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Abstract
Objective: We conducted a multicentre, observational, 
non-interventional evaluation of adherence (by tablet coun-
ting) to an Extended-Release (XR) metformin preparation 
(Glucophage® XR) as antidiabetic monotherapy in 201 pa-
tients with type 2 diabetes in the routine care setting.

Research design and methods: Patients had previously 
received immediate-release metformin for at least 8 weeks, 
followed by metformin XR for at least 4 weeks. The duration 
of follow-up was 6 months.

Main outcome measures: Adherence to therapy and pa-
tient’s preferences for extended-release vs. immediate re-
lease formulations.

Results: Adherence to metformin XR was “excellent” (> 
90%) in 194 patients (96.5%) and “good” (> 75%) in the 
remaining 7 patients (3.5%). Almost all patients (194/201; 
96.5%) expressed a preference for metformin XR compa-
red with immediate-release metformin, 6 patients preferred

immediate-release metformin (3.0%) and the remaining pa-
tient (0.5%) expressed no preference. Greater convenience 
of treatment was the most common reason driving patient 
preference for a regimen (cited by 88.6% of the overall po-
pulation). Fasting blood glucose was high (according to lo-
cal laboratory reference ranges) in 57% of patients at base-
line and 42% at study end; corresponding percentages for 
elevated HbA1c were 48% and 43%, respectively. Metfor-
min XR was well tolerated.

Conclusions: This population of type 2 diabetes patients 
managed in the usual care setting adhered well to an ex-
tended-release metformin regimen, with strong preference 
overall for this regimen over their previous immediate-rele-
ase metformin regimen.
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Introduction

Major guidelines support the use of metformin for 
the initiation of pharmacologic antihyperglycaemic the-
rapy within the management of type 2 diabetes [1-4]. 
Metformin is available as a standard, immediate-release 
formulation (usually taken two or three times daily) and 
also in an extended-release (XR) formulation (designed 
to be taken once-daily).

The first marketing authorisation for metformin im-
mediate-release was granted in France in March 1959. 
The extended-release formulation was first authorised 
in the UK on 26th November 2004. Currently, both for-
mulations are being marketed in over 150 countries 
around the world.

Glucophage SR 500 mg Prolonged Release tablet, 
same as extended release (XR), (PL 116748/0054) has 
been authorised in the UK on 26th November 2004; 
Glucophage SR 750 mg Prolonged Release Tablet (PL 
11648/0066) has been authorised in the UK on 21st 
February 2008, and Glucophage SR 1000 mg Prolonged 
Release Tablet (PL 11648/0067) has been authorised in 
the UK on 16th September 2008. Glucophage 500 mg 
film-coated tablets were first authorised in the UK in 
21st September 1982 by Lipha Pharmaceutical Ltd.

Pharmacokinetic analysis shows that the XR formu-
lation smooths the delivery of metformin into the blood 
stream over the 24 hour dosing interval, while not af-
fecting overall exposure to metformin (Area Under The 
Plasma Concentration-Time Curve [AUC]), compared 
with the same daily dose of twice daily-immediate re-
lease metformin [5]. Once-daily formulations have been 
shown to provide greater convenience for patients, sup-
porting better adherence to the antidiabetic regimen, 
compared with treatments that need to be taken mul-
tiple times per day [6]. Metformin XR may also support 
better tolerability compared with the immediate-relea-
se version [3]. It is important to note that the vast majo-
rity of patients are not managed within a clinical trial 
and it is important to study adherence to therapies wi-
thin an ambulatory setting. We evaluated adherence to 
a metformin XR (Glucophage XR, Merck) administered 
as part of routine care in a population of type 2 diabetes 
patients in a multicentre, non-interventional observa-
tional study in ten centres in the Russian Federation.

Patients and Methods

Objectives of the study

The primary endpoint of the study was to evaluate 
the adherence rate to metformin XR in daily practice. 
Categories of adherence were defined a priori as “excel-
lent” (> 90%), “good” (75-90%), “moderate” (50-75%) or 
“poor” (< 50%). Secondary objectives were to evaluate:

•	 The level of glycaemic control (HbA1c, Fasting Blood 
Glucose [FBG]);

•	 Safety and tolerability: Adverse Events (AE) and Ad-
verse Drug Reactions (ADRs), using Medical Diction-
ary for Regulatory Activities (MedDRA) coding and 
rated by study Investigators for association with 
study treatment and for severity using the Qualita-
tive Toxicity Scale;

•	 The preference of the subjects for metformin XR vs. 
the immediate-release formulation of metformin.

Patients

Patients eligible for the study were adults (≥ 18 years 
of age) with type 2 diabetes, who had received previous 
treatment with immediate-release metformin for at le-
ast 8 weeks. Key exclusion criteria were pregnancy or 
lactation (female participants used a reliable method of 
contraception), contraindications to metformin accor-
ding to local labelling, receipt of any other antihyper-
glycaemic medication, participation in another clinical 
trial within 30 days before the start of the study, or si-
gnificant illness likely to interfere with the conduct of 
the study.

Study design

This was a non-interventional, non-randomised, 
uncontrolled, single-arm study carried out in ten cen-
tres in the Russian Federation. Patients had been swi-
tched from immediate-release metformin to once-daily 
metformin XR at a similar daily dose for at least four 
weeks before the start of the study and followed for 6 
months. Changes in the dose of metformin XR were per-
mitted as required to maintain optimal diabetes mana-
gement in the opinion of the physician. Adherence was 
evaluated using tablet counting, supported by patient 
diaries, where used.

Statistical analysis was conducted using Statisti-
cal Analysis System (SAS) version 9.1.3 (NC, USA). All 
subjects enrolled in to the study and who received at 
least one dose of study treatment were analysed for ef-
ficacy and safety.

Results

Patients

A total of 204 patients were screened, of whom 201 
received treatment and were analysed. Patients were 
predominantly female, obese on average, and had a re-
latively short duration of diagnosed diabetes of about 3 
years (Table 1). Most were non-smokers with moderate 
alcohol consumption; more than two-thirds had conco-
mitant cardiovascular disease and about one-third had 
concomitant hepatic disease (Table 2). The prior dura-
tion of treatment with immediate-release metformin 
was about 2 years on average, with almost all patients 
receiving twice-daily treatment (Table 3). Patients had 
taken metformin XR for an average of 21 months at 
the start of the follow-up period. The mean final dose 
of metformin XR (1275 ± 447 mg) was similar to the 
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primary reason for their choice. Reasons related to tole-
rability were cited by 3% of the population and reasons 
relating to efficacy/glycaemic control were cited by 7%.

Efficacy and tolerability

Measurements of FBG were available for 181 pa-
tients at baseline and for 173 patients at 6 months. The 
dose of metformin XR was changed in only 25 patients 

previous mean dose of immediate-release metformin 
(1380 ± 432 mg).

Adherence (primary endpoint) and patient prefe-
rences

Almost all patients (96.5%) demonstrated “excel-
lent” adherence to metformin XR (Table 4). The remai-
ning seven patients (3.5%) demonstrated “good adhe-
rence”. No patient demonstrated < 75% adherence to 
metformin XR.

Almost all patients (194/201; 96.5%) expressed a 
preference for metformin XR over immediate-release 
metformin (Table 4). Six patients (3.0%) preferred im-
mediate-release metformin and one patient (0.5%) did 
not have a preference. Convenience of use was the 
main driver of preference and was cited by 88.6% as the 

Table 1: Patient characteristics at baseline.

Male/female n (%) 53 (26)/148 (74)
Age (y)
N (%) 201 (100)
Missing (%) 0
Mean (SD) 59.7 (10.2)
Median 61
Q1; Q3 54.0; 66.0
Range 29-85
Weight (kg)
N (%) 201 (100)
Missing (%) 0
Mean (SD) 88.2 (18.3)
Median 84
Q1; Q3 76.0; 98.0
Range 51-175
Height (cm) 201 (100)
Missing (%) 0
Mean (SD) 165.6 (8.7)
Median 164
Q1; Q3 159.0; 172.0
Range 148-188
Body mass index (kg/m2) 201 (100)
Missing (%) 0
Mean (SD) 32.1 (5.7)
Median 31.2
Q1; Q3 28.3; 34.9
Range 21.8-62

Table 2: Patient history at baseline.

Smoking history, n (%) 201 (100)
   Smoker 17 (8.4)
   Ex-smoker 16 (8)
   Non-smoker 168 (83.6)
Alcohol use, n (%) 201 (100)
   Once per week 144 (71.6)
   2-4 times per week 3 (1.5)
   ≥ 5 times per week 0
   None 44 (26.9)
Concomitant conditions, n (%) 201 (100)
   Cardiovascular disease 142 (70.6)
   Renal disease 16 (8)
   Hepatic disease 65 (32.3)

Table 3: History of type 2 diabetes.

Diabetes duration (y)
N (%) 201 (100)
Missing (%) 0
Mean (SD) 3.1 (3.3)
Median 1.78
Q1; Q3 1.02; 4.38
Range 0.23-24.2
Duration of IR metformin treatment (months)
N (%) 201 (100)
Missing (%) 0
Mean (SD) 24.4 (27.9)
Median 12.0
Q1; Q3 6.0; 36.0
Range 2-180
Mean daily dose of immediate release 
metformin pre-study mg (SD)
N (%) 201 (100)
Missing (%) 0
Mean (SD) 1380 (432)
Median 1500
Q1; Q3 1000; 1700
Range 250-2000
BID dosing n (%) 196 (97.5)
TID dosing n (%) 5 (2.5)
Duration of metformin XR treatment at 
baseline (weeks)
N (%) 201 (100)
Missing (%) 0
Mean (SD) 21.3 (17.5)
Median 14.3
Q1; Q3 8.4; 30.4
Range 4-113.9
Current dose of metformin XR (mg)
N (%) 201 (100)
Missing (%) 0
Mean (SD) 1275 (447)
Median 1500
Q1; Q3 1000; 1500
Range 500-2250

Table 4: Adherence and patient preference.

N (%) 201 (100)
Missing (%) 0
Excellent (< 90%) 194 (96.5)
Good (> 75-90%) 7 (3.5)
Moderate (> 50-75%) 0
Bad (< 50%) 0
Excellent + good (> 75%) 201 (100)
Metformin XR preferred 194 (96.5)
Metformin IR preferred 6 (3)
No preference 1 (0.5)
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drome, large intestine polyp). AE associated with any 
other individual MedDRA classification occurred in one 
or two patients, except for vascular AE (four with hyper-
tensive crisis, four with hypertension, one with transient 
ischaemic attack). There was one case of hypoglycae-
mia. Four AEs or ADRs were considered by investigators 
to be related to study treatment (one case each of diar-

(7.5%) during the study. Most of these changes involved 
an increase in dosage (22 occasions), as opposed to a 
decrease in dosage (3 occasions).

FBG was above normal (according to local laboratory 
reference ranges) in 57% of patients at baseline and 
42% at study end; corresponding percentages for HbA1c 
were 48% and 43%, respectively (Table 5). Six percent of 
patients had FBG and HbA1c below normal at baseline 
(13 and 12 patients, respectively); at study end, a single 
patient (0.5%) had abnormally low FBG and no patient 
had abnormally low HbA1c.

The change in mean heart rate (73.2 ± 7.58 beats/
min to 73.0 ± 6.24 beats/min) and diastolic blood pres-
sure (80.4 ± 7.76 mmHg to 79.3 ± 7.54 mmHg) was ne-
gligible. A trend towards reduction in mean systolic blo-
od pressure was observed from Visit 1 (132.3 ± 10.93 
mmHg) to Visit 5 (128.9 ± 9.75 mmHg).

Twenty-five subjects (12%) reported at least one tre-
atment-emergent AE, among whom four subjects (2%) 
had reported at least one treatment-related AE (Table 6). 
Gastrointestinal side-effects occurred in four patients 
(diarrhoea, dysgeusia, flatulence, irritable bowel syn-

Table 5: Glycemic parameters and vital signs.

Baseline After 6 months
FBG
N (%) 201 (100) 201 (100)
Within normal range of local lab values n (%) 53 (26.4) 87 (43.3)
Below normal range of local lab values n (%) 13 (6.5) 1 (0.5)
Above normal range of local lab values n (%) 115 (57.2) 85 (42.3)
Not assessed 20 (9.9) 28 (13.9)
HbA1c
N (%) 201 (100) 201 (100)
Within normal range of local lab values n (%) 42 (20.9) 43 (21.4)
Below normal range of local lab values n (%) 12 (5.9) 0
Above normal range of local lab values n (%) 96 (47.8) 86 (42.8)
Not assessed 51 (25.4) 72 (35.8)
Heart rate (beats/min)
N (%) 201 (100) 199 (99)
Not assessed 0 2 (1)
Mean 73.2 (7.6) 73 (6.2)
Median 72 73
Q1; Q3 68; 78 69; 76
Range 56-105 54-91
SBP (mmHg)
N (%) 201 (100) 199 (99)
Not assessed 0 2 (1)
Mean 132.3 (10.9) 128.9 (9.8)
Median 131 130
Q1; Q3 125; 140 123; 135
Range 110-160 100-160
DBP (mmHg)
N (%) 201 (100) 199 (99)
Not assessed 0 2 (1)
Mean 80.4 (7.8) 79.3 (7.5)
Median 80 80
Q1; Q3 75; 85 75; 84
Range 60-100 40-100

Table 6: Treatment related Adverse Events (AE).

N (%) 201 (100)
Missing 0
Subjects with at least one treatment related AE, n (%) 4 (2)
Cardiac disorders
Myocardial ischemia n (%) 1 (0.5)
Gastrointestinal disorders
Diarrhoea, n (%) 1 (0.5)
Dysgeusia, n (%) 1 (0.5)
Flatulence, n (%) 1 (0.5)
Metabolism and nutrition disorders
Hypoglycaemia, n (%) 1 (0.5)
Vascular disorders
Hypertension, n(%) 1 (0.5)
Subjects with at least one treatment related SAE, 
n (%)

1 (0.5)
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associated with sub-optimal adherence is taken into ac-
count [14]. This is of particular importance for health 
care systems taking into account the high and increa-
sing prevalence of diabetes. Finally, low adherence pre-
dicted an increased risk of adverse clinical outcomes, in 
people with diabetes, including hospitalization or mor-
tality [15], or complications of diabetes [16]. Important-
ly, this study employed tablet counting, rather than pa-
tients’ self-report of adherence, which has been shown 
to be less reliable than formal observation of adherence 
in patients with diabetes [17].

Previous studies have explored the effects of a switch 
from immediate-release to extended-release metfor-
min. Randomised, controlled trials people with type 2 
diabetes have shown that switching from twice-daily 
immediate-release metformin to metformin XR did not 
result in any diminution of glycaemic control [18,19]. 
An observational study in 35 patients also showed that 
switching from immediate-release to extended-release 
metformin did not compromise metabolic control (glyca-
emia or lipids) [8], Another observational study sugge-
sted improved glycaemic control with this treatment 
switch, however, that was apparently associated with 
improved adherence [7]. Finally, a randomised trial sug-
gested improved glycaemic control (mean HbA1c 6.8% 
vs. 7.3%, p < 0.05), along with a reduction in LDL-chole-
sterol, and improvement in some inflammatory cytoki-
nes, in patients randomised to metformin XR vs. imme-
diate release metformin [20]. Overall, these studies are 
comparable without finding of no reduction (and a trend 
to improvement) in glycaemic control in patients recei-
ving extended-release metformin in our study.

The European labelling for metformin supports a 
switch from the immediate-release formulation at the 
same dose, consistent with the observations of no loss 
of glycaemic control after the switch, described above. 
Metformin XR may also be started as the initial metfor-
min preparation for a patient naïve to metformin, 
however.

Most patients experience gastrointestinal side-ef-
fects when initiating metformin; guidance from the 
UK National Institute for Health and Care Excellence 
notes that a switch from immediate-release to metfor-
min XR may offer improved tolerability where these 
side-effects are especially troublesome [3]. A report of 
four observational studies showed that most patients 
with gastrointestinal intolerance to immediate-release 
metformin could be switched successfully to the same 
metformin XR formulation as used in the present stu-
dy [21]. Similarly, a retrospective chart review in 205 
patients switched from immediate-release metformin 
to metformin XR showed that after the switch, the fre-
quency of any gastrointestinal adverse event was redu-
ced from 26.34% to 11.71% (p = 0.0006) and the fre-
quency of diarrhoea was reduced from 18.05% to 8.29% 
(p = 0.0084) [22].

rhoea, dysgeusia, flatulence and hypertension). Three 
patients reported one or more serious AE (myocardial 
ischaemia, irritable bowel syndrome, hypertension and 
transient ischaemic attack, the last two occurring in the 
same patient and considered by the Investigator to be 
related to treatment).

Discussion

This study showed that adherence to metformin XR, 
given as initial pharmacologic antidiabetic therapy to 
201 type 2 diabetes patients in line with international 
management guidelines, was “excellent (> 90%) in 96.5% 
and > 75% in the remaining 3.5%. The overwhelming 
majority of the patients preferred the once-daily met-
formin formulation to their previous immediate-release 
formulation, with about nine patients in ten citing the 
convenience of their antidiabetic regimen as the prin-
cipal reason for their choice. There was no signal for a 
decline in glycaemic control during the six-month obser-
vation period, with a trend to improvement, indicating 
improved glycaemic control despite majority of subjects 
continuing to receive the same dosage throughout the 
study. This improvement in glycaemic control could be 
a reflection of the excellent adherence to therapy. Also, 
the systolic blood pressure was decreased under the 
once-daily regimen. The effect of metformin on blood 
pressure values is currently being assessed in larger clin-
ical trials, e.g. in China.

The preference for metformin XR compared with 
immediate-release metformin observed in our study 
has been described previously in other studies. For ex-
ample, in one study average adherence increased from 
62% to 81% in a cohort of 40 patients switched from 
immediate-release metformin to metformin XR (p < 
0.0001) [7]. The same study showed that adherence to 
metformin XR was higher compared with immediate-
release metformin in parallel patient cohorts (80% vs. 
72%, p = 0.0026) [7].

The high level of observed adherence, together with 
the strong preference for the once-daily regimen, in out 
study (also consistent with previous clinical experience) 
[8] are consistent with prior experience that pharmaco-
logic regimens of lower complexity support better adhe-
rence than more complex regimens. One study showed 
that people with type 2 diabetes were nine times more 
likely to be non-adherent to their antidiabetic regimen 
if it involved more than one medication intake each 
day [9]. These observations have clinical importance, 
as establishing a high level of adherence to antidiabetic 
therapy is an important determinant of achieving good 
glycaemic control in type 2 diabetes [10-12]. A low level 
of adherence has been identified as a predictor of fu-
ture clinical inertia, where there is a failure to intensify 
the regimen in future as the quality of glycaemic control 
declines as β-cell dysfunction progresses [13]. Lower 
adherence increases the overall cost of treatment for 
diabetes, when an increased risk of adverse outcomes 
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(2016) One-year adherence to oral antihyperglycemic me-
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(Baltimore) 95: e3994.
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Only 3% of our population cited issues relating to to-
lerability as a reason for preferring the extended-rele-
ase formulation, however. Our patients had previously 
received immediate-release formulation for at least 8 
weeks and were therefore likely to represent a popula-
tion already demonstrated to be tolerant of metformin, 
although the reason for the earlier switch between for-
mulations is unknown.

The value of real world data has been recognised in-
creasingly in recent years [23]. In particular, the lack of 
restrictive enrolment criteria for such studies ensures that 
patient populations reflect the patients that physicians see 
in the general practice setting compared with those in the 
highly structured environment of a randomised, controlled 
trial [23]. Limitations of the study include its observatio-
nal, non-interventional design and lack of formal statistical 
evaluation of glycaemic outcomes.

Conclusions

Adherence to treatment was > 90% in the vast majo-
rity of 201 type 2 diabetes patients switched from im-
mediate-release metformin to metformin XR, with no 
patient demonstrating < 75% compliance. Glycaemic 
control was maintained or improved. The patients de-
monstrated a strong preference for metformin XR, com-
pared with their earlier immediate-release metformin 
regimen, with this choice driven by greater convenience 
of treatment.
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before enrolment.
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