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Introduction and scope of the protocol 100 

This document outlines the draft protocol for the hazard identification and characterisation of 101 
sweeteners1 in the context of Regulation (EC) No 257/20102 by the EFSA Panel on Food Additives and 102 
Flavourings (FAF Panel), supported by the Working Group on the re-evaluation of sweeteners. This 103 
draft protocol has been developed with the aim of defining as much as possible beforehand the 104 
strategy to be applied for collecting and selecting data, appraising the relevant evidence, and 105 
analysing and integrating the evidence in order to draw conclusions that will form the basis for the 106 
scientific opinions.  107 

Starting from the latest respective evaluation, the protocol has been developed following the 108 
principles and process illustrated in the EFSA PROMETHEUS project (PROmoting METHods for 109 
Evidence Use in Scientific assessments) (EFSA, 2015). 110 

This protocol is iterative by nature and will be subject to a pilot phase.  Should the need to amend the 111 
protocol emerge as the assessment proceeds, such amendments will be clearly documented and 112 
justified. 113 

Background and rationale of the mandate 114 

Regulation (EC) No 1333/20083 of the European Parliament and of the Council on food additives 115 
requires that food additives are subject to a safety evaluation by the European Food Safety Authority 116 
(EFSA) before they are permitted for use in the European Union. In addition, it is foreseen that food 117 
additives must be kept under continuous observation and must be re-evaluated by EFSA.  118 

For this purpose, a programme for the re-evaluation of food additives that were already permitted in 119 
the European Union before 20 January 2009 has been set up under the Regulation (EU) No 120 
257/20102. This Regulation also foresees that food additives are re-evaluated whenever necessary in 121 
light of changing conditions of use and new scientific information. For efficiency and practical 122 
purposes, the re-evaluation should, as far as possible, be conducted by group of food additives 123 
according to the main functional class to which they belong.  124 

Terms of reference as provided by European Commission 125 

The Commission asks the European Food Safety Authority to re-evaluate the safety of food additives 126 
already permitted in the Union before 2009 and to issue scientific opinions on these additives, taking 127 
especially into account the priorities, procedures and deadlines that are enshrined in the Regulation 128 
(EU) No 257/20102 of 25 March 2010 setting up a programme for the re-evaluation of approved food 129 

                                                           
1 Sweeteners may be evaluated individually or in group. 
2 Commission Regulation (EU) No 257/2010 of 25 March 2010 setting up a programme for the re-evaluation of approved food 
additives in accordance with Regulation (EC) No 1333/2008 of the European Parliament and of the Council on food additives. OJ 
L 80, 26.3.2010, p. 19–27 
3 Regulation (EC) No 1333/2008 of the European Parliament and of the Council of 16 December 2008 on food additives. OJ L 

354, 31.12.2008, p. 16–33. 
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additives in accordance with the Regulation (EC) No 1333/2008 of the European Parliament and of the 130 
Council on food additives. 131 

Interpretation of the Terms of Reference 132 

Under the current mandate which covers all food additives, this protocol will be applied for the 133 
assessment of sweeteners listed in Table 1 only, with the exception of aspartame for which the re-134 
evaluation has been already completed. Scientific evaluation will be conducted for individual 135 
sweeteners. Should evidence emerge that two or more substances lead to same adverse effects 136 
through the same MoA, the use of a cumulative assessment group will be considered. 137 

This protocol is applied to hazard identification and hazard characterisation. Exposure will be assessed 138 
following a separate protocol. Risk characterisation will be performed based on the outcome of hazard 139 
characterisation and exposure assessment. 140 

It is out of the scope of this scientific assessment to address possible beneficial health effects of 141 
sweeteners. 142 

1.1. List of substances to be evaluated  143 

In accordance with the provisions of Regulation (EC) No 257/2010, the re-evaluation of all approved 144 
sweeteners in the EU prior to 20 January 2009 shall be completed by 31 December 2020. 145 

The list of sweeteners approved in the EU as of 20 January 2009 is shown in Table 1. 146 

Table 1:  List of food additives, classified as sweeteners, to be re-evaluated under Regulation 147 

(EC) No 257/2010 148 

E Number Food additive(s)  Substance 

E 420 Sorbitols E 420 (i) 
E 420(ii) 

Sorbitol 
Sorbitol syrup 

E 421 Mannitols E 421(i) 
E 421(ii) 

Mannitol by hydrogenation 
Mannitol manufactured by fermentation 

E 950 Acesulfame K   

E 951(a) Aspartame(a)   

E 952 Cyclamates E 952(i) 
E 952(ii) 
E 952(iii) 

Cyclamic acid 
Sodium cyclamate 
Calcium cyclamate 

E 953 Isomalt   

E 954 Saccharin and its Na, K and Ca salts E 954(i) 
E 954(ii) 
E 954(iii) 

E 954(iv) 

Saccharin 
Sodium saccharin 
Calcium saccharin 

Potassium saccharin 

E 955 Sucralose   

E 957 Thaumatin   

E 959 Neohesperidine dihydrochalcone   

E 961 Neotame   

E 962 Salt of aspartame-acesulfame   

E 965 Maltitols E 965(i) 
E 965(ii) 

Maltitol 
Maltitol syrup 

E 966 Lactitol   

E 967 Xylitol   

E 968 Erythritol   
a) In May 2011, EFSA was asked by the European Commission to bring forward the full re-evaluation of the safety of 149 

aspartame (E 951). Re-evaluation already completed by EFSA in 2013 (EFSA ANS Panel, 2013; 150 
https://www.efsa.europa.eu/it/efsajournal/pub/3496 ) 151 
 152 

All the substances included in Table 1, with the exception of aspartame (E 951), are included in the 153 
current safety assessment.  154 
 155 
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Like all food additives, these sweeteners (Table 1) may contain impurities, residuals, reaction 156 
intermediates, precursors and intermediates originating from their manufacture.  They may also form 157 
reaction and degradation products as a consequence of their use during food production, processing, 158 
storage and cooking, either in its food additive preparation (due to chemical/physico-chemical 159 
instability) or as a result of interaction(s) with constituents of the foods to which they are added. For 160 
their safety evaluation (impurities, residuals, reaction intermediates, precursors and intermediates 161 
originating from their manufacture), the same safety assessment principles are applied as that used 162 
for the additive itself. The current EFSA Guidance applies (EFSA ANS Panel, 2012).  163 
 164 

1.1.1. Impurities and residuals from manufacturing process 165 

For each of the individual sweeteners included in the assessment, the Panel will seek to identify 166 
potential hazards (e.g. impurities, residuals) from its manufacture and through the existing 167 
specifications. 168 

In addition to the information available from previous evaluations and data provided by interested 169 
parties, a literature search will be performed by domain experts to identify any additional impurities 170 
and residuals from manufacturing process. These will be evaluated for any potential concern by expert 171 
judgment in a narrative way.  172 

In many cases it may be possible to estimate potential exposure to such substances by using the 173 
exposure estimates for the sweetener itself. The exposure may simply be calculated from the 174 
sweetener exposure adjusted by the fraction (percentage) of the substance in the sweetener, taking 175 
into account if the substance is likely to be reduced or increased as a consequence of the relevant 176 
food processing.   177 

Some impurities can have a general character and are not uniquely related to the manufacture of the 178 
sweetener.  Examples include residues of common solvents or residues of metal catalysts, which may 179 
arise from a number of different sources.  An EFSA evaluation (or equivalent) and/or a regulatory limit 180 
value in foods may already be available.  In such cases, the existing risk assessment and/or limit 181 
values will be used in the evaluation of those impurities in the sweetener. 182 

1.1.2. Degradation products resulting from interaction with food matrices 183 

and/or during food processing 184 

For each of the individual substance included in the assessment, the Panel will seek to identify 185 
potential hazards which might arise from degradation products to characterise any additional hazards 186 
and risks. 187 

Relevant information will be sought on: 188 

• Its chemical/physico-chemical stability of the food additive preparation; 189 

• The chemical/physico-chemical stability under processing and storage of the processed food;  190 

• The nature and reactivity of any degradation products and nature of the interaction/reaction 191 
of degradation products with food components;  192 

• Technologically intended reactions with food constituents and the resulting products in food. 193 

In addition to the information available from previous evaluations, and data provided by interested 194 
parties, a literature search will be performed by domain experts to identify any additional degradation 195 
product. 196 

For reaction and/or degradation products, the types of food categories likely to be affected by the 197 
reactions involved along with the treatment conditions (time, temperature, pH, etc) will be taken into 198 
account.  This information will be used to estimate likely exposure based on exposure estimates for 199 
the sweetener itself and the extent (fraction, percentage) of transformation seen for these different 200 
food categories and/or processing conditions involved.   201 

Reaction and degradation products, precursors and intermediates, frequently occur as structurally 202 
inter-related multiple chemical species and are often related to the parent additive. When performing 203 
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expert judgment to identify a potential concern, non-testing methods may be taken into account on a 204 
case-by-case basis, both for priority setting and for preliminary toxicological assessment. Applicable 205 
methods include grouping and ‘read-across’ computational methods (structure–activity relationships 206 
(SAR) and quantitative structure–activity relationships (QSAR)) and the Threshold of Toxicological 207 
Concern (TTC) approach (EFSA SC, 2019).   208 

Testing on mixtures of reaction products and impurities might be an approach to assess the genotoxic 209 
potential. It could be useful where the individual identification and evaluation of a large number of 210 
reaction products or impurities is not feasible. Testing on mixtures presupposes, however, sufficient 211 
sensitivity for detecting genotoxic substances constituting minor proportions of the mixture. This may 212 
require fractionation of the mixture and prior removal of bulk components which are then evaluated 213 
separately. These mixtures would have to be representative (EFSA SC, 2019). 214 

1.2. Target population 215 

The target population will be the general European population, including children, adolescents, adults 216 
and elderly adults. 217 

Sub-populations with anticipated high levels of intake (e.g. individuals with diabetes) and distinct 218 
vulnerabilities to the intake of sweeteners due to genetic predisposition or other conditions (e.g. 219 
individuals with inborn errors of phenylalanine metabolism) are included in the assessment. 220 

The following age groups will be considered a priori: 221 

• Infants ≥ 4 to < 12 months 222 

• Toddlers (young children) ≥ 1 to < 3 years 223 

• Other children ≥ 3 to < 10 years 224 

• Adolescents ≥ 10 to < 18 years 225 

• Adults ≥ 18 to < 65 years 226 

• Elderly adults ≥ 65 years 227 

Mannitol (E 421) is the only sweetener permitted in foods for infants and young children, however its 228 
authorised use is limited as carrier for vitamin B12. The Working Group on the re-evaluation of 229 
sweeteners will take a pragmatic approach in assessing this particular use, jointly with the Working 230 
Group on the re-evaluation of food additives permitted for use in foods for infants below 16 weeks of 231 
age. 232 

1.3. Identification of the safety assessment sub-questions 233 

The sub-questions to be answered in the hazard identification and characterisation and the review 234 
approach, are presented in Table 2.  A full systematic procedure will be applied to identify studies 235 
reporting on adverse health effects in humans and/or animals. For studies on genotoxicity and 236 
toxicokinetics, the approach is narrative. 237 

Except for genotoxicity, information from in vitro studies will only be used, where appropriate, in order 238 
to inform on mode(s) of action and biological plausibly, but not to establish a relationship (including 239 
any dose-response relationship) between the intake of sweeteners and apical4 and non-apical5 240 
endpoints in humans. 241 

                                                           
4 Definition of apical endpoint according to the Revised Guidance Document on Developing and Assessing Adverse Outcome 
Pathways (OECD, 2017): “Apical endpoints are empirically verifiable outcomes of exposure, such as death, developmental 
anomalies, breeding behaviors, impaired reproduction, physical changes and alterations in the size and histopathology of 
organs, including clinical signs or pathologic states, that are indicative of a disease state (Krewski et al., 2011; Villeneuve and 
Garcia-Reyero, 2011). Note: Endpoints (outcomes) considered to be apical may differ if used as a surrogate for human health 
versus ecological health”.  
5 Intermediate (or non apical) endpoints are events occurring at a step between the molecular initiating event and the apical 

outcome: they are toxicologically relevant to the apical outcome (a necessary element of the mode of action or a biomarker of 
effect (see e.g. OECD, 2013) and are experimentally quantifiable. 
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The question raised in the ToR can be broken down into a series of sub-questions that will be 242 
addressed and combined in the assessment (Table 2). 243 

Table 2:  Sub-questions to be addressed in the hazard identification and characterisation of 244 

sweeteners 245 

Number Sub-question 

 

1a What is the ADME of sweeteners in humans? 

1b What is the ADME of sweeteners in mammalian animal species? 

1c How do the human and animal ADME data correlate? 

1d Are there any biomonitoring data that contribute to the assessment of ADME? 

2 Do any of the substances included in the assessment show a genotoxic potential? 

3a Is there a dose-response relationship between the dietary exposure to sweeteners and adverse 
effects in humans (observational and interventional studies)? 

3b Is there a dose-response relationship between exposure to sweeteners and adverse effects  in 
experimental animal studies? 

4 Which could be the potential mode(s) of action for the relationships found, if any, between 
sweeteners intake and the adverse health outcomes? 

  246 

1.4. Background information 247 

As outlined in Regulation (EC) No 257/2010 on the re-evaluation of food additives, in the course of 248 
the re-evaluation procedure, 249 

 “EFSA shall: 250 

a) examine the original opinion and the working documents of the Scientific Committee on Food 251 
(‘SCF’) or EFSA; 252 

b) examine, where available, the original dossier; 253 

c) examine the data submitted by the interested business operator(s) and/or any other 254 
interested party; 255 

d) examine any data made available by the Commission and Member States; 256 

e) identify any relevant literature published since the last evaluation of each food additive”. 257 

An overview of the most recent evaluations and recommendations issued by other national and 258 
international authorities can be found in Appendix A.  259 

This protocol only applies to identification of any relevant literature published since the last evaluation 260 
by the SCF or EFSA of each food additive (point e), allowing for an overlap of one year. 261 

Studies on which the derivation of the Acceptable Daily Intake (ADI) was based will be included in this 262 
risk assessment and evaluated according to the protocol. 263 

 264 

1.5. Method to answer sub-question 1 a-d: What is the ADME of 265 

sweeteners in humans and in mammalian animal species? How do 266 

the human and animal ADME data correlate? Are there any 267 

biomonitoring data that contribute to the assessment of ADME? 268 

The absorption, distribution, metabolism and excretion (ADME) of different types of sweeteners will be 269 
assessed in humans and in mammalian animal species (sub-questions 1a and 1b). Information from 270 
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existing evaluations, authoritative reviews and research papers retrieved through searches in 271 
bibliographic databases, and selected on the basis of their relevance, will be used as sources of 272 
information. Based on their relevance, the information will be summarised through a narrative review.  273 

Based on the evidence reviewed in sub-questions 1a and 1b, the answer to sub-question 1c will be 274 
elaborated in a narrative way. 275 

Biomonitoring data will be collected with the aim to inform ADME. This would require that the 276 
biomonitoring data available are suitable and kinetic models are available to allow the conversion of 277 
biomonitoring data into doses (sub-question 1d).  Information will be searched in existing evaluations, 278 
authoritative reviews, research papers retrieved through searches in bibliographic databases, and 279 
other databases. 280 

See section 1.9 to 1.11 for more detailed methodology on the gathering of information from 281 
previous evaluations, calls for data and literature searches including screening for relevance. 282 

1.6. Method to answer sub-question 2: Do any of the substances 283 

included in the assessment show a genotoxic potential? 284 

 285 

The genotoxic potential of sweeteners will be assessed in relevant test systems, according to the 286 
“EFSA Scientific Committee Opinion on genotoxicity testing strategies applicable to food and feed 287 
safety assessment” (EFSA SC, 2011). Information from existing evaluations, call for data and research 288 
papers retrieved through searches in bibliographic databases will be used as sources of information. 289 
These data will be screened for inclusion in the assessment based on title and abstract content. 290 
Inclusion and exclusion criteria for genotoxicity studies are shown in Table 3.  291 

The quality of the data from studies selected for the assessment of genotoxic potential (included 292 
studies) will be evaluated according to the EFSA SC recommendations (2011), considering their 293 
relevance and reliability. These terms are defined in the ECHA guidance document (ECHA, 2011) 294 
based on the definitions of Klimisch et al. (1997) as follows: 295 

Relevance: the extent to which data and tests are appropriate for a particular hazard identification or 296 
risk characterization; 297 

Reliability: the inherent quality of a test report or publication relating preferably to standardized 298 
methodology and the way the experimental procedure and results are described to give evidence of 299 
the clarity and plausibility of the findings. 300 

Based on these general definitions, the EFSA Scientific Committee Opinion on Genotoxicity Test 301 
Strategies (EFSA SC, 2011) provides some guidance on how to evaluate relevance and reliability 302 
specifically of genotoxicity studies.  303 

Higher relevance should be given to studies providing information on apical genetic end-points, i.e. 304 
the induction of mutations at the gene, chromosome or genome level (i.e. aneuploidy). Less relevance 305 
is given to indicator tests (e.g. those detecting primary DNA damage or DNA repair) which may or 306 
may not result in permanent genetic alterations (mutations). Further issues which could have an 307 
impact on the relevance of the study results include: the phylogenetic relevance of the test species, 308 
with higher relevance for in vivo studies in mammals; the route of exposure, with higher weight for 309 
physiological routes relevant to human exposure; the purity of the test substance; the metabolic 310 
capabilities of the test system; the bioavailability of the test substance, with particular consideration of 311 
the evidence of target tissue exposure in tests in vivo; the interference of high cytotoxicity; the 312 
reproducibility of test results. 313 

Assessment of reliability of the data should consider the adequacy of the test protocol (e.g. validated 314 
vs non-validated test protocols or outdated guidelines), the characterization of test substance with 315 
respect to chemical identity and purity, the quality of data reporting and quality assurance. Poor 316 
reporting or major deviations from accepted protocols are important exclusion criteria.  317 

A scoring system for data reliability has been proposed by Klimisch et al. (1997). The system consists 318 
of four reliability categories: 1. reliable without restrictions; 2. reliable with restrictions; 3. not reliable; 319 
4. not assignable. Only studies with an acceptable reliability score (1 or 2) should be considered for 320 
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data extraction (see section 1.13). Studies with reliability score of 3 or 4 because of poor reporting or 321 
major deviations from accepted protocols should be recorded but not considered further in the Weight 322 
of Evidence (WoE) evaluation. 323 

The results from studies selected for evaluation should be weighed and integrated in a WoE approach 324 
to reach a conclusion about the genotoxic hazard posed by the sweetener evaluated. Criteria for 325 
weighing and integration of genotoxicity test results to be considered in the expert judgement of the 326 
WoE for genotoxicity have been described elsewhere (e.g. in ECHA, 2011; Eastmond et al., 2017): 327 
these include relevance and reliability, reproducibility and consistency of results, phylogenetic 328 
relevance of the test system, type of test (in vivo vs in vitro), relevance of the route of exposure in 329 
test system with respect to human exposure. Based on the evidence reviewed and evaluated, the 330 
answer to sub-question 2 will be elaborated in a narrative way. 331 

See section 1.9 to 1.11 for more detailed methodology on the gathering of information from 332 
previous evaluations, calls for data and literature searches including screening for relevance.  333 

The inclusion/exclusion criteria related to genotoxicity studies are shown in Table 3. 334 

Table 3: Inclusion/exclusion criteria related to genotoxicity studies 335 

Study type 

In 

In vitro studies in bacteria (Salmonella Typhimurium, Escherichia coli) and 
mammalian cells 

In vivo studies in rodents (mice, rats, hamsters) 

Studies in humans 

Out 
Studies in fungi, plants, insects (Drosophila) 

Studies in other prokaryotic and eukaryotic systems 

End-point 
In 

Gene mutation, recombination and gene conversion, sister chromatid 
exchanges, structural and numerical (aneuploidy) chromosome aberrations 

DNA binding, DNA damage (comet assay), DNA repair (UDS) and DNA 
Damage Response (DDR) 

Out Cytotoxicity, necrosis/apoptosis, DNA synthesis inhibition 

Language 
In English 

Out Other languages 

Time 

In 
From the latest evaluation of SCF or EFSA, allowing for an overlap of one 
year 

Out 
Before the date of the latest evaluation of SCF or EFSA, allowing for an 

overlap of one year 

Publication type In 
Primary research studies (i.e. studies generating new data); systematic 
reviews (only for identification of primary studies). 

 Out 

Narrative reviews 

Books and book chapters 

Expert opinions, editorials, and letters to the editor 

PhD Theses 

Extended abstracts, conference proceedings 

 336 

 337 
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1.7. Methods to answer sub-question 3a-b: adverse effects 338 

1.7.1. Sub-question 3a: Is there a dose-response relationship between the 339 

dietary exposure to sweeteners and adverse effects in humans 340 

(observational and interventional studies)? 341 

The dose-response relationship between the dietary exposure to sweeteners and adverse effects in 342 
humans will be assessed. Information from existing evaluations, authoritative reviews and research 343 
papers retrieved through searches in bibliographic databases, and selected on the basis of their 344 
relevance, will be used as sources of information. Based on their relevance, the information will be 345 
reviewed and summarised. 346 

See section 1.9 to 1.16 for more detailed methodology on the gathering of information from 347 
previous evaluations, calls for data and open literature searches as well as screening for relevance, 348 
synthesis and appraisal of the scientific evidence. 349 

The assessment will focus on possible adverse effects of dietary exposure to sweeteners on several 350 
endpoints. A systematic review (Toews et al., 2019) has been identified which addresses a number of 351 
health outcomes. Considering this review and the outcomes of previous evaluations, as well as further 352 
discussion in the EFSA Working Group on the re-evaluation of sweeteners, several adverse effects 353 
have been identified and are illustrated in Table 4. 354 

Other endpoints might be included depending on the outcome of the literature review. 355 

Table 4: Examples of adverse effects (apical and non-apical endpoints) for human studies 356 

Target Apical endpoints Non-apical endpoints (examples) 

Adipose tissue Obesity incidence Body weight, BMI  

Body composition (body fat, lean body mass) 

Waist circumference, skinfold thickness, waist-to-height ratio 

Ectopic fat deposition (muscle, VAT) 

Glucose 
homeostasis 

 

T2DM incidence Insulin sensitivity 

Hb A1c 

Blood glucose  

Cardiovascular 
system 

 

CVD 
incidence/mortality 

Blood pressure 

Blood lipids (cholesterol, triglyceride) 

Reproductive 
system 

Impaired 
reproduction 

 

 

Impaired maternal 
health 

 

 

Developmental 
impairment  

 

Hypospadias 

 

malformations and 

Sperm quality, follicle count, Sertoli cell only tubules 

Increased time to pregnancy 

 

Gestational diabetes 

Increased risk of preeclampsia 

 

 

Fetal/newborn growth 

 

 

Reduced androgen production  
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miscarriage  

 

Liver  Liver fibrosi 
s/cirrhosis 
incidence 

 

Liver fat accumulation 

NAFLD/NASH activity score 

Liver enzymes (e.g. gamma-glutamyl transpeptidasis/transferase, 
GGT) 

Kidney  Chronic kidney 
disease incidence 

creatinine, creatinine clearance 

Gastrointestinal 
tract 

Crohn’s disease Gastrointestinal discomfort (laxative effects) 

Nervous system Neurobehavioral 
disorders (e.g. 

Parkinson 

disease) 

Depression, mood, neurocognitional performance, eating 
behaviour (satiety, appetite, energy intake, sugar intake, 
preference for sweet taste, loss of appetite), headache 

Body as a whole Cancers Bladder or lower urinary tract; ovary, pancreas, non-Hodgkin 
lymphoma, non-lymphoid leukaemia, brain 

Immune system Allergies Skin reactions, asthma 

BMI = body mass index; CVD = cardiovascular disease; NAFLD = non-alcoholic fatty liver diseases; NASH = non alcoholic 357 
steato-hepatitis; T2DM = type 2 diabetes mellitus; VAT = visceral adipose tissue 358 

 359 
In addition to this, it is anticipated that the effects on gut microbiota will be reviewed using a 360 

narrative approach, whereas effects on sweet perception will not be included. 361 

 362 

The final risk assessment will include a table with all the endpoints identified. 363 
 364 
The inclusion/exclusion criteria related to human studies are shown in Table 5. 365 
 366 
Table 5: Inclusion/exclusion criteria related to human studies 367 
 368 

Study type 

In 

Human data (observational and interventional studies)  

Case reports (narrative approach) 
Toxicokinetic studies (narrative approach) 
Studies on gut microbiota in human (narrative approach) 
 

Out 

In vivo studies on animals  
In vitro/in silico studies 
Studies on gut microbiota in animals 
Studies in human reporting only on beneficial effects 
Studies on enviromental risk assessment 
  

Population 
In Human 

Out Mammalian, non-mammalian animals 

Exposure/ 
intervention 

In Oral 

Out 
No control groups (except for case reports) 
Exposure routes other than oral  
 

Language 
In English 

Out Other languages 
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Time 
In 

From the latest evaluation of SCF or EFSA, allowing for an overlap of one 
year 

Out 
Before the date of the latest evaluation of SCF or EFSA, allowing for an 
overlap of one year 

Publication type In 
Primary research studies (i.e. studies generating new data); systematic 
reviews (only for identification of primary studies). 

 Out 

Narrative reviews 
Books and book chapters 
Expert opinions, editorials, and letters to the editor 
PhD Theses 
Extended abstracts, conference proceedings 

 369 

1.7.2. Sub-question 3b: Is there a dose-response relationship between 370 

exposure to sweeteners and adverse effects  in experimental animal 371 

studies? 372 

The dose-response relationship between the exposure to sweeteners and adverse effects in 373 
experimental animal studies will be assessed. Information from existing evaluations, authoritative 374 
reviews and research papers retrieved through searches in bibliographic databases, and selected on 375 
the basis of their relevance, will be used as sources of information. Based on their relevance, the 376 
information will be reviewed and summarised. 377 

See section 1.9 to 1.16 for more detailed methodology on the gathering of information from previous 378 
evaluations, calls for data and open literature searches as well as screening for relevance, synthesis 379 
and appraisal of the scientific evidence. 380 

The assessment will focus on possible adverse effects of exposure to sweeteners on several 381 
endpoints. Considering the outcomes of previous evaluations and further discussion in the EFSA 382 
Working Group on the re-evaluation of sweeteners, several adverse effects have been identified and 383 
are illustrated in Table 6. 384 

Other endpoints might be included depending on the outcome of the literature review. 385 

Table 6. Examples of adverse effects (apical and non-apical endpoints) for toxicological studies 386 

conducted in experimental animals 387 

Target Apical endpoints Non-apical endpoints (examples) 

   

Adipose tissue Obesity Change in body weight/composition 

 

Nervous system Palatability Decreased food/water consumption/intake 

Reproductive 
system 

Reproductive 
impairment 

 

 

Developmental 
impairment 

 

Malformations, 
embryonic and fetal 
death 

Sperm quality, follicle count 

Sertoli cell only tubules or Reduced litter size 

 

Fetal/pup growth,  

Retained nipples in male rats 

 

 

 

Urinary system Bladder effects Concentration of urinary sodium ions, urinary pH, urine 
osmolarity, presence of crystal in the urine, urinary protein (e.g. 
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α-2µ-globulin), bladder distension 

Liver  Liver 
fibrosis/cirrhosis 
/necrosis 

 

Liver fat accumulation 

Liver enzymes (e.g. gamma-glutamyl 
transpeptidasis/transferase, GGT) 

Kidney  kidney effects creatinine, creatinine clearance 

Immune system
  

Thymus/spleen 
effects 

Lymphoid 
tissues/organs 
effects  

Thymus/spleen weight, thymic involution, white blood 
cell/lymphocyte counts, histological parameters 

Gastrointestinal 
tract 

 

Caecum effects 

Gastrointestinal discomfort (scouring) 

Caecal enlargement 

Endocrine 
system 

Endocrine disruption Endocrine organ weight, effects on hormones 

Body as a whole
  

Cancers 

Organ weights 

 

Urinary tract (e.g. bladder)  

Changes in relative and absolute organ weights 

 

 388 

The final risk assessment will include a table with all the endpoints identified. 389 
Effects on sweet perception, sweet taste receptors, and sensory studies will not be included. 390 

The inclusion/exclusion criteria related to experimental animal studies are shown in Table 7. 391 

Table 7: Inclusion/exclusion criteria related to experimental animal studies 392 
 393 

Study type 

In 
In vivo studies on animals  
Toxicokinetic studies (narrative approach) 
 

Out 

Human data 
In vitro/in silico studies 
Studies on gut microbiota in animals  
Studies in animal on beneficial effects 
Studies on environmental risk assessment 
No negative control group 

Population 
In All mammalian animals 

Out 
Non-mammalian animals 
 

Exposure/ 
intervention 

In 
Oral  
  
 

Out 
Exposure routes other than oral, except iv for toxicokinetic 
Unspecified mixtures  

Language 
In English 

Out Other languages 

Time 
In From the latest evaluation of SCF or EFSA, allowing for an overlap of one year 

Out 
Before the date of the latest evaluation of SCF or EFSA, allowing for an overlap 
of one year 
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Publication type 

In 
Primary research studies (i.e. studies generating new data), systematic 
reviews (only for identification of primary studies). 

Out 

Narrative reviews 
Books and book chapters 
Expert opinions, editorials, and letters to the editor 
PhD Theses 
Extended abstracts, conference proceedings 

 394 

1.8. Methods to answer sub-questions 4: Which could be the potential 395 

mode(s) of action for the relationships found, if any, between 396 

sweeteners intake and the adverse health outcomes (apical 397 

and/or non-apical endpoints)? 398 

The potential mode(s) of action for the relationships found, if any, between sweeteners intake and the 399 
adverse health outcomes will be assessed in humans and in mammalian animal species (Table 4 and 400 
6). Information from existing evaluations, authoritative reviews and research papers retrieved through 401 
searches in bibliographic databases, and selected on the basis of their relevance, will be used as 402 
sources of information. Studies addressing mode(s) of action that are identified through the 403 
systematic review on toxicity (e.g. in vitro, apart from genotoxicity, and in silico), will be also included. 404 
Based on their relevance to health outcomes in human, the information will be summarised through a 405 
narrative review.  406 

See section 1.9 to 1.11 for more detailed methodology on the gathering of information from 407 
previous evaluations, calls for data and literature searches including screening for relevance.  408 

1.9. Original opinions of the SCF or EFSA 409 

The original opinions of the SCF and/or EFSA are listed in Appendix A, alongside those issued by 410 
JECFA on the same substances. The outcome of this particular assessment will be subjected to a 411 
focused review. Emphasis will be placed on the critical endpoints identified, particularly on those 412 
studies on which the derivation of the ADI was based. These studies will be subjected to a critical 413 
appraisal and evaluated according to the protocol. 414 

1.10. Information gathered through public calls for data 415 

In preparation for the re-evaluation of sweeteners, EFSA has launched two public calls for data, one 416 
aimed at gathering information on technical and toxicological data, the other aimed at collection of 417 
data on occurrence data. 418 

For each of the substances included in this assessment, an inventory of the technical data received 419 
through the call has been compiled by EFSA and evaluated by the Working Group on the re-evaluation 420 
of sweeteners. 421 

For each of the substances included in this assessment, biological and toxicological data received 422 
through the call for data have been compiled by an external contractor and will be used to answer 423 
sub-questions 1, 2 and 3 and 4 on the relationship between the exposure to sweeteners and adverse 424 
effects/toxicity. 425 

1.11. Extensive literature search 426 

An extensive literature search of the available evidence will be used to answer sub-questions 1, 2 and 427 
3 and 4 on the relationship between the exposure to sweeteners and adverse effects/toxicity.  428 

For each of the food additives included in the assessment, open-ended literature searches will be 429 
conducted on the following scientific databases: 430 

• Scifinder: to search for information most related to the technical data (i.e. identity of the 431 
substance, specifications, manufacturing process, method of analysis, and stability and 432 
reaction and fate in food);  433 
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• Pubmed and Web of science: to search for information most related to the toxicological 434 
studies and human studies (observational and interventional studies).  435 

An open-ended search will be performed in principle, starting from the latest evaluation of SCF or 436 
EFSA, allowing for an overlap of one year, and taking into consideration only the papers written in 437 
English. However, owing to resource limitation, should the numbers of retrieved hits be 438 
unmanageable, a more focused refinement to the searches will be applied. These refinements will be 439 
documented in the risk assessment.  440 

 441 

1.11.1. Screening the studies for relevance 442 

Studies retrieved from the extensive literature searches as well as the biological and toxicological data 443 
received following the call for data will be screened for their relevance to the assessment using a two-444 
step approach. 445 

Title and abstract screening 446 

In the first-step, screening will be performed by two persons independently based on the information 447 
contained in the title and abstract, by applying the inclusion and exclusion criteria of the protocol. 448 

Full text screening  449 

Full text of the publications that have been considered relevant after the first-step will be screened for 450 
final consideration for the assessment by two persons independently. Any disagreement will be 451 
reconciled by consulting the Working Group on the re-evaluation of sweeteners that will take the 452 
ultimate decision for further inclusion or exclusion. 453 

At this step the studies considered to be relevant will be allocated to the respective sub-questions.  454 

1.12. Evaluation of the risk of bias  455 

Risk of bias relates to the propensity of a study to be affected by systematic error. Biases can operate 456 

in either direction and can lead to underestimation or overestimation of the actual intervention effect 457 

(Higgins and Green, 2011).   458 

In this assessment, the evaluation of risk of bias includes consideration of two aspects:  459 

• Factors that introduce a systematic difference between the control and the exposed group 460 

only (e.g. non-randomised allocation of animals to study groups or test groups); or systematic 461 

differences in characteristic of participants across exposure levels in human studies. 462 

• Factors potentially affecting, to the same extent, control and exposed study groups (e.g. the 463 

reliability of the methods used to test a given outcome). 464 

The questions addressed to assess the risk of bias in the human and animal studies are presented in 465 

Table 8 and Table 9, respectively (NTP-OHAT, 2015). For each question in Table 8 and Table 9, the 466 

response options are “Definitely low risk of bias (++)”, “Probably low risk of bias (+)”, “Probably high 467 

risk of bias (-)”, “Definitely high risk of bias (--)”. Whenever an element to be evaluated is not 468 

reported, a judgment should be made as to which degree it may introduce bias. In the absence of 469 
elements that would allow such an expert judgement, this will by default be judged as “Probably high 470 

risk of bias”.   471 
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Table 8: Evaluation of risk of bias in human studies (adapted from OHAT Risk of bias rating tool)6 472 

Number Question 
Applies to 

study type 
Domain of bias 

Rating 

(++, +, -, --) 

1 
Was administered dose or exposure level 

adequately randomized? 
HCT Selection  

2 
Was allocation to study groups adequately 

concealed? 
HCT Selection  

3 
Did the study population allow for 

appropriate comparisons? 

Co, CaCo, 

CrSe 
Selection  

4 

Did the study design or analysis account for 

important confounding and modifying 

variables? 

Co, CaCo, 

CrSe,  
Confounding  

5 

Were the research personnel and study 

participants blinded to the study group 

during the study? 

HCT Performance  

6 
Were outcome data complete without 

attrition or exclusion from analysis? 

HCT, Co, 

CaCo, CrSe 
Attrition/exclusion  

7 
Can we be confident in the exposure 

characterisation? 

HCT, Co, 

CaCo, CrSe,  
Detection  

8 
Can we be confident in the outcome 

assessment (e.g. missing outcome)? 

HCT, Co, 

CaCo, CrSe,  
Detection  

9 Were all measured outcomes reported? 
HCT, Co, 

CaCo, CrSe,  
Selective reporting  

10 Were statistical methods appropriate? All 
Other sources of 

bias 
 

HCT: Human Controlled Trial; Co: Cohort; CaCo: Case-Control; CrSe: Cross-sectional;  473 
 474 

The study allocation for human studies follows the rules of the initial methodology which is described 475 
in the protocol. For human studies, overall ten questions have been identified. In the case of 476 
randomised control trial, eight of those questions apply (Q 1, 2, 5-10). Among those, four questions 477 
are considered key (Q 1, 6, 7 and 8). In the case of all observational studies, eight of those questions 478 
apply (Q 3-10). Among those, four questions are considered key (Q 3, 4, 7 and 8). 479 

Table 9: Evaluation of risk of bias in animal studies (adapted from OHAT Risk of bias rating tool)7. 480 

Number Question 
Applies to 

study type 
Domain of bias 

Rating 

(++, +, -, --) 

1 
Was administered dose or exposure level 

adequately randomized? 
EA Selection  

2 
Was allocation to study groups adequately 

concealed? 
EA Selection  

3 
Were experimental conditions identical 

across study groups? 
EA Performance  

4 
Were the research personnel blinded to the 

study group? 
EA Performance  

                                                           
6 The Panel make reference to the explanatory notes from the NTP Handbook for conduction a literature-based health 

assessment using OHAT approach for systematic review and evidence integration (4 March, 2019). Available on: 
file:///C:/Users/lodifed/Desktop/TiO2/NTP_OHAT%20approach%20for%20systematic%20review_March%202019.pdf 
7 The Panel make reference to the explanatory note from the NTP Handbook for conduction a literature-based health 

assessment using OHAT approach for systematic review and evidence integration (4 March, 2019). Available on: 
file:///C:/Users/lodifed/Desktop/TiO2/NTP_OHAT%20approach%20for%20systematic%20review_March%202019.pdf 
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Number Question 
Applies to 

study type 
Domain of bias 

Rating 

(++, +, -, --) 

5 
Were outcome data complete without 

attrition or exclusion from analysis? 
EA Attrition/exclusion  

6 
Can we be confident in the exposure 

characterization? 
EA Detection  

7 
Can we be confident in the outcome 

assessment? 
EA Detection  

8 Were all measured outcomes reported? EA Selective reporting  

10 Were statistical methods appropriate? All 
Other sources of 

bias 
 

EA = experimental animals  481 

The ratings of the key and non-key questions (++, +, -, --) will be integrated to classify the studies in 482 
tiers from 1 to 3 corresponding to decreasing levels of internal validity. 483 

The study allocation for animal studies follows the rules of the initial methodology which is described 484 

in the protocol. Overall ten questions have been identified. Among those, five questions are 485 

considered key (Q 1, 3, 4, 6 and 7). 486 

Tier 1: 487 
• All the key questions are scored + /++ 488 

 AND 489 

• No more than one non-key question is scored - 490 

 AND 491 

• No non-key question is scored -- 492 

Tier 2: 493 

• All the other combinations not falling under tier 1 or 3 494 

Tier 3: 495 

• Any question is scored -- 496 
 OR 497 

• More than one key question is scored - 498 

 499 

1.13. Data extraction 500 

Data from the included human and animal studies will be extracted. The details of what has to be 501 
extracted are given in Tables 10 and 11. Details for extraction of data from genotoxicity studies are 502 
given in Table 12. 503 

Table 10. Data extraction form for human studies (modified from EFSA et al., 2017). 504 

Study ID Reference: 

Study name and acronym (if applicable): 

Health outcome category: 

Funding Funding source: 

Reported conflict of interest: 

Study design Study type (e.g RCT, cohort etc) : 

Type of blinding: 

Method for randomization: 

Year the study was conducted (start): 

Duration/length of follow-up: 
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Study ID Reference: 

Subjects Number of participants in the study (invited, accepted, drop out, participating, 

included in follow-up if applicable): 

Completion rate: 

Number of exposed/non-exposed subjects or number of cases/controls: 

Number of exposed/non-exposed subjects or number of cases/controls:  

Sex (male/female):  

Geography (country):  

Age:  

Ethnicity:  

Confounders and other variables as reported:  

Special health condition of participants: 

Inclusion and exclusion criteria in the study:  

Other: 

Intervention/exposure Test substance 

Estimated dietary exposure and method (validation of the method, measures 

to avoid contamination of samples, limit of quantification and limit of detection, 

etc.): 

Intervention design (RCT) 

Co-exposure description (if applicable) 

Methods for endpoint 

assessment 

Parameters measured/end point/health outcome (units of measure, measures 

of central tendency and dispersion, confidence interval, self-reporting):  

Measurement time points  

Results Measures of effect and all statistics at each exposure level as reported in the 

paper, and for each sub-group and end-point when applicable:  

Were sub-groups analyses predefined (yes/no, including justification): 

How the variables were treated (continuous, transformed, or categorical): 

Statistical analysis Statistical methods (including power analyses, multiple comparison, potential 

sources of bias): 

Other comments  

 505 

Table 11. Data extraction form for animal studies (modified from EFSA et al., 2017) 506 

Study ID Reference: 

Year the study was conducted (start, if available): 

Health outcome category: 

Funding Funding source: 

Public/private: 

Type of study and 

guideline 

Good laboratory practice (yes/no): 

Guideline studies (if yes, specify): 

Type of study: 

Animal model Species/(sub-)strain/line: 

Disease models (e.g. diabetes, allergy, obesity): 

Housing condition Housing condition (including cages, bottles, bedding): 

Diet name and source: 

Background levels of phytoestrogens in the diet (type and levels): 

Exposure provider: 

Compound purity:  

Vehicle used:  
Dose regimen (dose level or concentration per group, and frequency):  
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Study ID Reference: 

Route of administration (diet, drinking water, gavage):  

Period of exposure (pre-mating, mating, gestation, lactation, adult):  

Duration of the exposure:  

Study design Sex and age of the initially exposed animals:  

Number of groups/number of animals per group:  

Randomisation procedures throughout the study:  

Reducing (culling) of litters and method:  

Number of pups per litter for next generation and methodology:  

Number of pups per litter/animals for certain measurements and methodology:  

Time of measurement/Observation period (premating, mating, gestation, 

lactation, adult):  

Endpoints measured:  

Methods to measure endpoints:  

Estimated oral exposure and method used (validation of the method, measures 

to avoid contamination of samples, limit of quantification and limit of detection, 

etc.) 

Statistical analysis Statistical methods: 

Results 

 

Concentration of the test compound in vehicle (analysed, stated, ambiguous):  

Documentation of details for dose conversion when conducted:  

Level of test compound in tissue or blood:  

Results per dose or concentration (e.g. mean, median, frequency, measures of 

precision or variance):  

No observed adverse effect level, lowest observed adverse effect level, 

benchmark dose/benchmark dose lower bound:  

  

Other comments  

 507 

Table 12. Data extraction form for genotoxicity studies 508 

Study ID Reference (full publication with year) 

Funding Funding source (public/private) 

GLP compliance and 

guideline 

Good laboratory practice (yes/no) 

Guideline studies (if yes, specify) 

Test system Test organism, genetic end-point, in vitro/in vivo, OECD TG when applicable 

Test material Identity, batch, purity 

Exposure/treatment 

conditions 

Test protocol, administration route (in vivo), exposure conditions (in vitro), 

doses/concentrations  

Results Narrative description of main findings, with statistical and biological 

significance 

Other comments Remarks on reliability and relevance, as appropriate 

 509 

1.14. Weighing the body of evidence 510 

Following the appraisal of the individual human and experimental animal studies for internal and 511 
external validity, the confidence in the overall body of evidence will be evaluated endpoint by 512 
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endpoint, grouping together studies (animal or human) with the same endpoint measured in the 513 
study. 514 

The tools applied for the analysis are the WoE method using a modified version from the EFSA 515 
Guidance on the use of the weight of evidence approach in scientific assessments (EFSA SC, 2017) 516 
and OHAT (NTP-OHAT, 2015). 517 

The following text is modified from the EFSA Guidance (EFSA SC, 2017): 518 

To potentially establish if there is a possible causal association between the intake of sweeteners and 519 

a subsequent effect, an initial confidence rating of the human and animal studies will be performed. 520 

The following descriptors will be used to determine this initial weighting of the evidence for each 521 

study (according to NTP-OHAT, 2015): 522 

• Outcome and exposure assessed on an individual level 523 

• Controlled versus uncontrolled experimental conditions 524 

• Appropriateness of the comparison group and study population 525 

Fulfilment of all features received an initial rating of high confidence (++++). Lower ratings, i.e. 526 
moderate (+++), low (++) or very low (+), will correspond to the number of features fulfilled. 527 

Considerations on whether the exposure proceeded the outcome will be done at internal validity level 528 

(RoB) (NTP-OHAT, 2015), which fulfilled this aspect. For the included studies, the Panel considers that 529 

fulfilment of all features will receive an initial rating of high confidence (++++).  530 

 531 

Weighing of evidence will take into consideration the risk of bias in terms of tiers for individual 532 

studies. In addition, the overall weight of the evidence will have to look to consistency of findings 533 

regardless of tiers, and whether that consistency is likely to be explained for the same source of bias 534 

in the study. Weighing the evidence will also consider biological plausibility.  535 
 536 

Furthermore, it should be taken into account if the endpoint examined is a surrogate/non apical 537 

endpoint or an apical endpoint. 538 

 539 

The studies grouped for a given outcome/endpoint will be further evaluated for elements that would 540 

downgrade or upgrade confidence in the evidence. In brief, the following elements will be considered 541 

for downgrading the initial ratings of the confidence in the body of evidence: 542 

• Risk of bias-evaluation 543 

• Relevance of endpoints (for animal studies only)  544 
• Unexplained inconsistency 545 
• Imprecision 546 

 547 

Elements considered for upgrading the confidence in the body of evidence will be: 548 
• Apical endpoint 549 

• Dose-response 550 
• Consistency, across study design type, dissimilar populations, animal models, species or 551 

gender  552 
• Residual confounding (if a study reports an effect or association despite the presence of 553 

residual confounding, confidence in the association is increased) 554 
• Large magnitude of effect (e.g. incidence, degrees of severity)  555 

After downgrading and upgrading the evidence, the overall confidence in the evidence will be 556 

determined. The terms used to describe the overall confidence in the evidence will be defined as 557 
follows ( NTP-OHAT, 2015): 558 
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• High confidence (++++) in the association between exposure to the substance and the 559 

outcome. The true effect is highly likely to be reflected in the apparent relationship.  560 

• Moderate confidence (+++) in the association between exposure to the substance and the 561 

outcome. The true effect may be reflected in the apparent relationship. 562 
• Low confidence (++) in the association between exposure to the substance and the outcome. 563 

The true effect may be different from the apparent relationship.  564 

Very low confidence (+) in the association between exposure to the substance and the 565 

outcome. The true effect is highly likely to be different from the apparent relationship (further 566 
termed “inadequate” in OHAT Handbook ( NTP-OHAT, 2015).  567 

All aspects considered in the weighting will be also applied in the narrative approach.  568 
When the overall confidence in the evidence was high (++++) for an endpoint where the effect will 569 
be absent, the absence of an effect will be considered “highly likely”. Furthermore, if the evidence is 570 
scored less than ++++, the level of evidence of a health effect will be considered inadequate (“There 571 
is insufficient evidence available to assess if the exposure to the substance is associated with the 572 
health outcome(s)).  573 

When endpoints are plausibly biologically related (i.e. on biological pathways known to lead to a 574 

certain toxicity or disease state) confidence ratings in the overall body of evidence will be reached on 575 
outcomes represented by a group of biologically related endpoints (e.g. metabolic effect).  576 

Biological plausibility will be a fundamental concept for this appraisal, indeed concordance of results 577 
will increase the confidence in the body of evidence for a certain effect. In case of non-concordance in 578 
the results concerning the same biological pathway, in principle priority will be given to the evidence 579 
arising from “apical” endpoints (i.e. overt effect or disease state) (Guyatt et al., 2011). This is 580 
because, in all study types, the apical endpoints are generally considered to be the most direct, or 581 
applicable, to the assessment of the health outcome (e.g. incidence of cancer of the mammary gland). 582 
In some cases, non-apical endpoints may be as decisive as apical endpoints. Information on MoA of 583 
the target compounds and endpoints is necessary and will support this step. 584 

The assessment of case reports will be performed according to the WHO-UMC system for standardised 585 
case causality assessment (Edwards and Biriell, 1994).  586 

 In vitro data may be useful to support the evidence for the existence of an non apical effect in 587 
qualitative terms. 588 

Table 13 shows the weight of Evidence (WoE) profile form for downgrading and upgrading the 589 
evidence for a given endpoint across studies (modified from the NTP-OHAT, 2015). For each relevant 590 
endpoint a separate profile form will be prepared combining human and animal studies. At all steps 591 
the biological plausibility will be considered. In the case of genotoxicity studies, the specific approach 592 
is described in section 1.6.  593 

Table 13 should be considered as a working template. The actual cell contents for upgrading or 594 
downgrading aspects will be a short narrative based on the study characteristics.  595 

  596 

 597 

 598 

 599 

 600 

 601 

 602 
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 603 

Table 13. Weight of Evidence (WoE) profile form for downgrading and upgrading the evidence for a given endpoint across studies 604 
 Endpoint (describe) 

 Elements triggering downgrading Elements triggering upgrading Rating 

Reference 
Initial rating 

Risk of bias 
(tiers 1-3) 

Relevance of 
endpoints 
(for animal 
studies only)  
 

Unexplained 
inconsistency 

Imprecision Apical 
endpoint 

Effect 
size 

Dose-
response 
relationship 

Residual 
confounding 

Consistenc
y across 
studies 

 

Study number 
1 

3: Very serious 
concern 
2: Serious 
concern 
1: No serious 
concern 

 Very serious 
concern, 
serious 
concern, no 
serious 
concern 

Very serious 
concern, 
serious 
concern, no 
serious 
concern 

Yes Large  Yes  No  Confidence:  
High: ++++ 
Moderate: 
+++ 
Low:++ 
Very low:+  
 

Study number 

2 (Repeat 
procedure for 
relevant 
studies) 

          

All studies 
(Initial rating 
≥+++) 

Describe trend 
Describe key 
questions 
Describe issues 

 Describe 
results in 
terms of 
consistency 
Explain 
apparent 
inconsistency 
(if it can be 
explained) 

Discuss 
ability to 
distinguish 
treatment 
from control 
Describe 
confidence 
intervals (if 
relevant) 

 Describe 
magnitu
de of 
response 

Outline 
evidence for 
or against 
dose-
response 

Presence of 
effect or 
association 
despite the 
presence of 
residual 
confounding 
increases 
confidence 
in the 
association 

Describe 
model or 
population 
consistency 

Final rating:  
For health 
effect: 
Very likely/ 
likely/ as 
likely as not/ 
unlikely/ very 
Rating of 
individual 
unlikely 
For no effect: 
If ++++: 
Very likely 
If <++++: 
Inadequate 
level of 

evidence 
 605 
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1.15. Synthesis of the evidence 607 

The appropriate methodologies for evidence synthesis will be based on the amount and quality of 608 
available data, according to the EFSA Guidance on the use of the weight of evidence approach in 609 
scientific assessments (EFSA SC, 2017). The preliminary considerations to be taken into account are:  610 

• The conceptual model for integrating the evidence; 611 

• The assessment of the consistency of the evidence;  612 

The steps to be followed in integrating the evidence using the method(s) chosen are: 613 

- Consider whether quantitative methods are practical and appropriate for the needs and 614 
context of the assessment; 615 

- Choose one or more qualitative or quantitative method(s) to address aspects of reliability, 616 
relevance and consistency. This could include methods from one or more of the following 617 
categories:  618 

1. Classification of weight of evidence approaches; 619 

   2. Best professional judgement’ 620 

   3. Causal criteria 621 

   4. Rating 622 

   5. Quantification 623 

- Check that the chosen methods (quantitative and/or qualitative) address all pertinent 624 
aspects of reliability, relevance and consistency; 625 

- If more than one method is chosen for weighing evidence, consider whether their results 626 
can be combined directly when integrating the evidence. 627 

The conclusion for the weight of evidence assessment should cover:  628 

1. A summary of all the results up to this point in a concise tabular or graphical forma; 629 

2. An explanation on how the conclusion of the weight of evidence assessment (range of 630 
possible answers and their relative support) will be expressed; 631 

3. Where expert judgement is required, an appropriate procedure for this. 632 

1.16. Uncertainties 633 

Uncertainty analyses will be performed in line with established guidelines (EFSA SC, 2018). As a first 634 

step, qualitative analyses identifying all possible sources of uncertainty relevant for the risk 635 

assessment will be performed. Then qualitative characterization in terms of direction (↑, −, ↓) and 636 
magnitude (low, medium and high) will be performed. This procedure will be done separately for the 637 

exposure assessment, hazard and risk characterization. Results will be presented in table format and 638 

the potential implications for each source will be discussed proportionally to the estimated relevance. 639 
For those sources of uncertainty judged, individually or combined, to be “high” that may, according to 640 

expert judgment, moderately to strongly influence overall outcome of the risk assessment more 641 

detailed assessment of impact will be performed. This may include, if possible, quantitative analyses.  642 

 643 

 644 

 645 

 646 
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Abbreviations 731 

ADI 
ADME 

Acceptable Daily Intake 
Absorption, Distribution, Metabolism And Excretion 

AMU Assessment and Methodological support Unit 
BMI Body Mass Index 

Bw 

CaCo 
Co 

CrSe 
CVD 

DDR 

Body weight 

Case-control 
Cohort 

Cross-sectional 
Cardiovascular disease 

DNA Damage Response 

EA Experimental animals 
EC European Commission 

FAF Panel Panel on Food Additives and Flavourings  
FAO Food And Agriculture Organisation of the United Nations 

FDA (US) Food and Drug Administration 
FIP 

GGT 

Food Ingredients and Packaging 
Gamma-glutamyl transpeptidasis/transferase 

GLP 
HCT 

Good Laboratory Practices 
Human controlled trial 

ip Intraperitoneal 
Iv 

JECFA 

Intravenous 

The Joint FAO/WHO Expert Committee on Food Additives 

MoA 
NAFLD 

NASH 

Mode of Action 
Non-alcoholic fatty liver diseases 

Non-alcoholic steato-hepatitis 
NOAEL No Observed Adverse Effect Level 

NOEL No Observed Effect Level 

NTP (US) National Toxicology Program 
OECD Organisation for Economic Co-operation and Development 

OHAT (US) Office of Health Assessment and Translation  
Prometheus 

QSAR 
RCT 

Promoting Methods for Evidence Use in Science 

Quantitative structure-activity relationship 
Randomised control trial 

RoB 

SAR 
SCF 

T2DM 
ToR 

TTC 

VAT 

Risk of Bias 

Structure-activity relationship 
Scientific Committee on Food 

Type 2 diabetes mellitus 
Terms of Reference 

Threshold of Toxicological Concern 

Visceral adipose tissue 
WHO World Health Organisation 

WoE Weight of Evidence 
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Appendix A – List of existing evaluations by SCF/JECFA 

E Number Food additive(s)   SCF 
Evaluation year(s) 
ADI/conclusions 
Reference 

JECFA 
Evaluation 
year(s) 
ADI 
Reference 

E 420 Sorbitols E 420 (i) Sorbitol 1984 
Acceptable, laxation 
may be observed at 
high intakes. 
Consumption of the 
order of 20 
g/person/day of 

polyols unlikely to 
cause laxative 
symptoms 
16th Report SCF 

1986 
Not specified 
Link 

E 420(ii) Sorbitol syrup 1988; 2018 
Not specified 
Link 

E 421 Mannitols  E 421(i)  Mannitol by 
hydrogenation 

1984 
Acceptable, laxation 
may be observed at 
high intakes. 
Consumption of the 
order of 20 
g/person/day of 
polyols unlikely to 
cause laxative 
symptoms 
16th Report SCF 

 

1986 
Not specified 
Link 

E 421(ii) Mannitol 
manufactured by 
fermentation 

1999 
Acceptable 
49th Report SCF 

E 950 Acesulfame K   2000 
0-9 mg/kg bw 
SCF opinion 
 
1984 
0-9 mg/kg bw 
16th Report SCF 

1990 
0-15 mg/kg bw 
Link 

E 952 Cyclamates E 952(i) Cyclamic acid 1984 
0-11 mg/kg bw 
(temporary, 
expressed as 
cyclamic acid) 
16th Report SCF 

1982; 2009 
0-11 mg/kg bw 
Link 

E 952(ii) Sodium 
cyclamate 

1982 
0-11 mg/kg bw 
(expressed as 
cyclamic acid) 
Link 

E 952(iii) Calcium 
cyclamate 

1982 
0-11 mg/kg bw 
(expressed as 
cyclamic acid) 
Link 

E 953 Isomalt   1984 
Acceptable, laxation 
may be observed at 
high intakes. 
Consumption of the 
order of 20 
g/person/day of 
polyols unlikely to 
cause laxative 
symptoms 

1985 
Not specified 
Link 

http://www.efsa.europa.eu/efsajournal
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_16.pdf
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=5119
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=3856
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_16.pdf
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=5119
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out49_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out52_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_16.pdf
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=926
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_16.pdf
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=995
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=1653
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=837
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=1289
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16th Report SCF 

E 954 Saccharin and its 
Na, K and Ca salts 

E 954(i)  Saccharin   
1995 
0-5 mg/kg bw 
(sodium saccharin) 
0-3.8 mg/kg bw 
(expressed as acid) 
SCF opinion 
 
1984 
0-2.5 mg/kg bw 
(temporary) 
16th Report SCF 
 
1977 
0-2.5 mg/kg bw 
(temporary) 
 

1993 
0-5 mg/kg bw 
(group ADI) 
Link 

E 954(ii) 
 

Sodium 
saccharin 
 

1993 
0-5 mg/kg bw 
(group ADI) 
Link 

E 954(iii) 
 

Calcium 
saccharin 
 

1993 
0-5 mg/kg bw 
(group ADI) 
Link 

E 954(iv) Potassium 
saccharin 

1993 
0-5 mg/kg bw 
(group ADI) 
Link 

E 955 Sucralose   2000 (last 
evaluation) 
0-15 mg/kg bw 
SCF opinion 
 
1989  
Not toxicologically 
acceptable 
21st Report SCF 

1990 
0-15 mg/kg bw 
Link 

E 957 Thaumatin   1989  
acceptable 

21st Report SCF 
 
1984 
acceptable 
(temporary) 
16th Report SCF 
 

1985 
Not specified 

Link 

E 959 Neohesperidine 
dihydrochalcone 

  1989  
0-5 mg/kg bw 
21st Report SCF 
 
1984 
Not toxicologically 
acceptable  

16th Report SCF 
 

 

E 961 Neotame   2007 
2 mg/kg bw  
EFSA AFC Panel 
(2007) 

2003 
0-2 mg/kg bw 
Link 

E 962 Salt of aspartame-
acesulfame 

  2000, 
Acceptable; It should 
be ensured that 
consumption of this 
substance is taken 
into account when 
estimating intakes of 
aspartame and 
acesulfame K in 
relation to the ADIs 
for these substances 
Minutes of the 120th 
meeting of the SCF, 
2000 

2000 
0-15 mg/kg bw 
(acesulfame) 
0-40 mg/kg bw 
(aspartame) 
Link 

http://www.efsa.europa.eu/efsajournal
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_16.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_7_out26_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_16.pdf
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=3164
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=4003
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=1724
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=980
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out68_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_21.pdf
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=2340
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_21.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_16.pdf
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=4169
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_21.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_16.pdf
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=5107
https://dms.efsa.europa.eu/otcs/cs.exe?func=ll&objaction=overview&objid=21358887
https://dms.efsa.europa.eu/otcs/cs.exe?func=ll&objaction=overview&objid=21358887
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=1849
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E 965 Maltitols E 965(i) Maltitol 1984 
Acceptable, laxation 
may be observed at 
high intakes. 
Consumption of the 
order of 20 
g/person/day of 
polyols unlikely to 
cause laxative 
symptoms 
16th Report SCF 

1993 
Not specified 
Link 

E 965(ii) Maltitol syrup 1995 
Not specified 
Link 

E 966 Lactitol   1984 
Acceptable, laxation 
may be observed at 
high intakes. 
Consumption of the 
order of 20 
g/person/day of 
polyols unlikely to 
cause laxative 
symptoms 
16th Report SCF 

1983 
Not specified 
Link 

E 967 Xylitol   1984 
Acceptable, 
diarrhoea in human 
studies noted at 
doses > 50 g/day 
16th Report SCF 

1983 
Not specified 
Link 

E 968 Erythritol   2003, Acceptable, 

laxative effect in 
human studies noted 
at doses > 0.5 g/kg 
bw for a single dose 
SCF Opinion on 
erythritol, 2003 

1999 

Not specified 
Link 
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http://www.efsa.europa.eu/efsajournal
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_16.pdf
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=4276
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=4277
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_16.pdf
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=3084
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_reports_16.pdf
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=2620
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out175_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out175_en.pdf
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID=961

