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Abstract

Aim This study assessed the baseline type II diabetes

mellitus (T2DM) risk status among overweight patients

with screen-detected colorectal adenomas and explored

the implications of the findings for preventative practice.

Method Participants aged between 50 and 74 years

(73% of whom were men) were recruited from four Scot-

tish health boards and assessed for diabetes risk. Partici-

pants were categorized as at ‘high’ diabetes risk if

glycated haemoglobin (HbA1c) was between 6.0 and

6.4% or fasting plasma glucose (FPG) was between 5.5

and 6.9 mmol/l and as potentially undiagnosed T2DM

when HbA1c ≥ 6.5% or FPG ≥ 7 mmol/l. Secondary

outcome measures included anthropometric measure-

ments, blood pressure and the plasma lipid profile. The

tests were repeated at 12 months and diabetes risk cate-

gories were reassessed following intervention procedures.

Results Forty-seven (14.3%) of the 329 participants had

a preexisting diagnosis of T2DM. Of the remainder with

complete biochemistry results (n = 250), 19 (7.6%) were

classified as having potentially undiagnosed T2DM and

125 (50.0%) as being at high risk of developing diabetes.

More than a quarter of participants in all categories had

raised waist circumference, hypertension and plasma lip-

ids, indicative of raised cardiovascular risk. At 12 months’

follow-up, the diabetes risk category diminished in 20%

of the intervention group vs 11% in the controls [OR

2.26 (95% CI 1.03–4.96)].

Conclusion Our results suggest that a diagnosis of ade-

noma in overweight patients provides a health service

opportunity for diabetes assessment, prevention and

management in a high-risk population at a potentially

teachable moment.

Keywords Adenoma, screening, diabetes, obesity, car-

diovascular

What does this paper add to the literature?

Increasing identification of patients at high risk of type
2 diabetes mellitus within the colorectal screening set-
ting offers an unexplored opportunity for screening and
lifestyle modification to reduce metabolic complications
and related comorbidity in adults (particularly men)
aged 50–74 years.

Introduction

Colorectal cancer (CRC) is the third most common

cancer and cause of cancer death in the UK [1]. Most

cases occur in people aged over 50 years, often coexis-

ting with other chronic conditions including obesity,

type 2 diabetes (T2DM) and cardiovascular disease

(CVD). These diseases share common risk factors

related to cardiometabolic abnormalities, including high

levels of abdominal fat, abnormal blood lipid profiles,

markers of insulin resistance, increased production of

insulin, endothelial growth factors and adipocytokines

[2,3]. Meta-analyses have demonstrated a consistent

association between obesity and CRC [4,5] (notably in

men) and with colorectal adenomas in men and women

[6,7]. Furthermore, a number of papers have high-

lighted an association between metabolic syndrome and

increased risk of CRC [8–10]. A recent systematic

review and meta-analysis has reported a hazard radio

(HR) of 1.26 (1.14–1.40) for the incidence of CRC in

patients with diabetes [11]. Whilst these findings
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highlight an important epidemiological association, the

implications have not yet been considered in cancer pre-

vention terms.

The Scottish government strategy to decrease the

total CRC burden focuses on early disease detection

and the national CRC screening programme offers bien-

nial faecal occult blood testing (FOBT) to those aged

50–74 years [12]. CRC screening detects colorectal

adenomas which can be removed by endoscopic proce-

dures. Whilst this reduces the risk of subsequent cancer,

underlying modifiable risk factors (e.g. excess body

weight) for chronic diseases including cancer, CVD and

T2DM remain.

In 2011 there were 217 514 people in Scotland with

T2DM, but there are also thought to be a further

50 000 undiagnosed and a higher number with a raised

risk for developing the condition [13]. There is no

national diabetes screening programme, but practical

and inexpensive routes to prevention and early detec-

tion are clearly highly desirable to delay both complica-

tions and the development of associated conditions

such as CRC.

The aim of the current study is to assess baseline

T2DM risk status among participants of the BeWEL

trial [a 12-month randomized controlled trial of a

weight loss intervention in people with a body mass

index (BMI) > 25 kg/m2 and an adenoma detected

through the national bowel screening programme] and

to explore the implications for diabetes prevention strat-

egies within the CRC screening setting [14].

Method

All screening participants who had a colorectal adenoma

removed in three Scottish health boards (Tayside, Forth

Valley and Ayrshire and Arran) between November

2010 and April 2012 (and between January and April

2012 in Greater Glasgow Health Board) were sent a let-

ter of endorsement for participation in the BeWEL

study by the lead area CRC clinician and 2 weeks later

an invitation letter, brief participant information sheet

and reply slip with a prepaid envelope to encourage

response.

Those interested in taking part were screened by

telephone to assess eligibility (exclusions were BMI

< 25 kg/m2, insulin-dependent diabetes and CRC diag-

nosis, age < 50 or > 74 years). Existing diabetes diag-

nosis was self-reported. No information on existing

CVD diagnosis or medication was recorded.

Those eligible were invited to provide informed con-

sent and undergo baseline measurements. Participants

randomized to the intervention group were seen by a life-

style counsellor and given a personal energy prescription,

body weight scales and a counselling session employing

motivational and behavioural techniques for altering diet

and physical activity [15]. The primary outcome of the

trial was weight change over 1 year. The full trial proto-

col is described elsewhere [16].

The baseline and follow-up measures included:

1 Body weight – measured with participants wearing

indoor clothing and no shoes using a calibrated

scale.

2 Height – measured with a mobile stadiometer.

3 Waist circumference – measured with participants in

the standing position, either midway between the lat-

eral lower rib margin and the ileac crest or at the

level of the umbilicus if these landmarks could not

be identified. Two measurements were taken postex-

halation and the mean recorded.

4 Blood pressure – taken after the participant had been

seated for 5 min with the arm supported at heart

level, using an appropriately sized cuff on the left

arm and a digital blood pressure monitor. Two read-

ings, or three if noted to be elevated, ≥ 1 min apart,

were taken and the mean reported.

5 Fasting plasma glucose (FPG), insulin, glycated hae-

moglobin (HbA1c) and lipid profiles (cholesterol,

low-density lipoprotein cholesterol, high-density lipo-

protein cholesterol, triglyceride) – assessed by stan-

dard techniques in the NHS laboratory. The

homeostasis model assessment-estimated insulin resis-

tance (HOMA-IR) index was used to assess insulin

sensitivity: [insulin (lU/ml) 9 glucose (mmol/l)]/

22.5 [17].

In addition, a range of psychosocial variables were

collected and these are detailed elsewhere [16].

Diabetes risk was estimated as ‘high’ if HbA1c was

between 6.0 and 6.4% or FPG between 5.5 and

6.9 mmol/l and as ‘possible diabetes diagnosis’ (subject

to results from repeated measures) when HbA1c ≥ 6.5%

or FPG ≥ 7 mmol/l, in accordance with WHO [18]

and John et al. [19] as utilized by NICE [20].

Data were entered into the statistical package SPSS

(version 19, SPSS, Chicago, Illinois, USA). Descriptive

statistics of the cardiometabolic risk factors were used

to characterize the cohort in relation to the risk of dia-

betes. The study obtained ethics approval from the Tay-

side committee on Medical Ethics B (REC reference

number 10/S1402/34) and all participants gave written

informed consent before taking part.

Results

Almost half (49%) of the 997 patients invited to partici-

pate expressed an interest in the lifestyle intervention

study. Following exclusions for BMI < 25 kg/m2
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(22%), informed decisions not to participate (9%) and

late responses (3%), randomization was carried out on

329 Caucasian participants (243 men and 86 women)

with a mean age of 64 years (SD � 8). Around half of

the male participants (51%) and 21% of the women

reported never having previously tried to lose weight.

Full details of respondents are reported elsewhere [14].

Of the 250 participants assessed for risk of T2DM,

122 were randomly allocated to the intervention group

and 128 to the control group. At 12 months’ follow-up

103 in the intervention group and 109 in the control

group attended for follow-up measures, a slightly lower

level of study retention at 12 months (84 and 85% respec-

tively) than the full trial (95 and 91%). Reasons for drop-

ping out from the full trial (n = 24) were health concerns

(21%), personal reasons (8%) unable to commit (8%)

moving from the area (4%), death (4%) and not comfort-

able with the study (4%); 50% provided no reason.

A preexisting diagnosis of T2DM was made in 47

(14.3%) of the 329 participants. Of the remainder with

complete biochemistry results (n = 250), 19 (7.6%)

were classified as having potentially undiagnosed T2DM

(subject to repeat analysis) and 125 (50.0%) as being at

high risk on the basis of HbA1c or FPG levels. There

were no differences in sociodemographic character

between those assessed at high or low risk of T2DM.

In keeping with the overweight inclusion criterion,

high waist circumference was notable in all categories.

More than a quarter of participants in all risk-assessed

categories had raised cholesterol, triglycerides and

hypertension indicative of raised risk for CVD

(Table 1). Of those assessed at high risk or with poten-

tially undiagnosed T2DM and plasma insulin levels

measured to allow HOMA-IR calculation (n = 113), 81

(71.7%) had HOMA levels > 1.7 molar units which also

demonstrates high levels of insulin resistance in this

cohort (Fig. 1).

Reanalysis of T2DM risk at 12 months showed that

21 (20.4%) of the intervention participants improved

their risk category compared with 11 (10.2%) in the

control group [OR 2.26 (95% CI 1.03–4.96);
P = 0.04].

Discussion

The present study highlights a population group with a

high rate of T2DM and many more with metabolic

markers indicative of a high risk of diabetes and CVD

who have accepted invitations for CRC screening and

completed appropriate NHS treatments to reduce the

risk of cancer. It is likely that some of those with

incomplete biochemical results may also have had indi-

cations of raised diabetes risk.

People who are overweight are more likely to develop

type 2 diabetes, and the risk rises with increasing body

weight [21]. Evidence suggests that a 1 kg/m2 increase

in BMI increases the risk of developing new-onset type

2 diabetes by 8.4% [22]. Lifestyle programmes are the

cornerstone of diabetes prevention and have additional

cardiovascular benefits with considerable potential to

delay future morbidity and associated health-care costs.

Health-care settings which include a large number of

overweight, older patients provide plausible opportuni-

ties for T2DM risk assessment. Whilst it is recognized

that people with health conditions such as CVC and

polycystic ovary syndrome may be at increased risk of

diabetes, little attention has been given to people with

colorectal adenomas despite consistent epidemiological

evidence of an association between the two conditions.

A recent systematic review and meta-analysis reported

that the overall HR for CRC incidence was 1.26 in peo-

ple with diabetes compared with those without [11]. In

addition, mortality due to cancer is increased among

patients with diabetes, although it is thought that some

drug therapies used in diabetes management may mod-

ify cancer risk [23]. Little is known about the relation-

ship between diabetes and high-risk adenomas, and

while the current study is underpowered to investigate

this area future work could add evidence to support life-

style change in this patient group.

Our previous qualitative work has highlighted the

absence of advice on diet, physical activity and body

weight in this population group and the importance of

clinician endorsement for lifestyle change [24].The colo-

noscopy setting presents an underexplored opportunity

or ‘teachable moment’ to identify and support patients

at high risk of cardiometabolic disorders. It is also likely

that the potential to reduce cancer risk is a major incen-

tive to engage in lifestyle programmes [25]. It is esti-

mated that around 3500 people in Scotland are

diagnosed with colorectal adenomas every year [26],

most of whom are aged over 50; in line with the general

population and the current study, 80% of men and 70%

of women have excess body weight. As part of routine

procedures prior to colonoscopy, height, weight and

blood pressure are usually measured thus allowing the

capture of four of the seven key factors for diabetic risk

screening (age, gender, hypertension, BMI). The addi-

tion of ethnicity, family history of diabetes and the mea-

surement of waist circumference could provide a rapid

diabetes screening tool as recommended by NICE [20].

A further reason for utilizing this setting for preventa-

tive action comes from the results of the BeWEL interven-

tion trial which demonstrated that people with increased

T2DM risk who have had a cancer scare (including men

who may not have previously attempted to lose weight)
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are interested in lifestyle change and are able to lose and

maintain clinically relevant amounts of body weight.

However, it is important to consider how successful

weight management interventions might be delivered in

routine health care given the paucity of NHS staff

trained in giving advice on lifestyle change. These are

similar issues to those of smoking cessation, which have

been addressed by increasing access to a NHS smoking

cessation counsellor (in addition to offering community

group support, etc.). This approach also deserves con-

sideration with respect to weight management.

These results suggest a diagnosis of adenoma in

overweight patients deserves serious consideration for

opportunistic screening for diabetes risk with additional

opportunities for CVD appraisal. The BeWEL trial also

suggests that this setting provides an opportunity for

delivering lifestyle interventions in patients who may

not previously have attempted to initiate weight loss

(notably in men) with a strong likelihood of achieving

clinically relevant results for reduction in multiple mor-

bidities including reduced cancer risk.

Acknowledgements

Advice on data interpretation was provided by Professor

Naveed Sataar, University of Glasgow. Thanks go to the

research nurses Dr Jacqui Sugden, Mrs Charlotte McEl-

eney and Mrs Fiona Robertson for data collection/

entry. Dr Petra Rauchhaus offered statistical support.

Funding

Financial support was provided by the National Preven-

tion Research Initiative (http://www.mrc.ac.uk/

research/initiatives/national-prevention-research-initiative-

npri/), grant award number G0802030. The National

Prevention Research Initiative is a national research initia-

tive administered by the Medical Research Council made

up of the following funding partners: Alzheimer’s

Research Trust; Alzheimer’s Society; Biotechnology and

Biological Research Council; Cancer Research UK; Chief

Scientist Office; Scottish Government Health Directorate;

Department of Health; Diabetes UK; Economic and

Social Research Council; Engineering and Physical Sci-

ences Research Council; Health & Social Care Research

and Development Office for Northern Ireland; Medical

Research Council; Welsh Assembly Government and

WCRF. Further financial support was provided by NHS

Research Scotland to carry out this work.

The Health Services Research Unit, University of

Aberdeen, is core funded by the Chief Scientist Office

of the Scottish Government Health Directorates.

Author contributions

RJCS and ASA (guarantors) had the original idea for

the study and, with AMC, SC, JJFB, ST and RJS, car-

ried out the design. ASA and RJS obtained funding.

AMC and SC were responsible for data collection. MM

carried out the analysis. ASA and MM drafted the man-

uscript which was revised by all authors. All researchers

were independent from funders.

The study sponsor and funder played no role in

study design, the collection, analysis and interpretation

of data, the writing of the report or in the decision to

submit the article for publication.

All authors, external and internal, had full access to

all of the data (including statistical reports and tables)

in the study and can take responsibility for the integrity

of the data and the accuracy of the data analysis.

Ethical approval

Ethics committee approval was granted by Tayside

Committee on Medical Research Ethics B on 16 July

2010 (REC ref no 10/S1402/34).

Data sharing

No additional data available.

Existing type 2 diabetes

Possible type 2 diabetes

Randomized n = 329

Incomplete biochemistry

Diabetes risk assessment

Low to moderate risk High risk

FPG <5.5 mmol/l FPG ≥7.0 mmol/lFPG 5.5 - 6.9 mmol/l
or or or

HbA1c <42 mmol/l HbA1c ≥48 mmol/lHbA1c 42 - 47 mmol/l
(6.0%) (6.5%)(6.0 – 6.4%)

n = 47(14.3%)

n = 106(42.4%)

n = 103(84%) n = 109(85%)

n = 122 n = 128
Baseline Intervention group

12 months follow-up Intervention group

Control group

Control group

n = 125(50.0%) n = 19(7.6%)

n = 250

n = 32(9.7%)

Figure 1 Flowchart identifying the risk of type 2 diabetes

among a population of adults screening positive for adenoma.

FPG, fasting plasma glucose; HbA1c, glycated haemoglobin.

ª 2015 The Authors Colorectal Disease published by John Wiley & Sons Ltd

on behalf of Association of Coloproctology of Great Britain and Ireland 17, 589–594

593

R. J. C. Steele et al. Colorectal adenomas, diabetes and disease prevention

http://www.mrc.ac.uk/research/initiatives/national-prevention-research-initiative-npri/
http://www.mrc.ac.uk/research/initiatives/national-prevention-research-initiative-npri/
http://www.mrc.ac.uk/research/initiatives/national-prevention-research-initiative-npri/


References

1 ISD Cancer in Scotland report. April 2013. Available at

http://www.isdscotland.org/health-topics/cancer/publica-

tions/2013-04-30/cancer_in_Scotland_summary_m.pdf

(accessed March 2014).

2 An W, Bai Y, Deng S et al. Adiponectin levels in patients

with colorectal cancer and adenoma: a meta-analysis. Eur J

Cancer Prev 2012; 21: 126–33.

3 Bardou M, Barkun AN, Martel M. Obesity and colorectal

cancer. Gut 2013; 62: 933–47.

4 Dai Z, Xu YC, Niu L. Obesity and colorectal cancer risk: a

meta-analysis of cohort studies. World J Gastroenterol

2007; 13: 4199–206.

5 Matsuo K, Mizoue T, Tanaka K et al. Association between

body mass index and the colorectal cancer risk in Japan:

pooled analysis of population-based cohort studies in Japan.

Ann Oncol 2012; 23: 479–90.

6 Lee YJ, Myung SK, Cho B et al. Adiposity and the risk of

colorectal adenomatous polyps: a meta-analysis. Cancer

Causes Control 2011; 22: 1021–35.

7 Ben Q, An W, Jiang Y et al. Body mass index increases risk

for colorectal adenomas based on meta-analysis. Gastroen-

terology 2012; 142: 762–72.

8 Ahmed RL, Schmitz KH, Anderson KE, Rosamond WD,

Folsom AR. The metabolic syndrome and risk of incident

colorectal cancer. Cancer 2006; 107: 28–36.

9 Sturmer T, Buring JE, Lee IM, Gaziano JM, Glynn RJ.

Metabolic abnormalities and risk for colorectal cancer in

the Physicians’ Health Study. Cancer Epidemiol Biomarkers

Prev 2006; 15: 2391–7.

10 Hu NC, Chen JD, Lin YM, Chang JY, Chen YH. Stepwise

relationship between components of metabolic syndrome

and risk of colorectal adenoma in a Taiwanese population

receiving screening colonoscopy. J Formos Med Assoc 2011

Feb; 110: 100–8.

11 De Bruijn KM, Arends LR, Hansen BE, Leeflang S, Ruiter

R, van Eijck CH. Systematic review and meta-analysis of

the association between diabetes mellitus and incidence and

mortality in breast and colorectal cancer. Br J Surg 2013;

100: 1421.

12 UK Colorectal Cancer Screening Pilot Group. Results of

the first round of a demonstration pilot of screening for

colorectal cancer in the United Kingdom. BMJ 2004; 329:

133.

13 Scottish Diabetes Survey Monitoring Group. Scottish Dia-

betes Survey. 2011. Available at http://www.diabetesin-

scotland.org.uk/Publications/SDS%202011.pdf (accessed

March 2014).

14 Anderson AS, Craigie AM, Caswell S et al. The impact of a

Body Weight and Physical Activity weight loss intervention

(BeWEL) initiated through a national colorectal cancer

screening programme: a randomised controlled trial. BMJ

2014; 348: g1823.

15 Caswell S, Craigie AM, Wardle J, Stead M, Anderson A.

Detailed protocol for the lifestyle intervention in the BeWEL

randomised controlled trial of weight loss in adults who have

had a colorectal adenoma. BMJ Open 2012, 2: e001276.

16 Craigie AM, Caswell S, Paterson C et al. Study protocol

for BeWEL: the impact of a BodyWEight and physicaL

activity intervention on adults at risk of developing colorec-

tal adenomas. BMC Public Health 2011; 11: 184.

17 Matthews DR, Hosker JP, Rudenski AS, Naylor BA,

Treacher DF, Turner RC. Homeostasis model assessment:

insulin resistance and b-cell function from fasting plasma

glucose and insulin concentrations in man. Diabetologia

1985; 28: 412–9.

18 WHO Use of Glycated Haemoglobin (HbA1c) in the

Diagnosis of Diabetes Mellitus. 2011. Available at http://

www.who.int/diabetes/publications/report-

hba1c_2011.pdf (accessed March 2014).

19 John WG, Hillson R, Albert SG. Use of haemoglobin A1c

(HbA1c) in the diagnosis of diabetes mellitus. The imple-

mentation of World Health Organisation (WHO) guidance

2011. Pract Diab 2012; 29: 12–12a.

20 NICE Preventing type 2 diabetes: risk identification and

interventions for individuals at high risk. July 2012. Avail-

able at http://www.nice.org.uk/nicemedia/live/13791/

59951/59951.pdf (accessed March 2014).

21 The DECODE Study Group & The European Diabetes.

Epidemiology Group. Age, body mass index and glucose

tolerance in 11 European population-based surveys. Diabet

Med 2002; 19: 558–65.

22 Bombelli M, Facchetti R, Sega R et al. Impact of body

mass index and waist circumference on the long-term risk

of diabetes mellitus, hypertension, and cardiac organ dam-

age. Hypertension 2011; 58: 1029–35.

23 Xu CX, Zhu HH, Zhu YM. Diabetes and Cancer: assoca-

itions, mechanisms, and implications for medical practice.

World J Diabetes 2014; 5: 372–80.

24 Stead M, Caswell S, Craigie AM, Eadie D, Anderson AS

and the BeWEL Team. Understanding the potential and

challenges of adenoma treatment as a prevention opportu-

nity: insights from the BeWEL formative study. Prev Med

2012; 54: 97–103.

25 Anderson AS, Mackison D, Boath C, Steele RJC. Promot-

ing changes in diet and physical activity in breast and colo-

rectal cancer screening settings – an unexplored

opportunity for endorsing healthy behaviours. Cancer Prev

Res (Phila) 2013; 6: 165–72.

26 NHS National service Division. (2013) Scottish Bowel

Screening Programme KPI 2010-2012 http://www.isd-

scotland.org/Health-Topics/Cancer/Publications/2013-

08-27/KPI-Report.pdf (accessed January 2015).

ª 2015 The Authors Colorectal Disease published by John Wiley & Sons Ltd

on behalf of Association of Coloproctology of Great Britain and Ireland 17, 589–594

594

Colorectal adenomas, diabetes and disease prevention R. J. C. Steele et al.

http://www.isdscotland.org/health-topics/cancer/publications/2013-04-30/cancer_in_Scotland_summary_m.pdf
http://www.isdscotland.org/health-topics/cancer/publications/2013-04-30/cancer_in_Scotland_summary_m.pdf
http://www.diabetesinscotland.org.uk/Publications/SDS%202011.pdf
http://www.diabetesinscotland.org.uk/Publications/SDS%202011.pdf
http://www.who.int/diabetes/publications/report-hba1c_2011.pdf
http://www.who.int/diabetes/publications/report-hba1c_2011.pdf
http://www.who.int/diabetes/publications/report-hba1c_2011.pdf
http://www.nice.org.uk/nicemedia/live/13791/59951/59951.pdf
http://www.nice.org.uk/nicemedia/live/13791/59951/59951.pdf
http://www.isdscotland.org/Health-Topics/Cancer/Publications/2013-08-27/KPI-Report.pdf
http://www.isdscotland.org/Health-Topics/Cancer/Publications/2013-08-27/KPI-Report.pdf
http://www.isdscotland.org/Health-Topics/Cancer/Publications/2013-08-27/KPI-Report.pdf

