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The Context; Why focus on Energy Density and Eating Rate?

‘UPF consumption in observational studies is strongly
associated with increased risk of obesity and obesity-

related metabolic complications. Only a handful of
RCT’s have looked at UPF and energy intake’

Do UPF’s drive passive “overeating” ?
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UPF RCT’s: Effects on Energy Intake and/or body weight

Multiple Day (UPF vs. Minimal Processed)

Hall (2019) - Cell Metabolism

Hamano (2024) - Diabetes, Obesity & Metabolism
Dicken (2025) - Nature Medicine

Discepoli (2025) - Journal of Clin Periodontology
Preston (2025) - Cell Metabolism

Santos de Oliveira (2025) - Food & Function

Single days or single meals (UPF vs. Minimal Processed)

Teo (2022) - American Journal of Clinical Nutrition
Lasschuijt (2023) - European Journal of Nutrition
Larcom (2025) - Appetite

Ultra-processed Diet Unprocessed Diet

Diets were presented in random order and matched for
provided calories, sugar, fat, fiber, and macronutrients
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Is Ultra-processing to blame or differences in energy density?

Differences in total* or solid food energy density (kcal/g)

o Comparator UPF
RCTS and Energy DenSItY Preston (2025) Total* 1.8 1.8
Hamano (2024) Total 1.1 1.7
Hall (2019) - Cell Metabolism [94% 1 UPF arm] Solid - o
Y . . o
Hgmano (2024) - Diabetes, (.)l.)esltys;( Metabolism [55% 1 UPF] Hall (2019) — o3 0
Dicken (2025) - Nature Medicine [24% 1> UPF arm] :
Solid 1.06 1.96
Dicken (2025) Total* 1.37 1.7
* Trial results could easily be the reversed if energy density was “foods and beverages (solid ED not reported separately)
made higher on the minimally processed diet. . _ _
o SR Rt b
* Evidence suggests reducing energy density can also significantly
reduce daily energy intakes. ®

Calorie reformulation: a systematic review =i
and meta-analysis examining the effect
of manipulating food energy density on daily

energy intake
With inpUtS from Prof. Faidon MagkOS (KU), Prof. Eric Robinson (LiverpOOI). Eric Robinson'®, Mercedes Khuttan, India McFarland-Lesser, Zina Patel and Andrew Jones




Do UPF’s drive passive “overeating” ?

B
20 M+F without obesity, fed ad libitum for 2 weeks with UPF or 3500
MPF, in a randomized crossover inpatient design (no washout). e,
. The UPF diet had ~2-fold higher solid food energy density % 1o
(matched total), and higher proportions of added/total %1232
sugars, insoluble/total fiber, and saturated/total fat. e
A
15 o —*Ultra-processed —e—Unprocessed =

05 -

-0.5 A o
1 ] 88% NOVA1

Body Weight Change (kg)
o

—A=1.8 kg

A Body Weight (kg)
Ultra-processed - Unprocessed

=i . |

Hall et al (2019) Cell Metabolism

6 8 10 12 14
Days on Diet

A=508 kcal/d

110275

13871105

N OB O R NW R O
| I I I S SN R — |

Ultra-processed Unprocessed

M Carbohydrate ™ Fat M Protein

L]
L
]
r=0.8
S P<0.0001
®
L4
-500 0 500 1000 1500 2000

A Energy Intake (kcal/d)
Ultra-processed - Unprocessed



Do UPF’s drive passive “overeating” ?

* 9 Mwith obesity (Asian), fed ad libitum for 1 week with UPF or Non-UPF, in a
randomized crossover design with 2 weeks washout (inpatient).

* The UPF diet had ~2-fold higher total and solid food energy density, and

about half the amount of fiber and 50% more SFA.
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The effect of Energy Density on Energy Intake (acute)

Consistent evidence from many controlled studies that meal energy density drives intake
(in adults, children, at breakfast, lunch, dinner, snacks, across different macronutrients...etc)

[ Food intake (g) ] [ Energy intake (kcal) ]
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Energy density as a determinant of Energy intake and Weight (2wks)

Energy intake (MJ)

1.06 kcal/g 1.96 kcal/g

e 6lean M, fed ad libitum for 14 days with low (0.85 kcal/g), medium (1.3 kcal/g), or high (1.75 kcal/g)

energy density (covertly manipulated), in a randomized crossover design with a 4-day washout
(pseudo-inpatient).
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Do UPF’s drive passive “overeating” ? A role for Eating Rate...

50% higher energy intake

e Les o/ hi : _ .
A7.7 g / min higher ER for UPF 50% higher energy intake rate A=8.2 g/min )
: rate (A19 kcals/min)
(A17 kcal/min) 60.0 - —
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RCTs and Eating Rate

* ED and ER always higher on the UPF diet arm.
* Eating rate; an effect moderator for energy density

Hall et al (2019) Cell Metabolism Hamano (2024) Diabetes Obes Metab 26(11)5431



The effect of Eating Rate on Food and Energy Intake

Consistent evidence from acute feeding studies that meal texture moderates eating rate and energy intake
(in adults, children, across meal occasions, prospective birth cohorts, controlled feeding trials, population studies, across age, gender...)

Meta-Analysis Faster Eating Rate 1Ad Lib Energy Intake 1000

=1 — =] =_ p—
EATING RATE AND ENERGY INTAKE l I
Fastrate Slow rate Std. Mean Difference I Std. Mean Difference I
Study or Subgroup __Std. Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% C1 800— o 28
1.1.1 Eating rate verbal instructions I 28 o
Andrade (14) 0607361 0.129099 30 30 44% 0.61 (0.35, 0.86] - I 2 . 23
Andrade (8) 0117364 0.129099 30 30 44% 01210.14,037) + -
Smit (18) 1.05477 0.213201 " 1" 39% 10564147 | — I 02 43
Welzen C (20) -0.0687 0.092057 20 20 45% -0.07 1-0.25,0.11) <‘
Subtotal (95% C1) 91 91 17.4% 0.40 [-0.04, 0.84] —
Heterogeneity: Tau®= 0.18; Chi*= 34.79, df= 3 (P < 0.00001); = 91% | I o)) 600— 23 920814 ® 29
Testfor overall effect Z=1.79 (P = 0.07) I S— 1
1.1.2 Eating rate food form I Q 924 ’30 o 31
Bolhuis (25) 0566101 01 50 50 45% 057 (0.37,0.76) I - x — ’ 19 47 . 2.
Forde A (9) 0922955 0111803 39 4 44% 092{0.70,1.14) - | S 17 31
Forde B (9) -0.32129 0.113961 37 40 44% -0321054,-010) - ® 25
Kissileff A (16) 02073 025 8 8 37% 0.21 1-0.28,0.70) I T I E 400_ 24 #2 21
Kissilef B (16) -0.13363 0.25 B 8 3% -0.13 0,62, 0.36) —
Spiegel (19) -0.24452 0166667 18 18 42% -0.24 |-0.57, 0.08) I -1 ,’ 1"
Weiizen A (20) 0248284 0159448 20 20 42% 0.25 -0.06, 0.56) - I #37
Weiizen B (20) 00051 0159448 20 20 42%  -0.01032 031) + - . 132,710 10
Zitstra 23) 0103383 0.06868 106 106 46% 0104003024 | - | @7 ® Fast, literature
zs:.l‘.sm mo’ssc 0795948 0101015 J;g );g A?s;: 00283(11332‘329: .~ 9 . 27 .
btotal ( n 42. . .05, 0.51 . .
Heterogenelty: Tau"= 0.18, Ch®= 117.68, af= 9 (P < 0.00001); = 92% I I 200— % 16 . Fast, this thesis
Testfor overall effect Z= 159 (P=0.11) I w ® 26 -
1.1.3 Eating rate computerized task I — SIOW ’ |rtefature
loakimidis B (13) 2967358 025 B g8 3I7% 2097 [2.48,3.486) l — 1
Karl A (26) 0.427818 0.223607 10 10 38% 0.4310.01,087) = | 4 26 . Slow, this thesis
Karl B (26) 0.850748 0223807 10 10 38% 0.85 (0.41,1.29) — g
Martin A (17) 0850746 0158114 26 % 42% 0.85[0.54,1.16) I - I 0 £
Martin B (17) 0019819 0.138675 22 22 43% 0.02 +0.25, 0.29) - 1 | 1 | l | | 1 1 I | 1 1 | I
Scisco (10) 060495 0.150756 30 30 43% 0.60 {0.31, 0.90) I - I
Zandian B (21) 0511563 0.182574 15 15 41% 0.51{0.15,087) o
Zandian B (22) 0216205 0147442 23 23 43% 0.22+0.07,0.51) - 0 50 100 150
Subtotal (95% C1) 144 144 3258 0.79 [0.29, 1.29) I <> I
Heterogenelty. Tau*= 049, Chi*= 11855 af= 7 (P < 0.00001), "= 94% -
Test for overall efect Z= 309 (P = 0.002) [ I Eating rate (g/min)
1.1.4 Eating rate food delivery
Hogenkamp (12) 0309397 0185695 16 13 41% 0.31 +0.05,0.67) I — |
Kissileff (15) 059884 0.188982 14 14 40% 0.60 [0.23,0.97) — : - ' " : :
e (5% C) @ Am dsiera | . Eating rate (g/min) versus food intake (g) of 24 studies and 182 foods/meals. Data
Heterogeneity: Tau*= 001, Ch*= 119, 0= 1 (P=027),F= 16% I
Testfor overall effect Z= 312 (P = 0.002) L l
i — =

Robinson et al (2014) American Journal of Clinical Nutrition Forde et al, ‘Food texture influence on eating rate and intake’ (unpublished data)



What is the combined effect of Eating Rate and Energy Density on intake?

>3  Cross-over ad libitum controlled feeding trial

N = 69 participants, appetite standardised before each test meal

= 2 (ED) x 2 (ER) test meals + 1 control lunch meal (medium ED and ER) (~350 meals)

Control
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Lasschuijt et al (2025) Journal of Nutrition



What is the combined effect of Eating Rate and Energy Density on intake?

Energy intake (kcal) Energy intake compared to control lunch
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The Restructure Project

Understanding the impact of texture-based differences in eating rate
on energy intake from Ultra-Processed Diets
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Lise Heuven, PhD Marieke van Brumessen Zhen Liu
(PhD Student) (PhD Student))
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A- Prof I\/I Lasschuut Prof. M. Stieger A-Prof. J. Rubert

TKI-Agri-Food (NL) LWV22150;'RESTRUCTURE’
https://restructureproject.org/

Clinical Trials: NCT06113146



https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fclinicaltrials.gov%2Fstudy%2FNCT06113146%3Fterm%3DNCT06113146%26rank%3D1&data=05%7C01%7Cciaran.forde%40wur.nl%7Cab393cd3fb8c49901bff08dbe205bc1c%7C27d137e5761f4dc1af88d26430abb18f%7C0%7C0%7C638352286469890134%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=sjP%2FHPJJKWjA0n4iyWukyDg11OIsWktGN%2FBdhD6y4jw%3D&reserved=0

Restructure RCT - study outcomes

https://restructureproject.org/

Primary Outcome

To determine the effect of Meal
Eating Rate (UPF slow ER vs UPF
fast ER) on ad libitum daily energy
intake from UPF diets (kcal/day)
across a 2-week period.

Secondary Outcomes

Changes in Body composition and
metabolic markers of health (i.e.,
satiety, glucose, gut-microbiome)
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Lasschuijt et al (2025) Nutrition Bulletin (Protocol)
Forde et al (2025) AJCN (RCT outcomes)


https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fclinicaltrials.gov%2Fstudy%2FNCT06113146%3Fterm%3DNCT06113146%26rank%3D1&data=05%7C01%7Cciaran.forde%40wur.nl%7Cab393cd3fb8c49901bff08dbe205bc1c%7C27d137e5761f4dc1af88d26430abb18f%7C0%7C0%7C638352286469890134%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=sjP%2FHPJJKWjA0n4iyWukyDg11OIsWktGN%2FBdhD6y4jw%3D&reserved=0

Key Difference

Meal textures selected to
slow down or increase
eating rate

@@’

e

Lasschuijt et al (2025) Nutrition Bulletin (Protocol)
Forde et al (2025 — in Press) AJCN (RCT outcome)

UPF —Fast vs. Slow Study Diets

Slow ER

Matched on:
* Ultra-Processed Foods (~ 95 EN% Nova 4)

* Portion size (g; kcal) & Meal volume
* Non-beverage Energy density (kcal/g)
* Variety (i.e., number of components)
* Matched for Palatability & Familiarity

* Diets consumed to fullness on both arms

Daily Menu Averages UPF Slow-ER UPF Fast-ER
Amount (g) 3821 3823
Energy (kcal) 5831 5835
Non-beverage Energy density (kcal/g) 1.53 1.53

Ultra-processed foods (EN%) 97 94




Is energy intake from UPF moderated by Meal Texture ?

Consistent effect of Meal Texture on Eating Rate and Energy Intake Across All Participants
A Slower Eating rate reduced daily energy intake by an average of 369 kcal/d (cI: 221, 517)

n)

Eating rate (g/mi

Eating Rate (g/min) Energy Intake (kcals/d)

Average A 24 g/min, (p < 0.0001) Average A 369 kcal, (p < 0.0001)
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Forde et al. (2025) AJCN



Is the effect of Meal Texture on Energy intake Sustained?

Sustained effect of meal texture on both eating rate and energy intake over 14-days of the diet intervention

Eating Rate (g/min)

Eating rate (g/min)
=N
o
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Differences in Cumulative Energy Intake and Fat Mass Between Diets

No sig. differences in body Weight

Cumulative net difference ]
Slower Eating led to reduced fat mass

between diets: 5,232 kcals

~ 40000- (A 0.43 kg p = 0.0002) between diets
®©
< 35000 Main effect: P < 0.0001 1.00= Body Weight A Fat Mass A  Fat Free Mass A
) 0.75-
x 30000+ NS P = 0.0002 NS
£ 25000 5 0.50- —
> = 0.25-
E 20000+ “g’, 0'00
S 0.00—
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Conclusions

. Energy Density and Eating Rate

Energy density and Eating rate have an independent and combined effect on energy intake.

. Implications for Public Health?

Exchanging UPF's for ‘unprocessed foods’ may be a ‘simple’ public health
message, but available evidence suggests traditional nutritional quality rather
than food processing should remain the cornerstone of dietary guidance.

. Implications for Food Producers?

Knowing which sensory and nutritional attribute(s) facilitate
overeating can enable food structures/formulations to
attenuate these effects (i.e. playing on a foods texture,
diluting energy density or increasing protein and fiber).
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