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Abstract
Background: Liraglutide may be less effective in patients
with more advanced type 2 diabetes. This study from the
Association of British Clinical Diabetologists Nationwide
Liraglutide Audit analysed changes in HbA1c of patients
after 26 weeks of treatment with liraglutide 1.2 mg, strat-
ified according to the intensity of their background dia-
betes therapy, or according to their duration of diabetes.
Methods: Patients using liraglutide as add-on therapy
were stratified for receipt to one, two or three oral antidi-
abetic agents (OADs) or insulin (± OAD), or for diabetes
duration of 0–5 years, 6–10 years, or >10 years.  Changes

in HbA1c were compared across groups after adjusting for
baseline HbA1c.
Results: After exclusions to standardise comparisons, 937
patients with background diabetes treatment and 802
patients with recorded diabetes duration were analysed.
Least-squares adjusted mean changes in HbA1c (± SEM)
were –1.8% ± 0.1 for 135 patients on one OAD, –1.7% ± 0.1
for 284 patients on two OADs,–1.9% ± 0.1 for 94 patients
on three OADs (n=94) and –1.0% ± 0.1 for 424 patients
receiving insulin.  HbA1c changes did not differ significantly
between OAD groups, but all OAD groups had greater
HbA1c reductions compared with the insulin group (all
p<0.00001). Adjusted mean HbA1c changes were –2.0% ±
0.1 for patients with diabetes duration 0–5 years (n=147,
p<0.05 vs. longer diabetes durations), –1.6% ± 0.1 for 6–10
years (n=256), and –1.2% ± 0.1 for >10 years (n=399). 
Conclusion: The need for insulin and long diabetes dura-
tion, but not the number of OADs taken, predicted a
smaller treatment response to liraglutide.
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Introduction
Guidelines for the management of type 2 diabetes place a strong
emphasis on the need for personalised antidiabetic treatment.1

Accordingly, it is important to identify factors which predispose
to an optimum treatment response to a given antidiabetic ther-
apy.  Liraglutide is a once-daily GLP-1 receptor agonist approved
for use alongside diet and exercise in combination with one or
more oral antidiabetic agents (OADs) or with basal insulin for
the management of type 2 diabetes.2,3

Studies currently reported in abstract form point towards a
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diminished glycaemic response to a GLP-1 receptor agonist treat-
ment among patients with more advanced diabetes, based on
assessments of the intensity of antidiabetic treatment or the du-
ration of diabetes.4-6 We studied the influence of these indices
on the therapeutic response to liraglutide in a large cohort of pa-
tients who received liraglutide 1.2 mg in the UK.   

Patients and methods
This study was part of a nationwide audit of the use of liraglutide
in the UK carried out on behalf of the Association of British Clin-
ical Diabetologists (ABCD).7 Participating physicians provided
anonymised information on demographic data (age, gender,
ethnicity, height, weight), duration of diabetes, cardiometabolic
parameters (glycaemia, blood pressure, lipids, alanine amino-
transferase and creatinine) and treatments prescribed, before
and after treatment with liraglutide.  Only effects on HbA1c are
discussed here.  Data capture was via an online audit tool or
paper forms conveying identical information.  By 2013, 117
diabetes centres in the UK had participated and submitted base-
line data on 6,238 patients treated with liraglutide.

Patients were stratified for receipt of one, two or three OADs
or insulin (with or without concomitant treatment with an OAD),
or for diabetes duration 0–5 years, 6–10 years, or >10 years.
Patients without at least one follow-up data submission
(n=1,296) were excluded from the analysis. To standardise com-
parisons and to represent the effects of liraglutide add-on ther-
apy, we excluded patients who switched from exenatide
(n=870), received liraglutide 1.8mg (n=343), stopped an OAD
at liraglutide initiation (n=947), or reduced their total daily insulin

by >20% at liraglutide initiation (n=451).  We also excluded
patients with HbA1c <7.0% at baseline (n=102) and patients
without relevant HbA1c data (n=1,173).  The latest HbA1c data
at 26 weeks of liraglutide treatment prior to any rescue treat-
ment and with a minimum of 13 weeks after liraglutide treat-
ment were used in the analysis. Changes in HbA1c according to
diabetes treatment or duration were analysed using ANCOVA,
after checking that the statistical requirements for valid ANCOVA
had been met.  Due to incomplete concurrent data on diabetes
treatment and diabetes duration, separate analyses were first
performed for these parameters as independent variables, with-
out adjustment for one another, and with baseline HbA1c as a
covariate (Figures 1 and 2).  Combined ANCOVA analyses were
subsequently performed among patients with complete data for
both diabetes treatment and duration (Figure 3).

This was a purely observational study, and no investigations
or treatments other than those required for the routine manage-
ment of the patients were performed. Accordingly, formal ethical
approval of the study was not required.

Results
After exclusions, 1,056 patients were analysed (937 patients
with background diabetes treatment with 1–3 OADs or insulin,
and 802 patients with information on diabetes duration).  All
diabetes treatment or duration groups achieved mean HbA1c

reductions at 26 weeks that were statistically significant com-
pared with baseline (all p<0.01).  Mean changes in HbA1c were
significantly larger for patients receiving treatment based on one,
two or three OADs, compared with patients receiving insulin
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Figure 1. Mean HbA1c changes after 26 weeks of liraglutide 
treatment, stratified according to intensity of 
background diabetes treatment

Columns show adjusted mean changes analysed by ANCOVA with baseline
HbA1c as a covariate.  CI: confidence interval; ED: estimated difference; 
OAD: oral antidiabetic drug(s). 

Figure 2. Mean HbA1c changes after 26 weeks of liraglutide 
treatment, stratified according to duration of 
diabetes

Columns show adjusted mean changes analysed by ANCOVA with baseline
HbA1c as a covariate. ED: estimated difference; CI: confidence interval 

Treatment group

H
b
A

1c
ch

an
g
e 

(%
)

1 OAD 2 OAD 3 OAD Insulin

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

-1.8
-1.7

-1.9

-1.0

(n=135) (n=284) (n=94) (n=424)

ED: -0.8 (95% CI: -1.2, -0.4) p<0.00001

ED: -0.7 (95% CI: -1.0, -0.4) p<0.00001

H
b
A

1c
ch

an
g
e 

(%
)

0-5 years

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

-2.0

(n=147) (n=256) (n=399)

-1.2

-1.6

6-10 years >10 years

Duration of diabetes

ED: -0.7 (95% CI: -1.0, -0.4) p<0.00001

ED: -0.3 (95% CI: -1.6, 
-0.1) p=0.012

ED: -0.9 [95% CI: -1.3,-0.5] p<0.00001 ED: -0.4 [95% CI: -0.7,
-0.04] p=0.023

15-0025 Thong copy_Layout 1  08/12/2015  12:30  Page 2



(Figure 1); no differences were seen comparing patients on one
versus two versus three OADs.   

Liraglutide was significantly more effective in patients with
duration of diabetes of 0–5 years compared with patients with
duration of diabetes of 6–10 years or >10 years (Figure 2).  In-
sulin treatment and diabetes duration remained independent
predictors of the magnitude of changes in mean HbA1c for
patients with data on both antidiabetic treatment and diabetes
duration (Figure 3).

Discussion
Observational studies provide a different perspective to ran-
domised trials on the therapeutic profiles of antidiabetic treat-
ments and can add important information on their use in
routine, “real world” clinical practice.8 We found in clinical prac-
tice that the effect of liraglutide on glycaemia was reduced in
type 2 diabetes with more advanced disease, as indicated by the
need for insulin treatment or a longer duration of diabetes.       

Our results showing a diminished treatment response to a
GLP-1 agonist among insulin-treated patients are consistent with
previous findings of smaller HbA1c reductions in patients with
versus without insulin treatment after starting exenatide twice
daily.  This was in a similar audit to the current study, in a “real
world” setting.9 However, we did not find any difference in gly-
caemic efficacy when comparing the addition of liraglutide to
patients on one, two or three OADs.  This contrasts with earlier
findings from the Liraglutide Effect and Action in Diabetes
(LEAD)-2 study.10 There, liraglutide was more effective in reduc-
ing HbA1c when added to OAD monotherapy as opposed to
combinations of OAD,10 a finding supported by subsequent
meta-analyses.4,5 The reason for the difference in findings is not
known but may be due to methodological differences between
clinical trials and an audit. The use of thiazolidinediones in the
audit (18.0% of patients on two OADs and 87.2% of patients

on three OADs) may have also contributed to the difference
since this class of treatment has been associated with greater
glycaemic durability over some other OADs.11

Longer diabetes duration predicted a poorer glycaemic re-
sponse to liraglutide therapy in our study, and is consistent with
findings of a meta-analysis of the LEAD studies4 and a report
from a small observational study.12 In contrast, in a trial consist-
ing only of patients on insulin, glycaemic reduction with the
addition of exenatide twice daily was greater among patients
with longer rather than shorter duration of disease.13

Our findings might suggest that the therapeutic response to
liraglutide may be influenced by background β-cell function, for
which background diabetes treatment and duration of diabetes
may act as surrogate markers.  Consistent with this view, studies
have shown that higher C-peptide secretion is predictive of a larger
treatment response to liraglutide,12,14 or a greater likelihood of
success when switching patients to liraglutide from insulin.15,16 

The mean reduction in HbA1c with liraglutide was smaller for
patients treated with insulin, relative to patients receiving other
therapies, but nevertheless remained clinically significant.  Recent
clinical studies have shown that combinations of GLP-1 agonists
and insulin are a rational treatment choice, as the inclusion of
the GLP-1 agonist improves antihyperglycaemic efficacy while
limiting the weight gain and hypoglycaemia associated with
insulin.17,18 Hence, the efficacy of liraglutide should both be
judged across patients with different stages of diabetes, as well
as judged at the level of the individual patient against other avail-
able therapeutic options at their stage of disease.

Conclusion
Our study confirms and extends previous findings that patients
with more advanced type 2 diabetes respond less well to liraglu-
tide compared with patients with earlier-stage disease.
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Key messages

• The glycaemic response to liraglutide was smaller in
magnitude in patients with type 2 diabetes receiving
insulin compared with those on oral therapies only

• Liraglutide was also less effective in patients with
longer duration of diabetes

• Patients on insulin or with long duration of diabetes
still achieved a clinically significant therapeutic 
response with liraglutide treatment

Figure 3. Mean HbA1c reductions according to diabetes 
treatment and diabetes duration in 785 patients 
with data on both parameters

Columns show adjusted mean changes analysed by ANCOVA with baseline
HbA1c as a covariate.  CI: confidence interval; ED: estimated difference; 
OAD: oral antidiabetic drug(s). 
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Sandwell General Hospital (SWBH): Bhanderi S, Davies P,

Appendix 1. ABCD nationwide prospective liraglutide audit contributors 
The following are those whom we know about.
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Matthews J, Rock K, Sen Gupta P, Thong K Y. Sedlescombe
House Surgery St. Leonards-on-Sea: Cooper S, Joyce  L, 
Kaliniecki J. Singleton Hospital, Swansea: Udiawar M. 
Smethwick Medical Centre (GP) (SWBH): Bhanderi S, 
Harrington J, Matthews J, Sen Gupta P. Southern General 
Hospital: Gallagher S, Hutchieson A, Kennon B, Kernohan A,
Semple C, Struthers S. Southmead Hospital: Gaffar I. St
Bartholomew's and The London NHS Trust: Coppack S, 
Gouveia C, Khan R, Waugh J. St George’s Hospital NHS Trust:
Ahmed FW, Bano G, Firth P, Flanagan A, O'Brien J, Patel N, 
Wilson Z. St John's Hospital Livingston: Adamson K, Teoh WL.
St Mary’s Hospital, IOW: Al-Mrayat M, Verlekar P. St Mary's 
Hospital, London: Qureshi S A. St Stephens Gate Medical
Practice (Norfolk PCT) (SSGMP): Haylock C. Stepping Hill 
Hospital: Kong N, Mumby C. Stirling Community Hospital
(Stirling Royal Infirmary):, Barwell N, Bramley A, Buchanan L,
Currie J, Davidson E, Devlin K, Dewar L, Doig J, Kelly C, 
MacDonald P, Mackenzie A, Mackintosh L, Peden N, Ryan L, 
Simpson C, Whitty H. Stobhill Hospital, Glasgow: Acquah R,
Drummond R, Gordon D, Leggett G, MacEwen A, McKenzie J,
McLaren J, Smith C. Stoke Mandeville: Stokes V. The Ipswich
Hospital: Astle J, Fowler D, Morris D, Parkinson C, Rayman G,
Thomas M. Torbay Hospital: Dimitropoulos I, Dyer R, Lissett K,
Paisey R, Smith J, Weekes C. Trafford General Hospital: George
A, Hopewell L, Snell A, Stephens W P. Tyrone County Hospital:

Bradley P, Evans H, Hameed A, Helmy A, McGirr B, Monaghan S,
Patterson H. Ulster Hospital: Au S, Brennan U, Carr S, Donnelly
R, Harding J, Harper R, MacDonald P, McIlwaine W, McLaughlin D,
Moore L, Mulligan C, Trinick T, Whitehead H. University College
Hospital, London: Lunken C, Patel D. University Hospital of
Durham: Kashif M. University Hospital of Hartlepool: Anthony
S, Ijaz S, Jones S, Sinclair J, Worrall E. University Hospital of
North Tees: Dobson M, MacLeod J, Manohar S P, Mehaffy J, 
Presgrave M, Pye S, Robinson M, Roper N, Worrall E. Victoria
Hospital Kirkcaldy (Kirkcaldy Acute Hospitals NHS Trust):
Burns D, Chalmers J, Duncan C. Warrior Square Surgery: Adams
S, Dunlop A, Ottaway L. West Suffolk Hospital: Clarke J, Moss
A. Western General Hospital: Inkster B, Kochhar R S, Mathur S,
Mclaren, Zammitt N. Western Isles Hospital: Achar K N. 
Westmoreland General Hospital: Banerjee M, Obale B, Pearce
D, Tong M. Wharfedale Hospital: Amery C. Wiltshire NHS 
Primary Care Trust: Hall B, Hillier N. Wrexham Maelor: Dixon A.
Wythenshawe Hospital (UHSM): Younis N. Yeovil District 
Hospital NHS Foundation Trust: Bickerton A, Crocker M,
Pramodh S. Ysbyty Ystrad Mynach: Premawardhana L D.
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