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It is uncertain what should be done with insulin dose if starting exenatide. In the ABCD
nationwide exenatide audit, many patients with type 2 diabetes had worsened glycaemia
when insulin was stopped. If starting exenatide, insulin should not be stopped but weaned
off only if there is significant glycaemic response.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Exenatide, a GLP-1 agonist, is not licensed for use in insulin-
treated patients with type 2 diabetes [1]. In the Association of
British Clinical Diabetologists (ABCD) nationwide exenatide
audit, many physicians stopped patients’ insulin when
starting exenatide to stay within licensing restriction. Some
reduced insulin to facilitate weight loss or avoid hypoglycae-
mia. However, these risked worsening glycaemic control in
patients. We examined the effects of insulin dose decisions

made at exenatide initiation on treatment response at three
months.

2. Subjects and methods

ABCD is a national diabetes specialist society. From Decem-
ber 2008 to December 2009, diabetes physicians across UK
submitted anonymised audit data electronically on patients
commenced on exenatide therapy. 315 contributors from 126
centres submitted data on 6717 patients. Among other
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information, data on HbAlc, weight and diabetes treatment
changes at exenatide initiation were requested. The audit’s
general findings have been reported. Overall HbAlc and
weight reduction were 0.73% and 5.9 kg while rates of
gastrointestinal side effects and hypoglycaemia were
23.7% and 5.6% [2]. In this analysis, HbAlc and weight
changes were analysed according to three patient groups at
exenatide initiation; non-insulin (Group 1), insulin contin-
ued (Group 2), and insulin stopped (Group 3). Patients were
excluded if they lacked treatment details or on-treatment
(exenatide) three month HbAlc or weight data (taken as +6
weeks).

Baseline characteristics were compared using appropriate
statistical tests. Within and across group HbAlc and weight
changes were assessed using paired t-tests and ANOVA.
ANOVA results with significance of p <0.05 were further
examined using Tukey’s multiple comparisons for between
group differences. Linear correlation compared insulin dose
reduction with HbAlc and weight changes. Statistical analyses
were performed using Minitab®™ Release 16.1.

3. Results
3.1.  Distribution of patients

6085/6717 patients had baseline diabetes treatment details;
34.2% (2083/6085) were on insulin and 26.2% (546/2083) of these
patients stopped insulin. 3673/6085 patients had three month
HbAlc and/or weight data; they were divided into Group 1
(non-insulin, 2427 patients), Group 2 (insulin continued, 927
patients) and Group 3 (insulin stopped, 319 patients).

3.2.  Baseline patient characteristics and diabetes
treatment

Comparisons of baseline characteristics between groups are
shown in Table 1. Insulin-treated patients had longer diabetes
duration and higher baseline HbAlc. Group 2 had more
patients on a basal bolus insulin regimen (37.8% vs 20.9%,
p<0.001) and had higher insulin dose requirements
(1.1 £0.7U//kg/day vs 0.8 +1.2U/kg/day, p=0.009) than
Group 3.

3.3. HbA1c and weight changes at three months

At three months, mean (+SD) HbAlc reduction for Groups 1, 2
and 3 were 0.90 + 1.57% (p < 0.001), 0.51 + 1.51% (p < 0.001) and
0.00 +1.91% (p =0.968) (Fig. 1). Weight loss was 4.1 + 4.6 kg,
4.6 +5.0kgand 6.6 + 5.2 kg (all p < 0.001) (Fig. 2).

Analysis of variance showed significant differences
between mean HbA1lc reductions between each group (Group
1> Group 2 > Group 3, all p < 0.001 between groups). Similar
analysis showed greater weight loss in Group 3 compared
with Group 1 and Group 2 (both p < 0.001), but were not
significant between Groups 2 and 1 (p > 0.05). Differences in
HbAlc and weight reductions remained significant after
adjustment for baseline HbAlc and weight differences among
the three groups.

3.4.  Effects of insulin dose reduction
Among insulin-treated patients, increasing insulin dose

reduction led to less HbAlc reduction (R = —0.137, p < 0.001)
but more weight reduction (R =0.209, p < 0.001).

Table 1 - Baseline characteristics of 3673 patients in the audit comparing Groups 1, 2 and 3.

Group 1 Group 2 Group 3 Overall p-value
Non-insulin Insulin continued Insulin stopped
n = 2427 n =927 n=2319

Ethnicity (% Caucasian) (n = 3286) 85.3 83.4 88.2 0.143
Gender (% male) (n =3514) 56.4 489 58.7 <0.001
Age (years) (n = 3505) 54.8 (13.8) 55.1 (10.3) 54.7 (10.7) 0.823
Diabetes duration (years) (n = 2929) 8 (5-12) 11 (7-16) 10 (6-15) <0.001
HbA1c (%) (n=3291) 9.41 (1.67) 9.57 (1.71) 9.67 (1.81) 0.001
Weight (kg) (n = 3148) 114.8 (23.3) 113.4 (22.8) 110.7 (21.9) 0.013
BMI (kg/m?) (n = 1713) 40.3 (8.3) 402 (7.4) 39.4 (7.2) 0.471
Insulin dose (U/day) (n = 1052) - 120 (87) 91 (111) <0.001"
Insulin dose (U/kg/day) (n = 1036) = 1.1 (0.7) 0.8 (1.2) 0.009
Diabetes treatment

No oral therapy 4.7 20.6 11.6 <0.001
1 oral therapy 23.4 55.3 55.5 <0.001
2 oral therapy 46.4 20.4 30.9 <0.001
>3 oral therapy 25.4 3.6 2.8 <0.001
Basal insulin® - 30.1 422 <0.001
Basal bolus insulin® = 37.8 20.9 <0.001
Biphasic insulin® - 30.6 35.4 0.141

Values for continuous variables are expressed as mean (SD) except for duration of diabetes being expressed as median (inter-quartile range).
@ A small proportion of patients were on other insulin regimens including using rapid/short-acting insulin only, or a combination of biphasic
insulin with either rapid/short-acting insulin or long/intermediate-acting insulin.

" Log comparison.
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Fig. 1 - Baseline vs 3 month HbA1c with exenatide treatment comparing patient groups.

Patients stopping insulin (mean HbA1lc change 0%) had a
broad range of HbAlc changes (—7.3% to +5.5%). 48.4% (137/
283) of patients had an HbAlc increase including 27.7% with
anincrease of >1%. There were 11 reported cases of ketosis or
diabetic ketoacidosis in the audit, seven of these cases
occurred in patients who stopped insulin at exenatide
initiation. In contrast, rates of hypoglycaemia were lower
in patients stoppinginsulin than those who continued insulin
(5.7% vs 9.2%, p = 0.011).

4, Discussion

The ABCD nationwide exenatide audit provided useful
insights into the starting of exenatide in obese, insulin-treated
patients with type 2 diabetes. The audit’s size allowed
comparisons between insulin and non-insulin patients, as
well as an analysis on the effects of reducing or stopping
insulin. This contrasts with other retrospective studies
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Fig. 2 - Baseline vs 3 month weight with exenatide treatment comparing patient groups.
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describing only the effects of adding exenatide in insulin-
treated patients [3-5].

Non-insulin patients starting exenatide achieved greater
HbA1lc reduction and similar weight reduction compared with
patients continuing insulin. Weight loss occurred with
exenatide even with continued insulin use. Stopping or
reducing insulin augmented weight loss at the expense of
HbA1lcreduction. Nearly half the patients who stopped insulin
had worsened glycaemic control.

The mean HbA1lc reduction of 0.51% among patients who
continued insulin with exenatide was slightly lower than
those in two recent randomised trials. Exenatide vs placebo
added to basal insulin treatment led to greater HbAlc
reduction of 0.6% [6] and 0.69% [7] in these trials, respectively.
Patients in the audit were much heavier and more poorly
controlled than these trials, as were comparisons with other
phase III trials involving exenatide [8]. In a study by Davis et
al., patients substituting insulin with exenatide gained a mean
HbA1c of 0.3% [9].

This analysis had several limitations. Firstly, there was
significant loss of HbAlc and weight data reflecting problems
of an audit in real-life clinical practice (missed follow-up,
missed measurements or incomplete data entry). This has the
potential of introducing bias among available results. Second-
ly, there was lack of certainty on how quickly insulin dose
changes were implemented at exenatide initiation. Insulin
could have been completely stopped or weaned off more
slowly. If the latter occurred, the full effects on HbAlc and
weight may not be evident by three months. Finally, we were
unable to determine the degree of insulin optimization in
patients in the audit. Hence, we were unable to compare the
HbA1lc and weight results achieved with exenatide with that of
potentially closer titration of the insulin dose.

5. Conclusion

Reducing insulin at exenatide initiation enhanced weight loss
but this was at the expense of HbA1lc reduction. The glycaemic
response of stopping insulin when starting exenatide is
heterogeneous; many patients had worsening glycaemic
control when insulin was stopped. If starting exenatide in
insulin-treated patients, it appears prudent in most patients to
continue insulin, and only to wean patients off insulin if there
was significant glycaemic response.

Data from this analysis was presented as an oral
presentation on September 22, 2010 in the 46th EASD 2010
annual meeting in Stockholm.

Appendix A. List of contributors in the ABCD
nationwide exenatide audit

ABCD nationwide audit—initial setup, maintenance and nation-
wide analysis: Ryder REJ, Walton C, Winocour P, Jose B,
Sukumar N, Mills AP, Cull ML, Sands K.

Statistical advisor: Blann A.

Addenbrookes Hospital: Adler A, Evans M, Simmons D,
O’Rahilly S, Coll T, Farooqi S, Park A. Barnsley Hospital:

Uchegbu E. Basildon University Hospital: Mulcahy M, Krishnan
L. Basingstoke and North Hampshire NHS Foundation Trust: Guy
R, Turner B, Akester K, Lewis G, Harrison O, Tombling S,
Lloyd G, Hughes C, Lowe C. Bedford Hospital: Morrish N,
Melvin A, Pledger ], Barron R. Bedfordshire & Hertfordshire
PGMS, Luton: Rehman T, Sinclair A. Belfast City Hospital: Henry
W. Bolton Diabetes Centre: Palin S, Kenz R. Bristol Royal
Infirmary: Raghavan R, Phillips S, Bradley K. Bronglais Hospital,
Aberystwyth: Kotonya CA. Caerphilly Hospital: Premaward-
hana LDKE. Chesterfield Royal Hospital: Mohammad M,
Robinson RTCE, Maclnerney RM. Chorley & South Ribble
Hospital: Rajbhandari SM, Acharya S. City Hospital, Birming-
ham: Ryder RE], Basu A, De P, Lee BC, Jose B, Thong KY,
Sukumar N, McAloon CJ, Blann A, Mills AP, Cull ML, Lee A,
Rawcliffe C, Ryder B, Burbridge W, Irwin S, Cutler J, Zzizinger
A, Mehrali T, Bedi T, Stevenson-Mort J. CMMC Foundation
Trust, Manchester: Jinadev P, Watts R, Abul-Ainine S,
Salahuddin S. Colchester General Hospital: Bodmer C. Conquest
Hospital, St Leonards on Sea: Dashora U, Castro E. Countess of
Chester: Goenka N. County Hospital, Hereford: Lloyd ]J. Craigavon
Area Hospital, Co Armagh: Ritchie C. Daisy Hill hospital, Newry:
Adil MM. Derriford Hospital, Plymouth: English P. Dumfries &
Galloway Royal Infirmary: Bell E, Green F, Banerjee S. East
Surrey Hospital, Redhill: Foster K, Natarajan G. Eastbourne
District Diabetes Centre: Bending J, Afolayan J, Sheppard P.
Fairfield Hospital, Bury: Rowles S, Smithurst HJ. Falkirk and
District Royal Infirmary: Kelly C, Peden N, Currie J, Buchanan, L.
Frimley Park Hospital: Eliwe MH. Furness General, Barrow In
Furness: Chuni P, Hay C, Narayan S, Krishnan S. Gartnavel
General Hospital: McGrane D, Sainsbury C, Fisher, M. George
Eliot, Nuneaton: Shaikh S. Good Hope Hospital, Sutton Coldfield:
Jones SL, Milles JJ, Griffiths U, Colloby M, Harold C, Rangan S,
Morrison J. Glasgow Royal Infirmary: Fisher M, McGrane D.
Great Western, Swindon: Govindan J, Price P, Ahmed S, Gardner
A. Guys & St Thomas Hospital, London: Brackenbridge A, Reid A,
Piper-Smith J, Preston J. Hammersmith and Charing Cross: Field
BCT, Dornhorst A. Harrogate Hospital: Hammond P, Thiru-
murugan E. Heartlands Hospital, Birmingham: John R, Patel M,
Ulnaf S, Begum S. Hillingdon Hospital, Uxbridge: Edwards M,
Doolittle H, Currie A, O’Sullivan S, Lillystone R. Hinchinbrooke
Hospital, Huntingdon: Mathews AA. Hull Royal Infirmary:
Walton C, Ng B, Kumar BK, Bosomworth A. Ipswich Hospital:
Srinath A, Parkinson C, Fowler D, Morris D, Rayman G, Scott
A.James Paget Hospital, Great Yarmouth: MacMillan C, Grinnell
F. King’s College Hospital, London: Lee M, Amiel S, Nathan Y.
Kingston Hospital: Oldfield M, Htay T. Lagan Valley Hospital,
Lisburn: Au S, Turtle EJ. Leicester General Hospital: Tarigopula G,
Braithwaite J, Kong M-F, Jackson S, Gregory R. Leicester Royal
Infirmary: Nisal K, Gallagher A, Davies MJ, McNally PG,
Lawrence IG. Lincoln County: Sands K. London Medical: King L,
Abraham R, Tomeu ]. Mayday University Hospital, Croydon:
Prentice M. Medway Maritime Hospital, Gillingham: Scobie IN.
Monklands Hospital, Airdrie: Sandeep T. Morriston Hospital,
Swansea: Stephens JW. Newcastle General: Taylor R. New Cross
Hospital, Wolverhampton: Singh BM, Nayak UA, Govindan J,
Kalupahana DN. Newham University Hospital, London: Gelding
S. Ninewells, Dundee: Petrie J, Al-Dahlaki M. Nobles Hospital, Isle
of Man: Khan EG, Krishnan A, Clark ], Thondam S. North
Manchester General Hospital: Rathur H, Savage M, Wiles P,
Prakash P. North Tees & Hartlepool Trust: MacLeod J, Anthony
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S, Mehaffy J. North Wales NHS Trust, Wrexham: White H.
Northampton General Hospital: Htike ZZ, Kilvert A, Mtemer-
erwa B. Bromley PCT: Casiglia D. Pinderfields General, Wakefield:
Nagi DK. Poole Hospital NHS Foundation Trust: Masding M,
Osborne K, Wallace P. PRH, Haywards Heath: Smith A,
Mabrook J. Prince Philip Hospital, Llanelli: Williams M, Aggarwal
N. Princess Royal, Bromley: Lulsegged A. Queen Alexandra,
Portsmouth: Cranston I. Queen Elizabeth II Hospital, Welwyn
Garden City: Winocour PH, Darzy K, Reddy M. Queen’s Hospital,
Burton: Benn J]. Raigmore Hospital, Inverness: McLaren L.
Rotherham General: Franke B. Royal Berkshire Hospital, Reading:
Simpson H, Reddy N, Barber T. Royal Blackburn: Astin ], Faina
J, Whalley G, Ramtoola S. Royal Bournemouth: Richards ],
Richardson T. Royal Cornwall Hospital: Treliske: Fox T, Foote J,
Browne D, Pinkney J. Royal Devon & Exeter: Bowman P,
Hattersley A, Vadiya B. Royal Glamorgan Hospital, Llantrisant:
Evans P. Royal Gwent Hospital, Newport: Obuobie K. Royal
Infirmary of Edinburgh: Jaap A. Royal Liverpool University
Hospital: Vora J, Brake J. Royal Oldham Hospital: Mishra BM.
Royal Surrey County Hospital, Guildford: Hordern V. Royal United
Hospitals, Bath: Higgs E, Gouni R, Taylor P, Wylie S, Hall B,
Hillier N, Neathercote D. RSCH, Brighton: Quin ], Robinson N.
Sandwell Hospital, West Bromwich: Ibrahim H, Robertson D,
Davies P, Banerjee P, Li YK, Wong KH, Barker N, Dhallu J,
Farell D. Scunthorpe General: Moisey R, Malik M, Dromgoole P.
Selly Oak Hospital, Birmingham: Creely S, Gough S, Hanif W.
Sheffield Teaching Hospitals: Elliott J, Scott A. Smethwick Health
Centre: Pall N, Harrington J. South East CHCP, Glasgow: Carson
L-A. Southampton General Hospital: Sharp P, Brown B. Southern
General Hospital, Glasgow: Semple C. St John’s Hospital,
Livingston: Adamson K, Green F. St Mary’s Hospital, Isle of
Wight: Kaklamanou M, Al-Mrayat M. St Peter’s Hospital,
Chertsey: Sennik D, Baxter M, Naqgvi S, Suresh D, Miras A.
Staffordshire DGH, Stafford: Coates P, Daggett P, Green F.
Stirling Royal Infirmary: Kelly C, Mackenzie A, Peden N.
Sunderland Royal: Nayar R, Carey P, Aspray T. Taunton &
Somerset: Close C, Andrews R, Douek I, Watson J, Lambert P.
Torbay Hospital, Torquay: Paisey R. University Hospital Coventry
Warwickshire: Anderson S. Ulster Hospital, Belfast: Brennan U,
Satti N, Harper R, Harding ]. Victoria Infirmary, Glasgow:
Stewart A. Warwick Hospital: Rao RK, Gopinathan KP,
Horrocks P. Watford General Hospital: Tharakan G, Simpson
K. West Suffolk Hospital, Bury St. Edmunds: Majeed ], Clark J,
Wijenaike N, Gurnell E, Hartley L, Abdullah H, Marath H.
Western General Hospital, Edinburgh: Aniello L. Wexham Park,
Slough: Dove D. Whipps Cross University Hospital, London:
Lakhdar A, Manogaraan B. Wirral Teaching Hospital, Upton
Wirral: Leong KS, Lorains J, Joseph P, Leach ], Fenna I. Wishaw
General, Lanarkshire: O’Brien I, Davidson E. Worcestershire
Acute Hospitals, Worcester: Newrick P, Jenkins D. Wrexham
Maelor: Dixon AN, Munigoti S, Stanaway S, Harvey )N,
Lansdowne A. Wythenshawe Hospital, Manchester: Younis N.
Yeovil District Hospital: Bickerton AST, Crocker M, Down S.
York Hospital: Jennings P, Hudson N.
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