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OBJECTIVE

To compare glycemic control during continuous subcutaneous insulin infusion
(CSII) and multiple daily insulin injections (MDI) in people with type 2 diabetes
to identify patient characteristics that determine those best treated by CSII.

RESEARCH DESIGN AND METHODS

Randomized controlled trials were selected comparing HbA1c during CSII versus
MDI in people with type 2 diabetes. Data sources included Cochrane database
and Ovid Medline. We explored patient-level determinants of final HbA1c level
and insulin dose using Bayesian meta-regression models of individual patient
data and summary effects using two-step meta-analysis. Hypoglycemia data were
unavailable.

RESULTS

Five trials were identified, with 287 patients randomized to receiveMDI and 303 to
receive CSII. Baseline HbA1c was the best determinant of final HbA1c: HbA1c differ-
ence (%) = 1.5752 (0.216 [95% credible interval 0.371–0.043]3 baseline HbA1c) for
all trials, but with largest effect in the trial with prerandomization optimization of
control. Baseline insulin dose was best predictor of final insulin dose: insulin dose
difference (units/kg) = 0.1245 2 (0.382 [0.510–0.254] 3 baseline insulin dose).
Overall HbA1c difference was 20.40% (20.86 to 0.05 [24.4 mmol/mol (29.4 to
0.6)]). Overall insulin dose was reduced by20.25 units/kg (20.31 to20.19) (26%
reduction on CSII), and by224.0 units/day (230.6 to217.5). Mean weight did not
differ between treatments (0.08 kg [20.33 to 0.48]).

CONCLUSIONS

CSII achieves better glycemic control than MDI in people with poorly controlled
type 2 diabetes, with ∼26% reduction in insulin requirements and no weight
change. The best effect is in those worst controlled and with the highest insulin
dose at baseline.

1Division of Diabetes & Nutritional Sciences,
King’s College London, and Guy’s Hospital,
London, U.K.
2Department of Endocrinology, University of
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There is now a well-established evi-
dence base for the routine clinical use
of continuous subcutaneous insulin in-
fusion (CSII; insulin pump therapy) in se-
lected people with type 1 diabetes who
have failed to achieve target levels of
glycemic control with the best insulin
injection regimens (multiple daily insu-
lin injections [MDI]) and structured di-
abetes education (1,2). In many such
patients, there can be a clinically valu-
able, sometimes substantial, reduction
in HbA1c level and all grades of hypogly-
cemia on switching to CSII.
The value of insulin pump therapy in

people type 2 diabetes is less certain.
Some national guidelines for insulin
pump therapy (e.g., the U.K. National
Institute for Health and Care Excellence
Technology Appraisal of CSII) (2) do not
recommend this treatment for type 2 di-
abetes. This is despite the fact that at
least one-quarter of people with type 2
diabetes receiving insulin injections
have very poor glycemic control, say
an HbA1c level $9% (75 mmol/mol)
(3), and new options for improving con-
trol are urgently needed. Present guid-
ance on not using CSII in people with
type 2 diabetes is largely based on the
limited and variable evidence of the ef-
ficacy of insulin pump therapy in this
type of diabetes in the relatively small-
scale randomized controlled trials
(RCTs) published over the last several
years (4–7), where there is support
both for and against the superiority of
CSII versus MDI in reducing HbA1c. A
meta-analysis (8) of aggregate data
from four trials of CSII versus MDI in
type 2 diabetes (including one in newly
diagnosed type 2 diabetes) reported no
difference in HbA1c levels between
treatments.
A recent large-scale, multicenter RCT

(9) reported that people with type 2 di-
abetes with poor glycemic control that
persisted after a period of optimized
MDI achieved a substantially better
HbA1c level while receiving treatment
with CSII than while receiving MDI
(mean difference between groups 0.7%
[8 mmol/mol]), with 20% less total daily
insulin dosage and without an increase
in hypoglycemia or weight gain. With
data from this new trial, it is likely that a
meta-analysis of all available RCTs may
now provide a more robust view of the
comparative effectiveness of CSII and
MDI in individuals with type 2 diabetes.

However, since the differing efficacy of
CSII in trials may be due to the different
characteristics of the participants at base-
line, such as level of glycemic control,
rather than estimating just the overall
pooled effect size (reduction in HbA1c), it
is more important to explore how the ef-
fectiveness of CSII depends on patient
characteristics suchas age, baselinequality
of control, and insulin requirements, a
strategy that has the potential to inform
patient-centered therapeutic decision-
making (10). The analysis approach that
enables this most reliably and with most
power is the use of individual patient data
(11).

The purpose of this study, therefore,
was to perform an individual patient
data meta-analysis and meta-regression
of RCTs that have compared glycemic con-
trol with CSII with MDI in patients with
type 2diabetes in order to test the hypoth-
esis that CSII achieves significantly lower
HbA1c levels than MDI in identifiable pa-
tient groups. We aimed to model the de-
terminants of final HbA1c level and insulin
requirements on these therapies, as this
may identify the individuals with type 2
diabetes who are most likely to benefit
from CSII and, in due course, allow appro-
priate cost-effectiveness analyses to be
performed if insulin pump therapy is found
to be clinically valuable.

RESEARCH DESIGN AND METHODS

We followed recent guidance on the
conduct and reporting of individual patient
data meta-analyses (12,13). The protocol
was predefined, and the meta-analysis
registered with ClinicalTrials.gov (clinical
trial reg. no. NCT02910141). All original
trials selected for analysis operated under
the supervision of an appropriate human
ethics committee. The current analysis in-
volved anonymized data only.

Data Sources and Searches
Trials were identified without language
restriction as those published up to
January 2016 that met the inclusion crite-
ria. We searched the Cochrane Database
for RCTs, Ovid Medline, Embase, and
Google Scholar (search terms “diabetes
mellitus,” “diabetes mellitus type 2,”
“CSII,” “MDI,” “insulin pump therapy,”
and “randomized controlled trial”). We
also searched literature cited in retrieved
articles, previous meta-analyses, and lists
of articles supplied by the manufacturers
of insulin pumps.

Study Selection and Eligibility Criteria
Two independent reviewers (J.C.P. and
Y.R.) decided on trial eligibility. We se-
lected for inclusion RCTs comparing gly-
cemic control during CSII and MDI in
participants with type 2 diabetes who
had been studied for at least 2 months.
We excluded observational studies; re-
views, surveys, andmeta-analyses; cost-
effectiveness analyses; trials of CSII in
type 1 diabetes, pregnant women, and
newly diagnosed diabetes; studies that
were short term (,2 months) or where
MDI was not the comparator; studies
where participants had not previously
been treated by insulin; duplicate re-
ports; and extensions of previous trials.
Differences concerning trial eligibility or
data interpretation were resolved by
consensus after discussion.

Data Extraction and Quality
Assessment
Trial quality was assessed by the compo-
nents of a 6-point scale, according to the
method of Jadad et al. (14) (based on the
study being randomized, the randomi-
zation scheme being described and be-
ing appropriate, whether the study
was double blind, a description of the
method and appropriateness of blind-
ing, and a description of withdrawals
and dropouts) but with an additional
item for reporting allocation conceal-
ment (the person randomizing is blinded
to next treatment allocation). A score
of$3 was considered appropriate qual-
ity for inclusion in the meta-analysis.

Data on individual participants in the tri-
als that met the criteria for meta-analysis
were obtained from the original research
team or the funding sponsors who held
the trial data. We asked the sources to
provide information on individual trial
participants, including age, sex, dura-
tion of diabetes, treatment group (CSII
or MDI), and baseline and final HbA1c
levels, insulin dose, weight, and BMI.
We recontacted authors for further clari-
fication when there were issues over the
interpretation of data or when additional
data were required. For aggregate data
meta-analysis, summary information was
extracted from text, tables, and graphs in
published articles.

Theprimary outcomewas glycemic con-
trol at study completion, as measured by
HbA1c level. The secondary outcomes
were insulin dose (total units per day and
units per kilogram) and weight at study
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completion. We did not analyze data on
hypoglycemia because we could not ob-
tain complete information on this for all
trials; BMI at study completion was also
analyzed but was recorded in only four
studies. Center information was not avail-
able for multicenter trials.
We included data from the partici-

pants who had completed each trial. In
the two crossover trials, we analyzed
data from the first period only in the
primary analysis because of evidence
of a carryover effect and the absence
of a washout period in one study.
We checked the consistency of data

by comparing major participant charac-
teristics and results in published reports
of the trials with analyses of files from
individual patient data. Clarifications
were sought and discrepancies were
resolved when possible by contacting
investigators. Assessment of potential
study bias included baseline imbalances,
design of crossover studies (presence of
washout period, evidence of carryover),
and inclusion of patients of one type
in studies (e.g., only elderly or obese
participants).

Data Synthesis and Analysis
Patients with missing data were ex-
cluded from analysis. To explore the
effect of patient-level covariates on
outcome, we carried out a one-step
meta-regression analysis (modeling the
impact of potential effect size modifiers
on the effect size) by creating a single,
large data set from the individual patient
data. In this way, we explored the deter-
minants of final HbA1c level and insulin
dosage using a hierarchical random-effects
regression model considering the co-
variates sex, age, study duration, diabetes
duration, baseline HbA1c level, insulin
dose, and weight. Initially, we fitted all
covariates separately, and thenwe created
best-fit models considering all covariates
of interest for each outcome. Thedeviance
information criterion (a Bayesian method
for model comparison that balances
“goodness-of-fit” with model complexity,
calculated by WinBUGS) was used for
choosing between models, with differ-
ences in the criterion of three or more
considered to be important (15).
We assessed the potential impact of

ecological/aggregation biases by decom-
posing the variability accounted for by
covariates into between- and within-study
variability to check covariate effects were

not being influenced by between-study in-
formation (16).

Deviance residuals were examined for
extreme points and models recalculated
to ensure robustness to the exclusion of
the most influential points.

To explore overall mean effect sizes,
we carried out a meta-analysis of individ-
ual patient data for HbA1c, insulin dose,
weight, and BMI using a two-step ap-
proach. Initially, we modeled individual
patient data for each trial using a linear
regression model including terms that dis-
tinguished between CSII and MDI treat-
ment groups and baseline measurements
to produce a treatment effect estimate
and associated SE for each trial. Using a
random-effects meta-analysis, we then
combined these to calculate an overall ef-
fect size for the difference in means be-
tween treatments. In sensitivity analyses,
we explored robustness by also carrying
out meta-analysis with a fixed-effect
model.

We did not explore potential publica-
tion bias using a funnel plot because the
number of trials analyzed was,10 (17);
however, we quantified heterogeneity
between trials by the I2 statistic (the
percentage of variability in effect due
to heterogeneity rather than sample er-
ror), with .50% representing substantial
heterogeneity and .75% representing
considerable heterogeneity.

Stata version 11 was used for the
meta-analysis of aggregate data and
the two-stage individual patient data
meta-analysis. We used the Bayesian
Markov Chain Monte Carlo software in
WinBUGS version 1.4.3 to carry out the
one-stage regression analyses on all the
individual patient data. Prior distribu-
tions for all model parameters were
specified as vague. For all models, we
used a minimum burn-in of 10,000 and
sample size of 30,000. All models were
checked for the convergence of all vari-
ables using the history and density plots
available in WinBUGS version 1.4.3. To
confirm the convergence of the best-
fitting regression models, we fitted
these with two different sets of initial
values and produced a Gelman-Rubin
plot to check convergence. Further de-
tails of statistical procedures are avail-
able from the authors on request.

RESULTS

The initial literature search identified
90 publications, of which 70 concerned
insulin pump therapy in persons with
type 2 diabetes (Fig. 1).We then excluded
22 reviews, surveys, cost-effectiveness
analyses, or methods articles; 10 short-
term studies; 3 trials of CSII in pregnancy;
5 trials in newly diagnosed diabetes;
6 trials where the comparator was not
MDI; 13 trials that were not RCTs; and

Figure 1—Flow diagram showing selection of studies for individual patient data meta-analysis of
glycemic control during CSII and MDI in type 2 diabetes. CE, cost-effectiveness.
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6 duplicate articles. Five RCTs (4–7,9)
that compared glycemic control during
CSII or MDI were selected as being eli-
gible for meta-analysis. Individual pa-
tient data were obtained from all five
eligible trials, consisting of 590 partici-
pants with type 2 diabetes who were ran-
domly allocated to receive MDI (n = 287)
or CSII (n = 303).

Study Characteristics
Table 1 shows the characteristics of the
trials included in the meta-analysis.
Three studies were parallel RCTs (one
multicenter) (4,5,9), and two studies
were crossover RCTs (6,7). The study du-
ration ranged from 3 to 24 months, and
the dropout rate ranged from zero to
27.5%. The baseline HbA1c level varied
between trials from 8.1% (65 mmol/mol)
to 9.6% (81 mmol/mol), and the baseline
insulin dose ranged from 0.72 to 1.16
units/kg. Oral antihyperglycemic agents
were either not used or discontinued
in three trials (4,5,7) or prior use of
metformin was continued (6,9) in the
others. All five trials scored 3 of 6 on
the study quality scale because of the
absence of double blinding (not possi-
ble with trials of insulin pump therapy)
and because of the lack of allocation
concealment or information on this.
Notable features of the design, the

risk of bias and the interpretation of
trials are also shown in Table 1. These
include an absence of a washout period
in one crossover trial (7); evidence of
carryover effect in a crossover trial (7);
baseline imbalances in age (7), sex (5),
insulin dosages (5), and weight (5); miss-
ing BMI data in one trial (6); inclusion of
only older participants in one study (5)
or obese participants in another (6); and
some discrepancies between the indi-
vidual patient data and the published
information (6). Most agreement be-
tween individual participant data (IPD)
and reported data were found for the
OpT2mise trial (9). Two studies used
long-acting insulin analogs as the basal
insulin with short-acting insulin analogs
before meals, two studies used types of
isophane insulin as the basal insulin, and
one study used three daily injections of
premixed isophane/short-acting insulin.
In one study (9), participants underwent
a prerandomization run-in period designed
to optimize glycemic control withMDI, and
only thosewho still hadpoor control (HbA1c
8–12% [64–108 mmol/mol]) and were

T
a
b
le

1—
St
u
d
y
ch

a
ra
ct
e
ri
st
ic
s
o
f
th
e
fi
ve

tr
ia
ls

se
le
c
te
d
fo
r
m
e
ta
-a
n
a
ly
si
s

R
as
ki
n
et

al
.
(2
00

3)
(4
)

H
er
m
an

et
al
.
(2
00

5)
(5
)

W
ai
n
st
ei
n
et

al
.
(2
00

5)
(6
)

B
er
th
e
et

al
.
(2
00

7)
(7
)

R
ez
n
ik
et

al
.
(2
01

4)
(9
)

N
o
.
ra
n
d
o
m
iz
ed

13
2

10
7

40
17

33
1

N
o
.
an
al
yz
ed

11
5

98
29

17
33

1

St
u
d
y
d
es
ig
n

R
C
T,
p
ar
al
le
l

R
C
T,
p
ar
al
le
l

R
C
T,
cr
o
ss
o
ve
r

R
C
T,
cr
o
ss
o
ve
r

R
C
T,
p
ar
al
le
l

D
ro
p
o
u
t
ra
te

(%
)

12
.9

8.
4

27
.3

0
13

.8

A
ge

(y
ea
rs
)

55
.6

66
.4

56
.8

55
.2

56
.0

D
ia
b
et
es

d
u
ra
ti
o
n
(y
ea
rs
)

15
.4

16
.2

*
16

.8
15

.1

St
u
d
y
d
u
ra
ti
o
n
(m

o
n
th
s)

24
12

4.
5

3
6

Ba
se
lin
e
H
bA

1c
(%
)(
m
m
ol
/m

ol
)

8.
1
(6
5)

8.
3
(6
7)

9.
6
(8
1)

9.
0
(7
5)

9.
0
(7
5)

B
as
el
in
e
in
su
lin

(u
n
it
s/
kg
)

0.
72

0.
7
7

1.
16

1.
0
4

1.
1
0

M
D
I
re
gi
m
en

A
sp
ar
t
be
fo
re

m
ea
ls
,

is
op
ha
ne

(N
ov
ol
in
N
)o
nc
e

or
tw
ic
e
da
ily

as
ba
sa
l

Li
sp
ro

b
ef
o
re

m
ea
ls
,

gl
ar
gi
n
e
o
n
ce

d
ai
ly
as

b
as
al

A
ct
ra
p
id

o
r
H
u
m
u
lin

R
b
ef
o
re

m
ea
ls
,i
so
p
h
an

e
(I
n
su
la
ta
rd
/

H
u
m
u
lin

N
)
as

b
as
al

H
u
m
al
o
g
M
ix
50

(l
is
p
ro
/i
so
p
h
an
e)

th
re
e
ti
m
es

d
ai
ly

A
sp
ar
t,
lis
p
ro
,o

r
gl
u
lis
in
e
b
ef
o
re

m
ea
ls
,

gl
ar
gi
n
e
o
r
d
et
em

ir
as

b
as
al

Tr
ia
lf
ea
tu
re
s

N
o
ru
n
-i
n
p
er
io
d

O
ld
er

ad
u
lt
s
w
it
h
ty
p
e
2

d
ia
b
et
es

O
ri
gi
n
al
d
at
a
fi
le
sl
o
st
,I
PD

an
al
ys
is

p
er
fo
rm

ed
o
n
o
ri
gi
n
al
st
at
is
ti
cs

fi
le
s

N
o
m
is
si
n
g
d
at
a

Pa
tie
nt
s
ha
d
2
m
on
th
ru
n-
in
op
tim

iz
at
io
n
of
co
nt
ro
l

on
M
D
I;
on
ly
th
os
e
w
ith

H
bA

1c
.
8%

an
d
in
su
lin

0.
7–
1.
8
un
its
/k
g
af
te
r
ru
n-
in
w
er
e
ra
nd
om

iz
ed

Tr
ia
ls
to
p
p
ed

ea
rl
y*
*

D
id

n
o
t
re
co
rd

B
M
I

N
o
w
as
h
o
u
t
p
er
io
d
b
et
w
ee
n

p
er
io
d
s
1
an
d
2

G
o
o
d
ag
re
em

en
t
b
et
w
ee
n
ar
ti
cl
e
an
d
IP
D

re
su
lt
s

B
as
el
in
e
im

b
al
an

ce
s
(s
ex
,

in
su
lin

d
o
se
,w

ei
gh
t)

A
ll
p
ar
ti
ci
p
an

ts
o
b
es
e

B
as
el
in
e
gr
o
u
p
im

b
al
an
ce

fo
r
ag
e

Se
ve
ra
ld
is
cr
ep
an
ci
es

be
tw
ee
n

re
su
lts

in
ar
tic
le
an
d
IP
D

B
as
el
in
e
H
b
A
1
c
fo
r
p
er
io
d
2
n
o
t

u
se
d
in

p
u
b
lis
h
ed

an
al
ys
is

D
is
cr
ep
an
ci
es

of
la
be
lin
g
an
d
ci
tin

g
of

ta
bl
es

an
d
fi
gu
re
s
in
ar
tic
le

So
m
e
ev
id
en

ce
o
f
ca
rr
yo
ve
r

D
at
a
ar
e
th
at

re
p
o
rt
ed

in
th
e
p
u
b
lis
h
ed

ar
ti
cl
es
.
*N

o
t
gi
ve
n
.
**
In
te
ri
m

sa
fe
ty

an
al
ys
is
b
y
d
at
a
sa
fe
ty

m
o
n
it
o
ri
n
g
b
o
ar
d
re
co
m
m
en

d
ed

re
cr
u
it
m
en

t
h
al
t
b
ec
au

se
H
b
A
1
c
d
if
fe
re
n
ce

b
et
w
ee
n
tr
ea
tm

en
t
gr
o
u
p
s

co
n
si
d
er
ed

u
n
lik
el
y
to

b
ec
o
m
e
si
gn

ifi
ca
n
t
if
tr
ia
lc
o
n
ti
n
u
ed

to
p
la
n
n
ed

d
u
ra
ti
o
n
;
ag
e,

d
ia
b
et
es

d
u
ra
ti
o
n
,H

b
A
1
c,
an
d
in
su
lin

d
o
sa
ge
s
ar
e
m
ea
n
s.

718 CSII Versus MDI in Type 2 Diabetes Diabetes Care Volume 40, May 2017

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/40/5/715/549142/dc162201.pdf by guest on 10 April 2024



insulin resistant (0.7–1.8 units/kg) were
then randomized to receive CSII or con-
tinue treatment with MDI.

Independent Determinants of HbA1c

Treatment Difference
Using the entire data set of 590 patients
in the five trials, we explored the inde-
pendent determinants of the HbA1c dif-
ference between MDI and CSII at study
completion by including a range of co-
variates in regression models. The best-
fit model included only baseline HbA1c
as a predictor of final HbA1c; age, sex,
baseline weight, and baseline insulin re-
quirements did not affect outcome. For
all trials combined, HbA1c difference
was best described by the equation:

HbA1c difference; CSII vs:MDI ð%Þ¼ 1:575

2 ð0:216 ½95% credible interval 0:371 to 0:043�
3 baseline HbA1cÞ

The effect of baseline HbA1c on HbA1c

treatment difference varied between
trials. Figure 2 illustrates the increase in
treatment difference as baseline HbA1c
levels increase for all trials and for the
OpT2mise trial, which were calculated
from the best-fit models. The largest
effect was in the OpT2mise trial (9),
where there was prerandomization
optimization of glycemic control on
MDI; here, the regression equation
for HbA1c difference = 5.39 2 (0.669
[0.326–1.011] 3 baseline HbA1c). With
an example baseline HbA1c of 10% (86
mmol/mol), the effect size in this study
is expected to be 21.3% (14 mmol/mol)
compared with20.59% (7 mmol/mol) for
all participants combined. The effect size
was minimal below a baseline HbA1c of
;8.0% (64 mmol/mol) (Fig. 2).

Independent Determinants of Final
Insulin Dosage
Best-fit models showed that baseline in-
sulin dose was the best predictor of the
final insulin dose and the difference in
dose between treatments. The best-fit
model for difference in insulin dose
(units/kg), CSII versus MDI was:

Insulin dose difference ðunits=dayÞ
¼ 0:1482 ð0:238 ½0:364 to 0:111�

3 baseline insulin doseÞ
And insulin dose difference ðunits=kgÞ

¼ ð0:382 ½0:510 to 0:254�
3 baseline insulin doseÞ

With an example baseline dose of 100
units/day, the effect size is predicted to
be a difference of223.6 units/day insulin
dose; with a baseline of 150 units/day,
the effect size would be 35.5 units/day.

Summary Meta-analysis of Difference
in HbA1c, Insulin Dose, Weight, and
BMI on MDI Versus CSII
Figure 3A shows a forest plot (a graphical
representation of the results of aggregate
meta-analysis with the effect size of all
studies, associated confidence intervals,
and the summary/overall effect measure)
for the mean HbA1c difference between
MDI and CSII using a random-effects
model and with covariate adjustment for
potential baseline imbalance between
treatment groups in each study. The over-
all mean HbA1c difference for the five trials
combined was 20.40% (95% CI 20.86
to 0.05 [24.4 mmol/mol (29.4 to 0.6)]),
favoring CSII. The I2 statistic was 81%,
indicating considerable heterogeneity
between trials. Using a fixed-effect
model, the overall HbA1c difference
was lower at20.30%butwith a narrower
CI (20.47 to 20.13 [23.3 mmol/mol
(25.2 to 21.5)]), favoring CSII. Similar
results for HbA1c difference, favoring
CSII, were obtained with an aggregate
data meta-analysis of summary effect
sizes extracted from the published ar-
ticles rather than individual patient
data: random-effects model, 20.45%
(20.81 to 20.09 [25.0 mmol/mol
(28.9 to 21.0)]); and fixed-effect
model, 20.47% (20.65 to 20.29
[25.2 mmol/mol (27.1 to 23.2)]).

Figure 3B shows a forest plot of the
difference in insulin requirements on
MDI and CSII using individual patient

data meta-analysis (random-effects
model). The overall insulin dose was re-
duced by 20.25 units/kg (20.31 to
20.19) on CSII versus MDI (26% reduc-
tion of the baseline insulin requirements),
with an I2 statistic of 4.7%, indicating little
heterogeneity between trials. The fixed-
effect model gave an almost identical
effect size (20.26 units/kg [20.31
to 20.20]). Meta-analysis (random-
effects and fixed-effect models) showed
that the total daily insulin dose was re-
duced by 224.0 units/day (230.6
to 217.5) on CSII versus MDI (27% of
baseline daily insulin) with an I2 of 0%,
indicating little heterogeneity (forest
plot not shown).

A two-stage individual patient data
meta-analysis with baseline adjustment
indicated that the mean weight at study
completion did not differ between
treatments (0.08 kg [95% CI 20.33 to
0.48], I2 0%, random-effects and fixed-
effect models) (Fig. 3C). BMI data were
available for four trials, and a two-stage
individual patient data meta-analysis
with baseline adjustment also indicated
no difference in the final mean BMI be-
tween treatment groups (0.00 kg/m2

[20.23 to 0.24]), random-effects and
fixed-effect models (forest plot not
shown).

CONCLUSIONS

We show in this individual patient data
meta-analysis and meta-regression of
five RCTs involving 590 participants
with type 2 diabetes that insulin pump
therapy achieves better glycemic con-
trol than MDI in participants with
poor diabetes control at baseline. Using
Bayesian statistical best-fit models,

Figure 2—The effect of baseline HbA1c (%) on HbA1c treatment difference (MDI vs. CSII) for all
trials combined and for the OpT2mise trial, calculated from the best-fit models.
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where we explored a wide range of po-
tential effect modulators, we found that
the HbA1c treatment difference was

dependent on prerandomization HbA1c
level with MDI, increasing as baseline
HbA1c level increases. For example, the

expected all-study difference increases
from20.15% (2mmol/mol) with a base-
line of 8.0% (64 mmol/mol) to 20.59%
(6 mmol/mol) with a baseline HbA1c

level of 10% (86 mmol/mol). We also
found that the reduction in insulin re-
quirements on switching to CSII was de-
pendent on the baseline insulin dose:
the treatment difference would in-
crease to235.5 units/day, for example,
when the baseline insulin dose is
150 units/day compared with a treatment
difference of 223.6 units/day for a base-
line insulin dose of 100 units/day. The per-
centage insulin dose reduction with CSII
at the end of the study period was
about225% irrespective of baseline insu-
lin dose.

The overall mean difference in HbA1c
level for the meta-analysis of all trials
was 20.40% (4 mmol/mol), for a mean
HbA1c baseline level of 8.8% (73mmol/mol),
with the mean difference varying
between 20.3% (3 mmol/mol) and
20.47% (5 mmol/mol), depending on
the meta-analysis model and individual
patient data versus aggregate data
meta-analysis. This improvement was
accompanied by a reduction in insulin
requirements (mean 24 units/day), but
no weight change. The large degree of
heterogeneity in HbA1c effect size be-
tween trials (I2 = 81%) was likely due
to the wide variation in baseline HbA1c,
from 8.1% (65 mmol/mol) to 9.6%
(81 mmol/mol), which we show is a ma-
jor determinant of CSII efficacy.

We found that the HbA1c difference
varied markedly between trials and was
greatest for the study (9) in which pa-
tients underwent prerandomization op-
timization of control and only those who
continued to have poor control were
entered into the trial. For this study,
the mean HbA1c difference from individ-
ual patient data analysis was 0.63%
(6 mmol/mol) and the expected effect
at 10% (86 mmol/mol) baseline HbA1c
was 1.3% (14 mmol/mol). One may
speculate that the greater treatment
difference for this trial was due to the
fact that, in the nonoptimized trials,
glycemic control with MDI continued
to improve after randomization, thus
minimizing the difference between CSII
and MDI. This highlights the notion that
CSII in type 2 diabetes may be best tar-
geted at those who have failed to achieve
target HbA1c levels after best attempts
with MDI, including dose titration,

Figure 3—Forest plots showing the results of a two-step approach individual patient datameta-analysis
in trials comparing glycemic control, insulin requirements, and body weight in people with type 2
diabetes treated by MDI or CSII. A: Mean HbA1c (%) difference. B: Mean difference in insulin dose
(units/kg). C: Mean difference in body weight (kg). ES, effect size.
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optimization of dietary counseling, and
physical activity (18). A likely mecha-
nism for improved control on CSII is
that the traditional large bolus injec-
tions of insulin required during MDI in
type 2 diabetes are absorbed less well
than the slow basal insulin infusion of
CSII. In this respect, Parkner et al. (19)
found that the same dose of insulin
given via the basal rate of CSII achieved
better glycemic control and higher cir-
culating insulin concentrations than
when given as an injection of long-acting
(glargine) insulin. Another reason for
improved control with CSII may be the
increased treatment satisfaction of insu-
lin pump therapy in persons with type 2
diabetes (4), which may improve adher-
ence to treatment compared with MDI.
A lack of treatment adherence may also
be more easily detected with CSII than
MDI because of the computer download
function of modern insulin pumps that al-
lows the survey of events such as the num-
ber of meal boluses given per day and the
detection of basal-rate suspends.
In our analysis, the improved glyce-

mic control associated with CSII was
not associated with a greater weight
gain in this group, and one may specu-
late that any decrease in glycosuria and
retained calories with better control (fa-
voring weight gain) was balanced by
lower insulin dosages and therefore
less anabolic insulin effect in the insulin
pump-treated participants.

Strengths and Limitations of the Study
The strengths of our study include the
fact that we were able to obtain individ-
ual data from investigators on all pa-
tients in all eligible RCTs and were thus
able to explore patient-level covariates
as effect size modulators in a way that is
not possible with a conventional sum-
mary meta-analysis. A further strength
is that we used Bayesian statistical
methods including Markov chain Monte
Carlo simulation that enables highly
complex, multiparameter probability
models to be analyzed. Advantages
and further details and discussion of
Bayesian methods in meta-analysis and
evidence synthesis are reviewed else-
where (20,21).
Our study also has some consider-

ations in its interpretation. First, the
best MDI regimen for type 2 diabetes
is debatable (22) (e.g., the choice of
long-acting insulin that will offer the

best glycemic control), and participants
in the trials studied used a variety of
regimens. The extent to which partici-
pants underwent a structured diabetes
education program varied between tri-
als. A range of adjunctive agents are cur-
rently being investigated for improving
control in insulin-treated type 2 diabe-
tes, including glucagon-like peptide 1 ag-
onists (23,24), dipeptidyl peptidase
4 inhibitors and sodium–glucose co-
transporter 2 inhibitors (25), although
none are widely established in clinical
practice. Possibly then, further improve-
ment in glycemic control with MDI
might be achieved in some patients by
additional therapeutic approaches be-
fore switching to CSII, and this needs
further study.

It is a limitation that we were unable
to analyze data on hypoglycemia fre-
quency in this meta-analysis because
there was incomplete information on
this for all trials, but, in the largest
RCT, the lower mean HbA1c level in the
CSII versus MDI group was obtained
without an increase in hypoglycemia
(9). It should also be noted that there
was a relatively small number of stud-
ies in the meta-analysis and two of the
trials (6,7) had small numbers of par-
ticipants (n = 17 and 40), while there
was a large number of participants in one
trial (n = 331) (9).

In the individual patient data meta-
analysis, and as recommended by the
Cochrane Collaboration (17), we ana-
lyzed the first period only from cross-
over trials because we detected evidence
of carryover, one trial had no washout
period between periods (7), and the
lower baseline HbA1c level for both treat-
ments at the start of the second period
might result in a lower effect size if base-
line HbA1c was found to be a determinant
of glycemic outcome.

Implications for Clinical Practice and
Further Study
The implication of our meta-analysis for
clinical practice is that insulin pump
therapy in type 2 diabetes is effective
at lowering HbA1c levels, but, as with
type 1 diabetes, it should be targeted
at those persons with worst glycemic
control and highest insulin dose after
best attempts with MDI (26). In a pre-
vious meta-analysis of treatment with
CSII versus MDI in persons with type 1
diabetes (27), we also found that the

mean HbA1c level is reduced with insulin
pump therapy and that the greatest
effect was in those with the highest
baseline HbA1c level with MDI. In the
current study, the effect size for HbA1c
and insulin dose reduction was greatest
in poorly controlled insulin-resistant
participants, and therefore the cost-
effectiveness will likely be best in
these patients (28). We found that
the difference in glycemic control is
small below a baseline HbA1c level of
;8% (64 mmol/mol), although treat-
ment satisfaction may still be superior
for CSII versus MDI at this level of con-
trol (4,9); this topic needs investigation.

Despite treatment targeting, there
are likely to be many people with
type 2 diabetes with continued poor
control after best attempts with MDI
who are thus candidates for a trial of
CSII, and that will present notable logis-
tic and economic issues. The technolog-
ically sophisticated and relatively costly
infusion pumps traditionally used for
type 1 diabetes, with flexible rate ad-
justments and meal-bolus calculators,
which were used in the trials of type 2
diabetes analyzed here, are probably
not required for type 2 diabetes. There
is emerging evidence that pumps with a
limited number of fixed basal rate op-
tions and with simple meal bolusing
will be adequate for most people with
type 2 diabetes (18,29,30), indicating
that smaller, cheaper, and more cost-
effective devices might eventually be
used for this type of diabetes.

In conclusion, we have found that in-
sulin pump therapy achieves better
glycemic control than MDI in poorly
controlled type 2 diabetes with a sub-
stantial reduction in insulin require-
ments and no change in weight. The
best effect of CSII in type 2 diabetes is
in those patients with the worst control
and with the highest insulin dose at
baseline.
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