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Regarding the question of how to use
insulin in type 2 diabetes, a system-
atic review conforming to methods

of the Cochrane collaboration was pub-
lished in 2006 (1). This review included
studies published in Medline until May
2004. The analysis compared insulin
monotherapy with combination therapy
with insulin and oral hypoglycemic agent
(OHA) in previously insulin-naive pa-
tients. With use of the methods detailed
in the review (1), 13 randomized con-
trolled trials (RCTs) could be identified
and included 1,811 participants with a
mean age of 60 years and duration of di-
abetes of 10 years. The authors concluded
that bedtime NPH insulin combined with
oral antihyperglycemic agents provides
glycemic control comparablewith that pro-
vided by insulin monotherapy with twice
daily insulin or basal/bolus insulin regi-
mens but is associated with less weight
gain if metformin is used. However, since
May 2004 there has been an exponential
increase in the number of patients partici-
pating in RCTs comparing basal insulin
plus OHA with other insulin regiments
with similar OHA (vide infra). Such studies
have become possible thanks to the devel-
opment of rapid- and long-acting insulin
analogs and commercial support for stud-
ies addressing insulin therapy.

This review focuses on comparison of
different insulin treatment regimens in
both insulin-naive (first objective) and
previously insulin-treated (second objec-
tive) patients with type 2 diabetes. We
wished to examine whether there is an
advantage (glycemic control, weight gain,
or hypoglycemia) of using premixed and
basal-bolus regimens with or without OHA
compared with basal insulin and OHA.
For the first objective, we used the prin-
ciples outlined in the previous Cochrane
review (1) to compare glycemic control
between basal insulin/OHA and other
regimens. The latter included regimens
with premixed insulin twice daily with
or without OHA or regimens using pran-
dial insulin three times daily or multiple
insulin injection therapy (basal and pran-
dial three times daily) with or without
OHA. Although the impact of the number
of insulin injections can only be com-
pared if OHA is the same in the two
arms, it is still common clinical practice
to use premixed insulins and multiple in-
sulin injection regimens without OHA,
which is why such comparisons were in-
cluded. We do not focus on differences
between basal insulin analogs, as this in-
formation is readily available in meta-
analyses (2,3). Data on body weight and
hypoglycemia were also analyzed from

eligible trials in a simple fashion. The sec-
ond objective was to analyze trials com-
paring intensification regimens with
twice-daily premixed insulin and pran-
dial or basal-bolus regimens in previously
insulin-treated patients. These few stud-
ies are discussed individually, as their de-
signs are too heterogeneous to allow
meta-analysis.

METHODSdWe reviewed the litera-
ture with the general objective of defining
how insulin should be used in type 2
diabetes when one considers glycemic
control, weight gain, and hypoglycemia.
We had two specific objectives. First, we
aimed to examine, using methods of the
earlier Cochrane collaboration, whether
insulin-naive type 2 diabetic patients
should be treated with basal insulin
with OHA, with premixed insulin twice
daily with the same or no OHA, or with
an insulin given more than two times
daily (prandial insulin three times daily
or multiple insulin injection therapy)
with or without OHA. The second ob-
jective was to examine whether previously
insulin-treated patients should be treated
with twice-daily premixed insulin and
prandial or basal-bolus regimens in pre-
viously insulin-treated patients.

Criteria for considering studies
Types of studies and patients. For the
first objective, RCTs (any design) with a
minimum follow-up of 2 months includ-
ing .20 insulin-naive type 2 diabetic
patients (total for two arms) were in-
cluded. For the second objective, we
searched for trials using the same search
criteria in previously insulin-treated
patients.
Types of interventions. The following
comparisons were included to meet the
first objective: comparison of basal in-
sulin andOHAwith premixed ormultiple
insulin injections and the same OHA or
no OHA. Studies with inhaled insulin,
which is not on the market, are not
included. Comparisons merely focusing
on use of OHA in combinationwith insulin
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versus use of a similar insulin regimen
without OHA are not included. For the
second objective, any comparison of
insulin regimens we could identify using
the same search strategy as for the first
objective but that was performed in
previously insulin-treated patients was
included.
Types of outcome measures. The main
outcome measure was glycemic con-
trol measured using HbA1c. Additional

outcome measures included insulin
dose, hypoglycemia, and weight gain.

Search methods
The search strategy (81 terms) was as
listed in Table 01 in the meta-analysis
by the Cochrane collaboration (1), and
we selected the studies based on our
objectives. We focused on RCTs in
MEDLINE (1966–October 2012). In
addition, we searched PubMed for

human trials published in English using
the search terms “insulin therapy” and
“type 2 diabetes.”

Methods of review
Two independent reviewers (H.Y.-J. and
A.K.) scanned titles and abstracts for
every record retrieved. The procedures
for quality assessment of trials, data ex-
traction, and data analysis have previ-
ously been described (1).

Figure 1dGraphical representation of studies comparing basal insulin plus OHA with premixed insulin plus OHA (A), premixed insulin alone (B),
prandial insulin plus OHA (C), and multiple insulin alone (D). Paired comparisons in each panel represent two insulin therapy arms: basal insulin
plus OHA (A) and the comparator arm in each pair (B). Arrows indicate baseline and end HbA1c in each study. A black arrow indicates a significant
difference in HbA1c compared with the other arm and a white arrow a nonsignificant difference. The numbers below the arrows denote total insulin
doses (IU/day). *Significant difference in insulin doses between the two arms. The total number of subjects in the two treatment arms is shown above
the arrows. For panelA, the studies are as follows: 1A, Kilo et al. (ref. 20), bedtimeNPH3 1 andmetformin; 1B, biphasic protaminated aspart/aspart
70/303 2 + metformin; 2A, Kilo et al., bedtime NPH3 1 and metformin; 2B, protaminated human insulin/human insulin 70/30 3 2 + metformin
(ref. 20); 3A, Malone et al. (ref. 21), bedtime glargine3 1 + metformin; 3B, lispro protamine suspension/lispro 75/253 2 + metformin; 4A, Raskin
et al. (ref. 22), bedtime glargine3 1 + metformin + PIO (pioglitazone) (;30%); 4B, biphasic insulin aspart 70/303 2 + metformin + PIO (;30%);
5A, Holman et al. (ref. 17), detemir3 1–2 + metformin + sulfonylurea; 5B, 70/30 aspart3 2 + metformin + sulfonylurea; 6A, Buse et al. (ref. 23),
glargine 3 1 + OHA; and 6B, protamine suspension 75% and lispro 25%3 2. For panel B, studies are as follows: 1A, Yki-Järvinen et al. (ref. 24),
bedtime NPH +metformin + sulfonylurea vs. 1B, NPH/regular 70/303 2; 2A, Yki-Järvinen et al. (ref. 24), morning NPH +metformin + sulfonylurea,
vs. 2B, NPH/regular 70/303 2; 3A, Wolffenbuttel et al. (ref. 25), bedtime NPH3 1 + sulfonylurea; 3B, NPH/regular 70/303 2; 4A, Wolffenbuttel
et al. (ref. 25), morning NPH3 1 + sulfonylurea, vs. 4B, NPH/regular 70/303 2; 5A, Janka et al. (ref. 12), morning glargine3 1 + sulfonylurea +
metformin, vs. 5B, NPH/regular 70/30 3 2. For panel C, the studies are as follows: 1A, Landstedt-Hallin et al. (ref. 26), bedtime NPH 3 1 +
sulfonylurea, vs. 1B, regular3 3 + sulfonylurea; 2A, Bastyr et al. (ref. 27), bedtime NPH + sulfonylurea, vs. 2B, lispro3 3 + sulfonylurea; 3A, Bastyr
et al. (ref. 28), bedtime NPH3 1 + sulfonylurea, vs. 3B, lispro3 3 + sulfonylurea; 4A, Kazda et al. (ref. 29), glargine, vs. 4B, lispro3 3; 5A, Holman
et al. (ref. 17), detemir3 1–2 + sulfonylurea + metformin, vs. 5B, aspart3 3 + sulfonylurea + metformin; and 6A, Bretzel et al. (ref. 30), glargine3
1 + sulfonylurea + metformin, vs. 6B, lispro3 3 + sulfonylurea + metformin. For panel D, the studies are as follows: 1A, Yki-Järvinen et al. (ref. 24),
bedtime NPH + sulfonylurea + metformin, vs. 1B, regular3 3 and NPH; 2A, morning NPH + sulfonylurea + metformin, vs. 2B, regular3 3 and NPH
(ref. 24); 3A, Clauson et al. (ref. 31), bedtime NPH and sulfonylurea, vs. 3B, rapid-acting insulin 3 3 and NPH; and 4A, Bastyr et al. (ref. 27),
bedtime NPH + sulfonylurea, vs. 4B, lispro 3 3 + NPH.
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Description of studies
The search provided 2,998 citations. After
exclusion of studies not meeting the
criteria listed above, the remaining ab-
stracts were independently assessed. Of
these, 14 fulfilled the criteria for the first

objective. Reasons for exclusion of studies
(first and second objective) included ab-
sence of two different insulin regimens,
studies including both insulin-naive and
insulin-treated patients without analysis
of these groups separately, lack of RCTs,

only comparisons between basal insulins,
,2 months’ duration or ,20 patients in
the two treatment arms, use of inhaled
insulin, and use of mixed insulins once
or more than twice daily. The list is avail-
able from the authors if required. For the

Figure 2dMean change in HbA1c (%) and corresponding 95% CIs of each comparison separately and pooled. Comparisons and studies are as
described for Fig. 1.
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second objective, a total of six studies
comparing different insulin treatment
regimens in previously insulin-treated pa-
tients was identified. The designs of these
studies were too heterogeneous to allow
any meta-analysis to be performed.

Data extraction
Data extraction was performed by two
reviewers independently (H.Y.-J. and
A.K.). Differences in the extracted data
were discussed and resolved by referring
to the original article.

Data analyses
SDs of changes in HbA1c were derived
from published SEMs. If not provided,
these values were extracted from graphs.
When studies did not provide the change
in HbA1c from baseline values and their
SDs, the change was calculated by sub-
tracting baseline from posttreatment
mean HbA1c values, and the SD of the
change was calculated as previously de-
scribed (1). Adjustments for insulin dose
were performed by dividing the mean
change in HbA1c by the mean insulin
dose in each study at the end of interven-
tion. In Fig. 2, data are given as weighted
mean difference with 95% CI. Heteroge-
neity was calculated using the x2 test and
the I2. Notable heterogeneity was defined
as an I2 substantially.50% (4). Calculations
and forest plots were made using Review
Manager, version 5.0.17 (Copenhagen,
Denmark; Nordic Cochrane Centre, Co-
chrane Collaboration, 2008).

RESULTS

Studies in insulin-naive patients
Comparison of HbA1c between insulin
regimens in insulin-naive patients. A
total of 14 studies met the inclusion
criteria for the first objective (Supple-
mentary Table 1). Thirteen studies
had a parallel, while one had a crossover,
design. The mean dropout rate weighted
by study size was 9.2%. When weighted
by study size, the mean age of the patients
was 58 years, duration of diabetes 9.2
years, BMI 30.2 kg/m2, and study dura-
tion 27 weeks.

As shown in Fig. 1A–D, in none of the
trials performed prior to 2003 was
the glycemic target of 7.0% achieved. The
mean weighted basal insulin dose was 37
IU/day and HbA1c 7.5% (58 mmol/mol).
Comparison of basal and OHA with
premixed insulin and OHA. Use of pre-
mixed insulin and OHA was associated
with a significantly lower HbA1c by

0.28% (95% CI 20.20 to 20.36%, P ,
0.00001) compared with basal insulin
and OHA (Fig. 2A) with notable hetero-
geneity. Mean weighted insulin doses
were higher in the premixed insulin and
OHA (42 IU/day) than in the basal insulin
and OHA (37 IU/day) arms of the studies.
When the mean change in HbA1c was
normalized by the insulin dose, the differ-
ence in HbA1c between basal and OHA
and premixed and OHA regimens was
no longer significant (P = 0.56, test for
overall effect) (Figs. 1A and 2A).
Comparison of basal insulin and OHA
with premixed insulin alone. There were
no differences in the decrease in HbA1c

between basal insulin and OHA and
premixed insulin alone (Fig. 2B). The
weighted mean insulin dose was signifi-
cantly higher in the premixed insulin
alone arms (55 IU/day) in all studies
than in the basal insulin and OHA arms
(25 IU/day) (Figs. 1B and 2B).
Comparison of basal insulin and OHA
with prandial insulin and OHA. Prandial
insulin with OHA was associated with a
slightly greater reduction in HbA1c

(20.40 [95% CI 20.29 to 20.51]) com-
pared with basal insulin with OHA (P ,
0.0001) (Fig. 2C), with notable significant
heterogeneity. In four of six studies, the
insulin dose was significantly higher in
the prandial compared with the basal in-
sulin group (Fig. 1C). The mean weighted
baseline and study end HbA1cs were 9.0%
(75 mmol/mol) and 7.4% (57 mmol/mol)
and insulin dose 44 IU/day in the prandial
and OHA groups (Figs. 1C and 2C).
Comparison of basal insulin and OHA
with multiple insulin alone. There were
no differences in the decrease in HbA1c

between basal insulin/OHA and multiple
insulin injections alone. The mean
weighted insulin dose was 84% higher
in the insulin alone (33 IU/day) than in
the combination therapy (18 IU/day)
arms (Figs. 1D and 2D).
Comparison of weight gain in studies
in insulin-naive patients. In 2 of 21
comparisons, data on weight gain (Fig. 3)
were not available. In 10 of 19 compar-
isons reporting data, weight gain was
significantly less in the basal and OHA
compared with other treatment arms
(Fig. 3). In the other 10, weight gain
did not differ between the regimens.
Mean weighted weight gain in the basal
insulin and OHA arms averaged 2.2 kg
(1.5 kg per 1% decrease in HbA1c),
in the premixed insulin and OHA
arms 3.7 kg (2.0 kg per 1% decrease in
HbA1c), and in the prandial and OHA
arms 3.7 kg (2.4 kg per 1% decrease in
HbA1c).
Comparison of hypoglycemia in studies
in insulin-naive patients. In four com-
parisons, data on hypoglycemia were not
available (Fig. 3). In comparisons be-
tween basal insulin/OHA and premixed
insulin/OHA or prandial insulin/OHA,
the incidence of any hypoglycemia (de-
fined as incidence of hypoglycemia per
patient or percent of patients with hypo-
glycemia if incidence not given) during
the whole study was significantly less in
the basal insulin andOHA arm than in the
premixed or prandial plus OHA arms in 8
of 17 comparisons reporting data. Hypo-
glycemia was not greater in any study us-
ing basal compared with premixed or
prandial/multiple insulin injections with
or without OHA.

Figure 3dWeight gains (left panel) and overall rate of hypoglycemia during the whole study
(right panel). Open squares indicate that the difference in weight gain or overall rate of hypo-
glycemia was not significant between the groups, while closed squares indicate that weight gain or
rate of hypoglycemia was significantly smaller in the basal plus OHA arm compared with the
other treatment arms. Comparisons and studies are as described for Fig. 1.
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Studies in previously insulin-treated
patients
Details of the design and subjects of six
studies performed in previously insulin-
treated subjects are shown in Supplemen-
tary Table 2. Essential results are shown in
Table 1.

Three studies compared addition of
premixed insulin to OHAwith addition of
basal insulin to OHA. In two of the three
studies, glycemic control was better in the
premixed compared with the basal arm.
In all three studies, weight gains were sig-
nificantly higher in the premixed com-
pared with the basal arm. In two of the
three studies, hypoglycemic events were
more frequent in the premixed compared
with the basal arm (Table 1).

Another three studies in previously
insulin-treated patients compared pran-
dial or basal plus prandial insulin with
basal or premixed insulins in the face of
similar OHA. Fritsche et al. (5) compared
premixed with basal plus prandial insulin
therapy in the face of similar OHA. Gly-
cemic control was better in the basal plus
prandial compared with the premixed
group. The patients also gained significantly

more weight in the basal plus prandial
compared with the premixed insulin
group. In the study ofMiser et al. (6), there
was no improvement in glycemic control
from an initial HbA1c of 8.0% (64 mmol/
mol) in either the premixed or the pran-
dial insulin group, although insulin
doses were increased by 26–27 IU/day.
Lack of improvement in glycemic con-
trol could have been due to discontinu-
ation of sulfonylureas at randomization.
In the study by Owens et al. (16), basal
plus prandial insulin and OHA im-
proved HbA1c by 0.4%, which was sig-
nificantly more than with continued
basal insulin and OHA. However, in the
latter group HbA1c decreased only by 0.1%
from a baseline of 8.0% (64 mmol/mol)
(Table 1).

CONCLUSIONSdFor the insulin-naive
patients, we identified 14 trials with rele-
vant comparisons between basal and
OHA and another insulin regimen with
orwithoutOHA (Supplementary Table 1).
The patient characteristics were compara-
ble across the studies with respect to base-
line age, BMI, and diabetes duration.

When Figs. 1 and 2 are considered, it is
obvious that glycemic targets were mostly
not achieved. The meta-analysis suggested
that better control has been obtained with
premixed compared with basal insulin in
the face of similar OHA, as in previous
meta-analyses by Lasserson et al. (7) and
Giugliano et al. (8). This conclusion was
hampered by significant heterogeneity as
in the previous analyses. More impor-
tantly, the difference in glycemic control
disappeared after adjustment for insulin
doses, which were consistently higher in
patients using premixed rather than basal
insulin (Fig. 1). This approach could of
course be criticized, as it is the end glyce-
mic control that matters. Thus, analyses
after adjustment for insulin doses might
be considered irrelevant for clinical prac-
tice. The lower insulin doses in basal in-
sulin treatment arms cannot be attributed
to hypoglycemia, as rates of hypoglycemia
were higher or similar in patients treated
with premixed compared with basal insu-
lins (Fig. 3) (8). In all basal insulin and
OHA studies in Fig. 1, the weighted
mean insulin dose was 37 IU/day and
HbA1c 7.5% (58mmol/mol). This contrasts

Table 1dSubject characteristics and study design of studies including previously insulin-treated type 2 diabetic patients

Previous insulin Rx
and study design HbA1c (%)

Change in
HbA1c (%)

Insulin dose
start→end (IU/day)

Change in
BW (kg)

Overall
hypos Study

Basal + OHA vs. premixed + OHA
comparisons

Basal or premixed 6 OHA
(n = 97, 16 weeks)

Malone et al., 2005 (ref. 13)

Basal + Met 8.5 20.4 21→28 0.06 NS
Premixed + Met 8.5 21.0* 21→33* 0.82*

Insulin (78%) + OHA
(n = 317, 24 weeks)

Robbins et al., 2007 (ref. 32)

Basal + Met 7.8 20.4 53→55 20.5 0.3
Premixed + Met 7.8 20.7* 54→65* 1.2* 0.7***

Basal + OHA (n = 280, 24 weeks) Ligthelm et al., 2011 (ref. 33)
Basal + OHA 21.2 0.63 1.4 3.4
Premixed + OHA 21.3 1.19** 3.1* 6.5***

Premixed 6 OHA vs. basal + prandial 6
OHA comparisons

Premixed 6 Met (n = 310, 52 weeks) Fritsche et al., 2010 (ref. 5)
Premixed + Met 8.6 20.8 58→91 2.2 NS
Basal + prandial 3 3 + Met 8.6 21.3* 52→98 3.6*

Basal or premixed + OHA
(n = 744, 24 weeks)

Miser et al., 2010 (ref. 6)

Premixed, SU stopped 8.0 0.1 46→72 1.0 NS
Basal + prandial 3 3, SU stopped 8.0 0.1 45→72 0.9

Basal + OHA (n = 106, 12 weeks) Owens et al., 2011 (ref. 16)
Basal + OHA 8.0 20.1 55→62 20.4 NS
Basal + prandial 3 1 + OHA 7.8 20.4* 53→68 0.7

BW, body weight; hypos, hypoglycemic events; Met, metformin; n, no. of subjects randomized; Rx, therapy; SU, sulfonylurea. *Significant difference compared with
other arm. **IU/kg; significantly different from other arm. ***No. of hypoglycemic events per patient year; significantly different from the other arm.
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with the much higher insulin doses in the
large studies achieving on average an
HbA1c target of 7.0% (53 mmol/mol)
with basal insulins (9–11). Thus, inade-
quate titration of basal insulin appears to
be a likely explanation for inferior glycemic
control with basal compared with pre-
mixed insulin studies.

Comparison of basal insulin and
OHA with premixed insulin without
OHA (Fig. 1B) or multiple insulin injec-
tions alone (Fig. 1D) showed suboptimal
glycemic control and no significant differ-
ences between the treatment arms except
for one study (12). As expected, insulin
doses were much lower in the combina-
tion therapy than in the premixed or mul-
tiple insulin injection alone arms.

Regarding studies in previously insulin-
treated patients, glycemic targets were not
achieved. In the three studies comparing
premixed and OHAwith basal insulin and
OHA, the insulin doses and weight gains
were greater in the premixed compared
with basal insulin arm. Basal insulin was
inadequately titrated in the two studies
in which glycemic control was better
with premixed compared with basal in-
sulin, as HbA1c at the end of the studies
in the basal insulin arm averaged 8.1%
(65 mmol/mol) (13) and 7.4% (57
mmol/mol) (13).

Given that addition of basal insulin to
previous OHA has been recommended as
the way to initiate insulin therapy in type
2 diabetes (14,15), one would expect to
find studies comparing “intensification”
of insulin therapy by use of prandial in-
jections or replacing basal insulin by pre-
mixed insulin. As shown in Table 1, only
one such study has been performed. This
was a relatively small proof-of-concept
study comparing addition of one prandial
injection to basal insulin with continued
use of basal insulin. In this study, HbA1c

in the basal insulin arm averaged 7.9%
(63 mmol/mol), which is much higher
than has been observed in large studies
adequately titrating basal insulin (9,10).
The study of Miser et al. (6) is difficult to
interpret, as sulfonylureas were stopped
and there was no improvement in glycemic
control with either premixed or basal and
prandial insulin regimens. Finally, in the
study of Fritsche et al. (5), better glycemic
control and more weight gain were ach-
ieved with the basal plus prandial than
with the premixed insulin regimen.

Taken together, the present data in
insulin-naive patients do not demonstrate
differences in glycemic control when the
change in HbA1c is adjusted for the

insulin dose used. The present analysis
was limited to RCTs, which results may
not be applicable to routine practice. Use
of premixed or prandial insulin compared
with basal insulin is associated with more
hypoglycemia and weight gain. These
considerations thus support use of basal
insulin as an option to initiate insulin
therapy, which is in keepingwith the joint
statements by the American Diabetes As-
sociation and European Association for
the Study of Diabetes from 2009 and
2012 (14,15). Although most guidelines
recommend intensification of insulin
treatment by using more than one injec-
tion, data are very limited supporting this
approach. Indeed, only the small proof-
of-concept study (16) included a basal in-
sulin and OHA control arm (Table 1). In
the 4-T study (17,18), patients were ran-
domized to receive biphasic insulin aspart
twice daily, prandial insulin aspart three
times daily, or basal insulin detemir once
daily. In this study, median HbA1cs were
comparable after 3 years but weight gain
and hypoglycemia were less with basal
than with the other insulin regimens. In
this study, however, 68–82% of the pa-
tients were taking a second type of insulin
at the end of the study (18). Even in pre-
viously insulin-treated patients, the fre-
quency of hypoglycemia and weight
gain increases as the number of insulin
injections increases (Table 1). This im-
plies that intensification with either con-
tinued titration of basal insulin or
addition of newer agents such as gluca-
gon-like peptide 1 analogs to basal insulin
(19) might be more attractive options
than an increase in the number of insulin
injections.
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