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Objetivos

 Resumir y evaluar evidencia consistente que pruebe
una mayor ingesta de energia, mayor incremento
peso y otras comorbilidades al consumir ENC.

* |dentificar y examinar los mecanismos fisiolégicos
que podrian tener efectos deletéreos en el
organismo.

« Exponer factores que son dificiles de interpretar, y
que deben ser considerados en otros estudios.
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SECRETARIA DE ECONOMIA
DIRECCION GENERAL DE INDUSTRIAS BAsIcas

ANALISIS DE LA SITUACION EcONOMICA, TECNOLOGICA Y DE

PoLiTicA COMERCIAL DEL SECTOR EDULCORANTES EN VMIEXICO

Hoy en dia esta industria enfrenta cambios en los
patrones de consumo por cuestiones de salud y

una creciente sustitucion y consolidacion de otros
edulcorantes como el JMAF y los No Caléricos, que en

recientes afios han logrado penetrar en el consumo
ndustrial yde los hogares



Edulcorantes caloricos
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Fuente: Balance Nacional de Edulcorantes, con informacion preliminar de produccion de fructosa en
el mes de septiembre. Para No Caldricos estimaciones pre-eliminares, SE-DGCE.
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Frank G., et al. Sucrose activates human taste pathways differently from artificial sweetener
Neurolmage 2008; 39: 1559—1569
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Azicar Edulcorantes no caléricos

Lindermann B. Receptors and transduction in taste. Nature 2001: 413; 219-225



Neurolmage

www.elsevier.com/locate/ynimg
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Edulcorantes no caloricos

Lactosa 0.25
Galactosa 0.3
Sorbitol, 0.5-0.6
Glucosa 0.7
Xilitol 1
Fructosa 1.1-1.3
Manitol 0.7
Sorbitol (D-Glucitol) 06
Aspartame 200
Sacarina y sales 300
Ciclamato de sodio o de calcio 20

Sucralosa 600



Edulcorantes no caloricos

Date of discovery and approval of currently marketed nonnutritive sweeteners (NNS) and their Acceptable Daily Intake (ADI)'

Year approved for
Sweelener Year discovered use 1n foods JECFA ADI EFSA ADI FDA ADI NFI DVFA
mg/kg body wt mg/kg body wt mgkg body wt mg/kg body wt

Acesulfame-K 1967 1988 13 9 15 4
Aspartame 1965 1981 40 40 50 15
Cyclamate 1937 1958 11 T NA' 11
Saccharin 1879 1977 5 5 5 5
Sucralose 1976 1998 13 5 ] 15
Neotame 1965 2002 (-2 l 1§

' JECFA, Joint Commission of Experts on Food Additives of the World Health Organization and the Food and Agriculture Orgamzation; ESFA, European
Food Safety Agency; FDA, Food and Drug Administration; DVEA, Danish Veterinary and Food Admunistration; NA, not available.
jﬂy-clmnale has been banned in the United States since 1969,



Nonnutritive sweetener consumption in humans: effects on appetite
and food intake and their putative mechanisms'™

Richard D Mattes and Barry M Popkin Am J Clin Nutr 2009:89:1-14.
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Aspartame Sacarina Acesulfame-K Sucralosa
30-32 latas O latas

18-19 latas 9-12 paquetes



Eso no es todo.....

Otros edulcorantes
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Antecedentes

Legend

€ High intestinal

lipogenesis (hamster)

©) High hepatic lipogenesis

€© High VLDL-TG secretion (liver)

QO Low VLDL-TG clearance
(adipose, others)

o Low fat oxidation:
muscle, others

Tappy L., Lee K. Metabolic Effects of Fructose and the Worldwide Increase in Obesity. Physiol Rev 2010 (90) :
22 _46
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B ORIGINAL CONTRIBUTION

Sugar-Sweetened Beverages, Weight Gain,
and Incidence of Type 2 Diabetes
in Young and Middle-Aged Women

Conclusion Higher consumption of sugar-sweetened beverages is associated with
a greater magnitude of weight gain and an increased risk for development of type 2

diabetes inwomen, possibly by providing excessive calories and large amounts of rap-
idly absorbable sugars.

JAMA. 2004:292:927-534 WWW.Jama.com




La evidencia

British Journal of Nutrition (2011), 105, 1320-1328 doi: 10.1017/50007 1145100051 2X
© The Authors 2011

Effects of carbohydrate sugars and artificial sweeteners on appetite
and the secretion of gastrointestinal satiety peptides

Robert E. Steinert*, Florian Frey, Antonia Topfer, Jirgen Drewe and Christoph Beglinger

Division of Gastroenterology, Department of Biomedicine, Clinical Research Center, University Hospital Basel, CH-4031
Basel, Switzerland



I I The American Journal of
La eVIdenCIa CLINICAL NUTRITION

Sugar-sweetened beverages and weight gain in children and adults:
a systematic review and meta-analysis'™

Vasanti § Malik, An Pan, Walter C Willett, and Frank B Hu



Antecedentes

Food and Chemical Toxicology 49 (20T1) 2ZE75-2882

ELSEVIER
tFructose and non-fructose sugar intakes in the US population and their associations
with indicators of metabolic syndrome

Sam Z. Sun®*, G. Harvey Anderson®, Brent D. F]ickingerh, Patricia S. Williamson-Hughes b
Mark W. Empie P
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¢, Qué se dice de ellos?
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JAMA

The Journal of the
American Medical Association

Artificially Sweetened Beverages

Cause for Concern

Dhavial 5. Lamlwag, NI, "D}

HE TASTE RECEFTOR FOR SwWEETRESS, TIRMRIRY

can delect sugar al a concentration as low as

about 1 opar in 200, whereas some biter sub-

stances can be detected in the range of a lew
parts per million, perlaps explaining why most individu-
ak prefer foods with high sugar content bur linde biver-
ness, However, this inmie preference lor sweeiness does
nol necessarily lead w obesity or other diet-rebied dis-
eases because sugar-containing loods in their narural
form end 10 be highly nuiritous. For imance, an S0z
apple comains benelicial vimming, minenls, and phyto-
chemicals but fewer calories than a 2-oz portion of bread.
Mast fruis elicit a high kevel of satery relative 1o calories
ingested due 1o their low-energy density, high-liber con-
ent, and low gheemic index *

Problems occur when sugars—chielly sucrose and the
chemically similar product, high-lreciese corn syrup—are
relined, concentrated, and comsumed in large amoums.
Without the proection conlerred by an intser, mral
food comaining liber and antoxidints, thee relined
sugars increse blood glucese and imsulin kvels mpidly
alter consumption, increasing concenirations of wriglyoer-
ides, infllammatory mediators, and reactive axygen
radicals” In contrast 1w whole Truit, imake of elined car-
bohydrate increases risk Tor diaberes, cardiovaseular dis-
o, and other chronic illness” Sugar-sweetened bever-
ages may have an especially adverse ellect on bady weigh
becauze of the exceptionally low-=satery value of sugars in
liguid k.

One propesed solution w the problems cawsed by ovwer
consumption of these Brening, empry calories is arificial
sweeteners Presently, 5 such producs have US Food and
Drug Administration (FDAY approval: saceeharin, acesul-
famme, aspariame, neotame, and sucralese . (Sevia, a marural
extract from the plant SMevia rebadiana, received FDA
approval in 2008 These symhetic subsances are hun-
dreds 1o thowsands of times more potent than suerose and
elicit an inense semation of axveemess in t@aee concentra-
T,

As suggested by the e diet with which these producis
arg marketed, bods and bevermges with anilicial sweeten-
ers are intended 1o produce a sweel st comparable with

L2009 Awnevican Medieal Aswacision All righrs esaved.

their sugar-containing counterpans but with lewer calo-
ries, thereby promoting weight loss when substmned lor
calorie-comaining products. Shor-tem climieal wials pro-
vide some evidence lor this ellect. For example, obese
aduls whe consumed an avermge ol 600 kealld of suerose,
mostly in the form of beverages, for 10 weeks showed
increased body weight, blosd pressure, and inlbmmaiory
markers compared with a commel group given artificial
aveeleners.

However, body weight is regubited by complex and -
dundant bislogical and behavioral pathways. Calories dis-
placed by arificial sweeteners may be repliced over time
o cther sounces; the nature and complee s olthis com-
penzation woukd therelore determine the ulimae ellecizon
body weight and other healthoueomes. In addition, over-
stintulation of sugar receptons by Mequent consum prion of
h!.'ptr-il!lll‘:l!l:in: SWRE TENETS LAY CHUSE [asle |!|r-|‘:r1:r1‘:|!|c-|:.~i. Ll L
main in, or evert o, aninlantlke siae Gie, with lmived ol-
erance for more complex wsies). Individua bl who habi-
ally consume arnilicial sweeenes may find more saiating
but less inensely sweet bods (eg, Truit) less appealing and
unzw eel foods (eg, vegeables, legumes) less palatable, re-
duing overall dietgualivy in wavs that might contribue 1o
excessive welght gain,

Drigt drinks may comprise a special and particularly con-
cerning ease. Dietl drinks have essentially mo calaries,
unlike mest artificially sweeened solid foods than typically
contain other nuirients. Mowover, diet drinks awe ohen
corsumed in the absence of other loods, producing a dis-
soc B tion Bertween sweel taste and calorie inake. One con-
cern is that the dissociation of these phvaological evenis
might disrupt the hormonal and neurobehavioral path-
ways regulating hunger and satiery. In suppon of this pos-
sibilivy, Swithers and Davidson® eporied thar redems led
saccharin compared with those fed glucese showed dimin-
ished calorie compensation ability, incressed calorie
intake, and incresaed body weight. In asudy of plornms-
cological reward, Lenoir et al® gave rodents the munually
exclumive choiee of intvenous cocaine or an oral saccha-
rin solution. They found that most animals, ineluding

Austver AllRaBenr Opdnal Waighs dor Like Prograns, Depar et of AMed dne
Chilkfren's Hospital, Bosfon, Massadhusens

Covre il Ao Do 5. Lusdwig. MID, Pl Dapa it o Aed dne, Chil
dran's Hiospital Bostion, 300 Longywood fvar, Bostion, AL 02115 idadd e g
e ke e R e and @ Gl

(R ) LG, Dhcesshesr @, 2000l W00, MNe 11 2477
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Efectos de su consumo

Ganancia de peso

Sindrome metabdlico

) Diabetes Tipo 2
. Hipertension y ECV



Table 1. Prospective cohort studies of artificially sweetened beverages |(ASB) and health outcomes

San Antonio Heart
San Antonio Heart
San Antonio Heart
San Antonio Heart
San Antonio Heart
San Antonio Heart

IDEAECHD
IDEAECHD
CARDIA

Framingham
Offspring
ARIC

MESA
MESA

E3N

HPFS

HPFS

NHS

EPIC-InterAct

1250 men and women®

1250 men and women®

1250 men and women®

1250 men and women®

2571 men and women®

2571 men and women®

327 male adolescents®
339 female adolescents®
4161 men and women

039 men and women

9514 men and women

5011 men and women

5011 men and women

B6 118 woamen

40 389 men

39 059 men

74 749 women

15 374 men and women

7-8 years
7-8 years
7-8 years
7-8 years
7-8 years
7-8 years

24 months
24 months
20 years

4 years
9 years
2-5 yoars
2-5 yaars
14 years

20 years

22 years

24 years

16 years

BM| >25
BM| >25
BMI =25
BMI =25
BMI =30
BMI >30

BMIT
BMI'
Metabolic syndrome”

Metabolic syndrome
Metabolic syndrome
Metabaolic syndrome
T2DM

T2D

T2D

T2D

T2D

T2D

<3 per week
3-10 per week
11=21 per week
=22 per week
11-21 per week
=22 per week

Continuous
Continuous
Any

=1 per day
OR =153
Highest tertile
HR =1.34
=1 per day
HR = 1.31

=1 per day
HR = 1.63
=603 ml per week
HR = 3.50
4.5 per week
to18 per day
HR = 1.91

=1 per day
HF = 1.95'
HR =1.87"
=1 per day
HR = 1.76
HR = 1.5™
=1 per day
HR = 1.84

WA
WA
MiA
MiA
M/A
M/A

Continuous ®
Mo
1Y

=1 per day
OR = 1.62
Highest tertile
HR = 1.08
/A

M/A

=358 ml per week
HR = 1.49

4.5 per week
to 7.5 per day
HR =125

=1 per day
HR = 1.57'

HR = 1.49™
=1 per day
HR = 1.46

HR = 1.74™
=1 per day
HR = 1.68

HR=1.23
NIA

NIA

Yasl
HR=1.17
Yes
HR=1.38
Yes
HR = 1.68
Mo
HR=1.09

Mo*
HR=1.18'
HR=1.06™
Yas"
HR=1.08
HR=1.01™
Mo
HR=1.13
Yes®
HR"=1.43

MNIA
MNIA
WA
M/A

M/A
NIA
NIA

NIA
NIA
WA
M/A

Yes
HR =1.30
Yes
HR =1.24

Yos

HR =1.37
HR =1.33™
Yes

HR = 1.20
HR = 1.29™
Yos

HR =1.29



Hipertension y ECV

Relative risks and 95% Cls of coronary heart disease by consumption level of arfificially sweetened beverages (1 = 33,520

Consumption level
<]/ma 14/ma I-tiwk 1 tp <24 =i P for trend

Median infake (servings/d) ) 0l 04 1.2 25

Na. of cases 1213 24 1040 218 143

Person-years 730,939 205,253 671,586 202,060 101,470

Age-adinsted l 082 (074,092)  088(081,096) L0108, LI3) 128 (108, 133) 0.002
Multivariate-adjusted” l 051 (081, 102) 056 (0.88, L0%) L0108, L.13) 114 (096, 1.36) 0.10
Mulfivariate-adjusted + diet’ | 080810 09804,107 L34, LI7) | LIS (047,138 | 047

I Beverage consumption inchides low-calone caffeine- and non-caffeine-containing carbonated beverages. Relative tisks were computed from a Cox

proportional hazard model,

 Adjusted for age (confinuous), smoking [never, past, ar current cigareffe use (1-14/d, 15-24/d, 225/d, or missing), alcahol nfake (0, 5,313, ar 13
g/d), family history (yes or no), physical acfivify (quinfiles), aspirin use (<1, 1-2, 3-6, 7-14, ar > 13/wk), menapausal stafus and postmenapausal harmone use
(premenopansal, never, past, ot cument hormane use), and history of hypertension and high blood cholesteral

* Addifionally adjusted for the Altemate Healthy Eafing Index (quintiles).






Efectos de su consumo

The NMEW EMNGLAND JOURENAL af BMEDICINE

CORlIGIMAL ARTICLE

A Trial of Sugar-free or Sugar-Sweetened
Beverages and Body Weight in Children

M. Sc., Margreet R. Olthof, Ph.D., Jacob C. Seidell, Ph.D.,
and Martijn B. Katan, Ph.D

Janne . de Ruyter

Replacing caloric beverages with water or diet beverages for weight
loss in adults: main results of the Choose Healthy Options Consciously

Everyday {CHOICE) randomized clinical trial’™

Deborah F Tate, Gabrielle Twrner-McGrievy, Elizabeth Lyons, June Stevens, Karen Erickson, Kristen FPolzien,
Molly Diamond, Xiaoshan Wang, and Barry Popkin




Efectos de su consumo

Sample characteristics mw Primary outcome

DRINK 641 boys and girls® 18 months  One ASB or one SSB per_ day; | BMI z score in
ASB group

Other outcomes

*Aged 4-11 years.Abbreviations: CHOICE, choose healthy options consciously every day; DRINK, double-blind, randomized intervention study in kids.

CONCLUSIONS
Masked IEEI:ac-E-meut of sugar-containing bevemgs with noncaloric IJE'E’EIELEE re-

duced weight gain and fat accumulation in normal-weight children. (Funded by the
MNetherlands Organization for Health Research and Development and others;
DRINK ClinicalTrials.gov number, NCT00893529.)



Efectos de su consumo

Sample characteristics m Interventions

CHOICE 318 overweight and obese 6 months
men and women

Primary outcome | Other outcomes
Replacement of sugar-sweetened ' No differences | Fasting glucose in
beverages (SSB) with water in weight loss water and AC groups
Replacement of S3B with ASB

Attentional control (AC) group



Estudios prospectivos y de intervencion

1.- Sobrepeso — obesidad
2.- Sindrome metabdlico
3.- Eventos cardiovasculares




‘ Evento en el que el efecto
precede a la causa




Causalidad reversa
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Respuestas fisiologicas

Respuestas
fisiologicas

Absorcién y
utilizacién de
energla

Homeostasis
energética

Senal débil
Compensacion

Smeets, P.A. et al. Cephalic phase responses and appetite. 2010; Nutr. Rev 68: 643—655



Respuestas fisiologicas
PéptldOS Marcadores

postpandriales de

/-\ glucosa

Insulina

TN

Ma, J., et al (2009) Effect of the artificial sweetener, sucralose, on gastric emptying and incretin
hormone release in healthy subjects. Am. J. Physiol. Gastrointest. Liver Physiol. 296, 735-739



Respuestas fisioldgicas

Oral
intake @

¢ Fat ‘.. Muscle

4 Glucose uptake
Gluoose P cells
=# ‘
« cells
J Glucagon
Small
intestine 4 Glucose

brush border production

Liver '

http://bjcardio.co.uk/2011/06/drugs-for-diabetes-part-5-dpp-4-inhibitors/



Respuestas fisioldgicas

Table 3. Acute effects of high-intensity sweeteners on blood glucose homeostasis markers

Participant and Delay betweesn Effects of
premeal characteristics premeal and premeal
test meal

Effects after
test meal
compared to

Effects after test meal
compared to sugar-
sweetened premeal

Test meal
characteristics

Treatment Sweestener conditions

prior to

premeal

water premeal

One man, SEven women
EMI =18.8-23.9

50 ml liquid®

12 men, 12 women
overweight and obese
Mean BMI=31.4

500 mil liquid®

Seven men, three women
Mean BMI = 25.5

400 mil liquid® premeal

16 leam, 12 obess
men and womean
Mean BMI = 27.5

400 g tea with crackers
and cream cheese” premeal
Eight womean

Mean BMI =22.2

355 mil liquid® premeal

Ten males, 12 femalg’
Mean BMI = 25.6

240 mi liquid™ premeal

~12 h fast

Owernight fast®

~12 h fast”

Breakfast prior
to premeal”

~10 h fast

~10 h fast

MA

MA

15 min

20 min

60 min

10 min

Water

Sucralosa {~41 mg)
+ Maltodextrin [~25 g}

Sucralose {~41 mg)
Water
Sucrose (53 g)

Aspartamea {~225 mg)®
Glucose (40 g}
Sucralose (60 mg)

Sucrose’
Aspartama’

Stevia'

Sucrosa (50 g)

Water

Sucralose {6 g Splenda
=420 mg sucraloss]

Sucrose (50 g)
+ Sucralose (6 g Splenda)

Carbonated water

~48 mg sucralose +
~28 mg acesulfame-K

N/A
I Glucose"

1 Insulin®

No effects”

N/A

| Ghrelin®

Smaller | in GLP-1®
i GIP"

Mo effects

N/A

| Glucose'

| Insulin'
| GLP-1'
| GIF'
N/A

| Glucose
| Insulin'
| Glucose
| Insulin'

1 Glucose"

1 Insulin®
TS
Mo effects

Mo effects’

Mot tested”

MNfA

MIA

65 g powdered
potatoss

20 g glucose

egg yolk
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Artificial sweeteners produce the

counterintuitive effect of inducing
metabolic derangements
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Figure 3. Prevalence (%%, SE) of nonnutritive swestened beverane
intake among LIS children and adults as detemined by one
24-hour recall MNational Health and MNutrition Examinaton Sunvey
S0O07 —2008) according to age group. The sample size of participa-
tion by age group for females was ages 1 to 3 (n=575), 4 to 8
N=435), 9 to 13 (n=418), 14 to 18 (n=353), 12 to 30 (n=513), 31
to 50 (h=950), 51 to 70 (n=873), and =70 (h=484). The sampl=
size of participation by age group for males was ages 1 to 3
Mm=617), 4 to 8 =502, 2 to 13 (Nn=412), 14 to 18 (Nn=380), 12 to

A0 (n=518), 31 to 50 (n=889), 51 to 70 [ =862), and =70 (n=466).
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Discusion

M Figura 10.1
Distribucion del estado nutricio de
hombres y mujeres de 20 afos o
mas, de acuerdo a la dasihicacion del
IMC™ México, ENSANUT 2012

* Pt dhe Corte prOpLssins por L
Organizacdn Mundial de la Sahed bajo
peso <185 kgfme, noemal 18.5-24.9 kg
v, sobiepeso 15-29.9 kgfm?, y obesidad
= 10 kgfmd
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» ;Se puede generalizar y englobara todos los
edulcorantes como uno mismo?

» ;Sera que de ahora en adelante deberan
categorizarse las conclusiones y
recomendaciones hacia cada uno de ellos?



