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Abstract

Background: A pooled analysis of randomized controlled trials of individuals with type 2 diabetes mellitus
(T2DM) was conducted to compare dosing and impact of two basal insulin analogs, insulin glargine (glargine)
and insulin detemir (detemir), on weight and hemoglobin A1c (A1c).
Methods: Twenty-two studies of at least 20 weeks in duration in individuals with T2DM initiating glargine/
detemir were included. Results were combined using a weighted-average method and a bivariate random effect
model. Outcomes included changes in weight, A1c, and insulin dose from study start to end.
Results: One study was head-to-head comparison of glargine and detemir. Detemir (four studies) was admin-
istered once or twice daily, with 50% starting on detemir once daily but needing therapy intensification. Glargine
was used once daily in all 22 studies. The Egger test was borderline significant for change in weight over the
course of the treatment for glargine (0.29; 90% confidence interval [CI] �0.01, 0.58), and heterogeneity was not
observed for detemir (�0.18; 90% CI �0.59, 0.23). Heterogeneity was observed for change in A1c over the course
of the treatment (glargine, �1.19, 90% CI �1.74, �0.63; detemir, �2.65, 90% CI �4.86, �0.45). Nonheterogeneity
for change in A1c over the course of the treatment was achieved by excluding five studies for glargine and one
study for detemir; however, all studies were included in subsequent analyses. In the unadjusted model, glargine
and detemir showed similar results for mean A1c change (�1.4% vs. �1.4%), weight gain (2.5 vs. 1.7 kg), and
weight/A1c (1.8 vs. 1.2 kg/%). A significantly higher detemir dose was needed to achieve the same A1c change
(51.5 vs. 38.8 U/day).
Conclusions: Although absolute weight gain was higher with glargine versus detemir, weight gain per A1c
change was similar. A higher detemir dose was required to achieve a similar A1c reduction.

Introduction

Insulin therapy is the most effective method of re-
ducing blood glucose levels in patients with type 2 dia-

betes mellitus (T2DM). However, it is also well recognized
that improvements in glycemic control can be associated
with an increase in body weight. One study demonstrated
that each 1% absolute reduction in hemoglobin A1c (A1c)
achieved with neutral protamine Hagedorn (NPH) insulin
was associated with an increase in body weight of 2 kg
in patients with T2DM.1 Individuals needing the higher
doses of insulin gain the most weight.2,3 Consequently,
patients with the poorest levels of glycemic control are at
greatest risk of increasing body weight when insulin is
introduced.

The negative impact of weight gain on individuals with
T2DM is both physiologically and psychologically.4–6 The fear
of weight gain is recognized as a psychological barrier that
can lead to a reluctance to initiate and titrate insulin appro-
priately, when oral antidiabetes agents (OADs) fail to main-
tain A1c targets below 7%.7–10 In addition, obesity predicts a
poor response to any type of insulin therapy, especially if
insufficient doses of insulin are used.11,12 Managing weight
gain is, therefore, an important consideration when initiating
insulin therapy for the first time. Changes to lifestyle and diet
can help to offset increases in weight due to treatment, and the
concomitant use of a weight neutral treatment, such as met-
formin, can also be considered.

In the absence of an adequate and sustained response to
lifestyle changes and OADs, basal insulin analogs, such as
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insulin glargine (glargine) and insulin detemir (detemir), offer
a simple approach to the introduction of insulin. Once-daily
dosing with glargine and once- or twice-daily dosing with
detemir are associated with further improvement in glycemic
control and a lower risk of hypoglycemia versus NPH insu-
lin.13,14 Some studies in type 1 diabetes mellitus and T2DM
have suggested that treatment with detemir results in less
weight gain compared with either glargine2,15 or NPH.14,16–24

The differences, however, are relatively small in magnitude
(<2 kg).

The aim of this review was to conduct a literature search to
compare studies involving individuals with T2DM, with or
without prior insulin use, and the impact of glargine and
detemir treatment on weight gain in relationship to reduc-
tions in A1c. An analysis to determine the relationship be-
tween reductions in A1c and final insulin dose was also
performed.

Subjects and Methods

Search terms

The aim of the literature search was to identify randomized
controlled trials that evaluated glargine or detemir in persons
with T2DM. A search of the MEDLINE database was con-
ducted from January 1, 2000 to December 31, 2008 using the
following terms: ‘‘glargine,’’ ‘‘insulin glargine,’’ ‘‘LANTUS�,’’
‘‘HOE901,’’ ‘‘detemir,’’ ‘‘insulin detemir,’’ ‘‘levemir,’’ ‘‘NN304,’’
and ‘‘Type 2 diabetes.’’

Study selection

Randomized, controlled trials were included if they had an
active comparator, the treatment duration was at least 20
weeks, and reported clinical outcomes included A1c, change
in weight or body mass index, insulin dose, and data on
whether concomitant treatment with OADs was used. If nu-
merous published articles existed on a trial, the article that
included the most data was chosen; other related publications
were omitted.

Outcomes

The outcomes analyzed included changes in weight, A1c,
and insulin dose from start to end of study and relationship
between reductions in A1c and changes in weight or insulin
dose at the end of the study.

Statistical analysis

A statistical analysis was carried out involving all studies in
order to assess the change in weight and final insulin dose,
adjusted per 1% A1c reduction.

Importantly, testing for heterogeneity of articles, i.e., that
the results of the studies were similar enough that a combined
estimate would be a meaningful description, was performed
in relationship to A1c and weight using an Egger test and
inverted funnel plots.

A weighted average method was used to combine the re-
sults of the studies using a bivariate random effects model.
The PROC NLMIXED (SAS version 9.2, SAS Institute, Cary,
NC) statistical procedure was used. A first model was built to
estimate change in A1c and weight, and a second model was
constructed with the ratio between the change in weight and

A1c to estimate the final insulin dose with the A1c reduction
and the ratio between the final dose and the A1c change. This
method allows the retention of the maximum amount of data
for the analysis, i.e., the change in A1c when the changes of
weight over the course of treatment are missing.

When SDs were unknown, the maximum SDs observed in
other studies were substituted. This is a conservative method,
in that as a study with unknown variance and a small number
of subjects will have a small weighting in the analysis, with a
bigger weight given to studies with a large number of sub-
jects. This again ensures the maximum amount of data can be
utilized for the analysis. For the weight analysis, body mass
index was used instead for the baseline value because it was
more systematically reported in studies.

A secondary analysis of individuals without history of in-
sulin use was performed using the above methodology.

Results

Summary of analyzed studies

A total of 22 studies were identified using our search cri-
teria: 18 glargine2,25–41 and three detemir14,42,43 trials, with one
study2 involving both glargine and detemir data. Glargine
was prescribed once daily in all 19 studies. Detemir was given
twice daily in one study14 and once daily in one study,42 and
individuals were started on once-daily dosing and progressed
to twice-daily dosing as required in two studies.2,43

Study designs and baseline characteristics of the individ-
uals enrolled in the glargine and detemir trials are presented
in Table 1. In total, 4,091 and 1,086 glargine- and detemir-
treated individuals, respectively, were included in the anal-
ysis. Individuals were non–insulin-treated subjects except in
one study,41 where participants who were receiving a rapid-
acting insulin analog plus NPH either continued their treat-
ment or had the NPH replaced with glargine. The treatment
period was 24 weeks or more in all but one study for dete-
mir,42 where the study duration was 20 weeks. Basal insulin
was given in combination with OADs in all but one study
with glargine.32 Table 2 summarizes the change in A1c,
weight, and insulin dose at the end of the study period for
each of the glargine and detemir trials.

Glycemic control

Baseline A1c ranged from 8.1% to 9.8% and from 8.6% to
9.1% in the glargine and detemir studies, respectively (Table
1). Change in A1c from baseline to end point ranged from
�0.30 to �2.36% for the glargine studies and from �0.8 to
�1.8% for the detemir studies (mean change, 1.4% for both
insulins) (Table 2).

Change in weight

The baseline body mass index ranged from 24.8 to 34.6
kg/m2 in the glargine studies and 28.9 to 30.6 kg/m2 in the
detemir studies (Table 1). The initiation of glargine or detemir
was associated in all studies with increases in weight (Table
2). In individuals taking glargine, weight gain from baseline
to the end of the study ranged fromþ1.4 toþ3.9 kg compared
with þ0.7 to þ3.0 kg in the detemir studies. Of note is that no
difference in weight gain was observed between morning and
evening glargine administration.27,37 Weight gain was higher
in individuals receiving detemir twice daily compared with
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those receiving once-daily detemir. In the single detemir
study providing results stratified by both once- or twice-daily
dosing, the insulin dose in the twice-daily group was almost
double that in the once-daily group, with 55% of participants
requiring twice-daily dosing.2 However, the change in A1c in
the twice-daily group was just 0.04% more than that in the
once-daily group (A1c change, �1.58% vs. �1.52%), whereas
weight gain was 61% higher in the twice-daily group (3.7 vs.
2.3 kg; Table 2).2

Change in insulin dose

Insulin dose at end point ranged from 23 to 68 U in the
glargine studies and from 37 to 71 U in the detemir studies
(see Supplementary Appendix 1 at www.liebertonline.com/
dia). In the two once-daily detemir studies, which allowed
individuals to receive an additional daily injection if target
blood glucose was not reached, 34% and 55%, respectively, of
the subjects required twice-daily detemir at the end of the
study.2,43 Considering all four studies of detemir, 42% of
subjects used detemir twice daily at the end of the studies,
which was associated with higher daily insulin and as evident
in the one detemir study that reported results stratified by
once- or twice-daily dosing2 (Table 2).

Model Results: Weight Gain and Insulin Dose
Adjusted for A1c Reduction

Of note is that 13,2,14,25,28,29,31,33,35,36,38–41

eight,14,26,28,33,37,41,42 and five2,29,31,32,43 studies had missing
SDs for A1c, weight, and insulin dose, respectively, and
therefore the maximum SDs from other equivalent studies
included in the pooled analyses were used instead.

Results of the Egger test were borderline significant in
terms of the change in weight over the course of the treatment
for glargine (0.29; 90% confidence interval [CI] 0.01, 0.58). If
five studies were excluded,32,39–41,44 the Egger test was no
longer significant (0.03; 90% CI �0.34, 0.39). The Egger test
was not significant in terms of the change in weight over the
course of the treatment for detemir (�0.18; 90% CI �0.59,
0.23).

However, heterogeneity was observed for change in A1c
over the course of the study for glargine (�1.19; 90% CI�1.74,
�0.63) with the exclusion of two studies32,41 and detemir
(�2.65; 90% CI �4.86, �0.45). For the change in A1c analysis,
involving the glargine studies, the absence of heterogeneity
was obtained after excluding five studies32,34,39–41 (�0.18; 90%
CI �0.85, 0.49). For the detemir studies, if the study by Hol-
man et al.43 was excluded, the Egger test was no longer sig-
nificant (�0.68; 90% CI �5.86, 4.50).

For the purpose of this pooled analysis, as the Egger test
demonstrated limited heterogeneity in weight gain among the
studies, the absence of excessive variation between all iden-
tified studies validates the pooling of the data. This ensured
that studies with a large number of patients would not be
excluded and that the impact of covariates could be studied.

Change in weight per 1% A1c reduction

For the unadjusted model (inclusion of all studies and
without adjustment for baseline covariates), the changes in
A1c and weight were similar for glargine and detemir: �1.4
versus �1.4% (Fig. 1A) and þ2.5 versusþ 1.7 kg (Fig. 1B),

respectively. There were no important differences seen when
comparing these variables between the two treatment groups
(see Supplementary Appendix 2). Similarly, there was no
relevant difference in the A1c/weight ratio for the glargine
versus detemir groups at 1.8 kg/% versus 1.2 kg/% (Fig. 1C),
respectively.

Change in insulin dose per 1% A1c reduction

Using the unadjusted results, individuals required a higher
detemir dose (36.1 U/day) compared with those receiving
glargine (27.2 U/day) in order to decrease A1c by 1% (dif-
ference,�8.84; 95% CI,�17.7, 0.03 U/day [see Supplementary
Appendix 2]).

In our pooled analysis, the final insulin doses were lower
with glargine than with detemir (38.8 vs. 51.5 U/day; differ-
ence, �12.75; 95% CI, �25.72, �0.21 U/day). The final mean
(�SE) insulin dose per kg for glargine and detemir was 0.45
(0.02) and 0.59 (0.07) U/kg, respectively.

Discussion

In the 22 studies identified for this review, the introduction
of glargine or detemir to individuals with T2DM inadequately
controlled by OADs was associated with a similar reduction
in A1c levels of 1.4%. Both treatments were also associated
with a modest increase in weight that was within the expected
range (increase of 2 kg per 1% reduction in A1c).45 Further-
more, our analysis shows that weight change with glargine
therapy is borderline statistically significantly greater than
that with detemir (P¼ 0.049). There was no difference be-
tween the treatments per 1% reduction in A1c levels. A pre-
vious meta-analysis15 has reported significantly less weight
gain with detemir than glargine, where the analysis was re-
stricted to only one study of detemir and four glargine trials,
all of which are included in the present analysis.15

Our analysis demonstrates that individuals treated with
detemir require a higher dose of insulin compared with in-
dividuals treated with glargine in order to achieve the same
improvement in glycemic control. In the study by Rosenstock
et al.,2 55% of the individuals required twice-daily dosing
with detemir by the end of the 52-week treatment period.
Twice-daily dosing was associated with a higher overall daily
insulin dose and greater weight gain compared with once-
daily dosing. Johnson and Shimshi,46 in their recent meta-
analysis of seven randomized clinical trials comparing detemir
with other basal insulins, demonstrated that the mean total
daily insulin dose was greater for detemir than other basal
insulins.

When the analysis was conducted using only those studies
that included individuals without a history of previous in-
sulin use (the majority of the studies), the results were very
similar, except that the limit of the 95% CI of weight gain
difference was borderline in favor of detemir. The final insulin
dose for detemir was higher (i.e., twice the dose for glargine)
in order to achieve the same levels of glycemic control with
glargine.

Caution should be taken, however, when interpreting re-
sults from the current analysis, as direct comparison is limited
owing to the small number of detemir studies. However, the
results are in agreement with other data indicating that
weight change with detemir is dose-dependent,2 as it is for
other insulins. Moreover, in order to help reach glycemic
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targets, many individuals need to inject detemir twice daily,
thus necessitating an increase in the frequency of adminis-
tration and dosage.7,8

The direct comparison of glargine and detemir data also
supposed that the estimators obtained for each product are
close to the data that would be obtained in real life conditions.
It was not possible to adjust on a potential effect that could
interfere with this difference estimation, as only a meta-
analysis of only randomized head-to-head studies could ad-
dress this issue.

The low numbers of detemir studies compared with the
glargine studies did not allow testing for covariates such as
hypoglycemia and fasting blood glucose. There is also only
one study directly comparing detemir and glargine2 and no
studies comparing once- versus twice-daily regimens of either
insulin. However, the results from our analyses are reassuring
in that the weight gain was within the expected range per 1%
reduction in A1c for both insulin preparations. Our pooled
analysis indicates that weight changes, when adjusted for 1%
reduction in A1c, are consistent with the 4T Trial; in this
study, basal insulin (detemir), not sufficient for all individuals
in terms of A1c change, was associated with significantly less
weight gain than the other two regimens that also contained
rapid-acting insulin.43

This analysis did not adjust for baseline covariates, as this
was only possible for the glargine studies, with the small
number of studies with detemir precluding adjustment.
Therefore, to provide a similar assessment, we have only

presented unadjusted data here. However, even with adjust-
ment for baseline covariates for the glargine studies, the pat-
tern of results did not differ. In addition, patient-level data
were not available for the studies used in the analysis, and
therefore the analysis was carried out with the data as re-
ported in the published studies.

Hypoglycemia is often a limiting factor of insulin therapy
and may limit the magnitude of A1c change13; similarly, the
presence of other adverse events may result in inadequate
dose titration and limit A1c change. However, in this analysis,
we did not adjust for the effect of rates of hypoglycemia on an
individual patient basis (only proportion of patients experi-
encing hypoglycemia was included in the model) or examine
the association between hypoglycemia and change in weight
or A1c over the course of the treatment. Although these were
considered, the methods of reporting the incidence of hypo-
glycemia on an individual basis varied greatly between trials,
and a meaningful analysis of the effect of hypoglycemia on the
change in weight over the course of the treatment was not
possible.

Nevertheless, concerns regarding changes in weight are
still a major barrier for both individuals with diabetes starting
insulin therapy and their caregivers, leading to reduced ad-
herence to insulin regimens and inadequate titration.7,9 Im-
plementation of effective education programs, including diet
and exercise management and self-monitoring of blood glu-
cose, in addition to pharmacotherapy for individuals with
T2DM is a vital element of addressing this barrier.

FIG. 1. Changes in (A) hemoglobin A1c, (B) weight, and (C) A1c/weight ratio for insulin glargine and insulin detemir. *95%
confidence interval of difference �0.34, 0.38; {95% confidence interval of difference 0, 1.66; {95% confidence interval of
difference �0.08, 1.29.
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Conclusions

The evidence from the individual studies included in this
review and the pooled analysis presented confirm that the use
of glargine once daily or detemir once or twice daily as re-
quired was associated with relatively low weight gain. Our
pooled analysis suggests that although the absolute weight
gain was numerically higher with glargine versus detemir, the
weight gain with glargine does not differ from detemir when
adjusted for the reduction in A1c. Individuals treated with
detemir, however, required a higher daily dose of insulin
compared with the individuals treated with glargine in order
to achieve the same A1c reduction. Therefore, at equipotent
dose, the weight gain was not significantly different between
the two basal insulin preparations glargine and detemir.
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