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Plan 

• Context 
 

• Finding ‘high risk’ individuals 
• ‘high risk’ of what? 
• effects and adverse effects of ‘risk screening’ 

 
• What to do with ‘high risk’ individuals 



Approaches to Risk Reduction 

Upstream 
(healthy public 

policy) 

Midstream 
(prevention) 

Downstream 
(treatment/prevention 

of complications) 

Proportion 
of the 

population 
targeted 

Behavioural 
interventions and 

medication to lower 
glucose levels 

Fiscal policy 
to support 
access to 

healthy food 
Worksite 

behavioural 
interventions 

Changes to 
transport 

infrastructure 

Earlier 
detection by 

screening 

Population-based approach High risk approach 



Long term follow up of the Da Qing study 

Li et al, Lancet 2008 



Potential Limitations to Translation 

• Feasibility/cost of identification of high risk individuals 
• Feasibility/cost of interventions 
• Magnitude of effects 
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Long term follow up of the Da Qing study 

Li et al, Lancet 2008 

Hazard ratios 
 
All-cause mortality 0.90 (0.59-1.37) 
Incidence of first CVD 0.98 (0.68-1.43) 
CVD mortality  0.73 (0.42-1.26) 



Long term follow up of the Da Qing study 

Cumulative incidence of severe retinopathy 
(hazard ratio 0.53 95%CI: 0.29 to 0.99) 

Diabetologia 2011;54:300-307 

Control group 

Intervention group 



Plan 

• Context 
 

• Finding ‘high risk’ individuals 
• ‘high risk’ of what 
• effects and adverse effects of ‘risk screening’ 

 
• What to do with ‘high risk’ individuals 



Glucose tolerance category at follow-up 
among those with IFG/IGT in 1990-92: 
The Ely Study 
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Incidence of diabetes over 3 years by baseline HbA1c 
categories in the EPIC-Norfolk cohort (n=5,735) 
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Reference Male TC/HDL ratio > 4.5 SmokingSBP > 140 mmHgAge > 55 yrs
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HbA1c > 6.0%

HbA1c < 5.5%
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HbA1c > 6.0%
p < 0.01 

Reference group: non-smoking women aged ≤ 55 years with a SBP of ≤ 140 mm Hg and a 
TC/HDL ratio of ≤ 4.5,    * p < 0.001 

Absolute rates of cardiovascular events over 10 years in individuals 
with different levels of CVD risk factors in EPIC-Norfolk (n=10,144) 

Diabetologia 2010;54:291-299 





Modelled population-based screening 
strategies 

BMJ 2010;340:c1693 



Predictive ability of different strategies 

Strategy   

Number of 
individuals 
invited to 

vascular risk 
assessment (%) 

Sensitivity (%) Specificity (%) aROC  

Strategy 1 Total 15,828 (100) 53.6 (50.7-56.4) 81.5 (80.9-82.1) 0.68 (0.66-0.69) 

All individuals Men 7,077 (100) 67.5 (64.1-70.7) 65.8 (64.6-67.0) 0.67 (0.65-0.68) 

Women 8,751 (100) 27.6 (23.5-32.2) 93.3 (92.7-93.9) 0.60 (0.58-0.63) 

Strategy 2 Total 11,482 (73) 52.2 (49.4-55.1) 82.0 (81.4-82.6) 0.67 (0.66-0.69) 

Age ≥ 50 yrs Men 5,266 (74) 65.6 (62.1-68.9) 66.9 (65.8-68.1) 0.66 (0.65-0.68) 

Women 6,216 (71) 27.4 (23.3-31.9) 93.4 (92.8-93.9) 0.60 (0.58-0.63) 

Strategy 6 Total 9,495 (60) 51.8 (49.0-54.7) 82.3 (81.7-83.0) 0.67 (0.66-0.69) 

60% top CRS Men 5,588 (79) 66.2 (62.8-69.5) 66.6 (65.4-67.7) 0.66 (0.65-0.68) 

  Women 3,907 (45) 25.1 (21.1-29.5) 94.3 (93.7-94.7) 0.60 (0.58-0.62) 

BMJ 2010;340:c1693 



Strategy 

Number needed 
to screen to 

prevent one new 
CVD case 

Number needed to 
intervene to 

prevent  
one new CVD case 

NEPP 
NEPP for the UK 

(26,954,900 people aged  
40-74 years) 

Strategy 1 Total 794 110 15.0 (11.5 - 20.6)  25,464 (19,537 - 35,090)  

All individuals Men 473   77 11.2 (8.9-14.5)  19,090 (15,240 - 24,679) 

Women 1,754 208   3.7 (2.5 - 6.1)    6,374 (4,297 - 10,411)  

Strategy 2 Total 619   97 13.9 (10.8 - 18.9)  23,698 (18,333 - 32,211)  

Age ≥ 50 yrs Men 377   70 10.5 (8.4 -13.3)  17,854 (14,378 - 22,729)  

Women 1,358 181   3.4 (2.3 - 5.6)    5,844 (3,954 - 9,483)  

Strategy 6 Total 507   94 14.1 (10.8 - 19.5)  23,940 (18,327 - 33,126)  

60% top CRS Men 385   71 10.9 (8.7 - 14.1)  18,529 (14,772 - 24,002)  

  Women 922 172   3.2 (2.1 - 5.4)    5,410 (3,554 - 9,124)  

CVD cases that could be prevented 

BMJ 2010;340:c1693 



Predictive performance of different screening 
strategies for risk of type 2 diabetes over 3 years 

Strategy 
Number of individuals 
invited to screening 

(%) 

Incident cases of 
diabetes in risk 

group (%) 

aROC (95%CI) for 
prediction of 

incident diabetes 

Prestratification followed by HbA1c 6.0-6.4% 

All individuals 5,910 (100) 77 (100) 0.66 (0.60-0.71) 

Age ≥ 50 yrs 4,443 (75) 68 (88) 0.65 (0.60-0.71) 

Age ≥ 50 yrs and overweight 2,977 (50) 57 (74) 0.64 (0.59-0.70) 

CRS ≥0.15 2,361 (40) 49 (64) 0.62 (0.57-0.67) 

Prestratification followed by HbA1c 5.0-6.4% 

Age ≥50 yrs AND overweight 2,977 (50) 57 (74) 0.69 (0.64-0.75) 

CRS ≥0.15 2,361 (40) 49 (64) 0.68 (0.62-0.73) 

Single-step without blood tests 

CRS ≥0.50 
  N/A 18 (23) 0.57 (0.52-0.62) 

In press Diabet Med 2011 



Population impact of different screening 
strategies for risk of type 2 diabetes over 3 years 

Strategy 

Number of people 
eligible for lifestyle 
interventions (% of 

total population) 

Number needed 
to screen with 

HbA1c to prevent 
one new case  

Number needed 
to intervene to 

prevent one 
new case 

NEPP for an average PCT 
with 136,900 people aged 

40-74 years (lower and 
upper estimates) 

Prestratification followed by HbA1c 6.0-6.4% 

All individuals 289 (5%) 459 23 224 (157-315) 

Age ≥ 50 yrs 264 (4%) 358 22 216 (151-306) 

Age ≥ 50 yrs and overweight 188 (3%) 268 17 193 (132-277) 

CRS ≥0.15 167 (3%) 253 18 162 (107-241) 

Prestratification followed by HbA1c 5.0-6.4% 

Age ≥50 yrs AND overweight 818 (14%) 152 43 339 (226-505) 

CRS ≥0.15 671 (11%) 136 40 301 (195-459) 

Single-step without blood tests 

CRS ≥0.50 599 (10%) N/A 53 139 (76-202) 

In press Diabet Med 2011 



Screening questionnaires and scores 



Diabetes risk scores 

• Reasonable discriminant ability 
 

• Accuracy of risk estimates less clear 
 

• Performance over-estimated due to validation 
against ‘clinically diagnosed’ diabetes not 
‘incident’ diabetes 

Epidemiol Rev 2011;33:46-62 
and EPIC study unpublished data 



Ely Retrospective Study Design 

Diabetes IGT Normal 

1071 non-diabetic volunteers

Phase II
1994-96

188 883 43251

Refused 

Phase I
1990-92

Phase III
2000-02

Sampling frame – whole population 40-65 y

Re-screened

1990

Re-screened



Sampling frame – whole population 40-65 y

Previously unscreened

Diabetes IGT Normal 

1071 non-diabetic volunteers

Phase II
1994-96

188 883 43251

Refused 

Phase I
1990-92

Phase III
2000-02

Re-screened

1990

Re-screened

Ely Retrospective Study Design 



Results 

• 68% initial attendance 
 

• Non-attenders were more likely to be 
 male (p<0.001) and more deprived (p=0.005) 

 
• 345 deaths over a median of 10 years 



Kaplan-Meier Curves for the Ely cohort 1990-1999 
by Attendance at Screening 
(adjusted for age, gender and social class) 
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Follow-up (years) 

Invited but did not 
attend 
1.36 (1.01 to 1.82) 

Invited and attended 
0.54 (0.40 to 0.74) 

Not invited 

Invited 0.79 (0.63 to 1.00) 

Diabetologia 2010;54:312-319. 



Long-term follow-up of the Ely cohort 

• People with diabetes 
• Diagnosis of diabetes brought forward (lead time) 

by 3.3 years 
• People with diabetes in the screened population had 

a lower risk of retinopathy than people with diabetes 
in the unscreened population 
 

• People without diabetes 
• Similar health outcomes (including SF-36 and EQ-

5D) in the screened and unscreened populations 

 
 

Submitted to Diabetologia 2011 



60 practices in the Eastern Region 

28 practices 
screening and intensive 

target driven management 
of risk factors 

27 practices 
screening and 
routine care 

5 control practices 

Assessment of CVD risk 
among screen-detected diabetic patients 

1 year 

ADDITION-Cambridge Study Design 
BMC Public Health 2009;9:136. 

Assessment of CVD events and mortality 
among screen-detected diabetic patients 

5 years 
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Effects of Screening on Mortality 
in the High Risk Population 

Time since practice randomisation (years) 

Median follow-up 5.5yrs 
 
944 deaths among 20184 participants 
 
Adjusted HR 0.99 (95%CI: 0.84 to 1.16) 

40 ‘diabetes-related’ deaths 
 
Adjusted HR 0.64 (95%CI: 0.32 to 1.26) 

Unpublished data 



Effect of screening on cardiovascular morbidity  

Endpoint  
 
 

No screening  
 (N=573) 

n (%)  

Screening   
(N=1372) 

n (%)  

Effect estimate* 
 (95% CI) 

 

Angina  
 

13.2 (74/563)  11.5 (156 /1,355)  -1.8 %  
(-5.6 to  2.1) 

Self-reported 
cardiovascular 
disease  
 

24.7 (123/498)  21.9 (257/1,175)   - 2.8% 
(-7.1 to 1.6)  

Self-reported 
cardiovascular 
events  

13.5 (67/497)  12.5 (143/1,147)  -1.0 % 
 ( -5.0 to 3.0)  

* Accounting for cluster design 
 

Unpublished data 



Effect of screening on self-rated health  

Endpoint  
 
 

No screening   
N= 573 

Screening  
N= 1372  

Effect estimate* 
 (95% CI) 

  

SF-8 PCS score 
 

47.8 (10.3) 47.4 (9.8)  -0.23 (-1.69  to 1.22)  

SF-8 MCS score 52.2  (8.1)  51.8 (5.6)  -0.37 (-1.25 to 0.51)  

EuroQol-5D rating 
(scale -0.3 to 1.0)  

0.80 (0.24)  0.81 (0.23)  0.005 (-0.027 to 0.037)  

EuroQol Visual Acuity 
Scale rating  (scale 0 
to 100) 

73.7 (17.2)  74.5 (16.5)  
 

0.89 (-1.42  to 3.19)  

*Accounting for cluster design; PCS: Physical Component Summary, MCS: Mental Component 
Summary, 5D: 5 Dimensions  

Unpublished data 



Effect of screening on physical activity  

Endpoint  
 
 

No screening   
N= 573 

Screening  
N= 1372  

Effect estimate* 
 (95% CI) 

  

Total Physical Activity 
(MET-hours /week)  

44.5 (51.2)  44.6 (51.1)  0.14 (-4.88  to  5.16)  

Vigorous activity (MET-
hours/week)  

14.5 (31.1)  15.2 (31.0)  0.70 (-2.32 to 3.73)  

Moderate activity (MET-
hours /week) 

12.0 (20.3)  11.1(18.4)  -0.87 (-2.71 to 0.99)  

Walking (MET-
hours/week) 

18.0 (21.1)  18.4 (20.7)  0.31 (-2.01 to 2.62)  

Sedentary time (hours 
/day) 

4 .1 (2.1)  4.2 (2.3)  6.01  (-7.10 to 19.13)  

* Accounting for cluster design 

Unpublished data 



Effect of screening on diet, smoking and 
alcohol consumption 
Endpoint  
 
 

No screening  
 (N=573) 

% (n)  

Screening   
(N=1372) 

% (n)  

Effect estimate* 
 (95% CI) 

 

Green leafy 
vegetables (one or 
more portions/day) 

20.7 (117/ 565)  25.2 (339/1,347)  4.4 (0.3 to 8.6)  

Fresh fruit (one or 
more portions/day) 

43.8 (249/ 569)  46.5 (627/1,349)  2.7 (-2.2 to 7.6)  

Wholemeal / brown 
bread  (one or more 
portions/day) 

29.8 (167/560)  30.8(414/1,345)  1.0 (-3.6 to 5.5)  

Current smoking (% 
prevalence)  

10.0 (57 /571)  10.1 (138/1,365)  0.5 (-2.9 to 3.9)  

Alcohol (units/week)  8.10 (11.1)  8.3 (12.0)  0.2 (-1.2 to 1.6)  

*Accounting for cluster design 
 
 

Unpublished data 



BMJ 2007;335:486-489. 
BMJ 2007;335:490-493.   

No Evidence of Harmful Effects of Screening 
For Type 2 Diabetes 

Self-reported health - baseline 
Self-reported health - 3-6 months 

Self-reported health - 12-15 months 

HADS anxiety - baseline 
HADS anxiety - 3-6 months 
HADS anxiety - 12-15 months 

HADS depression - baseline 
HADS depression - 3-6 months 
HADS depression - 12-15 months 

Worry about diabetes - baseline 
Worry about diabetes - 3-6 months 
Worry about diabetes - 12-15 months 

Favours screening   Favours control  

0 -.75 -.5 -.25  0  .25 .5 .75 

Between group differences 

• Parallel group cohort study in 10 screening and five control practices 
• Questionnaires sent to 6416 invited for screening and 964 controls 



No Evidence of False Reassurance 

• Parallel group cohort study in 10 screening and five 
control practices 
 

• 964 controls and 4370 screening attenders were sent 
questionnaires 
 

• No significant differences between controls and screen 
negatives on perceived personal risk, behavioural 
intentions, or self-rated health after first appointment, 
at 3-6 months or 12-15 months later 

BMJ 2009;339:b4535.  



BanglaDip 

• Uptake of risk assessment by OGTT 

Letters 
sent 

% (n) 
replied 

yes 

% (n) 
replied 

no 

% (n) no 
response 

% (n) 
recruited 
from sent 

% (n) 
recruited 
from yes 

Total 7742 5.2 (406) 2.7 (210) 92 (7126) 0.9 (66) 16.3 (66) 

Unpublished data 



Plan 

• Context 
 

• Finding ‘high risk’ individuals 
• ‘high risk’ of what 
• effects and adverse effects of ‘risk screening’ 

 
• What to do with ‘high risk’ individuals 



Percentage of population with diabetes 
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BMC Public Health 2004;4:48. 
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Quintile of total energy expenditure 



Results: Principal outcome 

Mean change in physical activity (dayPAR) from baseline 
to 12 months compared across groups 

The Lancet 2008;371:41-48  



• Glucose is one of many CVD risk factors, and a 
relatively weak one. It seems sensible to link 
assessment of diabetes and CVD risk 
 

• Screening for individuals at high risk of 
having/developing diabetes appears not to be harmful 
(direct and indirect via false reassurance) 

 
• Uptake of risk assessment/screening may be 

disappointing 
 

• Given current uncertainties use of population 
stratification to focus on those at highest risk may 
enhance efficiency 
 

• HbA1c of 6.0-6.49% has the potential to define a group 
at sufficient risk of diabetes but of feasible size to 
warrant preventive interventions 

Take home messages 



• Specification of ‘high risk’ also depends on the cost and 
effectiveness of the proposed preventive intervention 
(as per statins and 20% Framingham risk) 
 

• Without specific interventions the benefits of 
identification of high risk individuals appear to be 
restricted to those found to have undiagnosed diabetes 
 

• Intensive behavioural interventions can halve 
progression to T2DM among those at high risk and may 
reduce risk of CVD and retinopathy in the long term 

 
• However effects of behavioural interventions in routine 

practice are likely to be smaller than seen in prevention 
trials 
 

• The potential of brief interventions in those undergoing 
risk assessment merits further consideration 

Take home messages 



Thank you for your attention 
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