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* H épeuva dnuoaoieutnke 10 2012.
- The study was published in 2012.

« Baoiotnke otn diatpo@ikn agloAdynon Twv epsuvwy Nurses’ Health Study (NHS) kai Health
Professionals Follow-Up Study (HPFS)

- It was based in the diet assessment in the Nurses’ Health Study (NHS) and Health Professionals Follow-Up Study
(HPES).




Eicaywyn
Introduction
* Aotraptdun (MEBUA — eoTépag Tou ditTemTIdiou L-a-aotrapTul-L-gaivulaAavivng)
-~ Aspartame (L-a-aspartyl-L-phenylalanine methyl ester)
«  Mia texvnTtr} YAUKQVTIKA oudia TToU XPNOIKOTIOIEITAI O€ TTPOIOVTA:
- XapnANg BeppIdikng agiag
- YapnAwv udatavepdkwv

- Xwpig ¢axapn

- An artificial sweetener used in many products

* low-calorie
* low-carbohydrate

« Sugar-free
» AIGoTTO0N OTTAPTAPNG UYPWV €AV atTtoBnKeUeTal KOVTA i TTAvw atrd Tn BEpPoKkpacia dwuaTiou OE:
- MebBavoAn
- QOTTaPTIKO O¢U

- @aivuhahavivn

- Break down of aspartame in liquids if stored near or above room temperature in:

*  Methanol

* Aspartic acid

- « phenylalanine
— e — e .




1981: Treplopiopévn Xpron o€ ¢npad TpOPIUa.
- 1981: limited use in dry foods.

1983: xpnoIuoTToINenKE yia TTPpwTN opAa OTA AVOPAKOUXO OVAWUKTIKA.
- 1983: first use in carbonated beverages.

1996: yia yevIKOUC OKOTTOUG
- 1996: approved use for general purposes.

2NMEPA: XPNOIMOTTOIEITAI WG YAUKQVTIKO Kal EVIOXUTIKO yeuong o€ >6.000 1pogiua o€ OAo Tov
KOO0

- Today: used as artificial sweetener and flavor enhancer in >6000 foods worldwide.
H.MN.A.: H eTAo1a xprion o€ 0Aeg TIC epappoyEg 5.000 — 5.500 tévoug, ~86% avaywukTika diaitng
- U.S.A.: annual use for all applications: 5000 — 5500 tons, ~86% in diet soda

H.IN.A.: To €TA0I0 TTOOO TNG ACTIAPTAKNG TTOU XPNOIKMOTIOIOUVTAl CANEPO OTA AVAWUKTIKA
dlaitng €ival 4.500 1évol.

- 0€ £&Va aQVOWUKTIKOU TUTTOU cola diaitng: ~560 mg/L aotraptdun

- 0¢€ TmopToKaAGda: ~930 mg/L aoTrapTaun

- U.S.A.: annual amount of aspartame used in diet sodas is 4500 tons

* In a diet cola: ~560 mg/L aspartame

* In an orange soda: ~930 mg/L aspartame




MeBodoAoyia
Methods

*  NHS: évapgn 1o 1976, cuppueteixav 121.701 voookdpeg nAikiag 30 — 35 eTwv.
- NHS: started in 1976, 121701 nurses aged 30 — 35 years participated.
«  HPFS: idpuon 1o 1986, cupuetoxn 51.529 avdpwyv, emTayyeAuaTiwv uyeiag nAikiag 40 — 75 eTwv.
- HPFS: established in 1986, participation of 51529 menhealth professionals, 40 — 75 years of age.
°  2ZUNTTAAPWON EPWTNUOTOAOYIOU TTOU TTEPIEIXE:
- latpikd 10TOPIKO
—  XapaKTNPIOTIKA TPOTTOU {WNG

- [MapdyovTeg KIvOUVOU TToU OXETICOVTal JE KAPKIVO

- Completion of questionnaire containing:

« Medical history
I  Lifestyle characteristics

+ Risk factors associated with cancer
*  2ZUNTTANPWUATIKG epwTnUaToAdyIa KGBe 2 xpodvia.
- Follow — up questionnaires every 2 years.
« EmavagioAoynon diaitag k&Be 4 xpovia.

- Reassessment of diet every 4 years.
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ATTOKAEIOPOC CUUMETEXOVTWY TTOU OEV AVTATTOKPIONKAV OTO aPXIKO £pWTNHATOAOYIO ) UE
TTponyouuevn dIAyvwaorn KapkKivou.

- Exclusion of participants who didn't respond to initial questionnaire or reported previous diagnosis of cancer.
TeAIkr) cupBoAn 77.218 yuvaikwy kai 47.810 avdpwv.
- Contribution of 77218 women and 47810 men.

KdaBe dieTia Ol CUMPETEXOVTEC KANBNKaV va ava@Eépouv OAEC TIG dIAYVWOEIC KAPKIVOU TTOU
TTPOEKUYAQV.

- On each biennial questionnaire, participants were asked to report all incident cancer diagnoses.

571 non-Hodgkin Aeppwparta (NHLs) otoug avdpeg kal 753 NHLs OTIC YUVaiKES, €K TwWV OTTOIWV
399 ka1 581 aropa avrioToIXxa JTTopoUCaAV Va KatnyoploTroinbouv pe BAon Tov IOTOAOYIKO
UTTOTUTTO.

— 571 non-Hodgkin lymphomas (NHLs) in men and 753 NHLs in women, of which 399 and 581 individuals,
respectively, could be classified by histologic subtype.

131 kal 154 TTePITTTWOEIC TTOANATTAOU HUEAWNATOC O€ AVOPEC KAl YUVAIKES AVTIOTOIXA.
- 131 and 154 multiple myelomas in men and women, respectively.
186 kal 153 TTEPITTTWOEIG AeuXaIWiag o€ AvOPES KAl YUVAIKEG AvTioToIXA.

- 186 and 153 leukemias in men and women, respectively.




AlaTpo@IKN agioAoynon
Diet assessment
«  Xprion nuitroocoTikwv FFQ 130 Tpoiuwv.
- Use of semiquantitive FFQ of 130 foods.
*  KaravaAwon avayukTiKwv: 355mL.
-~ Soda consumption: 355mL.
¢ 2TNV avaAuon UTTapyouV 5 ouxvOTNTEC KATAVAAWONG AVAWUKTIKWV.
- 5frequencies in soda consumption for the analysis.
«  Ta ammoteAéopaTa BacioTnkav OTn KATAVAAWGON TWV:
- d1auTNTIKA cola pe Kageivn
- d1auTNTNIKNA cola xwpig Kageivn
~  QVOWUKTIKWYV d1aiTnG

- €emTPATTECIAG AOTTAPTAUNG

- The results were based in the consumtion of:

« Diet cola with caffeine
» Diet cola without caffeine
* Diet soda

* Aspartame sweeteners

*  AA\eg TTNYEC (TEXVNTA YAUKQVTIKA, YIQOUPTI, TTAYWTO) dEV AauBavovTal uttoyn.
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©  2TIC OTATIOTIKEC avaAuoelic A@Bnkav utroyn :

- Bapog
- B.M.I.
- @UAO
- Katmviopa — ap1Budg Tolyapwyv ava nuépa
- OowpaTikh dpacTnPIOTNTA (OUVOAIKO PETARBOAIKO 1I000UVANO £pYO)
- TToAuBITauivouxa okeudoparta
- In statistical analyses were included:
«  Body weight
- B.M.IL
+ Sex
« Smoking — number of cigarettes per day

« Physical activity (total metabolic equivalent

e Multivitamins

» Mg €101k avaloyikd povTéAa Cox CUYKpiveTal N ouada he TN XapnASTEPN KATavAAWON O€ OXEON ME
| TIC AANEC OUADEC.

- Use of Cox proportional hazards models to compute incidence by comparing risk of the outcome in each upper
exposure category with that in the lowest reference category.

<« Htmpooapuoyr oto diaBATN Kal N avaAoyia péong — 1I0Xiwv Ogv giXe €TTidOpacn OoTa atroTeAéouaTa.
- Adjustment for diabetes and waist-to-hip ratio did not alter results.

o TEAog, e€eTdleTal av n TPOCANWN acTrapTAung eTnEeAleTal atrd To aAKOOA kail To B.M.I. pe Tn
MEBODO Tuxaiag etTidpacng DerSimonian kai Laird.

- It was tested whether the influence of aspartame intake was modified by alcool and B.M.I. by using the random-effects
k hod of DerSi . | Laird




TABLE 1

ATTOoTEAECUOTO
Results

Ape andl spe-smndahred charsctenics of sdy populations within catepones for frequency of diet soda comumpton 21 baseline in 1968 in mien in the
HPFS and in 1984 in women in the NHS'

[Het sads”
Yele=n Wioamen

Mane 1=3.9 servingsfwk =1 servingfd Mamne 1=3.9 servingmiwk =1 servimeil
Medhian diet socda intake (fwik) ik 29 114k ¥ 30 11.ik
Paticipanis {m) 21,328 K23 B259 29206 13,021 17427
Age (V) 553 = 10407 543 2495 515 £ 89 515 273 S0bLE = 7.1 S5 =70
Reguler sugsr-swestensd soda (fwk )’ 26 245 14 =26 1.1 =28 24 246 9 = 19 7 =23
Aspertsme (mgkl)”’ 36 2137 559 = 30,5 258 = 186 29 = 120 547+ ¥ 248 = 177
Fruit znd vepsishles {fd) 53 =215 55 227 57 =29 50 =25 53 % 24 55 227
Saturated fat {gfdy’ 245 £ 64 M58 50 = 6.4 219 =48 240 = 4.3 26 £4.]
Animal prodein {gid)” 54 £ 174 a2 =171 71l £ 159 3 £ 131 36 £ 135 S50 £ 147
Adoahal {&fd) 116 = 14k 113 £ 147 ke = 154 68 =115 67 = kG T3 21L7
Energy {koalfd) AKFY = addk 19310 = G 198 = &30 17TH4 = 537 1714 = 519 1738 = 535
Activily (MET-h'wk)" 190y = 231 212 =239 215 £ 251 127 £ 145 143 £ 173 143 £ 17.8
BMI (kgfm’) 249 =29 5.7 =30 b =33 [9 £243 2552 47 265 £5.
Height {cm 1TH £ 6.7 1ITH = a7 178 = 6.7 164 = &1 164 = &1 164 £ 4.
Current smodker () 12 ] 5 3 14 22
Mulgvitamin wer () Ak 43 43 35 35 35
Pemtrmenapansal (%) i I iy oY i I 44 24 49
HRET wer (%) MA MA MA 23 24 22

! HFFS, Health Prodlesiomals Follow-LUp Stody; HET, hommone replacemient therapy; MET-h, meimhalic equvalent 12 hours:; NA, nol applicahle; NHES,

Mures" Health Siudy.

? Frequency of diet sods snd regular sugsr-owestened soda consumption on the basis of 3 120 o {355 ml) serving thal was equivalent (o one plass,

havitle, o can.
I hlean = 5D {all such values).

".n'i.'-:[u'l:u:n:l: was amseiged in 1994 i both cohorts rather them 21 heseline.

¥ Mutrient intake afjusied for i) snerey miske.
* Mehalic equivalen! enerey expendiure Irom disoretionary physical achivany.
"Lke of HRT in [ e mepe sl wonmen .




To TTPOo@IA Twv atopwyv TTou cuvnBiouv va KaTavaAwvouv dIaITNTIKA TTOTA €ival ATOUA VEAPNG
NAIKiag, pe uwnAo B.M.1., upnAn katavdAwon CWIKNAGS TTPWTEIVNG Kal JIKPF TT8avoTtnTa va
KaTtTvi(ouv.

- The typical consumers of diet sodas are usually young, with high B.M.I., that consume great amounts of animal
protein and with small possibility to smoke.

Me Bdon Tov Tivaka 1,

- According to table 1,

1982:
- 55% avrpec: 6 yepideg dlaITNTIKOU TToTOU/EBOOUGdA
* 55% men: 6 servings of diet soda/week
- 62% yuvaikec: 6,6 PePIdEC dIAITNTIKOU TTOTOU/ERdoUAdA
* 62% women: 6.6 servings of diet soda/week
2002:

- 53% A&vrpec: 5.7 yepidec diaITNTIKOU TToTOU/EBdoudda

 53% men: 5.7 servings of diet soda/week

- 54% yuvaikec: 5,3 pepidec diaITNTIKOU TTOTOU/ERdoUAdA

*  54% women: 5.3 servings of diet soda/week




TAELE T
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* Mg Bdon Tov TTivaka 2, uOVOo OTOUC AVTPEC TTAPATNPNAONKE OTATIOTIKA ONUAVTIKA BETIK) CUOXETION
avapeoa o€ kivouvo voonpotntag atmd NHL kar TToOAAQTTASG pUuEAwpPa ava@opika JE TRV KATAaVAAWON
OIAITATIKWY TTOTWV.

According to table 2, only in men, there was statistically significant positive association between risk for NHL and
multiple myeloma and diet soda consumption.
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Mg Bdon Tov TTivaka 3, Ta ATTOTEAECUATA EivVal AVTIOTOIXO ME TOU TTiVaKa 2 PE TN dlapopd OTI EdW
€CETACETAI N KATAVAAWON AOTTAPTANNG KAl OX1 dIAITATIKWY TTOTWV, VW N TTpoava@epbeioa
OUOXETION NTAV TTIO I0XUPN O€ ATONA TTOU OEV KATAVAAWVAV OAKOOA.

- The results in table 3 are similar with the ones in table 2 with the difference that here is examined the consumption
of aspartame intake and not of diet sodas, while the previous association was stronger in non-drinkers.
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* Mg Bdon Tov TTivaka 4, au¢nuEéVog NTav o0 Kivduvog voonpoTnTag Kal oTa ATOUA TTOU
KATavVAAWVAV TTOTA TTOU €ixav ATTOKAEIOTIKA OOUKpPOln.

- Intable 4 is shown that the was also a high risk of morbidity in people consumming sugar — sweetened sodas.




2Uvoyn ATTOTEAEOUATWYV
Summary of results

AvTpEeG TTOU KaTavaAwvav Tavw atrd 1 pepida diaIitnTIKOU avayukTIKoU NUEPNTIWG
eM@avidouv augnuévo Kivouvo ekdnAwong NHL kai TToAAaTTAOU JuEAWPATOC OE OXEON ME
AVTPEG TTOU OeV KaTavaAwvav KaBoAou TETolou €idoug TTOTA.

- Men consumming more than 1 serving of diet soda per day present a high risk of NHL and multiple myeloma
compared to men that don't consume that type of sodas.

Kavéva oTaTIoTIKA GNUAVTIKO OTTOTEAECHA OTIG YUVAIKEG.
- There was no statistically important result in women.

0Q2T0Q20, avahoyog KivOuvog TTapaTtnpninke o€ AvVTPES TTOU KATAVAAWVAV QVAYUKTIKA TTOU
TTEPIEIXAV KAVOVIKA TOUKPOLN.

- HOWEVER, similar risk was observed in men consumming sugar — sweetened sodas.

TENOG, ava@opIKA PE TN AeuXaIdia OTATIOTIKA ONUAVTIKO ATTOTEAECUA AVTIOTOIXO ME QUTO TWV
AAAWYV 2 vOOoNUATWY TTPOEKUYE MOVO OTAV Ta ATOPA TwV OUO MEAETWY evwBnKav Kal Oyl 0Tav
e€eTaloOTav 10 KABE QUAO CeXwPIOTA.

- Finally, when it comes to leykemia, there was statistically important result, similar with that of the other two
conditions, only when the participants of the two studies were examined together and with no adjustment
for sex.
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Discussion

O1 HEAETEC yIO TNV KAPKIVOYOVO dpAoN TNG aoTTapTAunG o€ wa, JEAETABNKAV TTPOCEKTIKA TTPIV TNV
Eykpior TnG atro Tov FDA.

- Carcinogenicity studies in animals were reviewed carefully before the approval of aspartame by the FDA.

4 TTEIPAUATIKEG MEAETEC agloAOYynoav Tov TTIBAvVO KivOuvo yia ENPAVION KAPKIVOU, 3 €K TWV OTTOIWV
ouvéBaAlav oTnv TEAIKG £YKpION YIa TN XPAoN TG AoTTapTAUNG o€ TPOPIUA.

- 4 experimental studies evaluated potential cancer risk, 3 of which contributed to the approval of aspartame for use in
foods.

O1 OUYKEKPIPEVEC HEAETEC agloAOYNOaAV TNV AC@PAAEIQ XPrONG TNG ACTIAPTANNG O€ OUYKEKPIUEVES
ouadeg Tou TTANBUCOU.

- These studies have also evaluated the safety of aspartame in specific subpopulations.
[eviK& @Avnke OTI N TTPOCANWN ACTTAPTAUNG YIA HIKPO XPOVIKO dIACTNUA €ival AOPAAAG.
- It was generally shown that short — term aspartame intake is safe.

2TNV £PEUVa PE TN MEYAAUTEPN XpPoVIKN dl1dpkela (18 efdouadec) de pdavnkav Katrola copapad
QAVETTIBUUNTA aTTOTEAECHATA.

- In the study with the longest duration (18 weeks) no serious adverse events were reported.

Me Bdon Ta TTapatrdvw,n XpPrion TNG acTrapTAuNS EYKPIONKE Kal OCrNEPO XPNOIMOTIOIEITAl WG
YAUKQVTIKO Kal EVIOXUTIKO YeUONG o€ TrEpIocaoTepa atrod 6.000 Tpo@Iua TTAYKOOMIWG.

- Based on the above the use of aspartame was approved and today it is been used as sweetener and flavor enhancer in
more than 6000 foods worldwide.




H mBavr kapkivoyovog dpdaon TNG aoTTapTANNG €ival BloAoyikwg duvarTr, KaBwg gival o
MEBUAEOTEPQG TOU DITTETTTIOIOU PAIVUAQAQVIVNG KAl ACTTAPTIKOU OEEOC.

- The potential carcinogenicity of aspartame is biologically plausible, since it is the methyl ester of a dipeptide
of phenylalanine and aspartic acid.

Mia ouyxpovn TOEIKOAOYIKA MEAETN avEPEPE OAANAETTIOpACN YETALU TN ACTTAPTAUNG KAl TWV
MeTaBoAITwy TnG pe To DNA in vitro.

- Arecent toxicology study reported an interaction of aspartame and its metabolites with DNA in an in vitro
model.

‘Exel eTTiong TTPOTABEl TTWE N HEBAVOAN, HECW TOU PETABOAICHOU TNG O POPUAADEUDN,
guBUvVETAI VIO TNV AUENON TNG AEUXAIPIOC KAl TOU AEHQWHATOG, EIBIKA €QOCTOV N POPUAADETDN
QTTOTEAEI M1 AvayvVWPIOUEV KAPKIVOYOVO oUdia yia ToV AvOpwTITo.

- Itis also been speculated that methanol, thouth its metabolization to formaldehyde, may cause an increase in
leukemias and lymphomas, since formaldehyde has been classifien as a definite carcinogen on humans.

AOGYw TOu augnuEéVOU KIVOUVOU EUPAVIONG KATTOIWY HOPPWYV KOPKIVOU TTOU OUCXETIOBNKE JE
TNV KATavAAWON QVAWUKTIKWY JE {axapn, ival TTBavo 0 KAapKivog va OQEIAETAI OE OCUOTATIKA
| 0€ CUVOUAONO QUTWYV TTOU €ival KOIVA Kal 0TOUG dUO TUTTOUG AVAWUKTIKWV.

- Because of the elevated cancer risks associated with higher regular soda consumption, possible explanations
may relate to factors or muliple agents that are common to both diet and regular sodas.




- Sex differences

- Chance

- Results related to uncontrolled, confounding risk factors for lymphoma and leukemia
(soda consumption in men)

- Differences in enzyme activity:

« ADH activity higher in men
* Increased alcohol consumption associated with decreased ADH activity in men
- l|ACR: formaldehyde as carcinogen

- O1 d1ag@opég avaueoa oTa dUO QUAQ UTTOPET va o@eilovTal:
©  2TNV TUXN
*  2& OUYXUTIKOUG TTOPAYOVTEG VIO AEUPWHPA KAl AsuXaipia (KOTavaAwon avayukTIKWY aTrd AvOpeg)
*  Alo@opég oTnV eVCUMIKN dpaoTnpIdTNTA:
- YynAoTtepn dpaoTtnpidtnta ADH oTtoug avdpeg
- Augnuévn katavaAwaon aAKoOA oxeTieTal e pelwpévn dpaoTnpioTnTa ADH og dvdpeg
* IARC: kaTnyopnoTroinon TnG @OPHaAdEldng wg KapKIvOoyodvou TTapdyovTa

| » Imperfect measurement as a limitation of the study
- No complete assessment of each single dietary item

- Multiple sources in the diet that must be self-reported

- [leploplopdg TNG MEAETNG Ol ATEAEIEG OTIG JETPROEIG
« Oy mARpNng agloAdynon Tou KaBevog oTolxEiou TNG diaTag

*  T1oAAEG TTNYEG OTN diaiTa ETTPETTE VA AVAQPEPOVTAI ATTO TOUG CUPUETEXOVTEG

) O A——. S




Assessed long-term aspartame intake on basis of repeated FFQs.

A&loAbynon pakpdg didpkelag TTpOdoANWNGS aoTrapTaung Baciouévn o€ eTavaiapBavoueva FFQs.

Mean aspartame intake in this cohort study was lower than other reported means.

H péon TpoéoAnNwn acTrapTaung OTn CUYKEKPIMEVN JEAETN KOOPTNG ATAV XAUNAOTEPN ATTO GAAEG.

Mean difference in aspartame intake.

Differences in details of questionnaire; portion size, frequency of intake or timing of
administration of questionnaires

H diapopd TG TTPOCANYNGS aoTTAPTAUNG UTTOPEI VA OQEIAETAI

o2& OIaQOPEG OTIG AETTTOPEPEIEG TOU EPWTNUATOAOYIOU, OTTWG PEYEBOG PEPIdAG, ouxvoTnTa TTPOCANWNGS A
XPOVOG dIaXEipIoNg TWV EPWTNUATOAOYIWV.

Confoundings

Increased risk of NHL in men with a higher intake of regular sugar-sweetened soda

2 UYXUTIKOI TTapAYOVTEG

* Au¢nuévog kivdouvog yia NHL o€ dvdpeg pe upnAdTEPN KATAVAAWGON QVAYWUKTIKWY PE Caxapn.




Strenght of the study

- Prospective nature of the study
- Large sample size

- Effectively captured lifetime exposure to aspartame

- Auvaun TNG HEAETNG
*  [MpooTITIKA YEAETN
*  MeydAo dciyua

*  ATTOTEAEOMATIKOG UTTOAOYIONOG £KBECNG OTNV ACTTAPTAUN KATA TN OIAPKEIA TNG (WG TWV
OUMMETEXOVTWV

Extra considerations
- Results of this study necessarily requires confirmation in other large cohort studies.

- Future studies should also evaluate potential for higher enzymatic activity and chronic
low-dose formaldehyde

- EmmAéov TpoBAnuaTicuOi
«  Ta amoteAéopaTta TNG MEAETNG €ival aTTapaiTnTo va atTodelXBouV Kal Je AAAEG HEYANEG HEAETEG
KOOPTAG

o O1 HEANOVTIKEG HEAETEG TTPETTEI ETTIONG VA AIOAOYOUV TNV TTIBavV uWwnAOGTEPN EVCUMIKN dpacTnpIoTnTa
Kal TN Xpovia PIKpRg 66ong TTpdaAnwn @opuaAdeiong
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