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Sugars the new dominant public health concern



Sugars the new dominant public health concern:
Dietary guidelines recommend <5-10% energy from sugars 

http://www.who.int/nutrition/publications/guidelines/sugars_intake/en/
http://www.health.gov/dietaryguidelines/2015-scientific-report/

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/445503/SACN_Carbohydrates_and_Health.pdf

<10% energy
<5% energy (conditional) ≤5% energy≤10% energy

http://www.who.int/nutrition/publications/guidelines/sugars_intake/en/
http://www.health.gov/dietaryguidelines/2015-scientific-report/
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/445503/SACN_Carbohydrates_and_Health.pdf


Low- and Non-Calorie Sweeteners
As a strategy to reduce excess calories from sugars



Non- and Low-Calorie Sweeteners
• Non- and low-calorie sweeteners (LNCS) are sugar substitutes 

used as a replacement for sugar in food and beverages.
• They are also known as artificial sweeteners, sugar 

alternatives, high-intensity sweeteners, low-calorie 
sweeteners, non-sugar sweeteners, or non-nutritive 
sweeteners.

• They contain virtually no calories or very low calories.
• Common non-caloric sweeteners include aspartame, 

acesulfame potassium (ace-K), saccharin, sucralose, 
advantame, neotame, cyclamate, stevia, thaumatin etc. [More 
than 20]

• They elicit sweet taste and some are many times (200x – 600x) 
sweeter than sucrose, require very small amounts. 

• They are popular among people who are looking to reduce 
their calorie intake or manage their blood sugar levels.



Non- and Low-Calorie Sweeteners
• Each sweetener has different characteristics, 

metabolism and fate in the body
• Have been extensively tested by FAO/WHO Joint 

Expert Committee on Food Additives (JECFA), US 
Food and Drug Administration (FDA) and European 
Food Safety Authority (EFSA) for their safety.

• Evidence shows they be beneficial for weight 
management as it replaces sugars in diet

• No concrete evidence of adverse effect on sweet 
preference, appetite or glucose control

• Useful strategy to control sugar intake in people 
with diabetes

• Effect on gut microbiota is limited and no evidence 
that the effect on gut health at doses relevant to 
human use



Benefit on Weight and calories– LNCS vs Sugar
29 Trials, 2267 participants 

BW change, −1.06 kg, 95% CI −1.50 to −0.62

Rogers and Appleton. Int.J.Obesity. 2021.

Energy intake change
−224.56 kcal/day, 95% CI −320.07 to −129.37



Benefit on Weight – LNCS vs Sugars
22 Trials, 2914 participants 

BW change, −0.4 kg, 95% CI −0.57 to −0.22 – LNCS vs All 

Laviada-Molina. Int.J.Obesity. 2021.
BW change, −0.56 kg, 95% CI −0.79 to −0.34  — LNCS vs Sucrose 



LNCSBs for SSBs (“Intended substitution”):
Network meta-analysis 17 RCTs, N=1,733, FU=3-52 wk

McGlynn et al, JAMA Netw Open. 2022 Mar 1;5(3):e222092
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Network Plot Water
14 Trials | 151 Participants 
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Acute Glucose Response [2 hours]
Comparing LNCS to Caloric Sweeteners

Network meta-analysis 14 RCTs, N=151 (NGT)

Zhang et al, Nutrients. 2023

No effect on appetite hormones including
insulin, GIP, GLP-1, Ghrelin, PYY and Glucagon

Roselyn Zhang, 
MSc, RD

Jarvis Noronha,
MSc, MD (candidate)



LNCS effect on Microbiome
• Saccharin intake associated with 

impaired glucose tolerance through 
changes in the microbiome [Suez et al 
Nature 2014]

• Aspartame and sucralose intake is NOT 
associated with impaired glucose 
tolerance through changes in 
microbiome [Ahmad et al App Phys Nut 
Met 2020]

• Sucralose intake is NOT associated with 
impaired glucose tolerance through 
changes in microbiome [Thompson et al 
Brit J Nutrition. 2019]

• Saccharin intake is NOT associated with 
impaired glucose tolerance through 
changes in microbiome [Serrano et al 
Mirobiome 2021]



What do guidelines say about 
LNCS?



Guidelines in general are supportive of LNCS

“The use of nonnutritive sweeteners may have the potential to reduce 
overall calorie intake

have shown a weight loss benefit when non-nutritive sweeteners are 
used to displace excess calories from added sugars

Sievenpiper et al. Can J Diabetes. 2018;42 Suppl 1:S64-S79

“For those looking to reduce free or added sugars intake, replacement
with non-nutritive sweeteners (NNS) may be an appropriate strategy.”

DNSG Guideline Group. Diabetologia, May 2023

American Diabetes Association. Diabetes Care 2022; 45 (Suppl 1): S60–S82

“…low-calorie sweeteners in substitution for sugars …, may have 
advantages like those of water or other strategies intended to displace 
excess calories from added sugars.”

Wharton S, et al. CMAJ. 2020;192:E875-E891

https://alliancechronicdiseases.org/wp-content/uploads/06.-IDF_Europe_Position_on__Added_Sugar.pdf

…recommends these food ingredients [LCS] be considered as an 
option for managing body weight

https://alliancechronicdiseases.org/wp-content/uploads/06.-IDF_Europe_Position_on__Added_Sugar.pdf


The WHO Guideline 
on LNCS 2023

Released yesterday May 15th



WHO b guideline: Use of non-sugar 
sweeteners 

https://www.who.int/publications/i/item/9789240073616

“WHO suggests that NSS not be used as 
a means of achieving weight control or 
reducing risk of noncommunicable 
diseases (conditional 
recommendation)2”

2 Conditional recommendations are those recommendations for which the WHO 
guideline development group is uncertain that the desirable consequences of 
implementing the recommendation outweigh the undesirable consequences or 
when the anticipated net benefits are small. Policymaking related to conditional 
recommendations therefore may require substantial debate and involvement of 
various stakeholders. 

Nutrition	Guidance	and	Advisory	Group	(NUGAG)	



Why is there a discordance from 
other recommendations?



JULY 2022APRIL 2022



Summary of results

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)



Summary of results: Body Weight

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)



Summary of results: Body Weight

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)

Body Weight:   MD -0.71 kg [-1.13, -0.28]



BODY WT

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)



BODY WT

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)

Body Weight (sugar comparator):  
MD -0.76 kg [-1.18, -0.34]



BMI

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)



BMI

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)

BMI (sugar comparator):  
MD -0.21 [-0.36, -0.06]



Energy and sugar reduction

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)



Energy and sugar reduction

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)

Energy intake (sugar comparator):  
MD -1008 kjoules/d [-1397, -619]

MD -241 kcal/d [-333, -147] 

Sugar intake (sugar comparator):  
MD –70 g/d [-103, -36]



Updated/expanded WHO-commissioned SRMA of non-
sugar sweeteners shows weight loss in RCTs: 

SRMA of 55 RCTs/NRCTs, 213 observational studies

https://www.who.int/publications/i/item/9789240046429

• In RCTs, those consuming NSS had lower body 
weight and BMI at the end of the trials, 
particularly when compared with sugars

• Consuming NSS also exhibited a significant 
reduction in energy intake, primarily when NSS 
were compared to sugars.

• NSS may be effective at assisting with short-
term weight loss when their use leads to a 
reduction in total energy intake and sugar 
intake.

https://www.who.int/publications/i/item/9789240046429


Summary of results

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)



Cohort studies

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)



Cohort studies

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)



Cohort studies

Rios-Leyvraz M, Montez JM. World Health Organization; 2022
https://apps.who.int/iris/ handle/10665/353064)



Updated/expanded WHO-commissioned SRMA of non-
sugar sweeteners shows adverse associations in cohorts: 

SRMA of 55 RCTs/NRCTs, 213 observational studies

https://www.who.int/publications/i/item/9789240046429

• 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.

https://www.who.int/publications/i/item/9789240046429


JULY 2022APRIL 2022

WHO guideline: 
Evidence to Recommendations

MAY 2023

GRADE methodology was used to assess the certainty (i.e. confidence) 
in the evidence identified in the systematic reviews



WHO guideline: 
Use of non-sugar sweeteners 

https://www.who.int/publications/i/item/9789240073616

“WHO suggests that NSS not be used as 
a means of achieving weight control or 
reducing risk of noncommunicable 
diseases (conditional 
recommendation)*”

* Conditional recommendations are those recommendations for which the WHO 
guideline development group is uncertain that the desirable consequences of 
implementing the recommendation outweigh the undesirable consequences or 
when the anticipated net benefits are small. Policymaking related to conditional 
recommendations therefore may require substantial debate and involvement of 
various stakeholders. 

Nutrition	Guidance	and	Advisory	Group	(NUGAG)	



WHO guideline: 
Use of non-sugar sweeteners 

Not applicable to subjects with diabetes

— With the exception of individuals with 
diabetes (as noted below), this 
recommendation is relevant for everyone

Recommendations relevant to all NSS

— the evidence is currently insufficient to 
make recommendations for individual NSS.



WHO guideline on use of non-sugar 
sweeteners 

Issue 1: Observational (prospective cohort) 
studies given more weight in recommendation

— Ignored established hierarchy of evidence
— Disregarded trial evidence including long-term studies



WHO guideline on use of non-sugar 
sweeteners 

Issue 1: Observational studies given more 
weight in recommendation

— Ignored established hierarchy of evidence
— Disregarded trial evidence including long-term studies



WHO guideline: 
Hierarchy of Evidence



WHO guideline: 
Hierarchy of Evidence

Cannot 
establish 
causality



https://www.who.int/publications/i/item/9789240046429

Updated/expanded WHO-commissioned SRMA of 
non-sugar sweeteners weighted RCTs > cohorts: 

SRMA of 55 RCTs/NRCTs, 213 observational studies

Low to moderate
certainty

Very low to low
certainty

<

https://www.who.int/publications/i/item/9789240046429


<

WHO guideline on use of non-sugar sweeteners: 
New interpretation with weighting of prospective cohorts > RCTs

Very low to low
certainty

Low to moderate
certainty



WHO guideline on use of non-sugar 
sweeteners 

Issue 1: Observational studies given more 
weight in recommendation

— Ignored established hierarchy of evidence
— Disregarded trial evidence including long-term studies



WHO guideline on use of non-sugar 
sweeteners 

Overall certainty of the evidence

“The overall certainty in the evidence was 
considered low and is based on undesirable effects 
of NSS use on prioritized health outcomes observed 
in prospective cohort studies which were 
individually considered to be very low to low.”

“The discordant results between the 
randomized controlled trials and prospective 
cohort studies suggest that the small amount of 
weight loss resulting from NSS use in short-term 
experimental settings may not be relevant to 
the effects of long-term NSS use in the general 
population.”



https://www.who.int/publications/i/item/9789240046429

Updated Systematic Review

6m 12m

https://www.who.int/publications/i/item/9789240046429


https://www.who.int/publications/i/item/9789240046429

Updated Systematic Review

6 months or more

Short and long-term studies showed similar 
reduction with no effect modification

6m 12m

https://www.who.int/publications/i/item/9789240046429


WHO guideline on use of non-sugar 
sweeteners 

Issue 1: Observational studies given more 
weight in recommendation

— Ignored established hierarchy of evidence
— Disregarded trial evidence including long-term studies



WHO guideline on use of non-sugar 
sweeteners 

Issue 1: Observational studies given more 
weight in recommendation

— Ignored established hierarchy of evidence
— Disregarded trial evidence including long-term studies

— Relied on prospective cohort studies — Prone to bias 
and cannot infer causality. This is a methodologically 
flawed approach! Goes against:
1. Conventional understanding of nutrition research
2. Best practices in evidence synthesis



WHO guideline on use of non-sugar 
sweeteners 

Issue 1: Observational studies given more 
weight in recommendation

— Ignored established hierarchy of evidence
— Disregarded trial evidence including long-term studies

— Relied on prospective cohort studies — Prone to bias 
and cannot infer causality. This is a methodologically 
flawed approach! Goes against:
1. Conventional understanding of nutrition research
2. Best practices in evidence synthesis
No sound biological reasoning for adiposity-related 
benefits from trials would develop into long-term harm



WHO guideline on use of non-sugar 
sweeteners 

Issue 2: Discounting evidence from prospective 
cohort studies which applied methodologies to 
reduce bias



WHO guideline on use of non-sugar 
sweeteners 

Issue 2: Discounting evidence from prospective 
cohort studies which applied methodologies to 
reduce bias

— Relied on PREVALENT prospective cohort studies



WHO guideline on use of non-sugar 
sweeteners 

Issue 2: Discounting evidence from prospective 
cohort studies which applied methodologies to 
reduce bias

— Relied on PREVALENT prospective cohort studies
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Disease

Direct

Indirect

NSBs

SSBs

Water

Prevalent or Baseline Analysis

• Prospective cohort studies using prevalent or baseline analysis for LNCS 
are at high risk of bias 

• Bias due to behaviour clustering, residual confounding and reverse 
causality



Disease
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Water

Prevalent or Baseline Analysis

• Prospective cohort studies using prevalent or baseline analysis for LNCS 
are at high risk of bias 

• Bias due to behaviour clustering, residual confounding and reverse 
causality

• Reverse causality: Being at high risk for obesity, type 2 diabetes or 
CVD leads to increased LNCS intake as a risk reduction strategy
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Indirect
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Prevalent or Baseline Analysis

Research community
1. Bright OJM et al. Research Priorities for Studies Linking Intake of Low-Calorie 

Sweeteners and Potentially Related Health Outcomes. Curr Dev Nutr. 2017. 
1(7):e000547. 

2. Sievenpiper JL, Khan TA et al. The importance of study design in the 
assessment of nonnutritive sweeteners and cardiometabolic health. CMAJ. 
2017 Nov 20;189(46):E1424–5

3. Khan TA, Malik VS, Sievenpiper JL. Letter on Artificially Sweetened Beverages 
and Stroke, Coronary Heart Disease, and All-Cause Mortality in the Women’s 
Health Initiative. Stroke. 2019 Jun;50(6):e167–8. 

4. Malik VS. Non-sugar sweeteners and health. BMJ. 2019 Jan 3;364:k5005. 
5. Khan TA, Sievenpiper JL. Low-energy sweeteners and cardiometabolic health: 

is there method in the madness? Am J Clin Nutr. 2020 Oct 1;112(4):917–9. 
6. Mela DJ, McLaughlin J, Rogers PJ. Perspective: Standards for Research and 

Reporting on Low-Energy (“Artificial”) Sweeteners. Adv Nutr. 2020 May 1 
[cited 2022 Aug 9];11(3):484–91

Guidelines and Expert Consensus
1. Sievenpiper JL, Chan CB, Dworatzek PD, Freeze C, Williams SL. Nutrition 

Therapy. Can J Diabetes. 2018 Apr;42:S64–79. 
2. United States Department of Agriculture (USDA), United States Department 

of Health and Human Services (HHS). Dietary Guidelines for Americans 2020-
2025. 2020. 

3. DNSG Guidelines Committee. Evidence-based European recommendations 
for the dietary management of diabetes: The DNSG of the EASD Guideline 
Development Group. Diabetologia. 2023.

4. Ashwell M et al. Expert consensus on low-calorie sweeteners: facts, research 
gaps and suggested actions. Nutr Res Rev. 2020 Jun;33(1):145–54. 

Research community and dietary guidelines are in agreement: 
Prospective cohort studies on LNCS are prone to high risk of bias due to 
behaviour clustering, residual confounding and reverse causality



Updated/expanded WHO-commissioned SRMA of non-
sugar sweeteners shows adverse associations in cohorts: 

SRMA of 55 RCTs/NRCTs, 213 observational studies

https://www.who.int/publications/i/item/9789240046429

Further research is needed to determine whether 
the observed associations are genuine or a result 
of reverse causation and/or residual confounding.

Reverse causation and residual confounding may 
be contributing factors, the available evidence 
suggests that the associations observed between 
NSS use and health outcomes in observational 
studies cannot be dismissed as being solely a 
result of reverse causation or residual 
confounding.

https://www.who.int/publications/i/item/9789240046429


Observational Cohorts
Are there more robust methods that 

can control for risk of bias
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Prevalent or Baseline Analysis of LNCS
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Approach: Substitution and change analyses
3 prespecified comparisons of clinical/public health importance

Change in intake (increase in 1 serving [330mL] per day)

Direct

Indirect

NSBs

SSBs

Water

Direct

Indirect

NSBs

SSBs

Water

Direct

Indirect

NSBs

SSBs

Water

LNCSBs for Water (“reference substitution”)

Jennifer Lee

Direct

Indirect

NSBs

SSBs

Water

Lee et al. Diabetes Care, Diabetes Care. 2022;45:1917-1930 

Water for SSBs (“standard of care substitution”)

LNCSBs for SSBs (“intended substitution”)

Direct

Indirect

NSBs

SSBs

Water

Direct

Indirect

NSBs

SSBs

WaterSubstitution analyses

Change analyses

Direct

Indirect

NSBs

SSBs

Water

Direct

Indirect

NSBs

SSBs

Water

Direct

Indirect

NSBs

SSBs

Water



Direct

Indirect

NSBs

SSBs

Water

Direct

Indirect

NSBs

SSBs

Water

LNCSBs for SSBs (“intended substitution”)

Intended substitution



LNCSBs for SSBs (“Intended substitution”):
SRMA of 14 unique prospective cohorts; n=416,830; FU=17.5y

Lee et al. Diabetes Care, Diabetes Care. 2022;45:1917-1930 
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Water for SSBs (“standard of care substitution”):
SRMA of 14 unique prospective cohorts; n=416,830; FU=17.5y

Lee et al. Diabetes Care, Diabetes Care. 2022;45:1917-1930 
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Relation of substitution of LNCSBs for water (“reference 
substitution”) with cardiometabolic outcomes

SRMA of 14 unique prospective cohorts; n=416,830; FU=17.5y

Lee et al. Diabetes Care, Diabetes Care. 2022;45:1917-1930 
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Change analyses
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Relation of change in intake (per 330 mL serving per 
day) of LNCSBs with cardiometabolic outcomes

SRMA of 14 unique prospective cohorts; n=416,830; FU=17.5y

Lee et al. Diabetes Care, Diabetes Care. 2022;45:1917-1930 
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Prevalent, Change and Substitution analysis 
in Cohort studies

Khan 2023. EJCN. Under Review

Data from
• Prevalence — WHO Rios-Leyvraz M, 

Montez J. World Health Organization. 2022
• Change — Lee et al. Diabetes Care, 

Diabetes Care. 2022 
• Substitution — Lee et al. Diabetes Care, 

Diabetes Care. 2022 
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WHO has taken this approach 
before!



WHO SRMA on Saturated and trans-fat intakes 
and their replacement with other 

macronutrients

Results of replacing Saturated Fatty Acids 
(SFA)

— replacement of these fats with other 
macronutrients allowed us to consider this 
topic in more detail than any other previous 
work on this topic.

Reynolds AN et al. Saturated fat and trans-fat intakes and their replacement with other macronutrients: a systematic review and meta-analysis of prospective 
observational studies. 2022 https://www.who.int/publications/i/item/9789240061668



WHO guideline
Call for more robust exposure assessments

Research gaps and future initiatives

Elaboration and refinement of prospective cohort 
studies including:
— more robust exposure assessment (e.g. multiple, 
sequential assessments of exposure [i.e. change])
— further efforts to address reverse causation [i.e. 
change and substitution analysis]



WHO guideline
There are other ways of sugar reduction!

https://www.who.int/publications/i/item/9789240073616

— reduction in free sugars intake can be achieved and 
corresponding desirable health benefits realized without
the use of NSS.

— Use of NSS is not the only way to achieve a reduction 
in free sugars intake; viable alternatives exist that are 
compatible with features of a healthy diet including 
consumption of foods with naturally occurring sugars, 
such as fruit, and unsweetened foods and beverages.

— Individuals switching from NSS to free sugars would 
not be a widespread occurrence.



WHO guideline on use of non-sugar 
sweeteners: 

Updating the guideline

Updating the guideline

“Because the evidence base for NSS use is rapidly 
evolving, the literature will be monitored on a regular 
basis. 

It is planned that the recommendation in this guideline 
will be reviewed when new data and information 
become available that might alter the overall body of 
evidence such that it would need to be re-evaluated.”



Importance of values and 
preferences?



Sugars the new dominant public health concern:
Dietary guidelines recommend <5-10% energy from sugars 

http://www.who.int/nutrition/publications/guidelines/sugars_intake/en/
http://www.health.gov/dietaryguidelines/2015-scientific-report/

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/445503/SACN_Carbohydrates_and_Health.pdf

<10% energy
<5% energy (conditional) ≤5% energy≤10% energy

http://www.who.int/nutrition/publications/guidelines/sugars_intake/en/
http://www.health.gov/dietaryguidelines/2015-scientific-report/
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/445503/SACN_Carbohydrates_and_Health.pdf


Values and Preferences

• Values and preferences refer to the 
attitudes, beliefs, and preferences of 
end-users, decision makers, and 
other stakeholders re the outcomes 
and trade-offs of the intervention. 

• Individuals’ and stakeholders’ values 
and preferences, should be taken into 
account when making a 
recommendation.

• Ensures that the recommendations 
are not solely based on the evidence 
but also take into account the unique 
circumstances and preferences, cost 
options in different settings, 
feasibility, and acceptability. 

GRADE
Recommendation

Desirable 
and 

Undesirable 
effects

Values & 
Preferences

Certainty 
of 

Evidence



Most important reason people provide for consuming LNCS is to 
cut sugars and calories: 

2020 survey, N=919 users (MarketLab, unpublished observations)

Warshaw H et al. Clin Diabetes 2021;39(1):45–56



Catenacci VA et al. Obesity (Silver Spring). 2014;22:2244-51

LNCSBs are widely consumed (as part of a broader lifestyle 
modification) in successful longterm weight loss maintenance: 

National Weight Control Registry, n=434 (≥13.6kg weight loss, 
maintained for >1 year) 

”53% regularly [≥ 1 per day] consume 
LNCSBs. The top five reasons for choosing 
LNCSB were for taste (54%), to satisfy thirst 
(40%), part of routine (27%), to reduce 
calories (22%) and to go with meals (21%). 

The majority who consume LNCSB (78%) felt 
they helped control total calorie intake. Many 
participants considered changing patterns of 
beverage consumption to be very important in 
weight loss (42%) and maintenance (40%).”



CONCLUSIONS



Conclusions
1. The results of meta-analysis of of randomized controlled trials results support the use of

LNCS in clinical and public health strategies for reducing caloric intake, while achieving 
short and long-term weight loss benefits. 

2. Prospective cohort studies on LNCS using prevalent analysis are subject to serious 
methodological limitations including residual confounding, behaviour clustering, and 
reverse causality.

3. The WHO guideline recommendation against the use of LNCS relies solely on evidence 
from prospective cohort studies with prevalent assessment of LNCS while ignoring the 
beneficial trial results.

4. Prospective cohort studies, utilizing methods to reduce bias that includes substitution 
and change analysis, give consistent results with trials and demonstrate reductions in 
incident obesity, CHD, and total mortality. 

5. The consistency between trial results and analytically rigorous prospective cohort 
studies, and the need to consider values and preferences of users and stakeholders may 
warrant an update of the WHO's evidence base and recommendation for use of LNCS for
weight loss and subsequent risk reduction of chronic disease.
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