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Recognition of fasting or overall hyperglycaemia when starting insulin
treatment in patients with type 2 diabetes in general practice
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Abstract
Objective. The efficacy of various regimens of initial insulin treatment in poorly controlled type 2 diabetes was compared
with regard to diurnal glucose variation. Design. Randomized controlled trial. Setting . Insulin therapy initiated on hospital
wards, follow-up as outpatients for 12 months. Subjects. Fifty-two type 2 diabetic patients (HbA1c�7.5%, mean 9.8%) on
maximal oral therapy. Interventions. Insulin only (IO), bedtime insulin with sulphonylurea (glipizide) (IS), or bedtime
insulin with metformin (IM). Main outcome measures. HbA1c and body weight. Results. HbA1c decreased on average by 1.8,
1.0 and 1.5 percentage points in the IO, IS, and IM groups, respectively (p always B0.025). Body weight increased, most in
the IO patients (�6.2 kg), least in the IM patients (�3.4 kg). Analysing all treatment groups combined, a similar HbA1c
reduction was observed in patients with overall hyperglycaemia (low fasting plasma glucose/HbA1c ratio) and in patients
with fasting hyperglycaemia (high fasting plasma glucose/HbA1c ratio). Within the overall hyperglycaemia group, the IS and
IM patients had smaller decreases in HbA1c (�1.5 and �1.3 percentage points, respectively) than the IO patients (�2.7
percentage points). On the other hand, within the fasting hyperglycaemia group HbA1c reductions were �1.2, �0.8 and
�1.5 percentage points, in the IO, IS, and IM groups, respectively. Conclusion. Not all poorly controlled type 2 diabetic
patients should automatically be treated with an oral agent and bedtime insulin. Two daily insulin injections is a valid choice,
particularly if the patient has overall hyperglycaemia.
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The prevalence of type 2 diabetes mellitus (T2D) is

steadily increasing worldwide [1] and its treatment

needs a lot of resources.

Treatment of type 2 diabetes (T2D) is based on

dietary and physical activity counselling [2] and

antihyperglycaemic medication. Studies on medical

treatment of T2D have usually included only a

relatively short period of follow-up, although the

long-term efficacy of treatment in terms of metabolic

control is crucial to avoid future complications [3�5]

and to improve quality of life [6].

Normally, insulin is introduced when oral drugs

(OHAs) fail. Using insulin in combination with

OHAs has become particularly popular [7]. The

findings of recent studies have changed treatment

regimens so that bedtime insulin is in most cases

started when insulin is added to the treatment [5,7].

The short follow-up period in many studies makes it

particularly difficult to evaluate the effect of various

insulin treatment regimens on long-term changes in

body weight [8].
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A widely used regimen when starting insulin

treatment in type 2 diabetes has been bedtime

insulin in combination with oral hypoglycaemic

agents.

. When starting insulin, the diurnal glucose

profile should be recognized, as it may give

useful information in selecting the initial

insulin regimen.

. Apart from combination therapies, a regi-

men with two daily insulin injections is also

a valid choice, particularly if the patient has

overall hyperglycaemia characterized by low

fasting glucose in relation to HbA1c.

Scandinavian Journal of Primary Health Care, 2007; 25: 147�153

(Received 17 May 2006; accepted 26 May 2007)

ISSN 0281-3432 print/ISSN 1502-7724 online # 2007 Taylor & Francis

DOI: 10.1080/02813430701507719



Patients with T2D vary in the diurnal variation of

hyperglycaemia: some are characterized mainly by

high postprandial glucose peaks, whereas others have

high fasting values and only moderately elevated

postprandial values. This aspect has not been taken

into account in previous studies on insulin treatment

in T2D. Yet a large epidemiological study, DE-

CODE, suggests that high postprandial glucose

levels are particularly harmful in terms of macro-

vascular events [9]. High postprandial glucose is

probably also an important risk factor for diabetic

microvascular complications [10�12].

C-peptide measurements have been used to assess

relative insulin deficiency [13]. It has, however, been

suggested that C-peptide has no decisive role for the

planning of a T2D patient’s therapy, based on the

assumption that high C-peptide values during hy-

perglycaemia reflect severe insulin resistance, and

also patients with high HbA1c and insulin resistance

should be treated with insulin. Previous studies

comparing various insulin treatment regimens in

T2D have not taken into account serum C-peptide

concentrations [14,15].

The aim of this study was to compare initial

insulin treatments, either with insulin alone or with

combination therapy (insulin�glipizide or insulin�
metformin), in T2D patients whose HbA1c was

above 7.5% on OHA treatment, using HbA1c and

weight gain as long-term outcome measures. The

study focused on the following two questions: first,

does the outcome differ between patients with

predominantly fasting hyperglycaemia (high fasting

glucose/HbA1c ratio) and patients with overall

hyperglycaemia (low fasting glucose/HbA1c ratio),

and second, does the efficacy of insulin treat-

ment depend on the degree of endogenous insulin

secretion.

Material and methods

Patients

The study was carried out in the years 1994�1998.

Inclusion criteria were: type 2 diabetes for more than

5 years, age 40�75 years, body mass index (BMI)

B35 kg/m2, HbA1c �7.5% and fasting serum/

plasma glucose above 8.0 mmol/l. To avoid inclusion

of T1D patients and clearly insulin deficient T2D

patients, a postprandial C-peptide value (simulta-

neous serum glucose �7 mmol/l) exceeding 0.6

nmol/l was required.

Patients with severe cardiac insufficiency, serum

creatinine �150 mmol/l, or alanine aminotransferase

�80 IU/l were excluded.

Study design

The patients were first divided into two groups

according to the type of hyperglycaemia: those with

fasting hyperglycaemia (the ratio of fasting serum

glucose and glycosylated haemoglobin equal to or

exceeding 1.3) and those with overall hyperglycae-

mia (the ratio below 1.3).

Each patient was then randomized into one of five

treatment groups: (1) insulin only (NPH twice

daily), (2) bedtime NPH insulin�glipizide, (3)

bedtime NPH insulin�metformin, (4) bedtime

Lente insulin�glipizide, and (5) bedtime Lente

insulin�metformin.

Patients treated with insulin only received either

NPH or Lente insulin twice daily, i.e. in the morning

and at bedtime. The dose of glipizide was 10 mg in

the morning, and the dose of metformin 2.5 g/day or

the highest dose tolerated by the patient. There was

no statistical difference with regard to the change in

HbA1c between the groups treated with NPH or

Lente insulin and therefore these groups were

combined in the final analysis.

The final study groups were:

1. insulin only (injections in the morning and at

bedtime);

2. insulin�glipizide;

3. insulin�metformin.

The first phase of the study was carried out as an

inpatient, as was the general practice at that time.

Self-monitoring of plasma glucose (four times daily)

was recommended.

The follow-up consisted of outpatient clinical

visits at 2 weeks, 4 weeks, 2 months, 3 months, 6

months, 9 months, and 12 months (6 hospital

outpatient clinics and 3 health centres). On each

visit, the patient’s weight and fasting serum/plasma

glucose were recorded, and the results of home blood

glucose monitoring were reviewed. The insulin dose

was then adjusted. HbA1c was determined at 3

months, 6 months, 9 months, and 12 months (the

final visit). Plasma cholesterol, HDL cholesterol,

triglycerides, and urinary microalbumin were re-

corded at baseline and at 12 months (see Table I).

Biochemical and statistical methods

Fasting plasma glucose (FPG) and plasma lipids

were determined using standard laboratory methods.

HbA1c was assessed using HPLC (reference range

4.2�6.0%). C-peptide (meal-stimulated) was deter-

mined by means of the Double Antibody C-Peptide

method (RIA, Diagnostic Products Corp., LA, CA,

USA).
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Statistical analyses were performed using the

SSPS program, version 14 (t-test, paired t-test, and

regression analysis, when appropriate).

Ethical and other aspects

The study was approved by the joint Ethical

Committee of the University of Turku and Turku

University Central Hospital. Oral consent was re-

quested and recorded at baseline. The study was an

investigator-initiated study with the ordinary clinical

resources.

Results

Baseline data

A total of 52 patients were eligible and randomized

for treatment at 9 study centres, of which 6 were

hospitals (45 patients) and 3 were community health

centres (7 patients). There were 35 men and 17

women (mean age 62 years). The mean initial BMI

was 28.5 kg/m2 (Table I). The mean initial fasting

plasma glucose was 12.5 mmol/l (range 6.8�20.2)

and initial HbA1c 9.9% (range 7.6�13.3).

Postprandial glucose was not analyzed because of

its greater variability depending on the carbohydrate

content of the meal and the exact time of measure-

ment.

The majority of patients (30/52) had fasting

hyperglycaemia (ratio FPG/HbA1c]1.3; group A)

while approximately 40% (22/52) had overall hyper-

glycaemia (ratio FPG/HbA1cB1.3; group B). The

limit of the FPG/HbA1c ratio was set at 7.8 mmol/l/

6%, with 7.8 being the diagnostic limit of plasma

glucose for the diagnosis of diabetes and 6% being

the upper reference limit of HbA1c.

Metabolic control

As a result of the insulin therapy, the mean HbA1c

decreased by 1.4 percentage points during the 12

months of treatment (Figure 1). The mean BMI

increased from the initial 28.5 kg/m2 to 30.1 kg/m2,

reflecting a mean weight gain of almost 5 kg (Table I,

Table I. Body weight, glucose control, insulin dose, and serum lipid values in 52 type 2 diabetics before and during 12 months of insulin

treatment.

Baseline 3 months 6 months 9 months 12 months Change1 CI

Body weight (kg) 84.2 85.3 86.5 86.0 89.1 4.4 3.17,5.59

BMI (kg/m2) 28.5 28.9 29.3 29.3 30.1 1.5 1.09,1.89

FPG (mmol/l) 12.5 9.2 9.1 8.8 8.7 �3.8 �5.03,�2.54

HbA1c (percentage points) 9.9 8.8 8.8 8.7 8.5 �1.4 �1.77,�0.98

Daily insulin dose (IU) 25.1 32.5 37.1 37.9 42.0 16.8 10.87,22.70

Serum cholesterol (mmol/l) 5.5 5.6 0.1 �0.13,0.34

Serum HDL-cholesterol (mmol/l) 1.0 1.2 0.1 0.05,0.20

Serum triglycerides (mmol/l) 2.3 2.1 �0.3 �0.53,0.01

Serum LDL-cholesterol (mmol/l) 3.5 3.6 0.1 �0.16,0.30

BMI�body mass index; FPG�fasting plasma glucose; HbA1c�glycosylated haemoglobin. Values are mean995% CI. 1Baseline vs. 12

months.
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Figure 1. HbA1c in various insulin treatment groups of type 2 diabetic patients before and during insulin treatment; p-values for the

difference between the baseline and 12-month values.
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Figure 2). All these changes were statistically sig-

nificant. HDL cholesterol increased slightly; other-

wise there were no changes in the lipid values.

The HbA1c values diminished markedly in pa-

tients receiving insulin only and in patients treated

with insulin and metformin, whereas insulin com-

bined with glipizide seemed not to be equally

effective (Table II). The weight increased most

when two daily insulin doses were used, and the

weight gain tended to be smaller in patients using

insulin and metformin. Patients receiving glipizide or

metformin had a final insulin dose that was approxi-

mately 50% lower than the dose of those who were

treated with insulin only.

Impact of the type of hyperglycaemia

We found a smaller decrease in the fasting plasma

glucose in Group B than in Group A (Table III).

Fasting glucose tended to decrease most in patients

taking metformin and insulin, independent of the

type of hyperglycaemia. HbA1c decreased similarly

in Groups A and B, when all treatment groups were

analyzed together (Table III). Among patients with

overall hyperglycaemia, the decline in HbA1c tend-

ed to be greatest in the patients taking insulin only

(�2.7 percentage points). Among fasting hypergly-

caemia patients, the decrease in HbA1c tended to be

smallest in patients on sulphonylurea and insulin.

Impact of initial C-peptide level

When the patients were grouped by the initial

postprandial C-peptide level and all three insulin

treatment groups were combined for analysis, the

fasting plasma glucose decreased in the high C-

peptide group less than in the low C-peptide group

(Table IV). The HbA1c values declined significantly

in both C-peptide strata with various insulin regi-

mens, with the exception of a subgroup of patients

with high C-peptide treated with a combination of

insulin and glipizide.

Discussion

The patients in this study represent typical type 2

diabetic patients with poor metabolic control. No

separate analysis for gender was performed because

of the relatively small number of patients. The

majority of the patients were moderately overweight;

one-third had an initial fasting plasma glucose �14

mmol/l, and one-third HbA1c values �10%. The

overall glucose control improved significantly, by a

minimum of 1.0 HbA1c percentage points, in all

treatment regimens studied. The importance of a

sufficiently long follow-up time must be emphasized.

The improvement in the metabolic control did not

stabilize until after 6 months of treatment. There was

a significant weight increase, smallest in patients

treated with metformin and insulin. This is in line

with the results of an earlier study [16]. Both

combination treatments resulted in a lower need

for insulin; the final insulin dose was almost double

in patients who were treated with insulin only.

To define the type of hyperglycaemia, we used the

ratio fasting plasma glucose/HbA1c. We did not

measure postprandial glucose levels. It has been

shown that postprandial glucose levels in patients

with poor metabolic control contribute to approxi-

mately 30% of HbA1c levels. HbA1c gives a

surrogate measure of both fasting and postprandial

glucose levels [17]. If we had measured postpran-

dial glucose levels, the importance of the type of
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Figure 2. Body weight (kg) in various insulin treatment groups of type 2 diabetic patients before and during insulin treatment; p-values for

the difference between the baseline and 12-month values.
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Table II. Glucose control, body weight and insulin dose in the three treatment groups of type 2 diabetic patients before and during 12 months of insulin treatment.

Fasting plasma glucose mmol/l HbA1c (%) Body weight (kg) Insulin dose (IU)

Treatment n Baseline
3

months
6

months
12

months Change* CI Baseline
3

months
6

months
12

months Change* CI Baseline
3

months
6

months
12

months Change* CI Baseline
3

months
6

months
12

months Min �max

Insulin only 11 13.3 10.5 8.5 10.2 �4.0 �8.1,0.1 9.8 9.1 8.4 8.1 �1.8 �3.1,�0.6 85.1 85.8 87.7 92.9 6.3 2.9,9.7 42.7 56.0 63.5 71,1 30 �160
Glipizide�

insulin
15 12.3 9.5 10.0 9.4 �3.1 �5.8,�0.3 9.6 8.6 8.9 8.7 �1.0 �1.8,�0.2 87.9 88.6 90.6 92.7 4.7 2.4,7.0 18.3 25.9 31.3 37,9 18 �82

Metformin�
insulin

26 12.3 8.4 8.2 7.6 �4.2 �5.7,�2.7 10.0 8.8 8.8 8.5 �1.5 �1.9,�1.0 81.7 83.3 83.5 85.3 3.4 1.7,5.1 21.1 26.2 29.3 33,1 10 �103

Table III. Glucose control, body weight, C-peptide and insulin dose according to type of hyperglycaemia in the three insulin treatment groups of type 2 diabetic patients at baseline and 12 month

follow-up visit.

Fasting plasma glucose (mmol/l) HbA1c (%) Body weight (kg)

Baseline post-
prandial C-peptide

(nmol/1)
Insulin

dose (IU)

n Baseline
12

months change1 CI Baseline
12

months change1 CI Baseline
12

months change1 CI CI
12

months CI Min�max

A (fasting hyperglycaemia)
Insulin only 6 15.4 10.5 �4.9 �10.6,0.8 9.7 8.5 �1.2 �2.9,0.4 89.6 95.9 6.3 0.7,11.9 1.53 1.1,2.0 58.5 41.9,75.1 40�82
Glipizide�

insulin
11 13.7 8.9 �4.8 �7.7,�1.8 9.4 8.7 �0.8 �1.7,0.2 88.9 93.6 4.7 2.1,7.2 1.48 1.1,2.0 38.6 24.8,52.5 18�82

Metformin�
insulin

13 15.0 8.4 �6.5 �8.5,�4.6 10.1 8.6 �1.5 �2.0,�1.0 86.2 90.1 4.0 1.4,6.6 1.15 0.9,1.4 37.7 25.6,49.8 14�82

All patients 30 14.6 9.1 �5.5 �7.1,�3.9 9.8 8.6 �1.2 �1.6,�0.8 87.9 92,6 4.6 3.0,6.3 1.35 1.2,1.5 42.2 34.5,49.9 14�82

B (overall hyperglycaemia)
Insulin only 5 10.9 9.4 �1.4 �9.0,6.2 9.9 7.5 �2.7 �5.6,0.2 79.7 88.4 6.3 �0.5,13.0 1.62 0.8,2.4 90.0 �10.3,190.3 30�160
Glipizide�

insulin
4 9.3 10.5 1.2 �4.5,6.9 10.2 8.7 �1.5 �3.8,0.8 85.2 90.1 4.9 �4.2,13.9 0.88 0.5,1,3 36.0 15.4,56.6 22�48

Metformin�
insulin

13 9.4 6.8 �2.3 �4.0,�1.1 9.7 8.3 �1.3 �2.2,�0.5 77.2 79.7 2.4 0.2,4.7 1.15 0.9,1.5 28.5 14.0,42.9 10�103

All patients 22 9.5 8.0 �1.3 �3.0,�0.7 9.9 8.2 �1.6 �2.3,�0.7 79.9 83.8 3.9 1.9,5.9 1.20 1.0,1.4 41.6 23.7,59.6 10�160

A� fasting plasma glucose/HbA1c]1.3; B� fasting plasma glucose/HbA1cB1.3; CI� 95% confidence interval. 1Baseline vs. 12 months.
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hyperglycaemia would probably have been even

more apparent.

The most interesting new finding in this study was

the importance of hyperglycaemia type with regard

to insulin regimen. Using insulin twice daily seemed

beneficial in overall hyperglycaemia (Group B), but

not in fasting hyperglycaemia (Group A). This is

logical as the postprandial hyperglycaemic values

cannot be efficiently managed with bedtime insulin,

even with OHAs. Use of bedtime insulin alone has

never been a practice in Finland, and was thus not

included in the study. Treatment with glipizide

combined with bedtime insulin tended to be the

least effective in lowering HbA1c in patients with

fasting hyperglycaemia.

In the whole study group, the initial C-peptide

concentration did not seem to predict either the

improvement in metabolic control or the amount of

weight gain. However, patients with a high C-

peptide level, suggesting that they were highly

insulin-resistant, showed an improvement in the

HbA1c when treated with sulphonylurea plus bed-

time insulin. In contrast, patients with a relatively

low C-peptide (but above 0.6 nmol/l) level benefited

only modestly from treatment with sulphonylurea

plus insulin.

This study was performed before the launch of

glitazones, glinides, and long-acting insulin analo-

gues. However, our results are still relevant for

current clinical practice for the following reasons.

The use of glitazones with insulin was prohibited in

the EU until December 2006 and this combination

increases the risk of cardiac failure. Glinides are

mainly used in early diabetes. NPH insulin is still

widely used in type 2 diabetic patients [18] because

of its similar effect on HbA1c and lower price

compared with insulin analogues, insulin glargine,

and insulin detemir [19,20].

In conclusion, the diurnal glucose profile is useful

in selecting the form of insulin therapy in type 2

diabetes. Patients with overall type hyperglycaemia

benefit most when treated with insulin administered

twice daily. Hence, our analysis suggests that bed-

time insulin should not automatically be the first

choice when starting insulin treatment for patients in

poor metabolic control with maximal oral drugs.
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