% University of
ml%:!mw Y BRISTOL

Low-calorie sweeteners and weight — a
systematic review of human and animal studies

Peter J Rogers

School of Experimental Psychology

University of Bristol, UK

IUNS-ICN 215t International Congress on Nutrition, Buenos Aires, October 2017



Disclosures

* | have received funding for research from Sugar Nutrition UK, provided consultancy
services for Coca-Cola Great Britain and received speaker’s fees from the
International Sweeteners Association and the Global Stevia Research Institute.

* | will be referring to a systematic review and meta-analyses of effects of low-calorie
sweeteners on energy intake and body weight. This review was initiated by ILSI-
Europe, who also provided administrative support, hosted meetings of the authors,
and paid the academic authors travel expenses and honoraria. Two of the eleven
authors of the review are food industry employees, and one was an ILSI-Europe
employee.

LS

Europe

International Life
Sciences Institute




Theoretically, low-calorie sweeteners ought help reduce
body weight because:

* By replacing all or some sugar, low-calorie sweeteners reduce the
energy content of foods and especially drinks

* And reduced energy intake in a meal or snack is not fully
compensated for by increased energy intake at the next or
subsequent meals or snacks

Rogers P. J. & Brunstrom J. M. (2016) Physiology and Behavior, 164, 465-471
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Effects of low-calorie sweeteners consumption on body weight: animal studies

* BW gain when LCS added to food or drink, compulsorily or voluntarily
consumed compared with BW gain on the food or drink without LCS:

68 studies: 224, 37> 9P

Rogers et al. (2016) International Journal of Obesity, 40, 381-394



Effects of low-calorie sweeteners consumption on body weight: animal studies

* BW gain when LCS added to food or drink, compulsorily or voluntarily
consumed compared with BW gain on the food or drink without LCS:

68 studies: 224, 37> 9P

BW gain when LCS added to a dietary supplement compared with BW
gain when glucose added to the same dietary supplement:

22 studies: 04 3> 194
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Rogers et al. (2016) International Journal of Obesity, 40, 381-394



Sweet taste as a predictor of food energy (sugar) content

High-intensity sweeteners and energy balance
Susan E. Swithers *, Ashley A. Martin, Terry L. Davidson

Deparmment of Pypchologenl Sciences, Purdie University, Wesr Lafawerre, IV, 154
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Low-calorie sweeteners consumption and BMI: prospective cohort studies

Follow-up Weight Change in
Author, year (months) Sample size (%) BMI [95% CI]
Adults !
Fowler et al, 2008 (M+F, adult) 96 3371 Do 6.4 0.20[ 0.12, 0.29]
Chen et al, 2009 (M+F, adult) 18 810 —— 40 -0.13[-0.25,-0.01]
Vanselow et al, 2009 (M+F, adult) 60 2294 —a— 7.3 0.01[-0.07, 0.09]
Pan et al, 2013 (F, adult) - NHS 48 50013 = 20.7 -0.04[-0.05,-0.03]
Pan et al, 2013 (F, adult) - NHS Il 48 52987 ] 204 -0.03[-0.04,-0.02]
Pan et al, 2013 (M, adult) - HPS 48 21988 = 204 -0.04[-0.05,-0.03]
RE estimate for sub-group 0: -0.02[-0.05, 0.01]

Sig. test of ES =0: Z=-1.493 , p = 0.135
Het.: p <0.001, 12 = 85.6 %

Children

Berkey et al, 2004 (M, children) 12 5067 —— 5.7 0.12[ 0.02, 0.21]
Berkey et al, 2004 (F, children) 12 6688 r— 8.4 0.05[-0.02, 0.12]
Striegel-Moore et al, 2006 (F, children) 120 2371 - 6.0 -0.04[-0.13, 0.05]
Laska et al, 2012 (M, children) 24 276 - . ' 0.3 -0.09[-0.56, 0.38]
Laska et al, 2012 (F, children) 24 286 b - 0.3 0.10[-0.35, 0.55]
RE estimate for sub-group - 0.04[-0.02,0.11]

Sig. test of ES = 0: Z = 1.298 , p = 0.194
Het.: p=0.229, "2 =28.9 %

Overall RE estimate ¢ -0.01[-0.03, 0.02]
Sig. testof ES=0:Z= -0.397 , p = 0.692 :
Het.: p < 0.001, 1"2=80.2 %

T
-0.40 0.00 0.40

Change in BMI (kg/m*2)

Rogers et al. (2016) International Journal of Obesity, 40, 381-394
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Short-term
intervention
studies/RCTs

Articles through
database search: 243

excluded: 200
included: 43

Through searching
reviews and reference
lists: 13

Total: 56 articles
reporting 218
comparisons




Short-term effects of low-calorie sweeteners on energy intake

‘Preload’
=<1 kcal
‘Test meal’ oo
1500 kcal served eifen
900 kcal
Total energy o
intake 900 kcal

[lustrative results based Rogers et al. (2016) International Journal of Obesity, 40, 381-394



Short-term effects of low-calorie sweeteners on energy intake
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Short-term effects of low-calorie sweeteners on energy intake
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Preload test Sample
Author(s) interval (mins) size Weight (%) WMD [95% CI]
Children |
Anderson et al, 1959 <0 20 —— 18 57| 490, 604
Birch et al, 1959 (Exp. 1) [ 24 y—a—tie 1.7 624 33,1218
Birch et al, 1989 (Exp. 2) 0 20 — 1.1 946( 80,1833
Hetherington et al, 2000a1 (Exp. 1) 120 15 v p——— 1.4 1254 [ 526,1982
Hetheringlon el al, 2000a2 (Exp. 1) 120 10 —_— ' 1.2 -1433[-2238, 628
Hatneringlon el al, 2000a1 (Exp. 2) 120 19 L — 23 700[ 342, 1058 .
Hetnenndton of i, 200042 (Exp. 2) 120 12 [ 26 2331 085, 473 Deta ils of sho rt_te rm
Wilson, 2000 0 135 —_— 02 -17.6[-2425,207 2
Bellissima et al, 2007a 30 14 —t—y 08 17.5[ 188 2162
Bellissimo et al, 20070 30 14 | —— 14 94.5[ 24.1,164.9 . o .
Patel el al, 2010a 30 29 U —— 17 1046[ 4881604 N
5 3 == intervention studies results
Patel f al, 2011 30 25 | 22 953[ 568,1338 L
Tamam et al, 201221 (Exp. 1) 30 18 | it 17 826[ 267, 1384
Tamam et al, 2012a2 (Exp. 1) 30 17 L o—— 14 1056( 37.3, 1739 { . )
Tamam et al, 2012 (Exp 2) 30 19 Do—— 10 1374 4382310
Brandon et al, 2014 30 22 —_t— 05 36.0(-106.0, 1780 COI I l ensa Ion SCO res
Branton ef al, 2014 30 19 —— 05 103.5[ <49.3, 2583
Van Engelen et al, 2014 (Exp. 1) 60 15 —— 04 T6O[ -960 2480
RE estimate for sub-group = 70.0[43.1,969
Het: p<0.001, 12=89.4 H ]
Sig. testaf ES = 0: Z= 5.107 . p<0.001 H
Aduits ;
Booth st al, 1970 1] 12 = 26 285[ 31, 538
Brala & Hagen, 1083 75 34 e 24 108.2[ 74.4,1360
Rogers et 21, 1988 60 a3 ey 16 [ 25.1294
Rogers & Blundell, 1989 60 21 —_— 04 126.8[ -50.5, 304.1
Rells et al, 198%a 120 16 -l 25 263[ 3.1, 557 t t t . .
Rells et al, 19850 120 16 —_—— 0.6 B04[ 457 2066 P I d - | d h d
Roera s 500 3 ; s e R e 3 557587 reload, test-meal studies snowed:
Rodin et al, 1990 50 4 P 08 211.2[ 81.1.3413
Rogin et al, 1990¢ 50 6 § —— 06 1747 415,3079
Redin et al, 1990d 50 4 L 1.9 4 316,133
Rogers et al, 199061 60 18 S 12 878] 62,1694 H
Rogers el al, 198062 &0 23 — 11 g51( 52,1850 L] R d d gy k g
Rogers tal, 198 C 23 P . 5 Jl8nt 221 educed energy intake versus sugar
Rolls et al, 19908 30 12 . + 0.2 8.4 [-263.3, 2404
Rells et al, 1950¢ &0 14 — 0.7 137.2[ 14.5,2509 H H H
Canty & Chan, 1991 €0 20 e — 11 1275( 4182132 (70% Conlpensat|on N Ch||dren)
Drewnawskl et al, 1994a 180 12 —_— 1.0 188 -774. 1149
Drewnowski et al, 1994b1 180 12 r-‘ H 2.9 122 15, 232
Drewnowski et al, 196402 0 12 H 28 208 23, 392 1 H
G e 15043 2 5 iy h 7501 228 1370 (43% compensation in adu|t5)
Guss et al, 1994b 135 8 e 1.6 31.3] -30.0. 926
Reid and Hammersley, 1995a1 B0 18 —_— 1.0 360[-133.1, 611
Reid anc Hammersiey, 199522 €0 1 —y 10 90.0 49,1849 5 00/ H | |
i & iGscial 1695 20 & et 24 1256299[1 Fr e ( (o] COIIIpensatIOH overa
Beridol ~ Therond et al, 1998 15 24 o 21 B8] -35.3, 48.8
King et al, 1599 10 16 | Py 14 859[ 156.1562
Melanson et al, 1089 10 ] 09 29.1[-130.7, 726
Reid and Hammersley, 199%a1 1] 20 Ve 04 2320 818 4022
Reld and Hammersley, 199%a2 1] 20 ———— 08 126[ -88.1, 1132
Holl et al, 2000 20 11 — 12 8.1 -86.5, 704
Woodend & Anderson, 2001 60 14 S S a— 05 BBO[ 607, 2457
Van Wymelbeke et al, 2004 24 -l 24 18.1] -17.2, 494
Delavalle et al, 2005 0 44 D 24 653( 31.9, 983
Akhavan & Anderson, 2007 (Exp. 1) 12 —.— 21 43] <399, 485
Appletan & Blundell, 2007a 270 10 —_— 15 54| 620, 729
Appleton & Blundell, 20070 270 10 — 1.1 158[ -73.9, 1056
Monsivais et al, 2007 120 a7 L 24 1411 -198, 477
Soenen and Westerierp-Plantenga, 2007 50 20 THH G 27 366( 161, 570
Soenen and Westerterp-Flanienga, 2007 50 20 G = 286 520[ 274, 765
Anton et al, 2010 20 3 m— 23 10.3] -26.1, 468
Ranawana & Henry, 2010a €0 23 VP 14 1080 187,1973
Ranawana & Henry, 2010b B0 24 —— 15 B7| 576, 710
Akhavan etal, 2011 (Exp. 2) B0 15 | i 25 3z20[ 28,612
Rogers el al, 2011al 20 15 p————— 06 BOB[ -732 1947
Rogers et al, 201132 20 18 —— 18 424] -12.2, 970 ( )
Maersk et al, 2012 240 14 — 0.6 19.2(-107.7, 146.2 Rogers et al- 2016
Carvalhe et al, 2013a 150 24 —_— o8 -520[-186.0, 620 . .
LR L — o 2 n, 20 ss) 38 i International Journal of Obesity, 40, 381-394
Het: p<0.001, 1"2 = 73,9 : i
Sig. testof ES = 0: Z= 6.809 , p<0.001 o
Overall RE estimate Y I 503( 388, 618]
Het: p<0.001,1"2=75.0 % . 2
Sig. testaf ES =0: Z= 8,582, p<0.001 : Y
| I | I [
400.0 200.0 o0 200.0 400.0
COMPX (%)




Short-term effects of low-calorie sweeteners on energy intake

Number of  Number of Difference in energy
Comparison comparisons participants intake [95%Cl]
LES vs sugar :
Adults 49 843 —_— -119 [-152, -85]
Children 19 476 —~— -39 [-73, -B]
Overall RE estimate 68 1319 i i 94 [-122, 66]
Sigtestof ES =0: 2 =-6.578 , p < 0.001 :
Het.: p<0.001,1*2=87.1%
LES vs unsweetened !
Overall RE estimate 13 334 —~ei—— 21 [-41, 83]
Sig test of ES = 0: Z=0.658, p =0.510
Het.:p < 0.001, 1"2=92.0 % :
LES vs water
Overall RE estimate 35 508 -2 [-30, 26]
Sigtest of ES=0: 2=-0.136, p = 0.892
Het.: p=0.568,1°2=0.0% :
LES vs nothing ;
Overall RE estimate 4 79 et 18  [-32, 69]
Sigtestof ES=0:2=0.709,p=0.478 !
Het.: p=0.180, 12 = 38.6 %
LES in capsules vs placebo capsules :
Overall RE estimate 9 127 ———est iR 89 [-140, 3]
Sigtest of ES=0:Z2=-1.886, p =0.059 :
Het.. p<0.001,1"2=76.7 %

| T 1 |
-200 -100 0 100

Difference in energy intake (kcal)

Preload, test-meal studies
showed:

* Reduced energy intake after LCS
versus sugar

* No effect on energy intake after
LCS versus water

Rogers et al. (2016)
International Journal of Obesity, 40, 381-394
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Sustained intervention studies:

effects of low-calorie sweeteners versus sugar on body weight

Follow-up Sample

Author, year (months) size Weight (%) WMD [95% CI]
Adults ;

Kanders et al, 1988 (M+F) 3 59 ’ -— 7.4 -040[-2.75, 1.95]
Blackburn et al, 1997 (F) 40 163 —~—=—— ' 115 -5.10[-6.29,-3.91]
Raben et al, 2002 (M+F) 25 41 —— : 11.8 -2.60[-3.71,-1.49]
Reid et al, 2007 (F) 1.25 66 —— 12.4 -045[-1.39, 049]
Njike et al, 2009 (M+F) 6 77 i 13.9 -0.09[-0.49, 0.31]
Reid et al, 2010 (M+F) 1.25 53 — 1.9 -0.49[-1.58, 0.60]
Tate et al, 2012a (M+F) 6 210 —— 11.8 -0.80[-1.90, 0.30]
Maersk et al, 2012a (M+F) 6 22 ; 5.6 -1.20[-4.25, 1.85]
RE estimate for adult subgroup ——— | -1.41[-2.62,-0.20]
Sig. testof ES=0: Z= -2.280, p=0.023 s

Het.: p <0.001, 1"2=90.5%

Children

de Ruyter et al, 2012 (M+F) 18 641 —— 13.7 -1.02[-1.52,-0.52]
Overall RE estimate for LES vs sugar-sweetened beverages (—-——_) -1.35[-2.28,-042]
Sig. testof ES = 0: Z = -2.854 , p = 0.004 :

Het.:p <0.001,1"2=89.2%

| | | i |
-6.00 -4.00 -2.00 0.00 2.00

Mean difference (kg)

Rogers et al. (2016) International Journal of Obesity, 40, 381-394




Sustained intervention studies:
effects of low-calorie sweeteners versus water on body weight

Follow-up Sample
Author, year (months) size Weight (%) WMD [95% CI]
Tate et al, 2012b (M+F) 6 218 '—I—'— 38.7 -0.60[-1.77, 0.57]
Maersk et al, 2012b (M+F) 6 25 ' 10.0 -0.50[-342, 242]
Peters et al, 2014 (M+F) 3 303 —— 51.4 -1.86[-2.72,-1.00]

Overall RE estimate for LES vs water
Sig.testof ES=0:Z= -2479 ,p=0.013
Het.: p=0.197 ,1"2 =384 %

| T I I I
-6.00 -4.00 -2.00 0.00 2.00

Mean difference (kg)

-1.24[-2.22,-0.26 ]

Rogers et al. (2016) International Journal of Obesity, 40, 381-394




Does consumption of low-calorie sweeteners increase or decrease
desire for sweetness?

Effect of consuming sweet drinks on sweet and savoury food intake

200 - .
© O Doritos o ) _
L Participants consumed the drink with a
- * B CC cookies . .
c 160 1 sandwich and with the subsequently
E T T iy presented Doritos (savoury) and
= 120 I 1 I chocolate chip cookies (sweet)
3
E g0 -
L"ﬂ *p<.05, *¥*p<.01, vs water
(7]
+l
- 40
131
Q
= 0

Water Diet Coke Classic Coke
Drink consumed

Rogers et al., in preparation



Does diet-beverage intake affect dietary consumption patterns?
Results from the Choose Healthy Options Consciously Everyday
(CHOICE) randomized clinical trial'™

Carmen Piernas, Deborah F Tate, Xiaoshan Wang, and Barry M Popkin

Participants randomised to water (n=106) or diet beverages (n=104)
in place of sugar-sweetened beverages for 6 months

Conclusions: Participants in both intervention groups showed pos-
itive changes in energy intakes and dietary pattems. The DB group
showed decreases in most caloric beverages and specifically reduced
more desserts than the water eroup did. Our study does not provide
evidence to suggest that a short-term consumption of DBs, compared
with water, increases preferences for sweet foods and beverages. This
trial was registered at clinicaltrials.gov as NCTO1017783. Am J
Clin Nutr 2013:97:604-11.




Other meta-analysis reviews

* Miller & Perez (2014) American Journal of Clinical Nutrition 100, 765-777

‘RCTs indicate that substituting LCS options for their regular-calorie versions
results in modest weight loss and may be a useful dietary tool to improve
compliance with weight loss or weight maintenance plans.” (p 765)

* Azad et al. (2017) Canadian Medical Association Journal 189, E929-939

‘Evidence from RCTs does not clearly support the intended benefits of
nonnutritive sweeteners for weight management.’ (p E929)



Why do Azad et al. (2017) come to a different conclusion?

Table 1: Randomized controlled trials that evaluated nonnutritive sweetener interventions and long-term cardiometabolic

health

Study,*
country

Blackburn et
al. 1997,
USA

Hsieh et al.
2003,% China

Ferri et al.
2006, Brazil

Tate et al.
2012,*# USA

Maersk et al.
2012
Denmark

Peters et al.
2016, USA

Madjd et al.
2015,*Iran

No. of
participants
randomly
assigned (%
completed)

163 (53)

174 (97)

14 (86)

213 (86)

33 (76)

308 (72)

71 (87)

Sex

M, F

M, F

M, F

M, F

M, F

F

Population

Obese, on
weight-loss
program
Mild
hypertension
Mild
hypertension
Overweight, on
weight-loss
program

Overweight

Overweight, on
weight-loss
program

Overweight, on
weight-loss
program

NNS

Participants’
discretion

1500 mg

3 phases: 3.8,
7.5,15.0 mg/kg

Recommended

=2 servings

1L of diet cola

At least
710 mL

250 mL

Age, BMI, Type and
mean + SD; mean * SD; Duration, source of Daily dose of
yr kg/m? mo NNS
44+ 10 37+5 16 Aspartame
ASB, packets,
foodstuffs
52%7 23+3 24
capsules
45+ 7 27+3 6 Stevioside
capsules
42+11 36+6 6 Unspecified
ASB
39+8 33+4 6 Aspartame
ASB
48+11 34+4 12 Unspecified
ASB
32+7 34+3 6 Unspecified
ASB

Comparator(s)

Aspartame
avoidance

Placebo

Placebo

Water,
attention
controli

Water

Water with ASB
avoidance

Water

Qutcomes

Weight

Wai

Body fat

HOMA-IR

Risk of biast

High

Low

Unclear

High

High

High

High



Why do Azad et al. (2017) come to a different conclusion?

* They excluded 6 out of 9 studies, representing 1,313 out of 1,708 participants,
included in Rogers et al. (2016)

Grounds for exclusion were study duration (<6 months) and participant age (<12 y)
» Comparator was water (rather than sugar) in 4 out of 7 studies included
» 2 of the other 3 studies included compared LCS in capsules versus placebo capsules

* One study (Madjd et al. 2015) included was published after Rogers et al (2016)
accepted for publication

In this study, participants consumed water or LCS after lunch on 5 days a week

Those consuming LCS lost less weight on a calorie-controlled diet
Madjd et al. (2015) American Journal of Clinical Nutrition, 102, 1305-1312



Conclusions

* Rogers et al. (2016) International Journal of Obesity 40, 381-394

‘Overall, the balance of evidence clearly indicates that the consumption of
low-energy sweeteners in place of sugar, in children and adults, leads to
reduced energy intake and body weight, and possibly also compared with
water.” (p 381)

Summary

* No reliable evidence that LCS disrupt the learned control of energy intake

* Reduced energy intake from a LCS drink is not fully compensated for in
subseguent eating

* If anything, consumption of LCS in the short term reduces desire for and
intake of sweet foods.

* Comprehensive systematic reviews of randomised controlled trials show
that LCS versus sugar reduces body weight
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Sweet taste as a predictor of food energy (sugar) content

(1) ‘We reasoned that if sweet tastes are normally valid predictors of
increased caloric outcomes,™ [THIS IS NOT TRUE]

(2) then exposing rats to sweet taste that is not associated with these
outcomes should degrade this predictive relationship

(3) and impair energy intake and body weight regulation’

*In nature, and throughout most of our evolutionary history, sweetness has been a
reliable predictor of the energy content of food.” (Swithers et al., 2010, p 56)

Swithers et al. (2010) Physiology and Behavior, 100, 55-62



Sweet taste predicts the sugars but not the energy content
of foods and drinks

Correlations between sweetness and sugar and energy content of foods and drinks in three studies

—m

Australia -.08
Netherlands .67 not reported 2
United States .70 i | 3

1. Lease et al. (2016) Food Quality and Preference, 49, 20-32
2. Van Dongen et al. (2012) British Journal of Nutrition, 108, 140-147
3.van Langveld et al. (2017) Food Quality and Preference, 57, 1-7



Sugar content does not predict the energy content of
‘natural’ foods

Energy, sugar and total carbohydrate content per 100 g of some ‘natural’ (i.e., minimally
processed) carbohydrate-rich foods

Fresh fruits and berries, n=7 10.3 14.4
Roots and tubers, n=8 78 3.1 17.9
Grains, n=4 121 1.0 25.2

Some individual fruits, per 100 g
Strawberry = 5 g sugar, 33 kcal
Blueberry = 10 g sugar, 57 kcal
Grape = 16 g sugar, 67 kcal




Does consumption of low-calorie sweeteners increase or decrease
desire for sweetness?

Effect of consuming a non-sweet drink (water) versus sweet drink (low-calorie
blackcurrant squash) on desire to consume apple juice, fresh apple and apple pie

——

T Effect of Drink, p=.003
-10 ~ J Effect of Stimulus, p=.002
Drink x Stimulus, F<1

—t—
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Rogers et al., in preparation
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