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Introduction
Type 2 diabetes mellitus (T2DM) is characterized by both insulin 

resistance and a progressive decline in insulin secretion. This means 
that for most patients with T2DM, intensification of blood glucose–
lowering therapy, including the use of insulin, becomes inevitable 
over time [1,2]. In addition, landmark clinical trials such as the United 
Kingdom Progressive Diabetes Study have shown that good glycemic 
control early in the disease process is mandatory to prevent long-
term (macro) vascular complications [3]. National and international 
guidelines, such as the American Diabetes Association (ADA)/
European Association for the Study of Diabetes (EASD) consensus 
statement, therefore focus on timely intensification of blood glucose-
lowering treatment [4,5]. Basal insulin therapy is recommended as a 
first step of intensification by the ADA/EASD [4]. 

Several randomized, controlled trials have compared the efficacy 
and safety of the basal insulins, insulin glargine and insulin detemir, in 
patients with T2DM [6-10]. Detemir has been shown to require up to 
75% higher doses than glargine to obtain comparable glycemic control 
[8,9,11]. Since results from randomized, controlled trials can differ 
considerably from results in a real-life setting [12,13], we investigated 

glycemic control, persistence of insulin use, and insulin dose of glargine 
and detemir in daily practice in The Netherlands in a retrospective, 
observational cohort study. 

Materials and Methods 
This was a retrospective study of data obtained from the PHARMO 

medical record linkage system (PHARMO RLS) in The Netherlands. 
The PHARMO RLS is a population-based, patient-centric data 
tracking system that includes high quality, complete information of 
patient demographics, drug dispensings, hospital morbidity, clinical 
laboratory results, pathological findings, and general practitioner 
information of approximately 3.1 million patients in The Netherlands 
[14-17]. The population included is a sample of the general population, 
living in a geographically defined area where virtually all patient-filled 
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Abstract
Background: In randomized controlled trials, patients with type 2 diabetes mellitus required higher doses of insulin 

detemir than insulin glargine to obtain the same glycemic control. However, this may differ in daily clinical practice.

Methods: We conducted a cohort study to compare glycemic control, daily basal insulin dose and persistence in 
The Netherlands. Data were obtained from the PHARMO record linkage system. Patients starting glargine or detemir in 
2004 through 2007 were included if they had a follow-up and history of at least 1 year, including glycated hemoglobin 
(HbA1c) measurements. Glycemic control and insulin dose were compared within 1 year after start of treatment. Average 
insulin dose was calculated based on the amount of insulin dispensed over time. 

Results: A total of 708 patients on glargine and 298 on detemir were included. Patients starting glargine had 
less often used insulin in the previous year (19 versus 31%, P<0.001) and less often used oral antihyperglycemic 
drugs concomitantly (61 versus 67%, P<0.05) than those starting detemir. Despite a higher mean HbA1c at baseline 
in patients who started glargine (8.6% versus 8.4%), the change from baseline in HbA1c at follow-up was greater with 
glargine (–0.9%) than with detemir (–0.4%, P<0.001). The proportion of patients with HbA1c < 7% was similar between 
the two cohorts. Mean insulin dose at follow-up was significantly lower with glargine than with detemir (31.3 IU versus 
36.6 IU, P<0.01). 

Conclusions: Patients with type 2 diabetes mellitus who were treated with insulin glargine achieved better glycemic 
control with lower insulin doses than did patients who were treated with insulin detemir.
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method has been used in other studies using real life data [18,19]. 
Although this dose estimation may be an overestimation of the actual 
administered dose because excess insulin may be disposed of some 
weeks after first use of a prefilled insulin pen, the error was assumed 
to be equal for both insulin types. Glycemic control and insulin dose 
were compared within 1 year after start of treatment but before any 
treatment change.

Statistics

All data were analyzed using SAS programs organized within SAS 
Enterprise Guide version 3.0 (SAS Institute Inc., Cary, NC, USA) and 
conducted under UNIX using SAS version 9.1. Univariate comparisons 
of categorical patient characteristics, glycemic parameters, and the 
proportion of patients with insulin treatment changes within 1 year 
of follow-up were compared between users of glargine and detemir 
using Chi-squared tests. Continuous data, such as HbA1c levels and 
reductions, glucose levels, and time to treatment change were compared 
between users of glargine and detemir using t tests. The association 
between insulin type and glycemic control was tested with univariate 
and multivariate linear regression methods with change in HbA1c 
level as the dependent variable. To adjust for possible confounders, 
univariate analyses were performed first to determine which patient 
characteristics (except for covariates with a frequency of <5% in one of 
the treatment groups and concomitant OAD use) were associated with 
change in HbA1c level. A multivariate model was built on the basis of 
the univariate analyses. Age, gender, and baseline HbA1c by definition 
were included in the multivariate model. Patient characteristics that 
changed the regression coefficient of insulin type by at least 5% were 
retained in the multivariate model. The order of introduction of each 
of the covariates was determined by the magnitude of their univariate 
association with HbA1c. The multivariate model was corrected for prior 
insulin use.

Results
A total of 1006 patients with T2DM (glargine, n = 708; detemir, n = 

298) were included in the analysis (Figure 1). Patients starting glargine 
were slightly younger, had less often used insulin in the previous year, 
and had less often used OADs concomitantly than those starting 

prescriptions from general practitioner (GP) or specialist are captured 
in the PHARMO database.

Study objectives

The primary objective of this analysis was to compare glycemic 
control, using change in HbA1c levels and insulin dose, between 
glargine and detemir in patients with T2DM. 

Patient selection

Patients with T2DM, defined as those patients who at any 
time during their available history or follow-up have used oral 
antihyperglycemic drugs (OADs), were identified. Patients, who in 
addition to their OADs, started insulin treatment with glargine (Lantus®, 
ATC code A10AE04) or detemir (Levemir®, ATC code A10AE05) 
between January 2004 and December 2007 were included. Patients 
with one or more episodes of monotherapy with glargine or detemir 
(i.e. no use of other insulin preparations) were eligible, provided that 
at least one of these episodes was preceded by a year of history in the 
database and they had not used the same type of insulin in the year 
preceding that episode. The start date of the first episode meeting these 
requirements was called the cohort entry date, and the type of insulin 
used during this episode was called the index treatment. Patients were 
excluded if they did not have a follow-up of 1 year in the database or did 
not have HbA1c measurements from the clinical laboratory recorded in 
the database both at baseline (i.e. in the year prior to cohort entry date 
or up to 2 weeks after cohort entry date) and at follow-up (6 weeks to 1 
year after cohort entry or 2 weeks after a change in insulin treatment). 

Glycemic control and insulin dose

Baseline HbA1c measurements in the 1 year prior to and up to 2 
weeks after cohort entry date were eligible as baseline values. If multiple 
measurements were available, the measurement closest to cohort entry 
date was selected. The measurement closest to 1-year follow-up, but 
within the index treatment period (6 weeks after cohort entry date up to 
maximally 2 weeks after a treatment change) was defined as the follow-
up HbA1c measurement. For baseline fasting glucose, the measurement 
closest to cohort entry date was selected. The measurement of fasting 
glucose closest to the 1 year of follow-up, but within the time up to 
a treatment change, was defined as the follow-up measurement. The 
availability of fasting glucose levels was not required for inclusion. 
Persistence was defined as the percentage of patients who continued 
the original treatment with glargine or detemir for the 1-year follow-up 
without any changes, including adding fast-acting insulin.

Insulin dose amounts were not directly obtained from the medical 
records; estimations of the dose were calculated based on the dispensed 
amount of insulin over time. An algorithm for the calculation of the 
insulin dose was made taking several considerations into account (e.g. 
patients usually keep a ‘buffer supply’ of insulin at home, titration 
of the insulin dose will likely take place in the first few months of 
therapy, and the dispensed amount of insulin will be larger than the 
amount injected). If insulin was dispensed two or more times in the 
first 6 months, the insulin starting dose was determined by dividing 
the amount of insulin dispensed the first two times by the number of 
days between the first and third times. No insulin starting dose was 
calculated when insulin was only dispensed once within the first 6 
months or when a second dispensing within 6 months of cohort entry 
date was not followed by a third dispensing. The dose at follow-up was 
calculated similarly, using the last two measurements before the follow-
up measurement, provided that they were followed by a third insulin 
dispensing within maximally 6 months of the second dispensing. This   

Figure 1: Patient selection (Detemir number [n = 344] is being fixed).
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detemir (Table 1). About two-thirds of all patients concomitantly 
used OADs with their index treatment. Cardiovascular comedication 
and comorbidity were similar between patients starting glargine and 
detemir. Approximately 20% of all patients had a hospitalization for 
cardiovascular disease in their total available history, most of whom 
had been hospitalized for ischemic heart disease. Over two-thirds of all 
patients used antihypertensive medications, and over one-third used 
platelet inhibitors in the year prior to cohort entry date. 

Insulin dose and glycemic parameters

The mean starting dose of insulin was similar in the two cohorts, 
whereas the mean dose at follow-up was significantly lower in patients 
who started glargine than in those who started detemir (Table 2). 
Despite a higher mean HbA1c at baseline in patients who started 
glargine, HbA1c was lower at follow-up and the change from baseline in 
HbA1c was greater in these patients than in those who started detemir 
(Table 2). The proportion of patients at goal (HbA1c < 7%) was similar 
between the two cohorts. Mean baseline fasting plasma glucose levels 
were higher for patients who started glargine than for those who 
started detemir, but the levels were similar in the two cohorts at follow-
up (Table 2). The change from baseline was significantly greater for 
patients who started glargine compared with those who started detemir.

Persistence

Of the patients who started glargine, 63% persisted with their 
treatment for 1 year compared with 49% of patients who started 
detemir (P<0.001). Mean (standard deviation [SD]) time to treatment 

change was 208 (74) days for patients who started glargine and 199 (83) 
days for patients who started detemir.

Multivariate analysis of HbA1c reduction

The association between the type of insulin used and glycemic 
control was tested by multivariate regressions (Table 3). Age, gender, 
year of start, prescriber, prior insulin use, and baseline HbA1c were 
retained in the multivariate model, whereas prior use of OADs, presence 
of any cardiovascular comorbidity, and the use of antihypertensive, 
platelet inhibitor, or nitrate comedications were not. After adjustment 
for these covariates, the mean HbA1c reduction was still significantly 
greater for patients who started glargine compared with those who 
started detemir (–0.17; 95% CI: –0.31, –0.02).

Discussion 
The results of this retrospective, observational cohort study of 

daily clinical practice in The Netherlands revealed that within 1 year of 
initiating insulin therapy a similar percentage of patients with T2DM 
achieved HbA1c < 7% with lower doses of insulin and slightly better 
HbA1c when started on glargine than on detemir. Patients who started 
glargine also had a greater change in fasting blood glucose, and fewer 
of them changed treatment within 1 year compared with those who 
started detemir. These findings are limited, however, by the lack of 
recorded data on hypoglycemic episodes in the PHARMO medical 
record linkage system. The effects of either treatment on the incidence 
or severity of hypoglycemia could not be evaluated.

The lower dose requirement for glargine compared with detemir 

Characteristics

Glargine
n = 708

Detemir
n = 298 Glargine versus detemir

n (%) n (%) Chi-square P value
Gender 0.12
   Male 397 (56) 151 (51)
   Female 311 (44) 147 (49)
Age, mean (SD), years 63 (13) 64 (13) <0.05
Prescriber 0.75
  General practitioner 350 (49) 144 (48)
   Specialist 358 (51) 154 (52)
Prior anti-diabeticsa

   Insulinb 132 (19) 92 (31) <0.0001
   OADs 662 (94) 271 (91) 0.15
Concomitant OAD use 430 (61) 201 (67) <0.05
Comorbidityc

   Any cardiovascular diseased 123 (17) 64 (21) 0.13
      Ischemic heart disease 98 (14) 47 (16) 0.43
      Cerebrovascular accident 32 (5) 15 (5) 0.72
      Peripheral vascular disease 6 (1) 5 (2) 0.25
   Congestive heart failure 17 (2) 10 (3) 0.39
   Chronic kidney disease 0 (0) 1 (<0.5) 0.12
Comedicatione

   Antihypertensives 476 (67) 210 (70) 0.31
   Platelet inhibitors 264 (37) 110 (37) 0.91
   Nitrates 81 (11) 37 (12) 0.66
   Digoxin 31 (4) 15 (5) 0.65

SD, standard deviation; OADs, oral anti-diabetic drugs. 
aIn year prior to cohort entry date.
bOther type of insulin than index treatment.
cBased on hospitalizations in the total available history.
dIschemic heart disease or cerebrovascular accident or peripheral vascular disease.
eBased on drug dispensings in the year before cohort entry date.

Table 1: Patient baseline characteristics.
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Glargine 
(n = 708)

Detemir 
(n = 298)

Glargine versus detemir
P value

Baseline Follow-up Baseline Follow-up Baseline Follow-up
Insulin dose (IU)
  n (%) 629 (89) 629 (89) 254 (85) 254 (85) 0.11 0.11
  Mean (SD) 31.2 (24.0) 31.3 (22.6) 32.0 (22.7) 36.6 (24.8) 0.68 <0.01
HbA1c (%)
  n (%) 708 (100) 708 (100) 298 (100) 298 (100)
  Mean (SD) 8.6 (1.4) 7.7 (1.2) 8.4 (1.4) 7.9 (1.2) <0.05 <0.05
  Change from baseline, mean (SD) –0.9 (1.4) –0.4 (1.4) <0.001
  Patients with HbA1c < 7%, n (%) 70 (!0) 196 (28) 35 (12) 70 (23) 0.38 0.17
Fasting plasma glucose (mmol/L)
  n (%) 512 (72) 458 (65) 222 (74) 171 (57) 0.48 0.48
  Mean (SD) 11.0 (3.9) 8.6 (3.0) 10.4 (3.5) 8.6 (2.8) <0.05 <0.05
  Change from baseline, mean (SD) –2.6 (4.3) –1.8 (3.8) <0.05

Table 2: Baseline and follow-up insulin dose and glycemic parameters.

 
Multivariate (adjusted) 
regression coefficient

n Estimate 95% CI P value

Index treatment

Detemir 298 0 Reference

Glargine 708 –0.17 (–0.31, –0.02) <0.05

Covariates

Age, years 1006 –0.01 (–0.01, 0.00) <0.001

Gender

Male 548 0 Reference –

Female 458 0.13 (0.00, 0.26) 0.06

Start year

2004 255 0 Reference –

2005 263 0.06 (–0.12, 0.24) 0.54

2006 210 –0.14 (–0.34, 0.05) 0.15

2007 278 0.27 (0.08, 0.45) <0.01

Prescriber

General practitioner 494 0 Reference –

Specialist 512 –0.16 (–0.29, –0.03) <0.05

Prior anti-diabetics usea

Insulin 225 0.69 (0.52, 0.85) <0.001

Baseline HbA1c (%) 1006 –0.60 (–0.65, –0.55) <0.001

aBased on drug dispensings in the year before cohort entry date.
Table 3: Multivariate regression of HbA1c reductions in patients with type 2 diabetes mellitus treated with glargine or detemir.

is consistent with results from randomized clinical trials [8,9,11]. 
The total insulin dose and the difference in dose between glargine 
and detemir were much greater in the clinical trials than in this 
retrospective analysis, most likely because of the forced titration 
paradigms and the controlled setting used in the clinical trials. Also, 
the dosing frequency per day in these paradigms is higher for detemir 
than for glargine. Whether this is also the case in our study could not 
be determined from the data. These factors probably also contributed 
to the greater improvement in HbA1c and to the lack of a difference 
in glycemic control between glargine and detemir in the clinical trials 
[6-10]. When taken together, glargine appears to be more efficacious 
than detemir, i.e. either equivalent glycemic control is achieved with 
a lower dose of glargine than detemir (as is the case when both are 

titrated appropriately) or a smaller difference in insulin dose between 
analogs results in significantly greater glycemic control with glargine 
(as was observed in this analysis). Age, gender, year of start, prescriber, 
prior insulin use, and baseline HbA1c were shown by multivariate 
regression to contribute to the greater reduction in HbA1c with glargine 
than detemir. Even after adjustment for these factors, the mean HbA1c 
reduction was still significantly greater with glargine than detemir. 
These results suggest that treating to target is less rigorously applied in 
daily clinical practice than in clinical trials. 

This observational analysis of daily practice in The Netherlands 
shows that more patients started on glargine than detemir, which 
reflects the difference in prescribing patterns between the two analogs 
across the country and may be the result, at least in part, of greater 
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experience with glargine than detemir. In The Netherlands, general 
practitioner guidelines for treating patients with T2DM recommend 
starting insulin therapy with Neutral Protamine Hagedorn (NPH) 
insulin, and switching to basal insulin analogs is only recommended 
if NPH insulin causes nocturnal hypoglycemia [5]. Thus, patients 
starting glargine or detemir are more likely to have more severe disease 
and therefore a higher probability of being more difficult to treat. The 
fact that a larger proportion of detemir users had used insulin the year 
before starting detemir treatment and were using more OADs suggests 
that glycemic parameters in these patients may have been even more 
difficult to manage.  Information on duration of diabetes mellitus was 
not available. We were therefore not able to check whether patients 
on detemir had longer duration of diabetes mellitus at inclusion in the 
study. As detemir has been associated with a less pronounced weight 
gain, this group also could have been selected because they were more 
obese and thus more difficult to treat. These factors may also explain 
why detemir users were less persistent than glargine users. In this 
study, most of the patient characteristics that relate to disease severity, 
i.e. age, prescribing physician, and prior cardiovascular disease, were
similar between the two cohorts, and thus the risk of cardiovascular
disease would most likely also be similar. Hypoglycemic events were
not separately recorded. Patients on glargine may have experienced
more hypoglycemic events, explaining the lower HbA1c. However,
a recent meta-analysis showed similar frequencies of hypoglycemic
events in glargine and detemir users [20]. Unfortunately, information
was unavailable on the body mass index of these two groups. In analyses
of a geographically defined subpopulation with body mass index
measurements available from GP monitoring data, we observed no
difference between detemir and glargine users, but the data are limited.
Because of the observational nature of this study, confounding by
these factors and other unrecorded patient or physician characteristics
cannot be excluded.

Conclusion 
Compared with insulin detemir, better glycemic control was 

achieved with significantly lower doses of insulin glargine in patients 
with T2DM in a real-life setting in The Netherlands. 
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