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Abstract Glycemic control in elderly persons with type 2

diabetes mellitus (T2DM) is challenging because they are

more likely to have other age-associated medical condi-

tions and to experience hypoglycemia during intensive

therapy. A best therapeutic strategy for these patients has

not yet been defined. We investigated the efficacy and

safety of adding once-daily insulin glargine to patients’

current oral antidiabetic drugs (OAD) regimen, compared

to increasing the OAD doses. The study enrolled patients

aged 65 years or more, with poor glycemic control.

Patients were randomized to two groups and entered a 3-

week titration period in which their actual therapy was

adjusted to meet the study’s glycemic goals, by either

adding insulin glargine to current therapy (group A, 27

patients) or increasing current OAD dosages (group B, 28

patients). Thereafter, therapies were continued unchanged

for a 24-week observation period. The mean therapeutic

dosage of insulin glargine in group A was 14.9 IU/day

(SD = 5.0 IU/day). During the observation period, mean

levels of glycosylated hemoglobin (HbA1c) reduced by

1.5% in group A and 0.6% in group B (P = 0.381). An

HbA1c level \7.0% was achieved by five patients in each

group. Mean fasting blood glucose levels reduced by 29

and 15% in groups A and B, respectively (P = 0.029).

Group A had fewer total hypoglycemic events (23 vs. 79,

P = 0.030) and fewer patients experiencing any such event

(9 vs. 17, P = 0.045). Neither a serious hypoglycemic

event nor other adverse event occurred. These results

suggest that, compared to increasing OAD dosage, the

addition of insulin glargine to current OAD therapy is as

effective but safer in terms of the risk for hypoglycemia in

elderly patients with T2DM.
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Introduction

The prevalence of type 2 diabetes mellitus (T2DM)

increases with age, rising from 8% in the sixth decade to

18% in the eighth decade [1]. In elderly persons, T2DM

increases the risk and severity of other age-associated

medical conditions [2, 3]. As noted in guidelines of the

American Geriatrics Society and the California Healthcare

Foundation [4], T2DM in the elderly is associated with a

higher prevalence of functional disability, hypertension,

coronary heart disease (CHD) and stroke, and an increased

risk of falling and premature death. Moreover, elderly

persons with T2DM are more likely to suffer from major

geriatric conditions including depression and cognitive

impairment [5, 6]. Despite these healthcare issues, and the

consequent economic and social burdens on society, the

treatment of T2DM in elderly persons is often inadequate

[7] and the therapeutic goals are as yet undefined.
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Obvious treatment goals for elderly persons with T2DM

are controlling glycemia and lowering the level of glycos-

ylated hemoglobin (HbA1c) [8]. These goals must be

achieved, however, by an individualized treatment plan,

especially when dealing with an elderly patient [4, 7]. In fact,

although hyperglycemia is correlated with macrovascular

complications even in elderly populations, these patients are

at greater risk of experiencing hypoglycemia as a result of

intensive glycemic control and are more prone to drug–drug

and drug–disease interactions as a consequence of multidrug

therapy. Hypoglycemia is not a trivial problem in older

persons, who have lower plasma glucose thresholds for

symptomatic and hormonal responses to hypoglycemia [9].

The choice of hypoglycemic drugs for elderly patients is

still a matter of debate [7]. When faced with the need to

correct poor glycemic control in older persons, clinicians

often choose among increasing the dosage of oral antidia-

betic drugs (OADs), adding once-daily insulin (human

NPH or a basal insulin) to OADs, or starting multiple

injection insulin therapy. All these options carry a signifi-

cant adjunctive risk of severe hypoglycemic events [10].

Regarding insulin therapy for elderly patients, Janka et al.

[11] reported that the addition of glargine to glimepiride

was safer and more effective than two injections of NPH.

Insulin glargine is a long-acting recombinant human insu-

lin analog with a 24-h time–action profile and no

significant peak [12, 13]. It has been increasingly used in

the past years as a substitute for basal insulin secretion, in

patients with both type 1 [14] and type 2 [15, 16] diabetes,

but its efficacy and safety in elderly diabetic patients have

not been widely evaluated. Nonetheless, given the per-

ceived complexity and difficulty of insulin injections,

elderly patients and doctors often prefer to increase the

OAD dosage rather than initiate insulin treatment. There-

fore, in the present study, we investigated the benefits of

adding once-daily insulin glargine to ongoing OAD ther-

apy, compared to increasing OAD dosages, in a group of

elderly subjects with T2DM and poor metabolic control.

Patients and methods

Patients

The study enrolled consecutive elderly subjects with T2DM

and poor metabolic control. Inclusion criteria were a diag-

nosis of T2DM, age C65 years, HbA1c [7.5%, and

treatment with any combination of OADs for at least 1 year.

Patients were excluded if they were receiving insulin ther-

apy, had a history of cardiac disease (congestive heart

failure, angina pectoris, recent myocardial infarction), had

impaired kidney or liver function, or had received therapy

with other investigational drugs or corticosteroids within the

last 6 months. Patients were recruited from the Clinic of

Internal Medicine and the Diabetic Center of Cannizzaro

Hospital during the period from March 2005 to March 2006.

Eligible patients were explained the goals and risks of the

study and gave informed consent to participate.

Study design

This was a parallel-group, open-label, randomized clinical

trial consisting of a 3-week drug titration period and a 24-

week observation period. The study design was approved

by the ethics committee of Cannizzaro Hospital. Patients

were randomized into two groups on the basis of computer-

generated random numbers, by a person not involved in

recruitment of patients.

At the beginning of the study (visit 1), patients were

examined clinically and underwent blood testing to assess

glycemic control. During the 3-week titration period, each

patient’s therapy was adjusted, during weekly contacts in

the clinic or by phone, to reach the study’s glycemic goals,

i.e. a blood glucose (BG) of 115.2–129.6 mg/dL, before

meals and at bedtime, and \144 mg/dL 2 h after meals

(2h-BG). In patients assigned to group A, ongoing OAD

therapy was supplemented with insulin glargine (Lantus,

Aventis Pharma) given once daily in the evening. The

starting dose of 10 IU, injected using Optiset (Aventis

Pharma), was optimized during the 3-week titration period

to reach glycemic goals. In patients assigned to group B,

the dosages of currently assumed OADs were increased to

reach the glycemic targets. At the end of the titration

period, the optimized therapy was continued unaltered for

24 weeks. Patients were examined for efficacy and safety

parameters at weeks 8, 16 and 24 (visits 2, 3 and 4,

respectively).

Efficacy assessments

The primary efficacy endpoint was the difference between

baseline and final (visit 4) HbA1c levels. Blood samples for

HbA1c determination were analyzed by high-performance

liquid chromatography (Hi-Auto A1c HA-8140; Arkray

KDK, Kyoto, Japan); the normal range for non-diabetic

subjects was considered to be 3.8–5.5%. Secondary effi-

cacy measurements were the changes in fasting blood

glucose (FBG) and 2h-BG at the end of the study.

Safety assessments

Hypoglycemic episodes (primary safety endpoint) and

adverse events (AEs) were recorded by patients in their
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diaries throughout the trial. Hypoglycemic episodes were

defined as BG B 72 mg/dL in the presence of clinical

symptoms. For this reason, subjects were asked to test

glycemia using a OneTouch Ultra BG meter (LifeScan,

Milpitas, California, USA) whenever they experienced

symptoms possibly related to hypoglycemia. Hypoglyce-

mia was considered severe when the event required third-

party assistance. For analysis, hypoglycemic episodes were

further subdivided on the basis of glycemia (B59 and

B49 mg/dL).

Adverse events were classified as serious if they

resulted in death, life-threatening experiences, hospital-

ization, or persistent or significant disability or incapacity.

All AEs not fulfilling these criteria were classified as non-

serious.

Other safety assessments, made during the four sched-

uled clinic visits, included vital signs (pulse and blood

pressure, taken after patients had been resting in a chair for

5 min), body weight, 12-lead electrocardiography, and

hematological and biochemical laboratory tests.

Statistical analysis

The differences in clinical characteristics between groups

at baseline were assessed for significance using the

unpaired t test for discrete or continuous data and the

chi-square test for frequency distributions. At study end,

within-group changes from baseline in HbA1c, FBG, 2h-

BG and body weight were analyzed using the t test for

paired data. The changes in FBG (from baseline to study

end) were compared between groups using the unpaired t

test, while the changes in HbA1c and 2h-BG were

compared between groups after adjusting for baseline

values using analysis of covariance (ANCOVA) due to

the significant difference in baseline values. Chi-square

test was applied to compare the proportion of patients in

each group who achieved the HbA1c targets of 7.0 and

7.5%.

The changes in HbA1c, FBG and 2h-BG over time (at

baseline and at the 3 other visits) were studied using the

repeated measurements ANOVA with treatment as group-

ing factor. In the case of HbA1c and 2h-BG, the baseline

value was included as covariate in the model of analysis.

The Wilcoxon’s two-sample test was used to compare

the number of hypoglycemic episodes in the two groups.

The frequencies of patients who experienced at least one

hypoglycemic episode during the treatment period were

analyzed by logistic regression, and the odds ratio (OR)

was calculated.

Statistical analyses were performed using SAS System

version 9.1.2. A value of P \ 0.05 was considered to

indicate statistical significance.

Results

A total of 55 patients (23 men and 32 women) of mean age

73.5 years entered and completed the trial (Table 1). Of

these, 27 patients were randomly assigned to receive

insulin glargine in addition to their current OAD therapy

(group A) and 28 patients were assigned to undergo opti-

mization of the dosage of current OAD therapy (group B).

At the beginning of study, the two groups were similar

regarding anthropometric data, type of OAD therapy and

baseline FBG values, but they were significantly different

as concerns baseline values of HbA1c (P = 0.002) and 2h-

BG (P = 0.041). Overall, the patients had a long duration

of diabetes and borderline-to-poor glycemic control. They

were in good general health and therefore likely to benefit

from intensive glycemic control.

After titration to reach glycemic goals, the mean ther-

apeutic dose of glargine in group A was 14.9 IU/day

(SD = 5.0 IU/day). In group B, the daily doses of OADs

increased as follows (values are mean ± SD): glibencla-

mide (glyburide), from 5.7 ± 2.8 to 9.5 ± 3.6 mg (19

patients); repaglinide, from 2.3 ± 0.5 to 4.0 ± 1.5 mg

(6 patients); metformin, from 1,483 ± 256 to 1,933 ±

515 mg (23 patients); glimepiride, from 2.0 to 4.0 mg

(1 patient). One patient had rosiglitazone dosage doubled

(from 4 to 8 mg).

During the study, mean values of HbA1c, FBG and

2h-BG tended to decrease in both groups (Fig. 1). Repeated

measurements ANOVA on changes from baseline in

HbA1c (Fig. 1a) revealed that the difference in trends

between groups was not statistically significant (P = 0.068)

even if it approached the conventional 5% limit of signif-

icance. Regarding FBG, repeated measurements ANOVA

indicated that the changes over time were significantly

different between groups (P = 0.040) and larger in the

OAD + glargine group (Fig. 1b). Finally, there was no

significant difference between groups for the trends of

2h-BG values (Fig. 1c).

Regarding the primary efficacy endpoint, the reduction

in HbA1c from baseline to study end was 1.5% in group A

(OAD + glargine) and 0.6% in group B (Table 2). After

adjusting for baseline values, the mean between-group

difference was -0.44% (95% CI, -1.00 to 0.12%); this

difference was not significant (P = 0.381). An HbA1c level

\7.0% was achieved by five patients (19%) of group A and

five patients (18%) of group B (chi-square test, P = 0.948);

a level \7.5% was achieved by 12 patients (44%) of

group A and 11 patients (39%) of group B (chi-square

test, P = 0.700). Regarding the secondary efficacy end-

points, at week 24 we recorded a 29% reduction in FBG

to 131.3 mg/dL in group A and a 15% reduction to

143.9 mg/dL in group B (mean between-group difference

was -28.2 mg/dL in favor of the OAD + glargine group;
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P = 0.029). Finally, 2h-BG decreased by 22% to 164.6 mg/

dL in group A and by 9% to 171.8 mg/dL in group B; the

adjusted mean between-group difference (-14.5 mg/dL;

95% CI, -30.2 to 1.2) approached the 0.05 level of sta-

tistical significance in favor of the OAD + glargine group

(P = 0.064). These results indicate that supplementary

treatment with insulin glargine achieves slightly better

improvements in glycemic control than does OAD dosage

optimization, although the latter strategy is nonetheless

effective.

Overall, during the 24-week observation period,

hypoglycemic episodes (BG B 72 mg/dL and clinical

symptoms) were significantly less common in group A

(OAD + glargine) than in group B (Table 3); when we

considered more marked reductions in BG there were

fewer events in group A but the differences were not sig-

nificant. Moreover, significantly fewer patients in group A

experienced at least one hypoglycemic episode. Thus,

supplementary treatment with insulin glargine (group A)

led to a 67.5% reduction in the risk of hypoglycemia

(OR = 0.32; 95% CI, 0.11–0.97).

Despite the occurrence of hypoglycemic episodes in the

two groups, no episode was classified as severe, requiring

assistance. Moreover, no AE was recorded during the

study. Body weight increased slightly, but significantly,

during the course of the study in group A (from

69.7 ± 13.2 to 70.8 ± 13.6 kg, P = 0.020); there was no

significant change in body weight in group B (from

74.3 ± 13.9 to 74.5 ± 14.1 kg). No other clinical or

laboratory safety parameter exhibited significantly differ-

ent variations between the groups during the study.

Discussion

Our study demonstrated that in diabetic patients aged

C65 years and in poor metabolic control, the addition of

insulin glargine to the pre-existing OAD therapy resulted in

slightly better metabolic control and considerably fewer

hypoglycemic events when compared to increasing the

dosage of current OAD therapy. Both the total number of

hypoglycemic events and the percentage of patients

reporting at least one event during the study period were

significantly lower in the group of patients treated with

insulin glargine.

The California Healthcare Foundation–American Geri-

atrics Society guidelines on the care of older persons with

T2DM [4] suggested to individualize the target HbA1c

level according to the general conditions of the patient: 7%

or lower in relatively healthy patients with good functional

status, but 8% in frail patients with life expectancy

\5 years. Finding poor metabolic control in an elderly

diabetic patient raises the question as to whether it is

preferable to increase the dosage of OADs, add insulin to

OADs or start multiple injection insulin therapy; this issue

has not yet been clearly addressed in the literature. In

adults with T2DM, a regimen that makes initiation of

insulin simpler and more effective has been tested for

Table 1 Clinical characteristics

at study entry for 55 elderly

subjects with type 2 diabetes

mellitus, by treatment group

Values are mean (SD) unless

otherwise indicated

OADs, Oral antidiabetic drugs;

FBG, fasting blood glucose; 2h-

BG, 2 h post-prandial glucose; �,

unpaired t test; v, chi square test;

ND, not determined due to the

low number of findings

Group A (OADs + glargine)

(n = 27)

Group B (optimized OADs)

(n = 28)

P

Gender, n (%) 0.874 v

Men 11 (41) 12 (43)

Women 16 (59) 16 (57)

Age, years 73.7 (5.1) 73.3 (5.6) 0.793�

Weight, kg 69.7 (13.2) 74.3 (13.9) 0.219�

BMI, kg/m2 26.5 (4.0) 27.9 (4.0) 0.223�

Diabetes duration, years 17.9 (7.1) 16.0 (9.2) 0.410�

HbA1c, % 9.3 (1.1) 8.5 (0.6) 0.002�

FBG, mg/dL 185.0 (41.1) 169.4 (48.6) 0.204�

2h-BG, mg/dL 212.1 (42.7) 188.1 (42.4) 0.041�

Ongoing OAD therapy, no. of patients (%)

Gliclazide 1 (3.7) 0 (0) ND

Glimepiride 0 (0) 1 (3.6) ND

Repaglinide 0 (0) 3 (10.7) ND

Repaglinide + rosiglitazone 0 (0) 1 (3.6) ND

Repaglinide + metformin 3 (11.1) 2 (7.1) ND

Glibenclamide + metformin 23 (85.2) 19 (67.9) 0.126 v

Metformin + rosiglitazone 0 (0) 1 (3.6) ND

Metformin + pioglitazone 0 (0) 1 (3.6) ND
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several years [17–19]. More recently, long-acting insulin

analogs have been shown to be safer and efficacious than

NPH, by causing fewer nocturnal hypoglycemic events and

by providing better post-prandial metabolic control [16,

20]. In particular, the treat-to-target trial [15] demonstrated

that a bedtime injection of basal insulin can achieve the

recommended target of HbA1c (7%) in overweight T2DM

adult patients, and suggested that insulin glargine is better

suited than NPH insulin for providing this supplement.

Finally, it has been recently shown that the addition

of glargine to maximal doses of sulphonylureas and

metformin was more effective than adding rosiglitazone,

but led to more hypoglycemic events [21].

Our results confirm that a good glycemic control can

be achieved by a single evening insulin injection, together

with standard OAD therapy, and extend this finding to an

elderly population aged C65 years. They also extend the

findings of Janka et al. [11], who found better outcomes

in elderly treated with insulin glargine added to one OAD

(glimepiride) than with two NPH injections. Moreover,

our study suggests that supplemental insulin treatment is

superior to increasing the dosages of OAD therapy,

because of the lower number of hypoglycemic events.

Hypoglycemia is a serious complication of therapy in

elderly patients with diabetes. The risk of severe or fatal

hypoglycemia associated with the use of oral agents or

insulin increases with age [22]. Epidemiological evidence

suggests that frail elderly people are at higher risk of

serious hypoglycemia than are healthy elderly people

[22]. Moreover, hypoglycemic coma is a serious and not

an uncommon problem among elderly patients with dia-

betes treated with insulin and/or OADs. A threshold for

symptoms at lower blood glucose levels may also be the

result of recurrent previous hypoglycemia, which consti-

tutes a vicious cycle. Among the reasons for the increased

susceptibility of elderly patients to hypoglycemia is that

they may lack knowledge of the symptoms of hypogly-

cemia, have a reduced secretion of counter-regulatory

hormones, have an impaired awareness of the autonomic

warning symptoms and have an altered psychomotor

performance during hypoglycemia, which prevents them

from taking the necessary steps to return blood sugar to

normal.

In our study, the average dose of insulin glargine at the

end of the titration period was only 14.9 IU as compared to

47.2 IU in the treat-to-target trial [15], owing to less

aggressive insulin titration, due to the advanced age of our

patients. Because of the low insulin dose used in our study,

an HbA1c level \7.0% was achieved by \20% of patients

in both treatment and a level of \7.5% in 44 and 37% of

patients in groups A and B, respectively. Thus, it is pos-

sible that a slightly higher dose of glargine might yield a

greater glycemic benefits in elderly patients. However, the

same care was used in increasing the doses of hypoglyce-

mic agents in group B patients. In our study the rate of

hypoglycemic events in both groups was lower than the

rates reported by others [15, 20].

The patients enrolled in this trial had a mean age of

73.5 years and borderline-to-poor glycemic control and

were being treated with sulphonylureas, with or without

metformin. We decided not to change the OAD therapy,

even if this led to the inclusion of patients assuming dif-

ferent drugs according to different regimens. We believe

that this choice increases the extendibility of our results to

Fig. 1 Temporal profile of treatment efficacy parameters from

baseline, through the 3-week titration period, and over the course of

the 24-week observation period. a Glycosylated hemoglobin. b
Fasting blood glucose. c 2 h post-prandial glucose. Values are mean

and SD
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patients assuming any hypoglycemic drug. The results of

our study are limited, however, by the small number of

patients enrolled. If we consider as clinically relevant the

difference in effect of the two treatments on HbA1c at the

end of the study (mean -0.44% by ANCOVA), we should

plan a roughly double-sized study (60 patients per group)

to confirm this outcome with a power of 80% and a type I

error of 5%.

Initiation of insulin therapy is often accompanied by an

increase in weight [23]. We observed a slight but signifi-

cant increase in body weight only in the OAD + insulin

glargine group. No other safety issues were raised during

the study. Moreover, there were no dropouts from the

study, further supporting the tolerability of the treatments.

In conclusion, our study shows that the addition of

glargine to the current OAD treatment was safe and

Table 2 Assessment of

treatments for efficacy in

glycemic control, by study

group

Values are mean (SD) [95% CI].

* P \ 0.05; ** P \ 0.01;
§P \ 0.001 versus baseline

values of same group, t test for

paired data. Between-groups

comparisons: #ANCOVA,
�unpaired t test

Group A (OADs + glargine)

(n = 27)

Group B (optimized OADs)

(n = 28)

P

HbA1c, %

Week 24 7.7 (0.9) 7.8 (1.0)

Change from baseline -1.5 (1.2)§

[-2.0 to -1.0]

-0.6 (0.9)**

[-1.0 to -0.3]

Adjusted change from baseline -1.2

[-1.6 to -0.8]

-0.8

[-1.2 to -0.4]

0.318#

Difference in adjusted changes -0.44

[-1.00 to 0.12]

FBG, mg/dL

Week 24 131.3 (26.7) 143.9 (45.6)

Change from baseline -53.7 (53.2)§

[-74.7 to -32.6]

-25.4 (39.7)**

[-40.8 to -10.1]

0.029�

Difference in changes -28.2

[-53.6 to -2.9]

2h-BG, mg/dL

Week 24 164.6 (28.5) 171.8 (34.4)

Change from baseline -47.4 (47.7)§

[-66.3 to -28.6]

-16.3 (3.3)*

[-29.2 to -3.3]

Adjusted change from baseline -36.4

[-47.6 to -25.2]

-21.9

[-32.9 to -10.9]

0.064#

Difference in adjusted changes -14.5

[-30.2 to 1.2]

Table 3 Assessment of safety of antidiabetic treatments, by study group and blood glucose (BG) level

Hypoglycemic episodes with clinical symptoms Group A (OADs + glargine)

(n = 27)

Group B (optimized OADs)

(n = 28)

P

BG B 72 mg/dL

Episodes, n (median, min–max) 23 (0, 0–6) 79 (1, 0–19) 0.030*

Number of patients experiencing one episode at least, n (%) 9 (33.3) 17 (60.7) 0.045 v

BG B 59 mg/dL

Episodes, n (median, min-max) 5 (0, 0–2) 18 (0, 0–7) 0.442*

Number of patients experiencing one episode at least, n (%) 3 (11.1) 5 (17.9) 0.482 v

BG B 49 mg/dL

Episodes, n (median, min–max) 0 3 ND

Number of patients experiencing one episode at least, n (%) 0 (0) 2 (7.1) ND

* Wilcoxon’s two-sample test

v, Chi-square test by logistic regression; ND, not determined due to the low number of findings
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effective in improving metabolic control, both in terms of

improved fasting glycemia and post-prandial glucose

excursion and also regarding a lower risk for hypoglycemia,

which can be considered an important additional benefit.
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