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Abstract Aims/hypothesis: In type 2 diabetic patients we
compared 9 months of combination therapy with insulin
glargine and metformin with 9 months of NPH insulin com-
bined with metformin. The primary focus was changes in
HbA1c; secondary focus was diurnal glucose profiles and
symptomatic hypoglycaemia. Methods: In this investi-
gator-initiated open, parallel-group clinical trial involving
seven centres, 110 insulin-naive type 2 diabetic patients
with poor glycaemic control (HbA1c ≥8.0%) on oral
hypoglycaemic agents (90% using sulfonylurea plus
metformin) were randomised to receive bedtime insulin

glargine with metformin (G+MET) or bedtime NPH with
metformin (NPH+MET) for 36 weeks. The patients were
taught how to self-adjust their insulin dose and use a
modem to send the results of home glucose monitoring to
treatment centres. The goal was to achieve a fasting plas-
ma glucose (FPG) of 4.0 to 5.5 mmol/l in both groups.
Results: During the last 12 weeks, FPGs averaged 5.75±
0.02 and 5.96±0.03 mmol/l (p<0.001) and insulin doses
were 68±5 and 70±6 IU/day (0.69±0.05 and 0.66±0.04 IU
kg−1 day−1, NS) in the G+MET and NPH+MET groups,
respectively. At 36 weeks, mean HbA1c was 7.14±0.12
and 7.16±0.14%, respectively (NS). Symptomatic, but not
confirmed symptomatic, hypoglycaemia was significantly
lower during the first 12 weeks in the G+MET group (4.1±
0.8 episodes/patient-year) than in the NPH+MET group
(9.0±2.3 episodes/patient-year, p<0.05), but not signifi-
cantly different thereafter. Glucose levels before dinner
were higher in the NPH+MET group (10.1±0.3 mmol/l)
than in the G+MET group (8.6±0.3 mmol/l, p=0.002)
throughout the 36-week study. With regard to baseline
characteristics such as initial glycaemia or C-peptide, there
was no difference between patients who achieved good
glycaemic control (HbA1c <7.0%) and those who did not.
Differences were seen in the following: between study
centres, weight gain during the run-in period and insulin
therapy, and FPG during the last 12 weeks (5.7±0.2 vs 6.7±
0.3 mmol/l for patients reaching vs those not reaching
target, p<0.01). Conclusions/interpretation: Good glycae-
mic control can be achieved with both G+MET and NPH+
MET. Use of G+MET reduces symptomatic hypoglycaemia
during the first 12 weeks and dinnertime hyperglycaemia
compared with NPH+MET.
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Introduction

Meta-analyses [1, 2] and studies performed after these
analyses [3, 4], such as the largest individual study, which
was a substudy of the UK Prospective Diabetes Study [3],
support the use of simple insulin combination therapy
regimens for patients with type 2 diabetes. Regarding the
choice of the insulin combination regimen, we previously
compared four different bedtime NPH regimens, where
NPH was combined with either a sulfonylurea, metformin,
both, or another injection of NPH [5]. We found that use of
metformin attenuated weight gain and its use was associated
with less hypoglycaemia than the other combinations.
Glycaemic control was also best with the NPH and
metformin regimen, during which HbA1c decreased from
9.9 to 7.2% [5]. Similar data have been reported by others
[6, 7].

Insulin glargine is a basal insulin analogue with a longer
duration of action and smoother time–action profile than
NPH [8]. Studies comparing sulfonylurea or sulfonylurea
and metformin combined with insulin glargine have con-
sistently found similar overall glycaemic control, similar
insulin doses, but less hypoglycaemia than with NPH [4, 9,
10]. No study has, as yet, compared metformin monother-
apy plus glargine with metformin monotherapy plus NPH.
Given that use of metformin, either when combined with
insulin [5] or when used without insulin [11], is associated
with less hypoglycaemia than sulfonylurea, it is possible
that the combination of metformin and glargine may not
produce a reduction in hypoglycaemia compared with
metformin and NPH.

Although insulin combination therapy regimens have
resulted in similar or better glycaemic control than the use
of insulin alone [1, 2, 12], even in the best studies HbA1c

has averaged 7.0%, implying that approximately half of the
patients remained inadequately controlled [3, 4]. There are
no data explaining why some patients fail to achieve good
glycaemic control during insulin combination therapy.
Hypothetically, such failure could be the fault of the health-
care professionals (e.g. insufficient advice on titration of
insulin doses) or of the patients (e.g. poor adherence, fear
of hypoglycaemia, inadequate insulin secretory reserve or
antibody formation). In the present study we compared the
combination therapy insulin glargine plus metformin (G+
MET) with NPH insulin plus metformin (NPH+MET).

Subjects and methods

Study design

This was a multicentre, open, randomised, parallel-group
study that compared the efficacy and safety of bedtime
glargine with NPH insulin in combination with metformin
in insulin-naive type 2 diabetic patients who were poorly
controlled (HbA1c 8.0% or higher) and on oral hypogly-
caemic agents. The study consisted of a 4-week run-in
phase and a 36-week treatment phase. It was performed at

six sites in Finland and one in the United Kingdom in
accordance with the Declaration of Helsinki and good
clinical practice as described by Note for Guidance CPMP/
ICH/135/95. Approval by institutional ethics committees
was obtained for each participating site. All patients pro-
vided written informed consent before entry to the study.

Patients, inclusion and exclusion criteria

Male or female patients aged 35–75 years with type 2
diabetes who had been treated with a stable dose (any dose)
of sulfonylurea and metformin (≥1.5 g) or with metformin
alone for at least 3 months prior to the screening visit at
−4 weeks were enrolled. Further inclusion criteria included
a BMI of 20–40 kg/m2, HbA1c ≥8.0%, a mean fasting
plasma glucose (FPG) concentration of ≥7 mmol/l during
daily home glucose monitoring between the screening visit
at −4 weeks and the phone call in week −2, and fasting
serum C-peptide ≥0.33 nmol/l (reference range 0.33–
0.69 nmol/l). Exclusion criteria included use of other oral
antihyperglycaemic agents, prior use of insulin, positive
GAD antibodies or history of ketoacidosis, non-compli-
ance with regard to daily measurement of FPG and one
diurnal profile during the first 2 weeks of run-in (patients
with <80% of all desired values were excluded), abnormal
safety laboratory tests, including liver enzymes (serum
alanine aminotransferase [S-ALT], serum aspartate amino-
transferase [S-AST], serum alkaline phosphatase [S-
AFOS]) higher than three times the upper limit of normal
and serum creatinine ≥120 μmol/l (≥1.4 mg/dl), current or
past history of alcohol or drug abuse, night shift work,
pregnancy, treatment with any investigational drug in the 2
months before study entry, use of drugs likely to interfere
with glucose control, clinically relevant major systemic
disease other than diabetes that would make implementa-
tion of study protocol or interpretation of the results dif-
ficult, and mental health condition rendering the subject
unable to understand the nature, scope and possible con-
sequences of the study. Patients with diabetic retinopathy
requiring surgical (laser or other) treatment in the 3 months
before or during the study were also excluded.

Study protocol and treatment

Screening visit at −4 weeks

At this visit, informed consent was obtained and the in-
clusion and exclusion criteria were reviewed. After a his-
tory had been taken and a physical examination performed,
a fasting blood sample was taken for measurement of GAD
antibodies, C-peptide, HbA1c, plasma glucose, blood counts,
electrolytes, creatinine, C-reactive protein and liver en-
zymes. Other tests included ECG, urine analysis and a
pregnancy test in women with child-bearing potential. The
patients were taught home glucose monitoring and use of a
modem to send glucose readings from home to the treat-
ment centres (Fig. 1). No other education or lifestyle advice
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was recommended to be given at this or subsequent visits.
The patients were asked to measure FPG every morning,
and to perform a diurnal profile once during weeks −4 and
−3 with plasma glucose measurements before and 2 h after
breakfast, lunch and dinner, and at 22.00 and 04.00 h.
Plasma glucose was measured using a glucose meter
(Glucometer DEX 2; Bayer, Leverkusen, Germany). These
data were used to assess compliance. During weeks −2 and
−1 the patients were also asked to perform a diurnal profile
once a week and to measure FPG daily. During the 36-
week study, the patients were asked to perform a diurnal
glucose profile at weeks 3, 5, 9, 13, 17, 23, 27, 31 and 35,
i.e. on nine out of the 252 study days, and to measure FPG
daily. All glucose data were sent by the patients via a
modem to the treatment centre before scheduled phone
calls. Adverse events including symptoms of hypoglycae-
mia were noted by the investigator at every visit and
telephone contact.

Phone call at −2 weeks

This call was to verify compliance with glucose measure-
ments and to review the results of the laboratory tests
performed at −4 weeks. Eligible patients were randomly
assigned to one of two groups (Table 1) using minimisation
of differences (calculated for the variables listed below)
between the treatment groups [13]. The following variables
(the relative weight of each variable is given in paren-
theses) were considered: age (1×); sex (0.5×); BMI (1.5×);
HbA1c (1.5×); duration of diabetes (0.5×); fasting serum C-
peptide (1.0×); use of diuretics or beta-blocking agents
(0.25×) or angiotensin-converting enzyme inhibitors
(0.25×); previous use of a sulfonylurea (2×). This method
of randomisation ensures accurate matching of baseline
variables but does not necessarily result in groups of equal
size [13].

Fig. 1 Design of the study
(above) and details of the
system used to transfer glucose
measurements to the treatment
centre via modem before phone
calls (below). Please see text for
further details. OHA, Oral anti-
hypoglycaemic agents
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Initiation of insulin therapy (0-week visit) and follow-up
visits at 6, 12, 24 and 36 weeks

At the 0-week visit, sulfonylurea was discontinued and
metformin continued unchanged. A similar educational pro-
gramme was used in all participating centres. Insulin ther-
apy was started if FPG still exceeded 7 mmol/l (126 mg/dl).
The patients were taught to inject either glargine (Lantus;
Aventis Pharma, Frankfurt, Germany) or NPH (Insuman
Basal, Aventis Pharma) insulin using the Optipen Pro 1 pen
(Aventis Pharma). The initial bedtime insulin dose was
10 IU for all patients who were using metformin alone, and
20 IU if the patients had used both sulfonylurea and
metformin and sulfonylurea was stopped as was mandated
by the study design. The goal was to achieve an FPG of
4.0–5.5 mmol/l (72–100 mg/dl) in both groups. The
patients were taught to increase their insulin dose by
2 IU if FPG >5.5 mmol/l (100 mg/dl), and by 4 IU if FPG
>10 mmol/l (180 mg/dl) on three consecutive mornings.
Before the start of insulin therapy, and at weeks 12, 24 and
36, blood was withdrawn for measurements of full blood
counts, electrolytes, creatinine, liver enzymes and lipids
(cholesterol, triglycerides, HDL-cholesterol). At week 6,
the patients visited the treatment centre to report adverse
events and check their glucose meter. The correlation
between FPG measured in the laboratory (7.9± 0.2 mmol/l)
and with the glucose meter (8.2±0.3 mmol/l) from the same
blood sample was 0.91 (p<0.001). Body weight and blood
pressure were recorded at each visit. In addition to sending
glucose values via the modem, patients were asked to
record their FPG and diurnal glucose measurements, as well
as symptoms of hypoglycaemia, in a diary.

Phone calls at weeks −2, 1, 2, 4, 8, 10, 14, 16, 18, 20,
26, 28, 30, 32 and 34 weeks

The main purpose of the telephone calls was to encourage
home glucose monitoring and self-adjustment of the insulin
dose, and to record symptoms of hypoglycaemia. At the
time of the phone call, the nurse in the treatment centre
accessed the internet site containing the patient’s glucose
measurements (Fig. 1).

Analytical procedures

HbA1c was measured by high pressure liquid chromatog-
raphy using the fully automated Glycosylated Hemoglobin
Analyzer System (Bio-Rad, Richmond, CA, USA) trace-
able to the Diabetes Control and Complications Trial
reference method, with a reference range of 4.0–6.0%.
Serum concentrations of GAD antibodies [14] and
C-peptide [15] were determined by RIA. S-ALT, S-AST
and S-AFOS activities were determined according to the
recommendations of the European Committee for Clinical
Laboratory Standards. Blood counts, creatinine concentra-
tions and other laboratory measurements were performed
using routine methods in local laboratories.

Efficacy and safety measures, sample size
and statistical analyses

The primary efficacy measure was the change in HbA1c

from baseline to endpoint. Secondary efficacy measures
were diurnal glucose concentrations and symptomatic
hypoglycaemia. Subjects were asked to self-monitor glu-
cose values whenever they experienced symptoms that they
thought might be the result of hypoglycaemia. Hypogly-
caemic symptoms were recorded during phone calls. Bio-
chemical hypoglycaemia was defined as a plasma glucose
≤4 mmol/l. Severe hypoglycaemia was defined as an event
with symptoms consistent with hypoglycaemia during
which the subject required the assistance of another person
and which was associated with either a plasma glucose
level <3.1 mmol/l or with prompt recovery after oral car-
bohydrate, i.v. glucose or glucagon administration. The
sample size calculation was based on differences observed
in a previous study between 11 insulin-naive patients treated
with NPH and metformin and 12 patients treated with
glargine and metformin for 1 year in Helsinki (a centre in
the HOE901/3002 study) [9]. In this study HbA1c differed
by 0.5% at the end of 1 year; the SDs for the groups were
not different and averaged 0.87. The HbA1c change for the
NPH +metformin group was −0.8±0.2% (mean±SE,
n=11), and for the glargine + metformin group it was
−1.3± 0.3% (n=12) at the end of 1 year. Assuming α=0.05
and 80% power, the required number of patients per group

Table 1 Baseline demographics and characteristics of the study
groups (intention-to-treat groups)

Characteristic G+MET NPH+MET

Patients (n) 61 49
Sex (male/female; %) 62/38 65/35
Age (years) 56±1 57±1
Weight (kg) 92.0±2.4 94.4±2.6
BMI (kg/m2) 31.3±0.7 32.0±0.8
Duration of diabetes (years) 9±1 9±1
C-peptide (nmol/l) 0.98±0.04 1.00±0.07
HbA1c (%) 9.5±0.1 9.6±0.1
FPG (mmol/l) 13.0±0.3 12.9±0.3
Metformin dose (g/day) 2.28±0.06 2.19±0.05
Previous sulfonylurea (%) 79% 86%
Previous ACE inhibitor (%) 57% 55%
Previous beta-blocker or
thiazide

71% 63%

Data are shown as mean±SE
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to observe a difference of 0.5% is 50. To allow for a 10%
drop out rate, 110 patients were randomised. When search-
ing for predictors of the insulin dose at 9 months, simple
correlation coefficients between all baseline variables and
the insulin dose at 9 months were calculated. Variables
significantly related to the insulin dose which were free of
collinearity were chosen for multiple linear regression
analysis. Diurnal profiles, weight, S-ALT, triglycerides and
insulin doses between the groups were compared using
two-way ANOVA followed by Bonferroni tests. Changes
over time were analysed using repeated measures ANOVA
followed by pairwise contrasts corrected for multiple com-
parisons using Systat Version 10.0 (SPSS, Chicago, IL,
USA).

All statistical analyses were performed on an intent-to-
treat basis, defined as randomised patients who received at
least one injection of insulin. Statistical testing was per-
formed at a significance level of α=0.05.

Results

Patient characteristics

A total of 157 patients were screened: 110 patients were
eligible for randomisation and comprised the intent-to-treat
population. Reasons for screening failure included HbA1c

too low (n=18), positive GAD antibodies (n=9), active pro-
liferative retinopathy (n=1), non-compliance or study too
demanding (n=4), pancreatogenic diabetes (n=1), creati-
nine too high (n=2), alcohol abuse (n=1), BMI 51 kg/m2,
other disease (n=4), other (n=6). Baseline demographic and
clinical characteristics were similar between the treatment
groups (Table 1). After randomisation, two patients dis-
continued the study (one on G+MET because of pancreatic
cancer, and one on NPH+MET because of a pulmonary
tumour, which turned out to be benign).

Glycaemic control

The time-course of FPG measured using the home glucose
monitoring device is depicted in Fig. 2. The patients per-
formed over 90% of the maximal recommended fasting
daily glucose measurements (92 and 93%, n=16,180 and
n=13,106 for G+MET and NPH+MET groups, respectively).
During the run-in period, and during weeks 1–12, 13–24
and 25–36, FPGs were similar between the groups and
averaged 11.3±0.1 vs 11.0±0.1, 7.8±0.04 vs 7.5±0.04, 6.0±
0.03 vs 6.1±0.03, and 5.7±0.02 vs 6.0±0.03 mmol/l in the
G+MET vs NPH+MET groups, respectively. HbA1c de-
creased from 9.13±0.15% at 0 weeks to 7.14±0.12% in the
G+MET and from 9.26±0.15 to 7.16±0.14% in the NPH+
MET group, NS (Fig. 2).

The diurnal profiles taken on the 9 days chosen from the
252 study days showed consistently lower glucose values
before dinner (8.6±0.3 vs 10.1±0.3 mmol/l, p=0.002, G+
MET vs NPH+MET, 0–36 weeks) in the G+MET than in

the NPH+MET group (Fig. 3). During the first 12 weeks
(means of three profiles), plasma glucose at 04.00 h was
significantly higher in the G+MET group than in the NPH+
MET group. This coincided with less hypoglycaemia dur-
ing the same time period (see below). The CVs of diurnal
plasma glucose (means of all diurnal profiles) were 24.0±
0.8 and 22.2±0.9% (p=0.16, NS) during the run-in period,
and 29.7±0.5 and 30.4±0.5% (p=0.30, NS) during the study
proper for the G+MET and NPH+ MET groups, respec-
tively. The CVs of FPG levels during the run-in period and
the study were also similar (data not shown).

Hypoglycaemia

The number of episodes of symptomatic hypoglycaemia
per patient was significantly lower in the G+MET than the
NPH+MET group during the first 12 weeks of insulin
therapy but thereafter the frequencies became similar
(Fig. 3). The frequency of confirmed symptomatic hypo-
glycaemia during the first 12 weeks was 2.4 vs 5.6 episodes
per patient during the first 12 weeks (NS). During the entire
study, the frequency of hypoglycaemia averaged 5.4 (5.0
confirmed symptomatic) and 8.0 (7.7) episodes/patient-
year in the G+MET and NPH+MET groups (p=0.12 for
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symptomatic and NS for confirmed symptomatic hypogly-
caemia). Of the confirmed symptomatic hypoglycaemia,
98 and 93% in the G+MET and NPH+MET groups were

nocturnal. The percentages of patients experiencing hypo-
glycaemia during run-in, and weeks 0–12, 13–24 and 25–
36, were 5 vs 4% (NS), 46 vs 47% (NS), 43 vs 59% (p=0.08,
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NS) and 54 vs 57% (NS), respectively. There were no
differences in biochemical hypoglycaemia (data not shown)
and there were no episodes of severe hypoglycaemia.

Insulin dose

Insulin doses at 9 months averaged 68±5 and 70±6 IU/day
(0.69±0.05 and 0.66±0.04 IU kg−1 day−1, NS) in the G+
MET and NPH+MET groups, respectively (Fig. 4).

In simple linear regression analysis, the following
parameters measured at 0 weeks before insulin therapy
were significantly correlated with the insulin dose (IU/day)
at 36 weeks: body weight (r=0.53, p<0.0001), BMI
(r=0.48, p<0.0001), S-ALT (r=0.38, p<0.0001), C-peptide
(r=0.46, p<0.0001), HbA1c (r=0.28, p<0.005) and FPG
(r=0.33, p<0.001). In multiple linear regression analysis,
baseline body weight, S-ALT and HbA1c predicted the
insulin dose at 9 months as follows: insulin dose (IU/day)=
(−161±30)+(1.12±0.12)×weight (kg)+(0.38±0.10)×S-ALT
(IU/l)+(11.9±2.9)×HbA1c (%), r=0.67, p<0.0001. The
slopes or regression lines for predictors of the insulin
dose at 9 months did not differ significantly between NPH
and glargine insulin (data not shown).

Body weight

Mean weight gain during the 36 weeks in which the patients
were treated with G+MET was 2.6±0.6 kg compared with

3.5±0.7 kg in patients treated with NPH+MET (NS)
(Fig. 4).

Lipids and liver enzymes

Serum triglycerides decreased maximally and similarly by
12 weeks and then reached a plateau. In the G+MET group,
serum triglycerides decreased by 29% from 2.3±0.2 at
0 months to 1.6±0.1 mmol/l at 9 months (p<0.001) and in
the NPH+MET group by 27% from 2.5±0.2 to 1.8±
0.1 mmol/l (p<0.001). HDL-cholesterol increased signifi-
cantly in both groups, by 5%, from 1.18±0.04 to 1.24±
0.04 mmol/l (p<0.02), in the G+MET group and by 6%,
from 1.18±0.04 to 1.25±0.04 mmol/l (p<0.02), in the NPH+
MET group. LDL-cholesterol remained unchanged in both
groups (2.8±0.1 vs 2.8±0.1 mmol/l for 0 vs 9 months in the
G+MET group and 2.9±0.1 vs 2.9±0.1 mmol/l in the NPH+
MET group).

The decrease in serum ALT was highly significant and
was 22% in both the G+MET and NPH+MET groups
(Fig. 4).

Adverse events

The incidence of adverse events was similar: 33 patients
(54%) in the G+MET group and 24 patients (49%) in the
NPH+MET group reported at least one adverse event. Most
common were infections and musculoskeletal and gastro-
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intestinal disorders with no differences between the groups.
One patient in the G+MET group and four in the NPH
group had a serious adverse event (G+MET, endometriosis;
NPH+MET, anaphylactic reaction, atrial fibrillation and
cardiac failure, gastroenteritis, and pulmonary emphysema).
These adverse events were considered to be unrelated to the
study medications. Withdrawals as a result of serious ad-
verse events occurred in one patient treated with G+MET
(pancreatic cancer) and one patient treated with NPH+
MET (suspected pulmonary cancer).

Relationship between FPG and HbA1c

To determine what HbA1c result corresponded to the pre-
defined target FPG of 5.5 mmol/l, we calculated the rela-
tionship between FPG measured daily for the last 12 weeks
and HbA1c measured at week 36. The relationship was not
different for glargine vs NPH (data not shown) and was as
follows: HbA1c (%)=([4.78 ± 0.49]+[0.40 ± 0.082])×FPG
(mmol/l). The FPG of 5.5 mmol/l corresponded to an
HbA1c of 6.96%.

Characteristics of patients reaching and not reaching
an HbA1c ≤7%

The median HbA1c at 36 weeks was 7.0%. At baseline,
before the run-in period, the patients reaching this HbA1c

did not differ from those not reaching it with regard to age
(57±1 vs 57±1 years for HbA1c <7.0 vs ≥7.0%), sex (38 vs
35% women), HbA1c (9.5±0.1 vs 9.6±0.1%), FPG (12.9±
0.3 vs 13.1±0.4 mmol/l), BMI (31.3±0.7 vs 32.0±0.8 kg/m2),
fasting C-peptide (1.00±0.05 vs 0.98±0.06 nmol/l) or other
baseline parameters (previous oral or other drugs, family
history, duration of diabetes, other laboratory parameters,
data not shown). The patients who reached an HbA1c ≤7%
gained significantly less weight before starting insulin
therapy (−0.7±0.2 vs 0.2±0.2 kg, p<0.01 for HbA1c ≤7 vs
HbA1c >7%), and this trend continued during insulin
therapy (0.8±0.6 vs 1.6±0.6 kg, 1.4±0.5 vs 3.0±0.5 kg and
2.0±0.6 vs 4.0±0.6 kg, respectively, for weight gain during
12, 24 and 36 weeks, p<0.05). FPG was also significantly
lower in those reaching the HbA1c target than in those who
did not (5.7±0.2 vs 6.7±0.3 mmol/l, p<0.01). Insulin doses
were not significantly different (61±4 vs 76±7 IU/day,
p=0.08, 0.62±0.03 vs 0.73±0.05 IU kg−1 day−1, p=0.08,
respectively).

We also explored whether there were differences be-
tween centres in the treatment response. The numbers of
the centres do not follow the same order as in the list of
authors. Centre 4 only recruited three patients and is not
included. At baseline, there were no differences between
centres in sex, baseline body weight or BMI, S-ALT, C-
peptide or FPG. The groups differed slightly with regard to
age (centres 1 [n=18], 2 [n=15], 3 [n=28], 5 [n=16], 6
[n=21], 7 [n=9]: 53±2, 56±3, 55±22, 57±2, 62±1, 56±

3 years, respectively, p<0.05 for centre 6 vs the others) and
0-week HbA1c (centres 1, 2, 3, 5, 6, 7: 8.4±0.2, 9.5±0.3, 9.3±
0.3, 9.4±0.2, 9.3±0.3, 9.4±0.2, 9.5±0.3%, respectively,
p<0.02 for centre 1 vs the others). At 36 weeks, HbA1c

values averaged 6.8±0.1, 6.8±0.3, 7.2±0.2, 7.8±0.3, 7.0±
0.2 and 7.6±0.3%, respectively (p<0.02 for centre effect
after adjusting for baseline age and for HbA1c due to
centres 5 and 7). FPG levels during the last 12 weeks (6.0±
0.2, 5.2±0.1, 5.8±0.2, 6.7±0.3, 5.6±0.2, 5.6±0.2 mmol/l,
respectively), weight gain during the study (1.4±0.9, 0.13±
1.0, 4.4±0.8, 3.0±0.9, 2.8±1.0, 6.5±1.7 kg, respectively)
and insulin doses (0.57±0.05, 0.58±0.06, 0.86±0.07, 0.54±
0.09, 0.58±0.05, 0.97±0.15 IU/kg, respectively) were also
significantly different between the centres (p<0.001 for
FPG, weight gain and insulin doses after adjusting for age
and baseline HbA1c).

Discussion

The G+MET and the NPH+MET groups achieved com-
parable HbA1c: 7.14 and 7.16% at 9 months. FPG over the
last 12 weeks averaged 5.75 and 5.96 mmol/l, respectively.
The treat-to-target study also used only bedtime basal
insulin in addition to oral agents and is perhaps the most
relevant trial to compare the present results with, because it
is (together with the study of Wright et al. [3]) the only
large study in which glycaemic targets were on average
achieved. As reviewed elsewhere, this has not been true for
most studies in type 2 diabetes [1, 2]. In the present study,
the achieved mean FPG levels were lower than in the treat-
to-target study, where FPG averaged 6.50 and 6.67 mmol/l
[4]. Although we achieved lower fasting glucoses than in
the treat-to-target study, our HbA1c values were slightly
higher than in the latter study, where HbA1c averaged 6.96
and 6.97% in the glargine and NPH groups. The reason for
this discrepancy is unclear because the methods used to
determine both plasma referenced blood glucose and
HbA1c should have been comparable. Potential explana-
tions include the use of sulfonylurea and metformin in the
majority of patients in the treat-to-target study but of only
metformin in the present study [4]. The possibly greater
stimulation of endogenous insulin secretion by sulfonylur-
ea in the treat-to-target study would have contributed to the
discrepancy. We had no upper limit for HbA1c, in contrast
to the treat-to-target study where baseline HbA1c averaged
8.6 compared with 9.5% in our patient group.

The group using G+MET experienced less symptomatic
hypoglycaemia (episodes per patient) during the first
12 weeks. As the data on hypoglycaemic episodes were
collected over the phone, the timing of these episodes and
the prevailing glucose concentrations remain unknown,
although the diurnal profile data during weeks 0–12 would
suggest that the difference in hypoglycaemia was the result
of nocturnal hypoglycaemia as the 04.00 h glucose was
significantly lower in the NPH than the glargine group
during this time period (Fig. 3). The lower rate of symp-
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tomatic hypoglycaemia is in keeping with previous studies
showing less hypoglycaemia with glargine than with NPH
when insulin has been combined with glimepiride alone
[10] or with sulfonylurea and metformin [4, 9]. The dif-
ference in symptomatic hypoglycaemia was most marked
during the first 12 weeks and then gradually disappeared
(Fig. 3). During the last 12 weeks, symptoms of hypogly-
caemia were similar in both groups. It is possible that the
rather rapid lowering of plasma glucose in the beginning of
the study induced symptoms even if the glucose values
were still above normal, as has been documented in pre-
vious acute insulin infusion studies where hypoglycaemic
symptoms have occurred by lowering glucose frommarked-
ly hyperglycaemic to less hyperglycaemic concentrations
[16]. The finding that symptoms of hypoglycaemia no
longer differed at the end of the study may explain why
hypoglycaemia did not become rate-limiting for titration of
the insulin dose, and why average glycaemic control was
similar between the groups.

The diurnal profile data resemble closely those previously
reported in the study comparing addition of glargine or
NPH to other oral agents, i.e. glucose levels around din-
nertime were significantly lower with glargine than NPH
[9]. These differences did not translate into differences in
HbA1c either in the present study or in the earlier studies,
possibly because glucose concentrations were higher in the
glargine than the NPH group during the night. The reason
why higher nocturnal glucose values were not consistently
observed in the diurnal profiles is unclear but could be the
result of a type 2 error, i.e. diurnal profiles were only mea-
sured on nine out of the 252 study days. It is also possible
that the 04.00 h time for measurement may have missed the
nocturnal glucose nadir.

Analysis of previous studies [12] and direct measure-
ments of components of energy balance during insulin
therapy [17] have shown that one may predict approxi-
mately 2 kg of weight gain for every 1% unit drop in HbA1c

with insulin alone, or insulin and sulfonylurea combination
therapy [12]. In the present study, weight gain averaged 1.3±
0.4 kg/% decrease in HbA1c in the G+MET group and 2.2±
0.9 kg/% in the NPH+MET group (NS), respectively.
Although metformin has attenuated weight gain in pre-
vious studies during insulin therapy, i.e. the gain in body
weight has been less than the 2 kg/1% decrease in HbA1c,
in these studies the patients were metformin-naive [5]
while in the present study the patients were using met-
formin when insulin therapy was started. Other factors may
also influence weight gain. As discussed below, a novel
finding in this study was the effect of study centre on
weight gain, i.e. patients who achieved their target HbA1c

gained less weight both during the run-in period and during
insulin therapy than those who failed to achieve their
glycaemic targets.

There are no previous data on predictors of insulin
requirements in type 2 diabetes. Glucose uptake, because

of the stimulating effect of hyperglycaemia per se, is nor-
mal or increased despite insulin resistance in type 2 diabetes
[18, 19]. Therefore blood glucose can only be decreased by
inhibiting hepatic glucose production unless oxygen con-
sumption is increased [20, 21]. One may therefore expect
that hepatic insulin resistance is an important determinant
of the insulin dose independent of body mass. We have
previously shown that hepatic fat content is significantly
correlated with S-ALT [22] and hepatic insulin resistance
[23, 24]. Similarly, in a small group of type 2 diabetic
patients, we previously found liver fat measured with pro-
ton spectroscopy to correlate closely with insulin require-
ments and hepatic insulin resistance [23]. Not unexpectedly,
another predictor of the total insulin dose (IU/day) was
body weight. Baseline HbA1c was a third independent
predictor of insulin requirements, possibly because poor
glycaemic control implies advanced metabolic abnormal-
ities. Altogether we could explain 45% of the variation in
insulin dose from these baseline measurements. The pre-
dictive equation is not accurate enough to be used on an
individual basis but helps in understanding the large inter-
individual variation in insulin requirements.

It is commonly assumed that a patient who fails to
achieve good glycaemic control with simple basal insulin
combination therapy regimens needs more intensive insulin
therapy, such as a basal–bolus regimen, possibly because of
poor beta cell function and postprandial hyperglycaemia.
So far this hypothesis remains unsupported by clinical
trials. It is also often thought that it is the patient alone who
is the sole reason for failure to achieve good glycaemic
control. In the present study we found highly significant
differences between the participating centres with respect
to achieved fasting glucoses and HbA1c values, insulin
doses and weight gain during insulin therapy. These dif-
ferences could not be attributed to differences in the base-
line characteristics of the patients. These data suggest that
the teaching skills of the diabetes care team contribute to
the success of insulin therapy.

To conclude, good glycaemic control can be achieved
using a simple insulin initiation protocol and combination
therapy with either glargine and metformin or NPH and
metformin. Use of glargine was associated with fewer symp-
toms of hypoglycaemia during the first 12 weeks of insulin
therapy and with better dinnertime glucose control through-
out the study.
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