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The number of adults (20-79 years) with diabetes has 
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1. Commonly agreed diagnostic definition for the disease;  

2. Adequate knowledge about the risk factors for the disease;  

3. Good understanding of the natural history of the disease;  

4. Acceptable and efficient methods to identify high-risk 

 individuals in the population;  

5. Acceptable and efficient methods to influence the modifiable risk 

 factors of the disease; 

6. Demonstration in an intervention study setting that disease 

 rates are reduced following the risk factor  modification. 

7. Development a population approach for the control of major risk 

 factors for the disease by implementing policies outside the 

 health sector.  

Necessary prerequisites for a 

successful disease prevention 



Figure 13.5 

Diabetes risk in the proband and the complex interplay between 

genes, shared environment, shared behaviors, and epigenetic effects 

Source: (31) 

The complex interplay between genes, shared environment, shared behaviors 
and epigenetic effects 
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Type 2 diabetes risk factors 

 Risk markers 

• Age 

• Family history, gene markers 

• Gestational diabetes 

• Delivery of macrosomic baby 

• Low SES 

• Low birth weight 

• Hypertension 

• Metabolic syndrome 

• Previous CVD 

• Polycystic ovary syndrome, 
PCOS 

• Non-alcoholic fatty liver 
disease, NAFLD 

Modifiable risk 
factors 
• Overweight / obesity  

• Abdominal adiposity 

• Low physical activity 

• Smoking 

• Unhealthy diet 

Possibly modifiable risk 
factors 
• Sleep deprivation 

• Distress and depression 

• Persistent organic pollutants 
(e.g. pesticides, solvents, 
pharmaceuticals) 

• Microbiota 



Type 2 diabetes is a progressive disease of  
pancreatic beta cell dysfunction:  

UKPDS data extrapolation 

Adapted from UKPDS 16. Diabetes 1995 
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Natural History of Impaired Glucose 

Tolerance: Dysglycemia is a progressive disorder 

 

IGT 
(prediabetes) 

Normal 

25% 

IGT 

25% 
Diabetes 

50% 
After 10 years 



Science provides facts,  
but it does not change 

behavior or culture 



Hierarchy of Scientific Evidence  
for Best Practices 

• Meta-Analyses and Systematic Reviews of Trials 

• Randomized controlled trials 

• Non-randomized, controlled intervention studies 

• Meta-analyses of observational studies 

• Observational studies 

• Uncontrolled evaluation of existing programs 

• Anecdotal experience 

• Intuition and common sense 

Best 

Promising 



Archie Cochrane –  
 EFFECTIVENESS & EFFICIENCY 

 Nuffield Provincial Hospitals Trust 1973  

 
3 Key Questions about any intervention: 

 

1) Can it work ? 

 

  2) Does it work in practice ? 

 

3) Is it worth it ? 
 



The Randomised 

Clinical Trials (RCT) –  

 

a quite recent 

development 
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WHAT IS IT? 

• It is an experimental  
epidemiological method. 

•  It is an interventional study on 
individuals, usually on patients 
or people at high risk. 
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WHAT ARE ITS OBJECTIVES? 

• Intervention trials determine whether 
experimental treatments or trials are 
safe and effective under controlled 
environments 

• Observation trials address health 
issues in large groups of people in 
natural settings. 
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WHAT IS IT? 
A research study in 

human volunteers to 

answer a specific 

health question 
                                              (U.S  National Library of Medicine) 



Why Start a Clinical Trial? 

1) To Answer an Important  Question: Proof of Concept 

 

2) To Answer it Clearly – which needs a  

      Lot of CLEARLY DEFINED End Points 

 

3) To Avoid Bias, therefore Randomisation 

 

4) To Obtain Results which are  

   Widely Applicable in Clinical Practice 

 

5) To check on potential Observational study Bias 
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WHY THEY ARE DONE? 
 

1.As they provide better evidence of the effect or 
the outcome (e.g. safety) that cannot be 
obtained with any other observational method. 

 

2.The random variation is minimized and bias is 
controlled, hence more valid and their  results 
speak truth. 
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WHY THEY ARE DONE? 

3. Enjoying maximum confidence just like 
any other scientific  laboratory experiment 

4. Providing maximum amount of 
assurance 

5. Fastest  and safest way  to find 
treatments that work in people and ways 
to improve health 
 



 

 

The proof of concept  

for prevention of type 2 diabetes –  

 

Randomized Controlled Trials (RCT) 



Chinese Da Qing Study in people with 
Impaired Glucose Tolerance (IGT) 

Pan XR et al. Diabetes Care 1997;20:537 

STUDY GROUP Diabetes  Relative  

                                incidence        Risk 

Control group 15.7%  1.00 

Diet 10.0%  0.64 

Exercise 8.3%  0.53 

Diet & exercise 9.6%  0.61 

Study participants were not randomly allocated to different groups; 35 clinics were randomised 



The main aim: 

To determine whether lifestyle intervention of overweight,  

middle-aged  subjects with impaired glucose tolerance (IGT)  will 

prevent or delay the development of type 2 diabetes 

 

Study subjects: 

• 522 subjects with IGT in two oral glucose tolerance tests 

• Age 40–65 years, mean age 55 years  

• BMI > 25 kg/m2 

• Randomization to standard care control group or intensive 

lifestyle intervention group 

• Stratified randomisation by sex, centre and 2-h PG (< 9 vs > 9 mmol/l) 

 

DPS: The Finnish Diabetes Prevention Study 

N Engl J Med 2001; 344:1343 



Weight reduction   > 5% 

Fat intake      < 30 E%  

Saturated fat intake  < 10 E% 

Fibre intake     ≥ 15 g/1000 kcal 

Physical activity   > 30 min/day 

Intervention group 

•   Individually tailored diet based on 3-day food diaries 

•   7 dietary counselling sessions during the first year, every 3 months thereafter 

•   Free-of-charge gym 

Control group 
•   General advice about healthy diet and exercise habits 

•   No individualised counselling  

Lindström et al. Diabetes Care 2003; 26:3230–6 

DPS: lifestyle goals 

E, energy 



Diabetes Prevention Program (DPP) -USA 

Subjects 

• 3400, > 25 years old, 45% ethnic minority 

• IGT with fasting plasma glucose > 5.6 mmol/L 

• Median follow up 3 years 

Interventions 

1.  Intensified diet and exercise lifestyle (1079 patients) 

2.  Metformin 1700 mg per day (1073 patients) 

3.  Placebo tablet (1082 patients) 
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Risk of false positive 

• If one carries out 10 interim analyses the chance of at least 

one analysis showing a treatment difference significant at the 

5% level increases to 0.19 even if the treatments are truly 

equally effective. 

• Stopping rules defined beforehand. 

• Intention-to-treat (ITT) analysis 

• Statistical analysis plan should be prepared beforehand 

 



Changes (%) in the components of metabolic syndrome 

with lifestyle intervention: ALL IMPROVED! 

From baseline to year 1 - DPS 
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• The study was estimated to last for 6 years. 

• 160 cases of diabetes was expected to occur. 

• An interim analysis by randomization group    

  was planned when 80 cases of diabetes had    

  been accumulated. 

• The analysis was carried out by an        

  independent statistician . 

•The median follow-up time at the time of the    

  interim analysis was 3.2 years (range 1-6 years) 

DPS - Interim analysis of end-points 



 

         

Reduction of diabetes incidence by lifestyle intervention – 

Finnish Diabetes Prevention Study (DPS) 
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Is Finland different, or just happy? 



Diabetes Incidence Rate in US DPP was reduced by 58% 
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Prevention of T2D by Lifestyle Management:  
The Evidence from proof-of-concept trials in people with IGT 
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31% Risk Reduction 

Barry E, et el. 
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Will lifestyle intervention be 
similarly effective in people with 
impaired fasting glucose (IFG)? 



Zensharen Study – T2D incidence in the control 

and frequent intervention (FINT) groups 

Relative Risk Reduction: 44% 



Zensharen Study –  effect of the  

frequent intervention (FINT) on T2D incidence 

was not seen in people with IFG 

Relative Risk Reduction: 59% Relative Risk Increase: 17% 

Isolated IFG  Combined IFG + IGT  



IGT + IFG Isolated IGT Isolated IFG 

Risk reduction with 
lifestyle intervention 
compared with the 
control group 

36% 31% 12% 

Need for additional 
metformin 

83% 51% 77% 



• Isolated IFG: reduced hepatic insulin sensitivity, stationary beta cell 
dysfunction and/or chronic low beta cell mass, altered glucagon-like peptide-1 
secretion and inappropriately elevated glucagon secretion.  

• Isolated IGT: reduced peripheral insulin sensitivity, near-normal hepatic insulin 
sensitivity, progressive loss of beta cell function, reduced secretion of glucose-
dependent insulinotropic polypeptide and inappropriately elevated glucagon 
secretion.  

• Combined IFG/ IGT: severe defects in both peripheral and hepatic insulin 
sensitivity as well as a progressive loss of beta cell function. 



• Isolated IFG: reduced hepatic insulin sensitivity, stationary beta cell 
dysfunction and/or chronic low beta cell mass, altered glucagon-like peptide-1 
secretion and inappropriately elevated glucagon secretion.  

• Isolated IGT: reduced peripheral insulin sensitivity, near-normal hepatic insulin 
sensitivity, progressive loss of beta cell function, reduced secretion of glucose-
dependent insulinotropic polypeptide and inappropriately elevated glucagon 
secretion.  

• Combined IFG/ IGT: severe defects in both peripheral and hepatic insulin 
sensitivity as well as a progressive loss of beta cell function. 



  

Can we use HbA1c for the 

outcome assessment (diagnosis 

of diabetes) in diabetes 

prevention programmes?  
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Incidence of T2D as HbA1c>=6.0 and HbA1c>=6.5  

in the DPS study: TOO INSENSITIVE 

HbA1c>=6.0% HbA1c>=6.5% 

The sensitivity of the HbA1c ≥6.5% compared with diagnosis based on 2 x OGTT: 
 35% (95% CI 24% - 47%) among women 
 47% (95% CI 31% - 64%) among men  Pajunen et al. Diabetic Med, 2011 



WHO- 

OGTT  
A1C > 6.5%  

N=2287 

 DM: 

 n=196 

 DM: 

 n=31 

n=26 

Overlap index = 12,9% 

Poor impact of the A1C as a diagnostic criterion for T2D in the 

prospective DE-PLAN-CATALONIA cohort  

- people with FINDRISC >12 points 

n=170 

Costa et al. Diabetic Med 

 2011; 28: 1234-7 



 

ADA 



 
How long will the effect of the 

lifestyle intervention last  
to prevent diabetes? 
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Adjusted hazard ratio = 0.59  

(95% CI 0.46-0.76) 

Risk reduction 41% 
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Intervention (106 events) 
Control (140 events) 

  Adjusted HR:  

for sex, age, 2h glucose and BMI at baseline. 

The difference in diabetes incidence between the original intervention and 

control groups   remained over 13 years (median follow-up 9 years) - DPS 

Lindström et al. Diabetologia. 2013  

Intervention 

Diabetes onset 

postponed by 5 

years! 
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Post-intervention period: Hazard ratio=0.61  
                                                           (95% CI 0.38-0.98) 
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Intervention (106 events) 
Control (140 events) 

  Adjusted HR:  

for sex, age, 2h glucose and BMI at baseline. 

The ABSOLUTE RISK DIFFERENCE (ARR) in T2D incidence between groups did 

not diminish, but increased during the post-intervention follow-up period 

Lindström et al. Diabetologia. 2013  

Intervention 

ARR 

ARR 



 

         

DPS: Development of diabetes 

in the intervention and control groups:  

 

Risk reduction: 58% 
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(RRR) during trial: 

Rate at 4 years: IG 10% 

                CG 27% 

     RRR = 10/27 = 63.0% ARR 

17% 

 ARR 

17% 

 

Relative Risk Reduction 

(RRR) during extension: 

Rate at 7 years: IG 29% 

                CG 46% 

     RRR = 29/46 = 37.0%  



Numbers needed to treat (NNT) 

DPS original trial period: 
 Absolute risk of diabetes:  

   32/1000 person-years  intervention group     

   78/1000 person-years control group.  

 

 Absolute Risk Reduction (ARR): 78 - 32 = 46/1000 person-years 

 

 NNT  =  1/ARR 

 

  = (1 x 1000)/46 = 21.7 

 

Thus,  

 22 people with IGT need to be treated for one year  

  with a life-style intervention to prevent one case of diabetes; 

 5 people with IGT need to be treated for 4 years  

 



Nanditha et al , accepted for publication in JOD 

Sustained effect of lifestyle modification (LSM) in the 
SMS study  in prevention of diabetes in Asian Indians 

RR=36% 

RR=30% 

Nanditha et al, DRCP:142 (2018) 213–221 

LSM 

Control 

.                    
 

Post-intervention period 



ADHERENCE: 
 

A drug does not work, if not taken. 
 

Lifestyle intervention does not work, if people 
do not comply with intervention.  



T2D risk was reduced when any of the pre-specified 

lifestyle target was achieved- DPS  

TARGET               ALL PARTICIPANTS  

                OR  (95% CI)  

                   

Weight loss >5%    0.34  (0.12-0.50) 

Total Fat < 30E%    0.47  (0.28-0.81) 

Saturated Fat < 10 E%        0.46  (0.16-0.81) 

Fiber > 15 g/1000 kcal   0.29  (0.12-0.69) 

Exercise >4h/week   0.38  (0.23-0.64) 

         

 

 

 



 RR for diabetes according to weight change from baseline to year 1:  
DPS - Combined group   
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Net Weight Loss (%) of Long-term, Lifestyle-based, Weight Loss 
Interventions Evaluating Primary Prevention of Diabetes 
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Log-rank test: p<0.001 
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DPS follow-up until 2009 

HR=1.86 

reference 

HR=0.62 

 

HR=0.77 

 

 

HR=0.55 

 

DPS: prevention is predicted by  
weight change at year 1 

1 kg weight 

reduction at year 1 

 7% risk 

reduction 

 

 (adjusted for sex, 

baseline age, 2h 

glucose, BMI)  

 

 



Early Response to Preventive Strategies  
in the US  Diabetes Prevention Program 

Maruthur N, et al. J Gen Intern Med 2013;28:1629–36 

Placebo group Lifestyle group 



Total physical activity prevented type 2  

diabetes in high-risk individuals* 

0

0.2

0.4

0.6

0.8

1

1.2

-3.2 0.5 3-Aug

Change in total physical activity (h/wk)

Re
lat

ive
 ris

k o
f ty

pe
 2 

dia
be

tes P < 0.001 for linear trend 

- 3.2                +0.5   +             3.8   + 3.8 

1.0 

0.52 
0.34 

  + 0.5 

R
e

la
ti
v
e
 r

is
k
 o

f 
ty

p
e

 2
 d

ia
b

e
te

s
  Finnish Diabetes Prevention Study (DPS) 

(p<0.05) 

Laaksonen DE et al. Diabetes 2005 

Mean change in total physical activity (h/wk)  

(p<0.05) 
* Adjusted for all baseline 

and during-study variables 



0

0.2

0.4

0.6

0.8

1

1.2

-3.2 0.5 2-Jun

Change in light physical activity (h/wk)

re
lat

ive
 ris

k o
f ty

pe
 2 

dia
be

tes
P = 0.001 for linear trend 

- 3.2                + 0.1               

1.0 

0.63 

0.36 

  + 3.1 

R
e

la
ti
v
e
 r

is
k
 o

f 
ty

p
e
 2

 d
ia

b
e

te
s
  

Light physical activity (<3.5 METs) prevented  
type 2 diabetes in high-risk individuals * 

Finnish Diabetes Prevention Study (DPS) 

Laaksonen DE et al. Diabetes 2005 

Mean change in light physical activity (h/wk)  

(p<0.05) 

* Adjusted for all baseline 

 and during-study variables 



Reduction in the Incidence of Type 2 Diabetes  
with the Mediterranean Diet:  

The PREDIMED-Reus Nutrition Intervention Randomized Trial 

Salas-Salvadó J et al. Diabetes Care 2011;34:14-9. 

(a) MedDiet + Extra Virgin olive oil 
(b) MedDiet + Nuts 

P-value: a vs. c = 0.047 
P-value: b vs. c = 0.053 

(c) Control diet 
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The best tool to avoid the progression from IGT to T2D: 

Multimodal intervention! - DPS 
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SUCCESS SCORE: number of goals achieved 

% 

Weight reduction  > 5% 

Fat intake   < 30 E%  

Saturated fat intake  < 10 E% 

Fibre intake/1000kcal ≥ 15 g 

Physical activity/day  > 30 min 

 

Intervention goals: 

Multimodal 



Hippocrates 

Father of Medicine  

(460 - 377 BC)  

“Eating alone will not keep a man well.  

He must also take exercise.  

For food and exercise,  

while possessing opposite qualities,  

yet work together to produce health.” 

 



3 pillars of lifestyle  

Physical activity Diet/nutrition 

?? 



3 pillars of lifestyle  

Physical activity Diet/nutrition 

Sleep 



SUB-GROUP ANALYSIS/ POST-HOC ANALYSIS 

• Try to explore where the trial effect came from 

 

• Who benefitted most? 

 

• Who did not benefit? 

 

• Problematic, when the primary end point not significant – chance findings 

 

• Some scientists argue that this should never done 

 

• Can be defined in the original statistical analysis plan 



CONTROL GROUP 
INTERVENTION GROUP 

SLEEP DURATION AND THE PROGRESSION TO DIABETES - DPS 

Tuomilehto H et al. Diabetes Care 2009;32:1965 



 

Can changes in physical activity patterns be 

maintained for older age? 
 

 

 

 

 

 

 

 

 

 

YES: ... 



   Age tertile      Relative         

     (years)  Risk Reduction 

     

     < 51     49 % 

     51 - 60     57 % 

    61 -       65 %  

      

Relative risk of diabetes by age – DPS 
Older people benefitted more. 



Relative Risks (RRs) and Diabetes Incidence Rates 
Among medication Studies Stratified by Drug Class 

 

Haw S, et al.  JAMA Intern Med 2017 
 



Relative Risks (RRs) and Diabetes Incidence Rates 
Among medication Studies Stratified by Drug Class 

 

0.64 

Haw S, et al.  JAMA Intern Med 2017 
 



 

Drop-out 26%  Drop-out 26% Drop-out 33% 
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NON-COMPLIANCE 
•Non-compliance decreases the statistical 

power of the trial which speaks about the 
validity (truth of the results) 

• Extent of non-compliance is directly 
proportional to the duration and complexity 
of the trial. 

•Compliance is difficult when the end –points 
are time taking like incidence of cancers or 
death 

 

 



 



Am J Hum Genet. 1962;14:363–375.  

James V. Neel 



Interactions of genes and lifestyle in 

the prevention of T2D  

 

How old is the link between 
overnutrition and diabetes? 
 

- Shared by humans, monkeys, rats, 
 mice, dogs, monkeys, etc. 
- Therefore over 100 million years old 

 



T2D susceptibility genes: Prediction of T2D 

 Statistically significant 

association between multi-

locus genetic score and T2D. 

 Not effective in 

distinguishing future cases 

from non-cases. 

 

 

Kraft P et al. Nature Reviews Genetics 2009 



Talmud et al. BMJ 2010;340:b4838 
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 4-year probability of incident T2DM  
by TCF7L2 rs 12255372 genotype –  

DPS control group   

Wang et al. Diabetologia 2007 

TT 

GT 

GG 

P=0.009 

 



Gene-lifestyle interaction among people with 
TCF7L2-TT genotype (rs 12255372) -  DPS  
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Wang et al. Diabetologia 2007 
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DPS: Incidence of diabetes  
according to the Family History (FH) of diabetes 

15.7.2019 Uusitupa, et  al. Diabetes Care 2011 85 
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