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 Artifi cial Sweeteners: A systematic review of metabolic effects in youth      
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Abstract
  Epidemiological data have demonstrated an association between artifi cial sweetener use and weight gain. Evidence of a 
causal relationship linking artifi cial sweetener use to weight gain and other metabolic health effects is limited. However, 
recent animal studies provide intriguing information that supports an active metabolic role of artifi cial sweeteners. This 
systematic review examines the current literature on artifi cial sweetener consumption in children and its health effects. 
Eighteen studies were identifi ed. Data from large, epidemiologic studies support the existence of an association between 
artifi cially-sweetened beverage consumption and weight gain in children. Randomized controlled trials in children are very 
limited, and do not clearly demonstrate either benefi cial or adverse metabolic effects of artifi cial sweeteners. Presently, there 
is no strong clinical evidence for causality regarding artifi cial sweetener use and metabolic health effects, but it is important 
to examine possible contributions of these common food additives to the global rise in pediatric obesity and diabetes.  
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 Introduction  

 Artifi cial sweeteners and the obesity epidemic 

 As a means to help curtail the obesity epidemic, 
small dietary changes to prevent weight gain in chil-
dren and adolescents have been encouraged (1). 
Artifi cial sweeteners have gained attention as 
dietary tools (2) that provide sweet taste without 
the extra energy derived from foods and drinks con-
taining caloric sugars (3–7), and thus may assist in 
weight-loss plan adherence (8). A key question is 
whether replacement of sugar-sweetened products 
with those containing artifi cial sweeteners is truly 
benefi cial. 

 Since their FDA approval, artifi cial sweeteners 
and their benefi ts on metabolic health have been 
questioned (9,10). An association between artifi cial 
sweetener intake and weight gain was fi rst observed 
in epidemiological studies with adults. Several large-
scale studies, including the National Health and 
Nutrition Examination Survey (NHANES) and the 
San Antonio Heart Study, have shown a positive 
 association between artifi cial sweetener use and 
increases in weight and/or BMI (11–14). Other large, 
 prospective cohort studies in adults have shown 

 associations between artifi cial sweetener intake and 
incidence of the metabolic  syndrome and its compo-
nents, including waist circumference, blood pressure, 
and fasting blood glucose (15–18). Some studies in 
adults have demonstrated links between artifi cial 
sweetener consumption and insulin resistance, inci-
dence of type 2 diabetes, and poor glucose control 
in patients with pre-existing diabetes (19,20), while 
others have found no association with diabetes inci-
dence or glycemia control (21,22). 

 Benefi cial effects of artifi cial sweeteners have 
been shown in adults, as well. For example, the 
Nurses Health Study II found decreased weight 
gain among adults who consumed artifi cially-sweet-
ened beverages (23). More importantly, random-
ized controlled studies in adults have shown mildly 
benefi cial results of artifi cial sweetener use, includ-
ing decreased weight regain after dieting (24), 
and weight-stability or minimal short-term weight 
loss compared with caloric-sweetener supplementa-
tion (25,26). In response to these confl icting data, 
several reviews were conducted (27,28). The con-
sensus in the early 1990s was that artifi cial swee-
teners had not been found to increase weight in 
humans (29,30).   
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 Mechanism of action of artifi cial sweeteners 

 Multiple behavioral mechanisms have been pro-
posed to account for the epidemiologic association 
between artifi cial sweetener use and weight gain. It 
has been suggested that the dissociation of the sen-
sation of sweet taste from caloric intake may pro-
mote appetite, leading to greater food consumption 
and weight gain. In addition, increased consump-
tion of added caloric sweeteners has been associated 
with lower diet quality in children (31), perhaps by 
altering taste preferences toward sweetened foods in 
place of more healthful foods, such as fruits and 
vegetables; this mechanism could apply to artifi cial 
sweeteners as well. 

 New data from both humans and animal models 
have provided convincing evidence that artifi cial 
sweeteners play an active role in the gastrointestinal 
tract, thus providing a mechanistic explanation for 
observed metabolic effects. Sweet-taste receptors, 
including the taste receptor T1R family and 
α-gustducin, respond not only to caloric sugars, such 
as sucrose and glucose, but also to artifi cial sweeten-
ers, including sucralose (Splenda™) and acesulfame-K 
(32,33). In both humans and animals, these recep-
tors have been shown to be present not only in lingual 
taste buds, but also in glucagon-like peptide-1 (GLP-1) 
secreting L cells of the gut mucosa (34–36), where 
they serve as critical mediators of GLP-1 secretion 
(36). Mace et al. showed in rat studies that stimulation 
of intestinal taste receptors with sucralose led to more 
rapid absorption of sugars from the intestine into 
the bloodstream (32). We have demonstrated in 
young healthy volunteers that consumption of diet 
soda before an oral glucose challenge potentiates 
GLP-1 secretion, thus potentially altering both gas-
tric emptying and insulin secretion (62). Translating 
these results into the clinical realm, consumption of 
an artifi cial sweetener in conjunction with a sugar-
containing food or drink could lead to more rapid 
sugar absorption, as well as increased GLP-1 and 
insulin secretion, potentially affecting weight, appe-
tite, and glycemia. 

 In light of this new information regarding the 
metabolic activity of artifi cial sweeteners, we have 
conducted a systematic review of the effects of arti-
fi cial sweeteners on food intake, weight, and meta-
bolic health in children.   

 Commonly used artifi cial sweeteners 

 Currently, the FDA has approved fi ve artifi cial sweet-
eners for consumption: acesulfame-K, aspartame, 
neotame, saccharin, and sucralose (Table I). In addi-
tion, the FDA has determined that a new sugar 
substitute, stevia, is a dietary supplement “generally 

recognized as safe” (GRAS). Artifi cial sweeteners are 
known by several names, which include: low-calorie 
sweeteners, high intensity sweeteners, non-sucrose 
sweeteners, intense sweeteners, non-nutritive sweet-
eners, sugar substitutes, and sugar-free sweeteners 
(37). For the purposes of this review, we will use the 
term “artifi cial sweeteners.”   

 Artifi cial sweetener intake in children 

 Beverages have been identifi ed as a major source of 
artifi cial sweeteners in the diet (38,39), hence esti-
mates of artifi cial sweetener consumption are typi-
cally based on artifi cially-sweetened drinks or sodas. 
Nationally representative surveys from the 1990s 
estimated that artifi cially-sweetened sodas accounted 
for approximately 4–18% of total carbonated bever-
age intake in children (40,41). Artifi cially-sweetened 
soft drink consumption appears to be increasing in 
children, both with age and over time (40–43).    

 Methods  

 Search strategy  

 Eligible studies were identifi ed by searching the fol-
lowing electronic databases: PubMed, Web of Sci-
ence, and EMBASE. The following terms were used: 
artifi cial sweeteners, sweetening agent, sweetener, 
sugar substitute, nonnutritive sweetener, intense 
sweetener, sucralose, aspartame, saccharin, sugar 
free, diabetes, weight, obesity, obese, metabolic syn-
drome, cholesterol, and blood pressure. The year of 
publication was not restricted. Additional studies 
were identifi ed by manual search of reference lists of 
key original and review articles.   

 Study selection 

 For inclusion, studies were required to: (a) be pub-
lished in peer reviewed journals in the English lan-
guage, (b) include pediatric subjects age 0 to 18; 
(c) specifi cally address artifi cial sweetener consump-
tion in association with metabolic health effects, such 
as food intake, weight change, diabetes, and meta-
bolic syndrome components; and (d) provide origi-
nal data. Articles published solely in abstract form 
were omitted.   

 Data extraction 

 Two authors (RJB and MAdB) independently identi-
fi ed potentially relevant articles based on titles and 
abstracts. A full text record was retrieved when articles 
met eligibility criteria or when reviewers disagreed. 
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A third reviewer (KIR) with no involvement in the 
initial search process resolved disagreements. 

 Data extracted from eligible articles included 
author, date and duration of study, study design, 
characteristics of the participants (sample size, age, 
gender), outcome measures and results.    

 Results 

 The initial literature search produced 116 potentially 
eligible articles. Of these articles, 111 were excluded 
as they did not meet requirements. An additional 13 

articles were identifi ed based on a reference list 
search of review articles. Our search yielded a total 
of 18 human studies, summarized in Table II.  

 Effects of artifi cial sweeteners on food intake in children 

 Several studies have looked at the effect of caloric 
versus artifi cial sweetener preloads on subsequent  ad 
libitum  food intake in children. In two experiments, 
boys aged 9–14 with a wide range of body mass indi-
ces (BMIs) exhibited complete caloric compensation 
in  ad libitum  lunch intake 30 minutes following a 

  Table I. FDA-approved artifi cial sweeteners.  

 Chemical Name  Trade Names 
 Sweetness (compared 

with sucrose) 
 Acceptable Daily 

Intake (ADI)   Structure 

Saccharin (C 7 H 5 NO 3 S) Sweet N’ Low 300x 5 mg/kg

S

NH

O

O

O

Aspartame (C 14 H 18 N 2 O 5 ) NutraSweet, Equal 160–220x 50 mg/kg

OCH3

O

N
H

O

NH2OH

O

Acesulfame-Potassium 
(C 4 H 4 KNO 4 S)

Sunett, Sweet & Safe, 
Sweet One

200x 15 mg/kg 

-HN

S

O

O

K+

O

O

Sucralose (C 12 H 19 Cl 3 O 8 ) Splenda 600x 5 mg/kg 

O

Cl

HO

OH

HO

O

Cl

O

HO

OH

Cl

Neotame (C 2 OH 3 ON 2 O 5 ) Made by NutraSweet 7 000–13 000x 0.10 mg/kg 
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  Table II. Review of pediatric studies on the effects of artifi cial sweeteners on weight gain and glucose metabolism.  

Study Subjects Age Duration Result

Acute effects on food intake
Anderson et al. (48) 20 healthy children 9–10 years – 6% compensation∗ in ad lib lunch intake 90 min 

after aspartame vs. sucrose-sweetened preload.
Bellissimo et al. (45) 14 boys 9–14 years – 94% compensation in ad lib lunch intake 30 min 

after sucralose vs. glucose-sweetened preload.
Bellissimo et al. (44) 14 boys 9–14 years – 112% compensation in ad lib lunch intake 30 

min after sucralose vs. glucose-sweetened 
Kool-Aid preload (only 66% compensation if 
watching TV during lunch).

Birch et al. (49) 18 children 3–5 years – 90% compensation in ad lib snack intake 20 min 
after aspartame vs. maltodextrin-sweetened 
pudding. When subsequently given 
intermediate caloric density pudding, children 
who previously had aspartame-sweetened 
pudding ate 50 kcal more ad lib snack than 
those previously given maltodextrin-sweetened 
pudding.

Birch et al. (46) 22 children
26 adults

2.5–5 years
25–35 years

– Children showed 109% compensation in ad lib 
snack intake 20 min after aspartame vs. 
maltodextrin-sweetened pudding, while adults 
showed 0% compensation.

Birch et al. (47) 24 children 2–5 years – 60%, 1% and 11% compensation in ad lib snack 
intake 0, 30 and 60 min after aspartame vs. 
sucrose-sweetened preload. Children reduced 
ad lib snack intake 30 min after aspartame-
sweetened preload (compared with water), but 
not after 0 or 60 minutes.

Interventional studies: randomized controlled trials
Knopp et al. (56) 55 children and young adults 10–21 years 13 wk No signifi cant differences in weight loss between 

2.7 g/day encapsulated aspartame vs. placebo 
Ebbeling et al. (57) 103 children (56♀ 47♂) 13–18 years 25 wk No signifi cant difference in BMI between those 

in intervention (replacing SSBs with ASBs) vs. 
control group except among heaviest subjects

Williams et al. (3) 32 overweight girls 13.2�1.4 years 12 wk No signifi cant difference in BMI between those 
permitted sugar-sweetened soda vs. those only 
artifi cially-sweetened soda

Observational studies: cross-sectional studies
Forshee et al. (52) 3 311 children (1 624♀ 

1 687♂); USDA CSFII 
1994–6, 1998

6–19 years – BMI positively associated with ASB 
consumption

Giammattei et al. (53) 385 children (199♀ 186♂) 11–13 years – Higher BMI z-score in those consuming �3 
servings per day of SSBs and ASBs 

O'Connor et al. (54) 1 160 children (581♀ 579♂); 
NHANES 1999–2002

2–5 years – No association between ASB consumption and 
BMI

Observational studies: prospective cohort studies 
Ludwig et al. (55) 548 children (263♀ 285♂); 

Planet Health Project
11.7�0.8 years 2 yr Obesity positively associated with SSB intake 

but negatively associated with ASB intake
Berkey et al. (50) 11 654 children (6 636♀ 

5 067♂); Growing Up 
Today study

9–14 years r 3 yr ASB intake associated with weight gain in boys, 
but not in girls

Blum et al. (43) 166 (92♀ 74♂) 9.3�1 years 2 yr Increased ASB intake associated with BMI 
z-score at end of study

Striegel-Moore et al. (41) 2 371 girls 9–10 years 10 yr Diet soda intake signifi cantly associated with 
total daily energy intake 

Johnson et al. (51) 1 203 children 5–7 years 9 yr ASB consumption associated with baseline 
BMI and fat mass at age 9

Kral et al. (42) 177 children 3–6 years 3 yr No association between ASB consumption and 
obesity risk status

   ∗Compensation after a preload is defi ned as the difference in subsequent  ad libitum  caloric intake between two conditions, divided by the 
calories in the preload.   
 BMI: Body mass index; SSB: sugar-sweetened beverage; ASB: artifi cially-sweetened beverage; USDA CSFII: United States Department 
of Agriculture Continuing Survey of Food Intake by Individuals; NHANES, National Health and Nutrition Examination Survey.   
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sucralose versus sugar-sweetened drink, meaning 
that they reduced their intake at lunch by the number 
of calories contained in the preload (44,45). In 
another study, 2.5 to 5-year-old children showed 
complete caloric compensation 20 minutes after a 
low-calorie, aspartame-sweetened pudding preload 
versus high-calorie, maltodextrin-sweetened pudding 
(46). Interestingly, adults participating in the same 
experiment showed no caloric compensation, mean-
ing they ate the same number of calories at lunch 
regardless of which preload they received. 

 The timing of artifi cial sweetener consumption 
with respect to meals may also affect food intake. 
Children who consumed sugar-sweetened beverages 
immediately prior to a test meal ate less than those 
who consumed artifi cially-sweetened beverages 
before the meal (47). However, no compensation in 
meal intake was observed when sugar- versus artifi -
cially-sweetened beverages were given 30, 60, or 90 
minutes prior to the test meal (47,48). In addition, 
children reduced  ad libitum  lunch intake 30 minutes 
after an aspartame-sweetened preload (compared 
with water), but not after 0 or 60 minutes (47). 

 These studies, of course, do not describe the 
effect of chronic consumption of artifi cial sweeteners 
on food intake. Birch et al. explored this idea by 
giving 3 to 5-year-old children an  ad libitum  snack 
20 minafter either low-calorie (aspartame-sweetened) 
or high-calorie (maltodextrin-sweetened) pudding 
during multiple trials (49). With each trial, children 
consistently showed complete caloric compensation 
for the preload. However, when subsequently given 
an intermediate caloric density pudding of the same 
fl avor they had received previously, children who had 
eaten low-calorie pudding beforehand ate signifi -
cantly more snack than those previously given high-
calorie pudding, by approximately 50 kcal.   

 Observational studies of artifi cial sweeteners and weight 
gain in children  

 The majority of pediatric epidemiologic studies have 
found a positive correlation between weight gain and 
artifi cially-sweetened beverage intake. Blum et al. 
examined beverage consumption and BMI Z-scores 
in 164 elementary school-aged children (43). This 
longitudinal study found that increased diet soda 
consumption was positively correlated with follow-
up BMI Z-score after two years. Comparable results 
were found by Berkey et al., who examined the rela-
tionship between BMI and diet soda consumption in 
over 10 000 children (aged 9 to 14 years) of Nurses’ 
Health Study II participants over the course of one 
year (50). Artifi cially-sweetened beverage intake was 
signifi cantly correlated with weight gain in boys, but 
not in girls, during the study period. A long-term 

prospective study of 1 203 children in England found 
that artifi cially-sweetened beverage consumption at 
ages 5 and 7 was correlated both with baseline BMI 
and fat mass at age 9 (51). Another longitudinal 
study of 2 371 girls (aged 9 and 10) participating in 
the National Heart, Lung and Blood Institute Growth 
and Health Study showed that diet soda consump-
tion was signifi cantly associated with higher daily 
caloric intake, but not with BMI (41). A much smaller 
study of 177 children aged 3 to 6 years showed no 
association between diet soda consumption and risk 
of obesity (42). 

 Several cross-sectional studies in children have 
added to the association between artifi cially-sweet-
ened beverage use and adverse health effects. 
Forshee et al. analyzed data from the US Depart-
ment of Agriculture’s Continuing Survey of Food 
Intake by Individuals from 1994–96 and 1998. This 
nationally representative sample of US children 
between 6 and 19 years of age found that BMI was 
positively correlated with diet soda consumption 
(52). These results were consistent with Giammat-
tei et al.’s fi ndings in 385 sixth and seventh graders, 
which showed that both diet and sugar-sweetened 
soda intake were positively correlated with BMI 
z-score and percent body fat (53). However, a study 
of 2 to 5-year-old children using NHANES data 
did not show an association between artifi cially-
sweetened beverage consumption and BMI in this 
age group (54). 

 To date, only one observational study has shown 
an inverse association between artifi cial sweetener use 
and weight gain. In this study of 548 ethnically diverse 
school children (mean age 11.7 years) in Massachu-
setts, Ludwig et al. found that increased diet soda 
consumption over a 19-month time period was asso-
ciated with decreased incidence of obesity, whereas 
the odds ratio of becoming obese increased 1.6 fold 
for each sugar-sweetened drink consumed (55).   

 Interventional studies of artifi cial sweeteners and weight 
gain in children 

 Three small interventional studies that manipulated 
artifi cial sweetener intake have been conducted in chil-
dren, and have failed to show metabolic effects. Shortly 
after the approval of aspartame by the FDA, its effects 
during active weight reduction and its role in gluco-
regulatory hormone changes were studied in 55 over-
weight children and young adults, aged 10 to 21, 
during a 13-week 1 000 kcal/day diet (56). There were 
no differences in weight loss for subjects receiving 2.7 
g/day of encapsulated aspartame versus placebo. 

 A randomized, controlled pilot study of 103 ado-
lescents, aged 13 to 18 years, examined the effect of 
replacing sugar-sweetened drinks with artifi cially-
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sweetened beverages or water during a 25-week 
period (57). Changes in BMI for intervention versus 
control (no replacement of sugar-sweetened drinks) 
were not signifi cant for the entire group, although an 
exploratory  post-hoc  analysis showed that the inter-
vention made the greatest difference in the heaviest 
subjects, whose BMIs declined by 0.63 � 0.23 kg/
m 2 , compared with a 0.12 � 0.26 kg/m 2  gain in the 
control group. However, the authors did not sepa-
rately report consumption of water versus artifi cially-
sweetened beverages during the intervention, and 
thus the effect of artifi cial sweeteners in this study 
could not be isolated. 

 In the third randomized, controlled trial, girls 
aged 11 to 15 years consumed a 1500 kcal/day diet 
for 12 weeks. In one group, sugar-sweetened soda was 
permitted as a snack, while in the other group, only 
diet sodas were permitted. There were no differences 
between groups for BMI change, and reported intake 
of either sugar-sweetened or artifi cially-sweetened 
soda did not affect BMI change (3).   

 Artifi cial sweeteners and the metabolic syndrome 

 Components of the metabolic syndrome have been 
assessed in two pediatric studies. The previously dis-
cussed study of encapsulated aspartame versus pla-
cebo in young people found no differences in blood 
pressure, glucose, or lipid profi les between groups 
(56). Similarly, in the study in which teenage girls 
were permitted either sugar-sweetened or artifi cially-
sweetened soda as a snack during weight loss, there 
were no differences between groups in blood pres-
sure, waist circumference, or lipid profi le (3).    

 Discussion 

 Recent epidemiological, clinical and laboratory fi nd-
ings question whether recommendations for the use 
of artifi cial sweeteners are indeed appropriate. A 
careful review of this literature by health professionals 
including physicians, epidemiologists, and dietitians is 
necessary to help consumers make well-informed 
decisions about their health. In this review, we have 
examined the existing evidence supporting or refut-
ing a link between artifi cial sweetener use and weight 
change and other metabolic effects in children. 

 Epidemiologic studies of artifi cial sweetener use 
in children have generally shown a positive associa-
tion between artifi cial sweetener intake (most com-
monly as diet soda) and weight gain. In interpreting 
such studies, it is critical to consider the conditions 
required to support causality in such studies, includ-
ing the strength of the association, consistency in 
fi ndings, temporality, biological gradient, plausibility, 
coherence between epidemiological and laboratory 

fi ndings, and strength of the dose-response relation-
ship (58). Based on these criteria, causality is far 
from established with regard to artifi cial sweetener 
use and weight gain in children. It is particularly dif-
fi cult to establish causality between artifi cial sweet-
ener consumption, weight gain, and metabolic 
abnormalities, as artifi cial sweetener intake is likely 
to be an indicator for other variables. For example, 
the decision to consume artifi cial sweeteners is often 
made by individuals who are concerned about their 
weight in an effort to reduce their caloric intake. In 
the case of children, this decision is frequently made 
by parents who are concerned about their own weight 
and consequently the weight of their offspring, thus 
further confounding the choice to use artifi cial sweet-
eners with genetic and behavioral variables. 

 Studies of artifi cial sweeteners and food intake 
demonstrate that caloric compensation is more com-
plete in children than in adults, in whom food intake 
is substantially infl uenced by social cues and learned 
behaviors. However, even in children the degree of 
caloric compensation depends on the timing of the 
preload relative to the  ad libitum  meal, as well as the 
age of the child and other experimental circum-
stances. Although not all studies agree, the general 
trend is that artifi cial sweeteners may reduce total 
caloric intake when consumed between meals, but 
when consumed with meals, children may compen-
sate for low-calorie snacks or drinks by increasing 
meal-associated calories. One study (49) supported 
the hypothesis that training children to associate 
sweet taste with low caloric density may result in 
overeating. Such studies, while not realistically mim-
icking actual human behavior, may provide insight 
into underlying mechanisms. 

 The strongest evidence for causation between 
artifi cial sweetener use and either adverse or benefi -
cial health effects comes from randomized controlled 
trials. The few small, randomized controlled trials 
conducted in children did not fi nd an association 
between artifi cial sweetener consumption and weight 
change. However, these studies were not specifi cally 
designed to look for effects of artifi cial sweeteners on 
weight change, and were presumably underpowered 
to fi nd such effects. Currently, several trials are in 
progress to study the effects of artifi cially-sweetened 
carbonated soft drinks on body weight and other met-
abolic parameters in both children and adults (59,60), 
and studies of mechanisms underlying metabolic 
effects of artifi cial sweeteners are ongoing as well 
(61). These studies, and other similar investigations, 
will be critical for advancing understanding of the 
role of artifi cial sweeteners in metabolic health. 

 At the current time, the jury remains out regarding 
a possible role of increased artifi cial sweetener use in 
the obesity and diabetes epidemics, whether adverse, 
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benefi cial or neutral. In particular, very little data exist 
regarding the role of artifi cial sweeteners in glucose 
metabolism in children. Our growing understanding 
of the active metabolic role played by such chemicals 
in animal models should spur further research into the 
effects of these common food additives in humans.      
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