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ABSTRACT
INTRODUCTION: Subjects (n = 46) with type 2 diabetes who 
responded inadequately to two and three oral medications 
(HbA1C > 8.0%) were consecutively recruited for treatment 
with premixed insulin 30/70 two times a day in order to 
 investigate whether previous oral therapies may predict 
 insulin requirements.
MATERIAL AND METHODS: In this prospective study, men 
and women were eligible to participate if they were aged 
between 30 and 65 years, had had a diagnosis of type 2 
 diabetes mellitus for at least 12 months, were insulin-naive 
and had been treated unsuccessfully with either two or 
three oral antidiabetic drugs for at minimum of three 
months. Clinical and laboratory findings were analyzed at 
one year follow-up.
RESULTS: The average required insulin doses were signifi-
cantly higher in patients in whom previous triple oral medi-
cation had failed than in patients in whom two oral drugs 
had failed.
CONCLUSIONS: Evaluation of the previous number of oral 
antidiabetic drugs and HbA1C values may help us predict the 
insulin requirement when oral drugs have failed. 

Treatment of patients with type 2 diabetes (T2DM) aims 
at controlling intestinal glucose absorption, normalize 
hepatic glucose production, reverse insulin resistance, 
and at preventing the occurrence of long-term complica-
tions [1]. 

A combination of diet, exercise and metformin is 
recommended as the first line of therapy for patients 
with T2DM [2, 3]. However, few patients achieve ade-
quate control of blood glucose levels in time using this 
approach alone due to the progressive nature of T2DM 
[4-8].

 Sulphonylureas, biguanides and alpha-glucosidase 
inhibitors are well-known oral antidiabetic drugs (OADs), 
and nowadays new generation OADs such as dipeptidyl 
peptidase 4 (DPP-4) inhibitors, amylin mimetics and in-
cretin mimetics have increased the capability of oral 
therapy [9, 10]. All of the agents mentioned above have 
a potential therapeutic effect equivalent to an approxi-
mately 1-2% decrease in HbA1C levels if used in appropri-
ate doses [1].

Insulin is indicated in patients with T2DM who fail 
to respond to an adequate dietary regimen and to oral 
hypoglycaemic agents. While transferring to insulin, 
many subjects fear injections and such fear may affect 
their compliance with insulin therapy [11-14]. 
Consequently, oral therapy has generally been the pre-
ferred treatment approach for patients with T2DM. 

Patients with type 1 diabetes mellitus (T1DM) who 
have no endogenous insulin secretion generally require 
between 0.5 and 1.0 IU/kg insulin per day. Diabetes 
Control & Complications Trial patients with T1DM on 
 average receive 40 IU insulin per day. Because of insulin 
resistance in T2DM, especially obese patients with 
T2DM usually require more insulin. Insulin requirements 
sometimes reach 2.0 IU/kg per day.

The purpose of this study was to investigate 
 whether the number of oral antidiabetic drugs pre-
scribed before shifting to insulin affects later insulin 
 requirements when the oral therapy failed.

MATERIAL AND METHODS
Subjects were selected randomly among the T2DM pa-
tients whose oral antidiabetic treatment had failed. The 
study population comprised a total of 46 patients div -
ided into two groups each counting 23 patients who 
were using two OADs (group A) or three OADs (group B). 
They were all willing to initiate insulin therapy and had 
previously received at least three months of continuous 
treatment with failure of either two or three OADs 
(HbA1C > 8.0%). Categories of OADs previously used were 
ignored. All participants gave fully informed consent to 
participation in the study and the investigators declare 
that the study complies with the Helsinki Declaration.

Insulin therapy was initiated with premixed insulin 
30/70 twice a day (starting dose, 0.3 IU/kg per day). At 
baseline, approximately two thirds of the dose was given 
before breakfast and the remainder before dinner. To 
avoid hypoglycaemia, dose adjustments in the form of a 
10% increase of the current dose were suggested every 
other day until reaching pre-prandial glycaemic targets in 
the morning and evening. For all patients, adequate diet-
ary counselling was provided to facilitate management of 
the meal-related part of the insulin therapy. Treatment 
efficacy was evaluated after one year of follow-up. The 
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exclusion criteria were diagnosis of T1DM, having used in-
sulin at any time in life, relatively efficient treatment of 
dia betes mellitus (DM) (HbA1C ≤ 8.0%), acute complica-
tions of DM, diagnosis of an additional disease, using or 
starting a new drug, fever states, falling outside the 40-65 
year-old age span, lactating women, pregnancy, and 
changing business and life style during the study period.

On the basis of these data obtained in the first part 
of the study, we compared the two groups in terms of 
age, gender, duration of diabetes, baseline weight (kg) 
and weight gain (kg) achieved at the end of the study, 
body mass indexes (BMI), HbA1C values and insulin re-
quirements. HbA1C values were measured with high-per-
formance liquid chromatography. All results were re-
ported as mean values +/- standard error of the mean. 
Statistical analysis was done with the use of the un-
paired, two-tailed t test; p values of less than 0.05 were 
considered statistically significant. 

RESULTS
Demographics of both groups are shown in Table 1. No 
significant difference was found in age, gender or dur-
ation of diabetes between the two groups. BMIs were 
similar in the two groups. The increases in weight after 
insulin therapy were also similar in the two groups.

HbA1C values before insulin therapy were not signifi-
cantly different between the two groups. One year after 
the initiation of insulin therapy, HbA1C values had 
changed markedly in both groups. All of the patients 
reached HbA1C values below 8%. Insulin doses per kg of 
body weight per day were significantly higher in group B 
(p < 0.001) than in group A. We observed no hypoglyc-
aemic attacks or fluctuations in blood glucose concen-
trations during the study. Two patients in group B trans-
ferred into intensive insulin therapy.

The number of oral antidiabetic agents used before 
insulin therapy correlated with the insulin doses needed 
at the end of the study (Figure 1). 

No subjects were excluded according to the criteria, 
and no patients refused to participate in the study.

DISCUSSION
We have shown that patients who were previously using 
double drug therapy (two oral antidiabetic drugs) 
needed less insulin than patients who were using triple 
drug therapy. Patients’ pre-insulin HbA1C levels also pre-
dicted insulin dosing.

In this study, we hypothesized that pre-insulin ther-
apy may hold clues to the insulin dosing needed when 
oral agents have failed. We demonstrated that a mean 
insulin dose of 0.56 IU/kg/day was required in patients 
who had previously been treated with two OADs as 
compared to a mean insulin dose of 0.90 IU/kg/day in 
patients previously treated with three OADs. 

The response to the OADs (HbA1C) also correlated 
with insulin doses at the end of the first year of follow-
up. Thus, the HbA1C values of the two groups were simi-
lar before insulin treatment began, which implies that 
double and triple OAD treatment had been equally un-
successful in the two groups prior to the commence-
ment of insulin therapy. 

HbA1C levels were also similar after insulin injec-
tions. If the HbA1C values are similar, differences in 
insulin deficiency between these two groups can there-
fore be estimated by the number of OADs which had 
failed.

It would have been better if we had examined the in-
dividual oral antidiabetic agents used by the patients, but 
the aim of the study was to investigate if the number of 
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FIGURE 1

Group A Group B p-values

Subjects randomized (n) 23 23 –

Age (years) 56 57 0.834

Female/male (n) 13/10 16/7

Duration of diabetes (years) 8.6 9.6 0.369

Baseline weight (kg) 67 77 0.06

Weight gain (kg) 7.1 6.0 0.22

Body mass index (kg/m²) 30 31 0.304

HbA1C before insulin (%) 10.5 10.7 0.535

HbA1C at one year of insulin (%) 6.5 7.0 0.106

Insulin dose (IU/kg/day) 0.56 0.90 0.001

Demographics, baseline values, and comparisons.

TABLE 1
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OADs affected the final insulin doses. And it is well-known 
that an ordinary OAD causes a 1-2% HbA1C decrease.

The rise in patients’ weights after insulin therapy is 
a side effect of insulin therapy and an indication for the 
use of drugs such as glucagon-like peptide 1 analogues. 
However, due to their non-licensed state, these drugs 
were not available for use in the country where the 
study was conducted.

All parameters explored in this study, including 
baseline weights of the two groups, were statistically 
similar, except for their demand for insulin. 

CONCLUSIONS
In this study we have shown that similar HbA1C values 
and unsuccessful triple oral drug therapy means that we 
need more insulin to control diabetes (Figure 1). In con-
clusion, further investigation is required to ascertain 
whether this observation is linked to the stage of DM at 
the time of institution of insulin therapy.
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