcome of interest

Frey 1976 (255) NSS too high

Friedhoff 1971 (416) Wrong study population

Fritschka 2019 (417) Wrong study/publication type

Fuentealba Arevalo 2019 (418) No outcome of interest

Gehring 1990 (419) Wrong study/publication type

Gerber 2020a Full text not found

Gibson 2016 (420) Wrong intervention/exposure

Ginieis 2018 (421) Study duration too short

Gligore 1971 (422) Full text not found

Goto 1990 (423) Wrong intervention/exposure

Griffioen-Roose 2013 (424) Study duration too short

Grotz 2017 (425) NSS too high

Gui 2017 (426) Wrong intervention/exposure

He 2018 (427) Wrong intervention/exposure

Heckenmueller 2021 (428) Wrong study/publication type

Hennon 1965 (429) Full text not found

Hong 2018 (430) Wrong intervention/exposure

Hu 2014 (431) No outcome of interest

IRCT20140310016925N3 2018 (432) No outcome of interest

Ismail 1984 (433) Wrong intervention/exposure

Jensen 1982 (434) Wrong study/publication type

Johnson 2007 (435) Wrong intervention/exposure

Kant 2003 (436) Wrong intervention/exposure

Kato 2020b Wrong intervention/exposure

Kenney 2017 (437) Wrong intervention/exposure

Kim 2019 (438) Wrong intervention/exposure

Koebnick 2018 (439) Wrong intervention/exposure

Kruesi 1987 (440) Study duration too short

Laforest-Lapointe 2021 (441) Duplicate

Larsson 2014 (442) Wrong intervention/exposure

Larsson 2016 (443) Wrong intervention/exposure

Lemeshow 2018 (444) No outcome of interest

Lertrit 2017 (445) Duplicate
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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 2020c 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) Wrong 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
a	 http://dx.doi.org/10.1016/j.clnesp.2020.09.651
b	 https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=202002239574388156
c	 https://amj.net.au/index.php/AMJ/article/viewFile/3712/1809
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ANNEX 11. 

Differences in study selection between 
original review and current update
Table A11.1  Eligibility criteria in original review and update 

CHARACTERISTIC ORIGINAL ELIGIBILITY CRITERIA NEW CRITERIA

Population Included general, healthy population of 
adults (≥18 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, 
any other type of caloric or non-caloric 
sweetener, any type of sugar, no intervention, 
placebo, or plain water

Also included comparison of 
no/low vs high intakes of NSS

Outcomes Body weight, oral health, incidence of 
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

Also included mortality and 
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 specified,  
but included in update

Akdaş 1990 Howe 1980 Pfeiffer 2015

Andreatta 2008 Hunt 2015 Piernas 2011

Asal 1988 InterActConsortium 2013 Piernas 2013

Azad 2016 Kantor 1985 Radosavljević 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 Vázquez-Durán 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

Durán Agüero 2015
No direct/concurrent comparison 
arm

Comparison of intakes of stevia

Englund-Ögge 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

Kline 1978 Outcome irrelevant
Miscarriage eligible outcome for pregnant 
women

Ledoux 2011 Wrong study type Cross-sectional study an eligible study type

Ludwig 2001
No direct/concurrent comparison 
arm

Comparison of intakes of diet soda

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

Vázquez-Durán 2013 Missing
Eligible study type, population, comparison 
and outcome

Winther 2016 Sweetener not defined Sweetener defined in full text (Winther 2017)

ASB: artificially sweetened beverage
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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 data included in update but not in original review

STUDY OUTCOME ORIGINAL REVIEW UPDATE/EXPANSION

Bes-Rastrollo 2006 Weight gain Not reported in publication
Obtained necessary data from 
other review

Blackburn 1997 Body weight
Standard error or standard 
deviation not reported

Imputed standard error

Kanders 1988 Body weight
Standard error or standard 
deviation not reported

Imputed standard error

Reid 2007 Body weight Not reported in publication
Obtained necessary data from 
authors

Reid 2010 Body weight Not reported in publication
Obtained necessary data from 
authors
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