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Long-Term Effect of Population Screening for Diabetes 
on Cardiovascular Morbidity, Self-Rated Health, and 
Health Behavior 

ABSTRACT
PURPOSE There is limited trial evidence concerning the long-term effects of 
screening for type 2 diabetes on population morbidity. We examined the effect 
of a population-based diabetes screening program on cardiovascular morbidity, 
self-rated health, and health-related behaviors.

METHODS We conducted a pragmatic, parallel-group, cluster-randomized con-
trolled trial of diabetes screening (the ADDITION-Cambridge study) including 
18,875 individuals aged 40 to 69 years at high risk of diabetes in 32 general 
practices in eastern England (27 practices randomly allocated to screening, 5 
to no-screening for control). Of those eligible for screening, 466 (2.9%) were 
diagnosed with diabetes. Seven years after randomization, a random sample of 
patients was sent a postal questionnaire: 15% from the screening group (includ-
ing diabetes screening visit attenders and non-attenders) and 40% from the no-
screening control group. Self-reported cardiovascular morbidity, self-rated health 
(using the SF-8 Health Survey and EQ-5D instrument), and health behaviors were 
compared between trial groups using an intention-to-screen analysis.

RESULTS Of the 3,286 questionnaires mailed out, 1,995 (61%) were returned, 
with 1,945 included in the analysis (screening: 1,373; control: 572). At 7 years, 
there were no significant differences between the screening and control groups 
in the proportion of participants reporting heart attack or stroke (OR = 0.90, 
95% CI, 0.71-1.15); SF-8 physical health summary score as an indicator of self-
rated health status (β –0.33, 95% CI, –1.80 to 1.14); EQ-5D visual analogue 
score (β: 0.80, 95% CI, –1.28 to 2.87); total physical activity (β 0.50, 95% CI, 
–4.08 to 5.07); current smoking (OR 0.97, 95% CI, 0.72 to 1.32); and alcohol 
consumption (β 0.14, 95% CI, –1.07 to 1.35).

CONCLUSIONS Invitation to screening for type 2 diabetes appears to have limited 
impact on population levels of cardiovascular morbidity, self-rated health status, 
and health behavior after 7 years.

Ann Fam Med 2015;13:149-157. doi: 10.1370/afm.1737.

INTRODUCTION

Population screening has been recommended by many national orga-
nizations.1,2 Whether the overall benefits of screening for diabetes 
outweigh any associated harms is uncertain, however.3-5 It is impor-

tant to quantify the population impact of screening. Even relatively mod-
est adverse effects for the majority of participants who screen negative 
may offset a large benefit to the few who screen positive.

Screening for diabetes may affect physical and psychological morbid-
ity and behavioral outcomes at the population level.5 Some studies have 
suggested that diabetes screening is associated with a reduction in risk 
of cardiovascular disease (CVD), but most research is restricted to the 
small subgroup of screened people found to have diabetes.6-10 A model-
ing study11 showed that, compared with no screening, population-based 
diabetes screening strategies might reduce the overall incidence of myo-
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cardial infarction. Such modeling studies, however, 
are only as robust as their underlying assumptions 
and highlight the need for data from randomized tri-
als. It is also important to measure self-rated health, 
which predicts mortality and morbidity independent 
of chronic disease,12,13 and which is often overlooked 
in screening programs.14 To date, diabetes screen-
ing studies including self-rated health and functional 
assessments have focused on screen-detected individu-
als in the short- or medium-term,15-17 or on those with 
negative screening tests.18 Most studies have been 
small and observational, and few have included formal 
comparison with an unscreened (control) group.19

Participation in a screening program can encour-
age behavior change through provision of information 
about disease risk.5,20-22 Conversely, screening might 
falsely reassure some people and contribute to adop-
tion of unhealthy behaviors, especially among those 
who screen negative.23 Evidence about the effects 
of diabetes screening on health-related behaviors is 
scarce, although we have previously shown no adverse 
effects up to 15 months after a negative screening 
test.18 Previous studies, however, were not randomized 
trials and/or relied on measures of behavioral inten-
tions rather than actual behavior.18,24

To examine the effect of a diabetes screening pro-
gram on cardiovascular morbidity, self-rated health, 
and health-related behavior, we conducted a survey 
at 7 years follow-up within a cluster-randomized con-
trolled trial of screening for type 2 diabetes in primary 
care, the ADDITION-Cambridge study.25

METHODS
ADDITION-Cambridge is a pragmatic, primary care-
based, cluster-randomized study consisting of 2 phases: 
(1) a trial of screening for type 2 diabetes, and (2) a 
treatment trial in individuals with screen-detected dia-
betes. The design and rationale have previously been 
reported.25 This paper outlines results from a survey 
embedded in the screening phase of the trial. Ethical 
approval was granted by Cambridgeshire Research 
Ethics Committee (ref 02/5/54); all participants gave 
written informed consent.

A total of 138 general practices in Eastern England 
were approached, and 63 agreed to participate. Prac-
tices were independently randomized to screening or 
control. This analysis includes 27 screening practices 
and 5 control practices (Figure 1). Since 99% of the 
English population is registered with general practitio-
ners, the sampling frame is population-based.

In the screening practices, people aged 40 to 69 
years without known diabetes but at high risk of hav-
ing undiagnosed type 2 diabetes were identified from 

the practice registers using a previously validated risk 
score26 and invited to attend a stepwise screening pro-
gram between January 2002 and March 2006. The 
screening program27 included random capillary blood 
glucose and glycated hemoglobin (HbA1c) testing at an 
initial practice visit, fasting capillary blood glucose test-
ing at a subsequent visit, and finally a standard 75g oral 
glucose tolerance test to confirm the diagnosis (WHO 
1999 criteria).28 Exclusion criteria included pregnancy, 
lactation, an illness with a likely prognosis of less than 
1 year, and a psychiatric illness likely to limit study 
involvement or invalidate informed consent. Practice 
teams were notified of the test results with a clear state-
ment of whether the individual met diagnostic criteria 
for type 2 diabetes. Participants identified as having 
diabetes were subsequently managed intensively or 
routinely according to the treatment regimen to which 
their practice was allocated. Family physicians, prac-
tice nurses, and participants in the intensive treatment 
group were educated in target-driven management 
(using medication and promotion of healthy lifestyles) 
of hyperglycemia, blood pressure, and cholesterol.25,29,30 
Individuals in the routine care group received the 
standard pattern of diabetes care according to current 
recommendations.31 Practice staff were requested to 
inform individuals who did not have diabetes, “This test 
is normal, you do not have diabetes.”

In the no-screening control practices, people at 
high risk of having diabetes were identified using the 
same validated risk score, but were not invited for 
screening. Practice staff were not given the risk score 
information.

Questionnaire Survey
A postal questionnaire survey was conducted between 
May and October 2009, 7 years after practice random-
ization. The 32 participating practices included 20,184 
potential participants (Figure 1). Of these, patients no 
longer registered with the practice, deceased patients, 
and patients from the no-screening control practices 
who had been randomly selected to participate in a 
previously reported sub-study of the ADDITION-
Cambridge trial19 were removed from the study popula-
tion to avoid overburdening research participants. A 
computer-generated random sample was drawn from 
this sampling frame and a list sent to each general prac-
tice. Practice staff then excluded individuals who were 
unable to complete the questionnaire because of a ter-
minal illness, a major psychiatric disorder, or any other 
condition that might invalidate their consent or ability 
to fill in the questionnaire. Practice staff sent a cover 
letter, an information sheet, a consent form, a question-
naire, and a freepost envelope to each individual. A 
reminder was sent to nonresponders after 4 weeks.
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The questionnaire elicited patients’ experience 
of cardiovascular disease events, prescription of car-
dioprotective medications, self-rated health status, 
health-related behaviors, and health service usage over 
the preceding 3 months.32 Functional status and health 
utility were measured using the UK versions of the 
SF-833 and the EQ-5D, respectively.34 Physical activ-
ity levels were measured using the short-form Inter-
national Physical Activity Questionnaire.35 Dietary 
behavior was assessed using simple questions about 
consumption of green leafy vegetables (cabbage, 
broccoli, etc), “other” vegetables (peas, carrots, beans, 
etc), fresh fruit, whole meal or brown bread, oily fish, 
and meat products derived from a validated food fre-
quency questionnaire.36

Outcomes
We tracked 9 outcomes: 
•  self-reported prevalence of cardiovascular events, 

hypertension, and dyslipidemia
•  proportion of patients prescribed cardioprotec-

tive medication (glucose-lowering drugs, antihy-
pertensives, lipid-lowering drugs, and antiplatelet 
medication)

•  functional status (SF-8 physical and mental health 
summary scores)

• health utility (EQ-5D and visual analog scores)
•  energy expenditure related to physical activity in 

metabolic equivalent of task (MET) hours per week 
for total, vigorous, moderate, and walking activities, 
and sedentary time measured in hours sitting per day

Figure 1. Practice and participant flow in the ADDITION-Cambridge diabetes screening trial.

33 practices randomized: 28 to screen-
ing and 5 to no-screening (control).

One practice withdrew before screening began.

The remaining practices included 20,188 people 
aged 40-69 at high risk of diabetes (risk score ≥0.17); 

four people died before invitation (n = 20,184).

5 Control (no-screening) practices: 
4,137 people aged 40-69 at high risk 
of diabetes not invited to screening.

371 randomly selected people 
who were recruited to a previ-
ous sub-study were excluded.

40% random sample of high-risk 
people randomly selected to be 
sent a questionnaire (n = 1,494).

Practice staff excluded 407 
people because they had 
moved practice or died 

Sent a questionnaire (n = 1,087).

612 people completed a ques-
tionnaire; 40 were excluded due 

to invalid consent (n = 572).

475 people did not respond.

27 Screening practices: 16,047 
people aged 40-69 at high risk 
of diabetes invited to screening.

938 people who died or 
moved practice were excluded 

following NHS trace.

15% random sample of high risk 
people selected to be sent a question-

naire (including attenders and non-
attenders to screening) (n = 2,484).

Practice staff excluded 285 
people because they had 
moved practice or died.

Sent a questionnaire (n = 2,199).

816 people did not respond. 

1,383 people completed a ques-
tionnaire; 10 were excluded due 
to invalid consent (n = 1,373).
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•  proportion of people consuming 1 or more portions 
per day of particular groups of foods

• proportion of people currently smoking
• number of units of alcohol consumed per week
• health service use within the previous 3 months

Statistical Analysis
We analyzed the data primarily by intention-to-screen 
for all outcomes. End points were compared between 
trial arms at 7 years after screening using logistic 
regression for categorical outcomes and linear regres-
sion for continuous outcomes, with robust standard 
errors to account for clustering by practice. Where 
non-normality for continuous outcomes could not 
be resolved by log-transformation, 95% CIs were 
estimated using semi-parametric bias-corrected and 
accelerated bootstrap regression with 1,000 resamples. 
Negative binomial regression (appropriate for overdis-
persed count data) was used to compare the number 
of hospital admissions, family physician consultations, 
and nurse consultations. The primary comparison was 
between the screening group (intensive treatment 
and routine care arms) and the no-screening (control) 
group. Subgroup comparisons were also conducted 
between the screening attenders and nonattenders, 
and between nonattenders and controls. Analyses 
were conducted to examine baseline differences in 
risk score variables between responders and non-
responders to the questionnaire, both overall and by 
trial group. Analyses were completed using Stata v13 
(Stata Corp).

Sample Size
Given the uneven (1:6) randomization ratio of con-
trol and screening practices, a higher proportion 
of participants were sampled in the control group. 
Assuming a 95% confidence level and 80% power, we 
calculated detectable differences for the SF-36 and the 
EQ-5D index.37 Assuming a 50% response rate19 and 
33 patients per cluster, a 30% sample from the control 
practices and a 15% sample from the intervention 
practices corresponded to an effective sample of 560 
controls and 1,200 intervention participants return-
ing questionnaires, with a design effect ranging from 
1 to 3. This would allow the detection of at least a 
4-point difference between groups in any mean SF-36 
domain score and a 0.022-point difference in mean 
EQ-5D index. Given the high correlation between the 
much briefer SF-8 and the SF-36,33 similar effect sizes 
could be detected using the SF-8. Based on the same 
assumptions, detectable differences in the proportion 
with stroke and/or heart attack ranged from 0.99 to 
2.78%. Estimates of heart attack and stroke frequencies 
(1%-5%) and intraclass correlation coefficients at the 

postcode level were derived from the Health Survey 
for England 2008.38 We further inflated the number 
of control participants sent a questionnaire from 30% 
to 40%, since we did not know how many had died or 
moved away from their practice.

RESULTS
In the whole screening program, 466 participants 
(2.9% of those eligible for screening) were diagnosed 
with diabetes.39 Of the 3,286 questionnaires sent out, 
1,995 (61%) were returned by eligible participants; 
50 questionnaires had invalid consent. The response 
rate was 62% in the screening group and 53% in 
the control group. The analysis includes 1,945 indi-
viduals: 1,221 screening-attenders (47 with screen-
detected diabetes), 152 screening non-attenders, and 
572 no-screening control participants. Responders to 
the questionnaire were more likely to be older, to be 
female, to have been prescribed antihypertensive medi-
cation, to have a low body mass index (BMI), and to 
have exhibited a higher risk of undiagnosed diabetes at 
baseline than non-responders (all P values <0.05, data 
not shown). Patterns of response were similar between 
screening and control groups.

Screening and control groups were well balanced 
for practice and patient characteristics (Table 1). Par-
ticipants had a median age of 60 years at entry into 
the study. The majority of respondents were male; 
the majority were overweight; 49% of individuals 
were prescribed antihypertensive medication. Most 
responders to the survey were of Caucasian ethnicity 
(99%), were retired or in part-time employment, and 
had an intermediate or high socioeconomic level (data 
not shown).

There were no significant differences between 
groups in the proportion of participants reporting car-
diovascular disease, hypertension, and prescription of 
antihypertensives or glucose-lowering medication at 7 
years (Table 2). Higher numbers of participants in the 
control group reported dyslipidemia and prescription 
of lipid-lowering and antiplatelet medication than in 
the screening group.

There was no difference in functional status (SF-8 
physical and mental health summary scores), health 
utility (EQ-5D results), smoking status, and alcohol 
consumption levels between the screening and con-
trol groups (Table 3). Participants from both groups 
reported similar dietary patterns and similar levels of 
physical activity and time spent sitting.

There was no difference in total number of 
reported hospital and primary care (family physician or 
primary care nurse) consultations between the screen-
ing and the control groups (Table 3).
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Adoption of Unhealthy Behaviors 
(Investigation of a False Reassurance Effect)
The 794 respondents who screened negative at their 
initial screening test (random blood glucose and 
HbA1c) were similar to the no-screening control group 
in age, sex, BMI, and prescribed steroids; but they had 
a slightly lower diabetes risk score and were less likely 
to have been prescribed antihypertensive medication. 
Comparisons between respondents who screened 
negative and those in the no-screening control group 
showed no evidence of less healthy behaviors among 
those who might have been reas-
sured by their test result, with 
no significant differences for any 
self-reported health behaviors.

Effect of Screening 
Attendance
We found no significant dif-
ferences between screening 
attenders and non-attenders in 
self-reported prevalence of CVD, 
self-rated health status, or self-
reported health behaviors. Simi-
larly, non-attenders were similar 
to control participants for all 
outcome measures.

DISCUSSION
After 7 years of follow-up, a sin-
gle round of stepwise screening 
for type 2 diabetes among high-
risk people aged 40 to 69 years 
was not associated with a signifi-
cant reduction in self-reported 
CVD morbidity or positive 
changes in self-reported health 
behaviors. Diabetes screening 
did not adversely affect self-rated 
functional status or health utility. 
Our findings also suggest that 
attendance at a primary care-
based diabetes screening program 
does not lead to the adoption of 
unhealthy behaviors through false 
reassurance or to an increase in 
subsequent health service use.

Our evaluation of CVD 
morbidity differs from that 
conducted in previous diabetes 
screening studies, which have 
exclusively examined people with 
screen-detected disease, rather 

than all those invited for screening as we have done in 
this trial.6-10,40 There are several possible explanations 
why our screening program may not have contributed 
to a reduction in population-level CVD morbidity. 

Ad hoc, opportunistic screening for diabetes at 
the primary care level is ongoing in the United King-
dom, following recommendations from organizations 
such as Diabetes UK41 and more recently the English 
Department of Health.1 The extent of such oppor-
tunistic diabetes screening, however, may have been 
limited.42 

Table 1. Baseline Practice and Patient Characteristics in the ADDITION-
Cambridge Screening Trial; Data are Median (Inter-quartile Range) 
Unless Otherwise Indicated

 Screening Group
No-Screening 
Control Groupa

Practices n = 27 n = 5

Practice list size 6,610 (5,144-9,966) 8,827 (8,694-10,986)

Crude prevalence of diabetes, % 2.9 (2.5 -3.5) 3.2 (3.0-3.4)

Physician full-time equivalents 3.5 (2.5-5.0) 4.5 (4.0-5.0)

Index of Multiple Deprivation scoreb 11.7 (6.9-11.6) 15.7 (9.1-15.7)

Participants n = 1,373 n = 572

Age, years 60 (54-65) 60 (54-65)

Men, n (%) 839 (61.1) 360 (62.9)

BMI, kg/m2 29.4 (27.7-32.3) 29.6 (27.8-32.2)

Cambridge diabetes risk score 0.36 (0.25-0.52) 0.38 (0.25-0.56)

Prescribed anti-hypertensive medication, n (%) 654 (47.6) 298 (52.1)

Prescribed steroids, n (%) 68 (5.0) 17 (3.0)

BMI = body mass index. 

aThere were no statistically significant differences between groups.
bThe Index of Multiple Deprivation combines a number of indicators, chosen to cover a range of economic, 
social and housing issues, into a single deprivation score for each small area in England. This allows each area 
to be ranked relative to one another according to their level of deprivation. A high Index of Multiple Depriva-
tion score indicates a high level of deprivation.

Table 2. Impact of Screening on Cardiovascular Morbidity and the 
Prescription of Cardioprotective Drugs in the ADDITION-Cambridge 
Trial at 7-year Follow-up

  
Screening 

Group
No-screening 
Control Group

Odds Ratio 
(95%CI)a

Cardiovascular morbidity, n (%)    
Self-reported cardiovascular eventsb 142 (12.4) 67 (13.5) 0.90 (0.71-1.15)

Self-reported hypertension 809 (60.9) 352 (63.4) 0.90 (0.75-1.08)

Self-reported dyslipidemia 502 (41.2) 254 (48.3) 0.75 (0.64-0.88)

Prescribed medication, n (%)    

Antihypertensive drugs 853 (72.5) 369 (74.7) 0.89 (0.73-1.10)

ACE inhibitors 546 (46.4) 244 (49.4) 0.89 (0.75-1.06)

Lipid lowering drugs 507 (43.1) 244 (49.4) 0.78 (0.63-0.95)

Antiplatelet drugs 335 (28.5) 185 (37.5) 0.67 (0.53-0.83)

Glucose lowering drugs 97 (8.3) 48 (9.7) 0.84 (0.57-1.21)

ACE = angiotensin-converting enzyme.

aAccounting for clustering by general practice.
bA cardiovascular event was defined as myocardial infarction or stroke.
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UK primary care has continually improved in the 
detection and management of CVD risk factors,43 
partly because of the pay-for-performance scheme of 
remuneration for family physicians.44 

A moderate proportion of questionnaire recipi-
ents did not respond. Those that did respond were 
more likely to be older, to be female, to have been 
prescribed antihypertensive medication, to have a low 

BMI, and to have a lower risk 
of undiagnosed diabetes. No 
clear direction of effect for this 
possible response bias can be 
identified. 

Screening was not repeated, 
potentially limiting the additional 
benefits that could have been 
derived in those who might have 
developed diabetes after the first 
round of screening.

A survivor effect may also 
have played a role. Comparing 
survivors at this stage may show 
no difference because prevent-
able deaths may have occurred in 
the control group between ran-
domization and the time of the 
survey. All-cause mortality rates, 
however, were very similar in the 
screening and control groups 
after 10 years of follow-up (HR 
1.06, 95% CI, 0.90-1.25).39 

It is possible that population-
based screening for type 2 dia-
betes is associated with limited 
benefits at the population level. 
While earlier detection may have 
benefitted the minority diagnosed 
with diabetes, the proportion 
(2.9%) may have been too small 
to influence population mortality 
or morbidity in the ADDITION-
Cambridge trial.39

Furthermore, no systematic 
advice was given to individu-
als who screened negative in 
the ADDITION-Cambridge 
trial; patients were simply told 
that they did not have diabetes. 
Our results suggest that screen-
ing alone is unlikely to have a 
major impact on participant’s 
health behavior (either positive 
or negative). Whether education 
at the point of screening might 

influence motivation to change behaviors is uncertain; 
further research is needed to address this question.

We found that a higher proportion of people were 
prescribed lipid-lowering and anti-platelet medication in 
the control compared with the screening group, though 
this may have been a chance finding given the large 
number of statistical tests conducted in this analysis. 
Our findings for self-rated health status are consistent 

Table 3. Impact of Screening on Self-rated Health Status and Self-
reported Health Behaviors in the ADDITION-Cambridge Trial at 
7-year Follow-up

 
Screening 

Group
No-screening 
Control Group

Intervention Effect 
(95%CI)a

Self-rated health status    

Mean SF-8 physical health 
summary score (scale 0 to 
100), score (SD)

47.4 (9.8) 47.8 (10.3) –0.33 (–1.80 to 1.14)

Mean SF-8 mental health sum-
mary score (scale 0 to 100), 
score (SD)

51.8 (8.6) 52.2 (8.1) –0.38 (–1.33 to 0.57)

Mean EQ-5D score (scale -0.3 
to 1.0), score (SD)

0.87 (0.16) 0.87 (0.15) 0.002 (–0.02 to 0.02)

Mean EuroQol visual acuity 
score (scale 0 to 100),  
score (SD)

74.5 (16.5) 73.7 (17.2) 0.80 (–1.28 to 2.87)

Self-reported health behavior   

Current smoker, n (%) 143 (10.5) 61 (10.7) 0.97 (0.72-1.32)

Alcohol consumption (units 
per week), mean (SD)

8.2 (11.9) 8.1 (11.1) 0.14 (–1.07 to 1.35)

1 or more portions fresh fruit 
per day, n (%)

627 (46.4) 249 (43.8) 1.11 (0.93-1.33)

1 or more portions green leafy 
vegetables per day, n (%)

339 (25.2) 117 (20.7) 1.28 (0.99-1.66)

1 or more portions other veg-
etables per day, n (%)

382 (28.5) 142 (25.1) 1.19 (0.99-1.43)

5 or more portions oily fish 
per week, n (%)

27 (2.1) 10 (1.8) 1.14 (0.61-2.11)

5 or more portions meat 
products per week, n (%)

104 (7.8) 51 (9.1) 0.84 (0.64-1.11)

1 or more portions whole meal 
(brown) bread per day, n (%)

414 (30.8) 167 (29.9) 1.04 (0.89-1.22)

Total physical activity (MET-
hours per week), mean (SD)

45.1 (51.3) 44.6 (51.9) 0.50 (–4.08 to 5.07)

Vigorous activity (MET-hours 
per week), mean (SD)

16.2 (31.7) 15.3 (32.5) 0.89 (–2.09 to 3.86)

Walking activity (MET-hours 
per week), mean (SD)

22.6 (21.1) 21.2 (21.0) 1.35 (–1.17 to 3.86)

Sedentary time (hours per 
day), mean (SD)

5.3 (2.7) 5.4 (2.8) –0.11 (–0.32 to 0.09)

Number of hospital admissions 
in past 3 months, mean (SD)

0.11 (0.37) 0.13 (0.44) 0.85 (0.58-1.25)b

Number of family physician 
consultations in past 3 
months, mean (SD)

1.1 (1.3) 1.2 (1.5) 0.93 (0.78-1.12)b

Number of nurse consultations 
in past 3 months, mean (SD)

0.8 (1.7) 0.8 (1.7) 1.04 (0.79-1.36)b

SF-8 = 8-item short form health survey; EQ-5D = EuroQual measure of health outcome; MET = Metabolic 
equivalents of physical activity. 

aBeta coefficients (95% CI) for continuous outcomes (representing the mean difference between groups) and 
odds ratios (95% CI) for categorical outcomes, accounting for clustering by general practice.
bNegative binomial regression (appropriate for over-dispersed count data) was used to compare the number of 
hospital admissions, family physician consultations, and nurse consultations. The effect sizes can be interpreted 
as ratios of incidences.
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with those of 2 previous diabetes screening studies, 
which reported no difference between the screening 
and control groups at 12 to 15 months19 or between 
those who screened negative and unscreened individuals 
at 3 to 6 months or 12 to 15 months after screening.18

Our findings concerning the effect of diabetes 
screening on health-related behaviors are consistent with 
observational data.18,24 Similarly, our results on health 
service use are consistent with studies of screening, 
which have generally not found screening to affect the 
long-term population use of primary care services.5,45-47

This is the first trial to comprehensively assess 
the long-term population-level effects of screening 
for diabetes. The cluster randomized design and the 
intention-to-screen approach allowed an estimation 
of the overall impact of screening by ensuring that 
a major harm or benefit was not missed.48 Screening 
and control groups were well balanced for practice 
and patient characteristics, suggesting that we pres-
ent unbiased estimates of the intervention effect. 
We included a large number of high-risk individuals, 
with power to detect small but relevant differences in 
long-term outcomes using reliable and validated tools. 
The post-test survey included random sampling, and 
the 61% response rate compares favorably with most 
health-related population surveys.49 Response rates 
were similar in the screened and unscreened popula-
tions. The nested post-test design50,51 is a pragmatic 
approach that can provide a valid answer to questions 
about the impact of screening.

Our large sample was fairly representative of the 
Eastern England population, given that up to 99% 
of people in this region are registered with general 
practices. The study population, however, was almost 
entirely Caucasian, and ADDITION-Cambridge 
practices are less deprived than the average English 
practice. This population may have a higher self-rated 
health status than other English populations, as well 
as exhibiting a different underlying pattern of health-
related behaviors. The screening procedure used in 
ADDITION-Cambridge differs from procedures rec-
ommended in policies of other countries, which may 
limit generalizability of our findings. Still, the major 
uncertainties surrounding screening concern not how 
to screen but whom to invite and whether screening 
and subsequent treatment result in health gains.52

We did not have ethical or research governance 
permission to extract information from National Health 
Service records of individuals diagnosed with diabetes 
in the no-screening control group or from individu-
als who were clinically diagnosed with diabetes in the 
screening group following a negative screening test. 
The percentages of reported glucose lowering drugs 
after follow-up, however, were similar in the screening 

and control groups, suggesting comparable prevalence 
rates of type 2 diabetes in both groups.

The loss to follow-up due to death or change of 
practice among high-risk individuals after the screen-
ing program may have been a source of bias. Such a 
possibility is limited, however, because we found no 
difference between baseline characteristics of patients 
still registered at their practice and those who had 
moved away. Further, there were no between-group 
differences in all-cause mortality over the same 
follow-up period. Measuring cardiovascular morbidity, 
self-rated health, and health behavior at baseline was 
not undertaken because the receipt of a questionnaire 
might have influenced attendance to screening. Given 
the apparent success of randomization, however, it is 
unlikely that differences between groups in outcome 
measures existed before screening.

Although we used previously validated instru-
ments, there is potential for recall bias in self-reported 
outcomes. Generic instruments (SF-8 or EQ-5D) may 
not be sensitive to specific condition-related concerns 
raised by diabetes screening and may have low content 
validity in this particular context. There is, however, 
no screening-specific health status instrument indepen-
dent of the condition of interest.

This study showed no long-term beneficial effect 
of screening for type 2 diabetes on self-reported car-
diovascular morbidity and health-related behaviors at 
the population level. Negative screening tests were not 
associated with adoption of unhealthy behaviors (false 
reassurance). The results confirm the emerging posi-
tion that screening for diabetes is not associated with 
long-term direct or indirect harms. A single round of 
screening may be associated with benefits among the 
minority whose previously undiagnosed diabetes is 
detected, but it appears unlikely to affect health of the 
population as a whole. Further research is required to 
evaluate the cost-effectiveness of such endeavors for 
population health gain.

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/content/13/2/149.
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