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Technology: high throughput, multi 

organ, multi level

High-end data mining and 

warehousing, artificial intelligence

Extensive phenotyping by 8omics9 analysis
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Definition for personalized nutrition 

<Personalised nutrition uses 

individual-specific information, 
is founded in evidence-based 
science and has the goal to 

empower consumers and 
promote a positive, 
sustainable dietary behavioural 

change. This may then result 
in measurable benefits for 
personal goals like health 
improvement and 

maintenance, or disease 
specific benefits.=

Position paper personalised nutrition

Van der Horst et al. FoodValley NL



The four pillars of personalized nutrition

1. Body or 
biomedical

information

3. Environment or 
socio-economic

situation, family & 
culture

2. Thinking & 

feeling or personal 

believes, 
experience and/or 

preferences

4. Lifestyle behaviour, 
e.g. nutrition, physical

activity, sleep, smoking 
etc. 

1. Genetics 
2. Mental aspects

3. Somatics



The two TNO pillars: systems & flexibility 

1 3 HEALTH IS A SYSTEM 2 3 HEALTH IS RESILIENCE

Health / disease = the 
(in)capacity to regain 

homeostasis upon a 
challenge



Preventive setting;
<lifestyle to prevent disease=

Types of challenge test used in context of personalized health

Curative setting; 
<lifestyle as medicine=



Preventive setting;
<lifestyle to prevent disease=

Types of challenge test used in context of personalized health

Curative setting; 
<lifestyle as medicine=

Starting with Type 2 diabetes



(very) low-calorie diet g 

15 kg weight loss (4-5 

months program)

Lifestyle may bring diabetes type 2 into remission

5-6 weekly 30-60 minutes aerobic 

and strength training (1 yr program)

Am J Clin Nutr. 1979.

Dixon JB et al. JAMA. 2008

Lean et al. Diabetes Endocrinol. 2019

Diabetes Obes. Metab. 2019



T2D remission is not achievable for every patient!

9



Wopereis et al, Genes and Nutrition, 2017

Metabolic challenge tests



What about genetics vs diet quality in development of type 2 diabetes?

Merino J et al. PLoS Med. 2022



Nutrition and lifestyle contribute up to 90% in the development 

of chronic non-communicable diseases

Source: Willett WC, Science 2002

Sleep



Summary of T2D and lifestyle as 8treatment9

Type 2 diabetes is a systems disease, which for 90% is caused by 
the environment of a person. The genetic background of a person makes a 

person more susceptible for T2D, but is not the only cause of the disease.

Remission of type 2 diabetes is possible with lifestyle; 
percentages of ~ 25 3 40% have been reported 

However, responders and non-responders are described and often participants 

could not achieve the proposed lifestyle goal (e.g. Lean et al. Lancet 2018)

Sustained lifestyle change is an important topic to address: how to achieve 

that?

Aim: Develop a personalized approach for sustained behaviour change to
reduce the number of persons with type 2 diabetes as well as to further reduce

cardiometabolic complications



Can we identify biomarkers for subpopulations of T2D that form the basis for 

stratified treatment options? 

Diagnosis of subpopulations in diabetes patients



Gut
" Incretins

" Host-microbe interaction

Pancreas
"³-cell

"³-cell

Liver 
"Insulin Resistance

"Gluconeogenesis

"Fatty liver
"Ketogenesis

Adipose tissue
"Lipotoxicity

"NEFA

"Insulin Resistance
"Fat mass

Muscle 
"Insulin Resistance

OGTT
Glucose, insulin, 

C-peptide; 

NEFA, incretins, body 
composition, TG

Inflammation
"chronic low-grade inflammation

"Endothelial flexibility/integrity

Blood
"Glucotoxicity

"Postprandial hyperglycemia

An extension of the oral glucose tolerance test



Blanco-Rojo, Diabetologia, 2015

Subgroup specific efficacy of lifestyle

Low fat diet
Mediterranean diet

Mediterranean 

diet improves 
muscle IS

Low-fat diet 

improves 
liver IS



Prospective Diabetes Field lab in Hillegom

Aim:

reduce diabetes incidence and complications

Approach:

tackle newly diagnosed diabetes type 2 with lifestyle changes

Method:

personalized diagnosis and advice

use OGTT (oral glucose tolerance test) to stratify

Diabetes type 2

Moderate ³ cel 

function

Liver IR

A

Muscle IR

B

Liver & muscle 

IR

C

Low ³ cel

function

Liver IR

D

Muscle IR

E

Liver & muscle 

IR

F

De Hoogh et al. Biomedicines 2022, 10, 643



Hepatic IR Muscle IR Poor beta

Poor beta 3
Hepatic IR

Poor beta 3
Muscle IR

Hepatic & 
Muscle IR

Poor beta 3
Hepatic & 
Muscle IR

Treatments

Muscle IR à Exercise (resistance training 3*60 min per wk) 

Liver IR     à Caloric restriction (1 wk VLCD 500 kcal; 12 wk LCD 1000 kcal)

Pancreas à 13 wk LCD with poor pancreas; VLCD&LCD with moderate pancreas

Multiple IR à Combinations of treatments (exercise and diet)

Diagnosis lifestyle treatment combinations

De Hoogh et al. Biomedicines 2022, 10, 643



Effect of usual care vs intervention

Higher degree of weight loss and improvement of glycemic control in the intervention

group that is sustained

De Hoogh et al. Biomedicines 2022, 10, 643



Remission data for Hillegom field lab

Usual care (n=41) Intervention (n=25)

13 weeks 22.0% 75.0% (n=15)

52 weeks - 52.4%

104 weeks - 28.6%

Remission:

HbA1C f 48 mmol/mol 

(f 6.5 %) and fasting

glucose f6.9 mmol/L.

NB. medication use

unknown in usual care

Only 28% were classified as 8healthy9 

with diabetyping methodologyà still

underlying pathology in ~70% of 

patients that achieved 8remission9

Remained prediabetic Progressed towards T2D

89% 11%

De Hoogh et al. Biomedicines 2022, 10, 643
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Flow of T2D subtypes baseline 3 wk 13

De Hoogh et al. Biomedicines 2022, 10, 643

n=7 with remission; 

n=11 prediabetic; 
n=1 T2D with FPG 7.0

n=6 T2D

n=3 T2D



Long-term subgroup specific effects

PPG was 

significantly
improved at 3 

months!

De Hoogh et al. Biomedicines 2022, 10, 643



Conclusions

The personalized/subgroup lifestyle treatment of three months resulted in 
reduced body weight, and improved glycemic control (HbA1C) as compared to 

standard care

Although 75.0% versus 22.0% (netto 53.0 %) of persons with T2D was in 

remission, only 28% of patients was fully normalized after 13 weeks of lifestyle 
intervention 

Long-term follow-up showed that the beneficial effects of the 13 week 

intervention was still present at two years, especially in persons with liver insulin 
resistance with or without reduced beta-cell function. Persons with combined 

insulin resistance, or only reduced beta-cell function did not show long-term 
improved glycemic control



De Hoogh et al, Nutrients, 2021

N=15 T2D 
patients with an

average T2D 
duration of 13.4 

years



months

Remission:

HbA1C f 48 mmol/mol (f 6.5 
%) and fasting glucose f6.9 

mmol/L without medication.

Reversal:

HbA1C f 53 mmol/mol (f 6.5 %) 

and fasting glucose f8.0 mmol/L 

with reduced medication.

None was 8healthy9 according to

diabetyping, but BMI, waist

circumference, FPG, TG, HDL, HbA1C 

improved as compared to baseline

Remission data for Stevenshof field lab

De Hoogh et al, Nutrients, 2021

1. Hepatic IR by a short, 
intense, and very low-

calorie diet of 1 week 

vegetables

2. BCF / HIR by a low 

carb diet (~75 gr per 
day)

3. MIR / sustainability by

MedDiet, vegetables, 

100-150 g whole-

grains, protein, nuts, 
dairy, cheese, oil, 3 

times a day

Intervention:



OGTT subtyping integrated in 360p diagnosis

BODY

BEHAVIOR

THINKING & 

FEELING

ENVIRONMENT

BODY:blood pressure



Opinion health care professionals

A different 

more intensive 

way of 

guidance

Valuable to  provide 

persons with T2D a 

perspective instead 

of more medication

Collaboration with 

multiple disciplines 

works very well: you 

are complementary 

to each other.Shocking to 

discover that 

many glucose 

lowering 

medication is 

counterproductiveWith this 

knowledge you 

will treat T2D 

patients very 

differently

Is it still ethically 

justified to treat T2D 

patients with insulin 

without knowing the 

subtype? ......



PERSONALIZED NUTRITION

Adapted from Van Ommen and Wopereis, 2016



TAKE HOME MESSAGE

Lifestyle should be the main therapy for treatment of type 2 diabetes! In that case, some persons can 
remit the disease, otherwise persons can reverse the disease

However, for a sustained behavioral change a personalized approach leads to a better adherence to 

the lifestyle therapy. Ideally, the four pillars of personalized nutrition should be considered for that. 

Remission of type 2 diabetes with lifestyle is possible, especially for people with relatively mild type 2 

diabetes. For T2D with a longer T2D duration diabetes reversal may be a more realistic goal. 

Our Stevenshof study implies that achieving diabetes remission in individuals with a longer T2D 

duration is possible, but underlying pathology is only minimally affected, possibly due to an impaired 

beta-cell function. Thus, even when T2D remission is achieved, patients need to continue adhering to 
lifestyle therapy

A personalized lifestyle approach to cure type 2 diabetes is a very promising strategy to increase 
sustained adherence to the lifestyle advice, especially when people monitor several aspects of health 

over time, when behavioral aspects are considered (360 degrees feedback) and when realistic 

(biological) goals are being set and personal preferences can be taken into account! 
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