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Type 2 diabetes is a progressive disease that requires
ongoing increases in doses and complexity of hypo-
glycemic pharmacotherapy.1 Although insulin may be

the first agent prescribed to patients with type 2 diabetes
who have marked hyperglycemia, oral antidiabetes drugs
are usually the first pharmacologic treatment. In general,

these drugs are first prescribed as monotherapy; however,
combination therapy with 2 oral antidiabetes drugs with dif-
ferent mechanisms may also be a first-line option.2–4 Unfor-
tunately, oral antidiabetes drugs have limited efficacy for
long-term glucose lowering1,5 and, therefore, many patients
may require insulin to achieve better metabolic control.6

There are several factors that may account for the need to
initiate insulin therapy in patients taking oral antidiabetes
drugs, including progressive β-cell failure,7 deterioration of
insulin sensitivity because of glucose toxicity or the develop-
ment of resistance to the oral antidiabetes drug.8,9 Disease
severity, a younger age at diagnosis1,10 and poor adherence to
treatment may also lead to poor metabolic control in patients
with diabetes.11

Our study included an outpatient population of elderly pa-
tients, all of whom were new users of an oral antidiabetes
drug. We sought to estimate the rate of initiation of insulin
therapy and to identify factors associated with initiation of in-
sulin therapy.

Methods

Data sources
Using the database of the Quebec health insurance board (La
Régie de l’assurance maladie du Québec) and the Quebec
registry of hospital admissions (Maintenance et exploitation
des données pour l’étude de la clientèle hospitalière [Med-
Echo]), we performed a population-based inception cohort
study. The health insurance plan of Régie de l’assurance mal-
adie du Québec covers all permanent residents of the
province for both medical services and hospital admissions.
Its public drug plan covers recipients of welfare, those not 
eligible for a private group plan for drug insurance and all
people aged 65 years and over who do not live in an institu-
tion. This drug-plan database is accurate for prescription
claims.12 In 2006, a total of 3.2 million people (out of a popu-
lation of 7.5 million) were beneficiaries of this drug plan.

A unique encrypted health number was used to link the
databases and the registry at the patient level. The Régie de
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volving people aged 66 or more years who were newly dis-
pensed an oral antidiabetes drug. Individuals who had re-
ceived acarbose or a thiazolidinedione were excluded. The
rate of insulin initiation was calculated by use of the Kaplan–
Meier method. Factors associated with insulin initiation were
identified by multivariable Cox regression analyses.

Results: In this cohort of 69 674 new users of oral antidia-
betes drugs, insulin was initiated at rate of 9.7 cases per
1000 patient-years. Patients who had initially received an
insulin secretagogue (rather than metformin), who were
prescribed an oral antidiabetes drug by an endocrinologist
or an internist, who received higher initial doses of an oral
antidiabetes drug, who received oral corticosteroids, used
glucometer strips, or were admitted to hospital in the year
before initiation of oral antidiabetes therapy, or who re-
ceived 16 or more medications were more likely than
those without these characteristics to have insulin therapy
initiated. In contrast, patients who received thiazides or
who used up to 12 medications (v. none) were less likely to
have insulin therapy initiated.

Interpretation: Several factors related to drugs and health
services are associated with the initiation of insulin ther-
apy in elderly patients receiving oral antidiabetes drugs. It
is unclear whether these factors predict secondary failure
of oral antidiabetes drugs or instead reflect better man-
agement of type 2 diabetes.
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l’assurance maladie du Québec database served as the source
of data for patient demographics (age, sex and region of resi-
dence), physician services (date, diagnosis and physician’s
specialty), prescription drugs dispensed (drug identification,
dispensing date and number of days supply) and death. Hospi-
tal admission data (dates, primary diagnosis and up to 16 sec-
ondary diagnoses) were drawn from the Med-Echo database.

The Commission d’accès à l’information du Québec and
the Comité d’éthique à la recherche du Centre hospitalier 
affilié universitaire de Québec gave approval for this study.

Inclusion and exclusion criteria
We asked the Régie de l’assurance maladie du Québec to
identify all beneficiaries of the drug plan who had received at
least 1 prescription of an oral antidiabetes drug between Jan. 1,
1998, and Dec. 24, 2004. We defined the index date as the
date of the first claim for any oral antidiabetes drug during this
period. To ensure that we included only new users of oral an-
tidiabetes drugs, we excluded people who had received an oral
antidiabetes drug in the 1-year period before the index date. 

We defined elderly patients as those aged 66 or more
years. We excluded patients aged less than 66 years. We ex-
cluded people who had received insulin in the 1-year period
before the index date or at any time during the 7 days imme-
diately after the index date. As well, we excluded patients
who had not been eligible for the Quebec drug plan for the
full 1-year period before the index date. We excluded patients
who received as initial therapy acarbose, thiazolidinedione or
combination therapy with metformin and insulin secreta-

gogues, because there were few such patients and because the
province of Quebec restricts reimbursement of thiazolidine-
diones to use as third-line therapy.

Data collection and outcomes
Patients were followed from the initiation of oral antidiabetes
therapy to Dec. 31, 2004, initiation of insulin therapy, loss of
eligibility for the drug plan or death, which ever came first.
Patients were considered to have initiated insulin therapy if
they had filled at least 1 prescription for insulin after the initi-
ation of oral antidiabetes therapy. The person-months of 
follow-up comprised the interval between the index date and
the date of the first prescription of insulin.

At the initiation of oral antidiabetes therapy, we assessed
the following variables for association with initiation of in-
sulin therapy: age, sex, dispensation of an oral antidiabetes
drug, calendar year and region of residence (urban or rural).
In the year before initiation of oral antidiabetes drug therapy,
we assessed the association between the following factors and
initiation of insulin therapy: use of drugs thought to predis-
pose patients to dysglycemia (thiazides, β-blockers, antipsy-
chotics, corticosteroids); use of drugs with a potential influ-
ence on blood glucose (angiotensin-converting-enzyme
inhibitors, angiotensin-receptor antagonists, carvedilol); and
the intensity of the oral antidiabetes drug treatment (mean ini-
tial dose as the proportion of a defined daily dose). The de-
fined daily dose was the average maintenance dose per day
for adults for a drug used for its main indication.13 The daily
dose was 2000 mg for metformin, 1500 mg for tolbutamide,

Excluded  n = 99 802 
• Aged less than 66 years  n = 94 213
• Received insulin during the 1 year before the index date  n = 1948
• Received insulin during the 7-day period after the index date  n = 360
• Received insulin during both the 1-year period before the index date   

and during the 7-day period after the index date  n = 1324
• Not eligible for Quebec’s drug plan for the entire year before 

the index date  n = 926
• Received acarbose as initial therapy  n = 709
• Received a thiazolidinedione as initial therapy  n = 222
• Received combination therapy other than metformin

and secretagogue n = 100

Included
n = 69 674

Received metformin
as initial therapy 

n = 46 214 

Screened for eligibility*
n = 169 476

Received secretagogue
as initial therapy  

n = 20 384

Received bitherapy
(metformin and secretagogue) 

as initial therapy  
n = 3 076

Figure 1: Selection of the study population. *Patients who received an oral antidiabetes drug between Jan. 1, 1998, and Dec. 24, 2004,
and who had not taken an oral antidiabetes drug in the 1 year before the date of the first prescription. 



Research

CMAJ • JUNE 23, 2009 • 180(13)1312

375 mg for chlropropamide, 160 mg for glicalizide, 10 mg for
glyburide, 4 mg for repaglinide and 2 mg for glimepiride. We
also assessed in the year before the initiation of oral antidia-
betes therapy the number of different prescription drugs
claimed;14 the use of glucometer strips; the number of physi-
cian visits; and the number of hospital admissions.

Statistical analyses
We calculated the incidence rate for the initiation of insulin
therapy using the Kaplan–Meier method. To identify charac-
teristics associated with the initiation of insulin therapy, we
calculated hazard ratios with 99% confidence interval (CIs)
using a multivariable Cox proportional-hazards model. Be-
cause we expected the analysis to be overpowered, we deter-
mined a priori a confidence interval of 99%. 

Results

There were a total of 69 674 people included in the analysis
(Figure 1). The most common initial drug therapy was met-
formin (66.3% of patients), with insulin secretagogue
monotherapy being less common (29.3%) (Table 1). The

mean initial dose was equivalent to 0.5 (standard deviation
0.4) defined daily doses. Almost one-third of the study popu-
lation was admitted to hospital at least once in the year before
the index date, and about 60% of patients consulted a physi-
cian more than 10 times in that period.

In this cohort, the rate of initiation of insulin therapy was
9.7 cases per 1000 patient-years. In total, 1955 (2.8%) patients
who initially used oral antidiabetes drugs began insulin ther-
apy during a median follow-up time of 2.9 years (Figure 2). 

Of the 17 potential determinants of insulin initiation that
we evaluated, 7 were statistically significant at p < 0.01
(Table 2). Patients who received initial treatment with an in-
sulin secretagogue (v. metformin), who had their oral antidia-
betes drug prescribed by an endocrinologist or an internist (v.
general practitioner), who used higher initial doses of an oral
antidiabetes drug, who used oral corticosteroids, who used
glucometer strips, who were admitted to hospital in the year
before initiation of oral antidiabetes therapy, or who were
prescribed 16 or more medications were more likely than
those without these characteristics to initiate insulin therapy.
Patients who received thiazides or who used up to 12 medica-
tions (v. none) had a decreased risk of insulin initiation. The

Table 1: Characteristics of elderly patients (n = 69 674) who initiated oral antidiabetes therapy during the study period  

Characteristic 
No. (%)  

of patients Characteristic 
No. (%)  

of patients 

Sex, male 32 938 (47.3) Angiotensin-receptor antagonist use* 9 672 (13.9) 

Residence in urban region 55 599 (79.8) ACE inhibitor use* 20 153 (28.9) 

Age at oral antidiabetes drug initiation, yr  Carvedilol use* 200   (0.3) 

66–70 24 421 (35.0) Glucometer strip use* 16 096 (23.1) 

71–75 20 513 (29.4) No. of hospital admissions*  

76–80 13 868 (19.9) 0 48 812 (70.1) 

81–85 7 253 (10.4) 1 12 980 (18.6) 

≥ 86 3 619   (5.2) 2 4 818   (6.9) 

Initial oral antidiabetes drug  ≥  3 3 064   (4.4) 

Metformin monotherapy 46 214 (66.3) No. of physician visits*  

Secretagogue monotherapy 20 384 (29.3) 0 1 261   (1.8) 

Dual therapy (metformin and secretagogue) 3 076   (4.4) 1–5 12 931 (18.6) 

Initial prescriber’s specialty  6–10 13 395 (19.2) 

General practitioner 59 610 (85.6) 11–15 10 189 (14.6) 

Endocrinologist 3 126   (4.5) 16–20 6 980 (10.0) 

Internist 3 719   (5.3) ≥  21 24 918 (35.8) 

Others 3 043   (4.4) No. of different medications*  

Missing 176   (0.2) 0 4 572   (6.6) 

Thiazide use* 17 061 (24.5) 1–3 12 993 (18.6) 

Beta-blocker use* 20 730 (29.7) 4–6 17 150 (24.6) 

Antipsychotic use* 2 418   (3.5) 7–9 14 552 (20.9) 

Corticosteroid use*  10–12 9 386 (13.5) 

At least 1 prescription for an oral steroid 6 657   (9.5) 13–15 5 280   (7.6) 

At least 1 prescription for a non-oral steroid† 6 189   (8.9) ≥  16 5 741   (8.2) 

Note: ACE = angiotensin converting enzyme. 
*Measured in the year prior to oral antidiabetes drug initiation. 
†Injection or inhalation form. 
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year of initiation of oral antidiabetes therapy was not associ-
ated with initiation of insulin therapy.

Interpretation

Among new elderly users of oral antidiabetes drugs, the rate
of insulin initiation was 9.7 cases per 1000 patient-years. In
other words, for every 1000 new users of oral antidiabetes
drugs observed for 1 year, about 10 would be expected to ini-
tiate insulin therapy. 

This rate of insulin initiation seems low. It is, however, dif-
ficult to interpret because it may either indicate a low rate of
secondary failure of oral antidiabetes therapy in this popula-
tion or that diabetes is not being treated aggressively enough.
The incidence rate is helpful because it allows comparisons
with different populations or in the same population over time.
The incidence rate also provides the opportunity to examine
factors associated with the initiation of insulin therapy.

Several of the factors that we observed to be associated
with initiation of insulin therapy may reflect the effects of in-
sulin resistance. First, in contrast with metformin, sulfony-
lureas do not have a stabilizing effect on weight and do not
enhance insulin sensitivity.15 Second, patients receiving high
initial doses of oral antidiabetes drugs are likely to have high
blood glucose levels at diagnosis because of inadequate pan-
creatic β-cell function to keep pace with higher insulin resist-
ance levels. These patients may require insulin earlier. Third,
it is well established that corticosteroids can significantly in-
crease glucose levels.16

Patients admitted to hospital in the year before starting an
oral antidiabetes drug were more likely than those not admit-

ted to be prescribed insulin. Past hospital admission may indi-
cate patients who were more ill. Also, because the diagnosis
of type 2 diabetes is often delayed,6,17 the probability of being
diagnosed with type 2 diabetes might increase during a hospi-
tal stay, especially if patients have microvascular and
macrovascular complications. Similarly, patients taking 16 or
more drugs in the year before initiation were more likely than
those taking 15 or fewer medications to be sicker, because the
number of different drugs prescribed is an indicator of comor-
bidities.14 These patients are also more likely to consult a
physician on a regular basis and, therefore, are more likely to
be offered insulin. In contrast, patients who took up to 12
medications had a decreased risk compared to patients who
took no medications. This result is difficult to explain.

Evidence is lacking about the relation between prior use of
self-administered glycemic tests and subsequent initiation of
insulin therapy. Patients who monitor their own blood glu-
cose are used to manipulating needles and, therefore, might
be less fearful of self-administering insulin injections. Also,
their behaviour demonstrates that they are already taking their
condition seriously.18

We found that patients taking thiazide diuretics in the year
before initiation of oral antidiabetes drugs were less likely
than those not taking thiazide to initiate insulin therapy. Since
the early 1980s, studies of drug therapy for hypertension have
documented an unfavourable effect of thiazides on plasma
lipid levels.19 Thiazides are also known to induce a mild form
of glucose intolerance.20 Although the development of clini-
cally important diabetes may be unusual, it is clear that some
degree of insulin resistance may be seen in many patients re-
ceiving thiazides. However, this effect is mainly seen at high
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Figure 2: Initiation of insulin among patients who started to take an oral antidiabetes drug during
the study period.
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doses.21 Because lower doses of thiazide, which may be meta-
bolically neutral, are currently used,22,23 we no longer expect
thiazides to predispose patients to dysglycemia.

Other researchers have examined the factors associated
with insulin initiation among new users of oral antidiabetes
drugs. A younger age,7 a low body mass index,7 being a
woman,24 taking more than 1 oral antidiabetes drug,24 an in-

crease in daily dosage frequency or in the number of comed-
ications,24 and having a history of myocardial infarction, dys-
lipidemia, depression and atrial fibrillation25 have all been re-
ported to be predictors of insulin initiation. Researchers in
these studies7,24,25 did not observe factors similar to those that
we have identified. These discrepencies may be explained by
differences in methodology. First, except for age and sex, the

Table 2: Factors associated with the initiation of insulin therapy in elderly patients (n = 69 674) who initiated oral antidiabetes 
therapy during the study period   

Characteristic 
No. of 

patients 

No. of 
insulin 

initiations
Person-
years 

Unadjusted 
HR 99% CI 

Adjusted 
HR* 99% CI 

Initial oral antidiabetes drug        

Metformin monotherapy 46 214 830 122 192.1 1.0  1.0  

Secretagogue monotherapy 20 384 911   70 520.7 1.9 1.6–2.1 1.6 1.4–1.8 

Dual therapy (metformin and secretagogue) 3 076 214     8 619.2 3.6 3.0–4.4 1.2 0.9–1.5 

Initial dose    2.3 2.2–2.5   2.1† 1.9–2.3 

Initial prescriber’s specialty        

General practitioner 59 610 1 501 172 677.3 1.0  1.0  

Endocrinologist 3 126 202      9 383.5 2.5 2.0–3.0 1.9 1.6–2.3 

Internist 3 719 135   10 629.6 1.5 1.2–1.8 1.2 0.9–1.5 

Others 3 043 110     8 211.1 1.5 1.2–2.0 1.1 0.9–1.5 

Missing 176 7       430.5 1.9 0.7–5.1 1.8 0.7–4.7 

Thiazide use‡        

No 52 613 1 660 157 290.3 1.0  1.0  

Yes 17 061 295   44 041.9 0.6 0.5–0.8 0.7 0.6–0.8 

Corticosteroid use‡        

No 56 828 1 441 168 157.0   1.0  

At least 1 prescription for an oral steroid 6 657 307   15 836.4 2.3 1.9–2.7 1.4 1.2–1.7 

At least 1 prescription for a non-oral steroid§ 6 189 207   17 338.6 1.4 1.2–1.7 1.2 1.0–1.5 

Glucometer strip use‡        

No 53 598 1 498 158 496.8 1.0  1.0  

Yes 16 096 457   42 835.2 1.1 1.0–1.3 1.2 1.0–1.4 

Number of hospital admissions‡        

0 48 812 1 177 147 356.2 1.0  1.0  

1 12 980 445   35 415.5 1.6 1.4–1.8 1.1 1.0–1.3 

2 4 818 190   11 851.6 2.0 1.7–2.5 1.3 1.1–1.6 

≥  3 3 064 143     6 708.7 2.7 2.2–3.4 1.4 1.1–1.8 

Number of different medications‡        

0 4 572 238  14 485.7 1.0  1.0  

1–3 12 993 326  43 558.0 0.5 0.4–0.6 0.6 0.5–0.8 

4–6 17 150 326  52 556.0 0.4 0.3–0.5 0.5 0.4–0.7 

7–9 14 552 243  40 742.2 0.5 0.4–0.6 0.7 0.6–0.9 

10–12 9 386 251  24 585.8 0.6 0.5–0.8 0.8 0.6–1.0 

13–15 5 280 195  12 852.6 0.9 0.7–1.2 1.1 0.8–1.5 

≥ 16 5 741 276  12 551.8 1.4 1.1–1.7 1.4 1.0–1.8 

Note: CI = confidence interval, HR = hazard ratio. 
*Adjusted for all characteristics listed in Table 2 and for sex and age at treatment initiation. 
†Hazard ratio per 1-unit increase in initial daily dose. 
‡Measured in the year prior to the initiation of oral antidiabetes drugs. 
§Injection or inhalation form. 
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variables that we tested were different from those evaluated in
these 3 studies.7,24,25 Second, our study population, on average,
was older than the populations in those studies. Next, in 2
studies,7,25 the length of exposure to oral antidiabetes drugs
was not the same for all participants, which makes the inter-
pretation of cumulative incidence difficult. In the third,24 indi-
viduals who discontinued oral antidiabetes drugs in the 
18-month period before insulin initiation were excluded. This
exclusion criterion may be a potential source of bias because
people who discontinued oral antidiabetes therapy during the
first 18 months may have been switched to insulin therapy.
Therefore, in these studies, factors reported as being associ-
ated with insulin initiation should be interpreted with caution.

Limitations
Our study provides “real-world” insight from a population-
based cohort of elderly people taking oral diabetes medica-
tions; however, several limitations should be considered when
interpreting the results. First, studies have reported that thia-
zolidinediones may delay the onset of insulin initiation.26 Be-
cause we excluded patients initially taking a thiazolidine-
dione, we were not able to confirm this finding in our
population. Second, analysis of medications was based on
pharmacy refills; however, refilling may not represent the ac-
tual use of drugs. Third, we were not able to assess whether
insulin initiation by new users of oral antidiabetes drugs was
because of a higher body mass index, severity of diabetes or
failure to achieve glycemic control because these clinical data
are not captured in the Régie de l’assurance maladie du
Québec database. Lastly, patient preferences, perception of
health or beliefs about their disease and its treatment were not
available in the administrative databases. Thus, the associa-
tions that we reported were limited to the examination of an
incomplete set of variables. 

This study was based on information gathered between
1998 and 2004. Although during that period, insulin initiation
was mainly considered to represent secondary failure of oral
antidiabetes drug therapy, insulin is now recommended as the
initial treatment for patients with type 2 diabetes and marked
hyperglycemia.2,4 It is therefore unclear whether the factors
associated with insulin initiation indicate secondary failure of
oral antidiabetes drug therapy or simply better management
of type 2 diabetes. Indeed, recent improvements in the organi-
zation of care have made it easier and safer to care for older
patients with diabetes.

The main disadvantage of insulin therapy is hypoglycemia.
Reported benefits for patients with type 2 diabetes include
improved well-being and possibly quality of life,27,28 as well as
improved cognitive function,29 partly because of improved
glycemic control. However, others have found lower treat-
ment satisfaction in patients taking insulin.30 Although the ad-
vantages of better metabolic control in patients with type 2 di-
abetes have been advocated for a long time, in particular for
patients aged 40–55 years,31,32 this has recently been chal-
lenged by a study showing that intensive glucose therapy may
be beneficial only in patients aged 65 or fewer years.33 The
clinical decision to initiate insulin requires that the benefits
should outweigh the risks.2

Conclusion
There is a need for better understanding of the role of insulin
in elderly patients who start oral antidiabetes therapy. Further
investigation is needed to explore the relation among
glycemic control, insulin initiation and health outcomes, no-
tably in elderly patients with type 2 diabetes.
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