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The Preva!cnce of:obesitg and tyPcZ diabetes mellitus is orldwide obesi y, nearly trip ed since 1975
increasing e~ L~ e

2015: 13% t

www.who.int

Worldwide (>18yr), 2016: 39% of adults (1.9 billion) is overweight,
Somewhere, something went terribly wrong of which 13% (>650 million) is obese.
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Obesity: a major_risk factor for chronic Importance of insulin in glucose homeostasis
diseases

hepatic glucose production peripheral glucose uptake
OBESITY
ﬁﬁ — euglycaemia —

Maastricht University -

~5.0 mmol/L

a

Cardiovascular disease  Type 2 diabetes Liver steatosis Cancer
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Importance of insulin in glucose homeostasis

hepatic glucose production peripheral glucose

=

euglylcaemia I

INSULIN RESISTANCE
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Natural history of type 2 diabetes mellitus

insulin resistance

blood glucose

insulin secretion

Normal
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Natural history of type 2 diabetes mellitus Healthy adipose tissue buffers the
daily influx of dietary fatty acids
Window (.)f insulin r
opportunity ‘HEALTHY’ ADIPOSE TISSUE
blood glucose @
dietary fat lipids ,
/ insulin secretion .
B-cell dysfunction P 7
Time (yrs) @;”/
Normal Impaired glucose metabolism Type 2 diabetes
Department of Human Blology Adapted from Henry R.. Am J Me Department of Human Biology Goossens GH, Physiol Behav, 2008 .
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Lipid overflow hypothesis

pathogenesis of insulin resistance

¥

OBESITY
excess adipose tissue

lipid accumulation

insulin
esistance

) «  ectopic lipid accumulation strongly linked to insulin resistance
dietary fat > lipids :, « tissue specific 1 and | in lipid content cause corresponding changes

in tissue specific insulin action

impaired

LIPODYSTROPHY insulin

adipose tissue deficiency
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Lipotoxicity and muscle insulin resistance WHO criteria for impaired glucose
metabolism
¢ Diabetes:Fasting plasma glucose= 7.0 mM and/or 2-h
glucose= 11.1 mM

« Impaired glucose tolerance: Fasting plasma glucose < 7.0
mM and/or 2-h glucose= 7.8 mM

Fatty acyl-CoA
Fi

Ceramide

« Impaired fasting glucose: Fasting plasma glucose =6.1 and

vooce | Blood (if measured) 2hr glucose<7.8
Department o i H | RDepartmentottumansioioay ]
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H H . Recommendations: EASD Nutrition Study Grou rolism
Genes, lifestyle and diabetes: PO Mt et faeditbidshis Mg Aot SO
- - Cardiovasc Dis (2004) 14: 373-394 2
the Pima Indians V‘f

Carbohydrate + Total CHO 45 — 60% TE influenced by metabolic characteristics

Vegetables, fruits, wholegrains, legumes preferred '

Fibre +  Foods naturally rich in fibre ‘

« traditional’ lifestyle: NW Mexico
>40g/day (20g/1000kcal), half soluble, lesser amounts beneficial

« ‘affluent’ lifestyle: Arizona, USA
« Matched for age and gender:

GI + GHO rich low Gl foods good choices provided other attributes ok
* BMI 24.9 kg/m? vs. 33.4 kg/m?
* Diabet 5% vs. 419
abetes 8.5 % vs. 41% Free sugars - Ifdesired blood glucose levels ok, up to 50g/day incorporated into diet
- <10%TE, less if overweight, avoid SSBs

Department of Human Biology | ]
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'ESC (2013) _

< Macronutrients and dietary fibre as per DNSG (2004)

NUTRIM School for Nutrition, Toxicology and Metabolism

< Mediterranean type diet for those preferring a higher fat intake

< Dietary fibre >40g/day

ESC Guidelines on diabetes, pre-diabetes, and . v - - -
“+ Vegetables, legumes, fruits & wholegrain cereals should be part of diet
cardiovascular diseases developed in collaboration
With the EASD < Iir;;eiri‘s;':justiﬁcation for the ion of very low carbohy
The Task Force on diabetes, pre-diabetes, and cardiovascular diseases of + Coffee drinking: >4 cups/day associated with a lower risk of CVD in people

with T2DM, but not boiled coffee without filtering

the European Society of Cardiology (ESC) and developed in collaboration
with the European Association for the Study of Diabetes (EASD).

<+ Recommendations relating to fat & fibre: Level A

< Any diet with reduced energy intake can be recommended for lowering
excess body weight in DM: Level B -.

Department of Human Biology European Heart Journal, 2013 -

. o
Ly and Metabolism “The Netherlands: Mism

*  The quality of the fats & carbohydrates is more important than
amount of macronutrients

* The diet should be:

NDF Voedingsrichtlijn v Rich in wholegrain products, fruits, vegetables, legumes & nuts
. ¥ Moderate alcohol consumption
diabetes 2015 v Low in refined cereal products, red or processed meat & and a low intake of

sugar-containing drinks

Evidence- based Voedingsrichtlijn
« Various dietary patterns are suitable for prevention and management

of diabetes, e.g. Mediterranean, low Gl, vegetarian, moderate
carbohydrate-restricted

I EeprrarEEA T aTETEY ]
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v' Carbohydrate restriction has a beneficial effect on HbA1c, insulin levels
& glucose tolerance

v" Quantity & quality of carbohydrates are important, in particular, limiting
refined carbohydrate sources and products with free sugars.

v A low carbohydrate diet includes a maximum of 40% En.

v' (Very) low carbohydrate diets in type 2 diabetes seem effective and safe.
Long-term studies are scarce and dropout rate for long-term studies
>2years) is high so the level of evidence is lower in the long term.

v These diets require medical supervision

Department of Human Biology .
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Nutrition Therapy for Adults With 2 e
Niclos Dacdiol W Timorny co o

BB k. wvowon 10 Noumor

Low-carbohydrate eating patterns , especially very low-carbohydrate (VLC
eating patterns, have been shown to reduce A1C and the need for
antihyperglycemic medications.

....are among the most studied eating patterns of type 2 diabetes.
..from the current evidence , this eating pattern does not appear to increase

overall cardiovascular risk, but long term studies with clinical event
outcomes are needed.

Researcnpr:
clarity on many food choices and eating patterns that can help people achieve health

Department of Human Bi
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D) Bihor  Lowcwbibewe  Mecpes  Hesth  Video  News o D o

American Diabetes Association
endorses low-carb diet as option

Department of Human Biology -
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Are low carbohydrate diets "
more beneficial than higher
carbohydrate diets in adults

with type 2 diabetes?
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'Carbohydrate‘s'and carbohydrates...
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REVIEW AR

WILEY

Carbohydrate quantity in the dietary management of type

2 diab : A

review and t:

nalysis

Henny-Kristine Korsmo-Haugen MSc? | Kjetil G. Brurberg PhD? | Jim Mann DM® |

Anne-Marie Aas PhD*

Hesti Mwiton snd Moregerment. o s | Alms: This
Tow (LCDs) on body welsh.

Selinecs oo Norwer ot

O fo HeslehServces, Norwegion P

Mothods: MEDLINE, EMBASE, CENTRAL, CINAHL_ Food Science Source and SweMeds da
= . ystomatically searched to identity randomized controlled sk (duration

25 mesn differences and risk ratio. Subgroup analyses

riaken to exsmine the effects

Results: Of the 1589 studles Identied, 23, Including 2178 participants, met inclusion criteia
Reductions were slihtly greater with LCDS than with HCDs for HbALE (~10 mmol/mol; Cl,
1.5, 0.1 1-0.09%; €1, ~0.17, ~0.01]) and for friglycerides (013 mmal/; G ~0:24, -0.02)
Chamgon i weight, HDL- arct LDL<holesterol, total cholesterod and bioo pressre il not -

for significantly betweon sroups. Subaroup analy<es suzapsted that the difforence in HBATC

F e o ariaar i fo o .

range of dietary patterns, Including those traditiona in Meditemrancan countics, seems suitable
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1180 records identified 309 records identified 10 additional records identified

I n c l u d e d through database searching in hrough database sesrching ‘through other sources
studies [r——

RCTS, 4 with cross-over design

1402 records excluded
after screening by title
and abstract

Total participant: 2178
Study duration: 3m —ca 3y
CHO content LCD: 5 - 40 E%
CHO content comparator:

187 retrieved and
screened by full-text

screening by full-text

164 articles excluded after

42-65E%
+ Energy reduced diets avalative Smhests
6 of the LCD

10 of the comparator diets

Department of Human Biology

19 studies included in

quantitative synthesis
(meta-analysis)

Body weight: Low-carb diet vs comparator

RE modet

-

38 33% -150 [4ar 147
91 53% 000 [220 220
179 To% 130 (520 2601
170 17% 200 (822 222) -
30 24% 200 (140 549
o1 se% 040 (248 168]
204 9% 360 [032 752
% s7% 007 (167 153
45 o4% 230 (1160 7.00)
156 249% 021 (027. 069
100% 035 (091 021) -
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Study N Weight Effect  95% CI RE model
Daly 06 79 36% -032 [074; 0.10]
Jenkins ‘14 141 39.7% 016 [-0.26:-0.06]
Jonasson 14 59 03% 020 [173 133
Luger 13 42 12% 000 [072: 0.72]
Westman ‘08 07% 050 [1.50; 0.50)
Yamada ‘14 24 14% -050 [1.19; 0.19]
Brinkworth 04 38 07% 000 (098 0.98]
Davis 09 91 27% -026 (075 023]
Elhayany 10 179 23% 029 [067. 0.09]
Goldstein 11 30 13% 040 (032 1.12]
Guldbrand 12 61 03% 010 (148 168]

k 204 56% 010 [023; 043]
Larsen 11 99 37% 004 [037. 0.45]
Pedersen 14 45 21% 030 (026 0.86]

hai 15% 045 [1.10; 020] +
Wolever ‘08 157 311% 001 [011: 0.13) -
ove X 2 7 -
o ity: 172=7%, p=0.3780.
Favours LCD  Favours HCD.

Department of Human Biology ) Mann,

Cdmpliance: Low-carb diet vs comparator

c

Study N Weight Effect  95% c1 RE model
Day 06 102 49% 092 [04s: 188 —
Jonkine 14 131 36% 217 [094 501 -

24-hour recalls or food records:

9/18 studies :carbohqdrates in the LCD were 5E% within what was
recommended. )

7/9 trials that observed low comPliancc were VLCDs (5 E% to 22 E% from
CHO)

overail 100% 108 [0.92; 1.27)
Test o1 subgroun diferances: p-0.1071 — § .
Favours LGD  Favours HCD

Low carb diets: conclusions

e Low carb diet show in the short term a slight benefit for body weight
control and HbA1c, but studies > 12 months show no benefits

e Half of the low carb diets in the meta-analyses were within 5E% with
what was recommended

e Very low carb diets (5-22E%) had a low compliance

e Carbohydrate rich products like wholemeal bread and grain products,
fruit, vegetables and pulses reduce the risk for diabetes and
cardiovascular disease and contain B-vitamins, dietary fibres and
important minerals like iron, magnesium, chromium and zinc

It is difficult to have high levels of fibre on a low-carbohydrate
die

Department of Human Biology | ]

y 0.

@k @ Carbohydrate quality and human health: a series of
atic reviews and meta-analyses
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123 million person-years
6.9 million person-years
27 million person-years.
13 million person-years RR 0-80 (0:56 t01:14)
46 million person-years R 0-78 (0-69 to 0-88)t
6.9 million person-years R 0-84 (07810 0-90)
16.9 million person-years RR0.84 (078t00-89)
112 million person-years  RR0-87 (079 to

10
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9

2

9
17
2

5

1201 MD-037 (-063t0-011)

189 SMD-035 (-073100.03)

1671 MD-0151 (022 10-007)
MD-1271 (2:50t0-004)

Dose-response relationship between fibre,
morbidity and mortality

- S—— 175
]
£
€ Type s diabetes LY——

e
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The effect of dietary fibre goes beyond the small =™
intestine

transverse colon: combination of sacc]’vam[yﬁc
and Protsa[ytlc fermentation

proximal colon: primarily saccharolytic fermentation
Dietary fibers

distal colon: Primardy prnl:ea|3tic fermentation

Department of Human Biology | ]

Balance between carbohydrate and protein fermentation

= SCFAs (acetate, « Ammonia
propionate and Intestinal barrier « p-Cresol
busvisie) e e = Hydrogen sulfate
< S e K ﬂ‘ij:ﬂ:l s eamranas
> « « BCFAs
Endotoxaemia

Carbohydrate Protein
fermentation ‘ 1\ fermentation

N
[}

= Lipid oxidation capacity
- ene:

pog
« Inflammation W
Liver|

« Lipid storage capacity
< Inflammation

= B-Cell function
= Insulin secretion

Pancreas
Canfora, E. E., eta
Gut microbial
metabolites in obesi
NAFLD and T2DM. A
Rev. Endocrinol. 1!
261-273 (2019)

« Lipid oxidation capacity
< Insulin sensitivity

Muscle Adipose tissue!

[ — Positive regulators

Negative regulators

10
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EDIPS trial

Importance of Weight Loss Maintenance and Risk

Prediction in the Prevention of Type 2 Diabetes:

Analysis of European Diabetes Prevention Study RCT
Linda Penn ,Martin White, Jaana Lindstrém, Annemieke Th. den Boer,
Ellen Blaak,Johan G. Eriksson, Edith Feskens, Pirjo Ilanne-Parikka,
Sirkka M. Keinanen-Kiukaanniemi, Mark Walker, John C. Mathers,Matti
Uusitupa, Jaakko Tuomilehto, PLOS one, February 25, 2013

Department of Human Blology | |
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‘ Cumulative incidence of diabetes reduced IZ)L’ 57%! rta otiem

1 — Intervention
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" veorof participation in EDIPS RCT
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Geen groot gewichtsverlies, maar
Leefstijlveranderingen gericht op een gezonde leefstijl

Copyright 1998 by Randy Glasbergen.
glasbergen.com

«I tried all the fitness fads, but my doctor was
right all along—walking is still the best exercise.”

Department of Human Biology | |
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Protein, fat or CHO:

what is the optimal mix?
Based on metabolic '
phenotype?

The diet the patient o
can enjoy and stick to!

Department of Human Biology
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Food and health are intertwined and can not be isolated
from their context

oo = =
escuan 7 P S, S
ST T = "scusmonsurs seciamon
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Personalised nutrition based on metabolic phenotypes

METABOLIC
PHENOTYPING

POPULATION BASED NUTRITON

Department of Human Biology

Tissue-specific insulin resistance (IR): distinct
phenotypes?

(M)

Metabolic consequences’.’

o & QO

Organ—sPcciﬁc interventions
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Muscle IR and hepatic IR are distinct metabolic
phenotypes

But do these Phcnotgpes rcsPond c{igcrcntia”y to diet?

Department of Human Biology .
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The insulin resistance phenotype interacts with diet to

NUTRIM School for Nutrition, Toxicology and Metabolism determlne meta b0|IC Outcome . The Cordloprev_ DIAB

50
The insulin resistance phenotype (muscle or liver) interacts
with the type of diet i in di ition index 7
after 2 years of inter

¢ CORDIOPREV-DIAB

642 subjects

327 Mediterranean diet
(35% fat,22% MUFA)
315 low-fat diet
(<28% fat)

Wean change (%)
8

No R Muscle IR Lver IR Muscle + Liver IR
Fig. I Mean percentage change in values of disposition index between
baseline and after 2 years of follow-up by TR phenotype. *»<0.05 be-
tween low-fat diet (white bars) and Mediterranean diet (black bars) in
cach IR subgroup analysed using a univariate model adjusted for age,
sex, baseline BMI and change in weight

Department of | ] Department of Human Blology

European DiOGenes study: N HIRI phenotype responded more favourable to low GI
a multi-center weight maintenance trial diogenes diet, independent of weight gain: DIOGENES study

® o - | - -
18-65 year Lipidomics: n = 640 ~ :‘;ahe‘?l
BMI > 27 kg/m? Transcriptomics: n = 368
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Response to dietary intervention may
depend on initial insulin resistance
phenotype and diet composition

Department of Human Blology | |
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Conclusions m |

= Een voeding volgens richtlijnen goede voeding gericht op meer
plantaardige producten, een reductie van suikerhoudende dranken en
een vervanging van geraffineerde graanproducten door volkoren
producten is effectief in de preventie van chronisch metabole ziekten

= Sterke koolhydraatrestrictie gaat gepaard met een lage vezel inname
wat niet wenselijk lijkt met het oog op lange termijn gezondheid

= Focuss moet gericht zijn op een gezonde leefstijl en niet op
gewichtreductie per se

= Binnen de context van een gebalanceerde voeding kan een meer
gepersonaliseerde aanpak voor mensen met een verhoogd risico op
type 2 diabetes en cardiometabole complicaties effectief zijn

Department of Human Biology .
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