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Abstract

Aims We compared the effects of continuous subcutaneous
insulin infusion (CSI) with those of multiple daily insulin
(MDI) injections on glycaemic control, risk of hypoglycae-
mic episodes, insulin requirements and adverse events in
type 1 and type 2 diabetes mellitus.

Methods The electronic databases MEDLINE, EMBASE
and CENTRAL were systematically searched for rando-
mised controlled trials up to March 2007. A systematic
review and meta-analysis were performed.

Results Overall, 22 studies were included (17 on type 1
diabetes mellitus, two on type 2 diabetes mellitus, three on
children). With regard to adults with type 1 diabetes mellitus,
our meta-analysis found a between-treatment difference of
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—0.4% HbA|. (six studies) in favour of CSII therapy.
Available median rates of mild or overall hypoglycaemic
events were comparable between the different interventions
(1.9 [0.9-3.1] [CSII] vs 1.7 [1.1-3.3] [MDI] events per
patient per week). Total daily insulin requirements were
lower with CSII than with MDI therapy. In patients with type
2 diabetes mellitus, CSII and MDI treatment showed no sta-
tistically significant difference for HbA .. The incidence of
mild hypoglycaemic events was comparable between the
treatment groups. In adolescents with type 1 diabetes melli-
tus, glycated haemoglobin and insulin requirements were
significantly lower in the CSII groups; no data were available
on hypoglycaemic events. The only study performed in
younger children did not provide enough data for conclusive
inferences. No overall conclusions were possible for severe
hypoglycaemia and adverse events for any of the different
patient groups due to rareness of such events, different defi-
nitions and insufficient reporting.
Conclusions/interpretation CSII therapy in adults and adoles-
cents with type 1 diabetes mellitus resulted in a greater reduction
of glycated haemoglobin, in adult patients without a higher rate
of hypoglycaemia. No beneficial effect of CSII therapy could be
detected for patients with type 2 diabetes mellitus.

Keywords Diabetes mellitus - Drug administration
schedule - Glycosylated haemoglobin A - Hypoglycaemia -
Insulin/administration and dosage - Insulin infusion systems -
Meta-analysis - Randomised controlled trials - Review -
Subcutaneous injections

Abbreviations

CSII continuous subcutaneous insulin infusion
MDI  multiple daily insulin

SMD  standardised mean difference

WMD  weighted mean difference
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Introduction

Insulin therapy is a pharmaceutical treatment option used to
lower blood glucose in diabetic patients. For insulin-treated
patients blood glucose optimisation can be managed by
different types of insulin and different treatment strategies such
as multiple daily insulin (MDI) regimens, continuous subcu-
taneous insulin infusions (CSII) or conventional treatment.

CSII treatment was introduced in the 1970s as a way of
achieving and maintaining strict control of blood glucose
concentrations in people with type 1 diabetes mellitus [1].
Since then numerous different insulin pumps have been
developed and initial technical problems have diminished. In
the last decade, devices have become much safer, smaller
and more reliable. Both CSII and MDI are forms of
intensified insulin treatment. However, due to its continuous
basal insulin substitution, CSII can better mimic a physio-
logical situation. Thus CSII may provide a more efficient
mode of insulin delivery to the bloodstream and minimise
the risk of hypoglycaemic events. It may be more beneficial
to those who find it difficult to adhere to a regimen of
multiple injections. On the other hand, adverse events may
arise including pump malfunction, catheter infection, irrita-
tion or discomfort [2, 3]. According to some recent
publications [4—6], such events now occur less often.

Recently published meta-analyses of studies comparing
CSII and MDI treatment [7, 8] demonstrated an improve-
ment in glycaemic control with the use of CSII therapy in
patients with type 1 diabetes mellitus. Currently, only a few
reviews are available on adults, adolescents or younger chil-
dren with type 1 and patients with type 2 diabetes mellitus.
To evaluate the possible advantages of CSII over MDI treat-
ment, we performed a systematic review and meta-analysis
according to the QUOROM statement [9] and based on
randomised controlled trials. We considered findings on gly-
caemic control, insulin requirements, hypoglycaemia and
adverse events.

Methods
Criteria for inclusion

For our systematic review we considered all randomised
controlled trials that had been conducted with people of any
age or sex suffering from type 1 or type 2 diabetes mellitus
and who were on insulin treatment (excluding pregnant
women). The duration of intervention had to be at least
4 weeks with a sample size of not less than ten patients.
We took account of all studies that compared CSII, applied
24 h/day, with an MDI injections therapy (thus studies with
pump therapy during the night only were excluded). Insulin
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therapy was classified as MDI if more than 50% of all
patients in the comparison group had three or more injections
of short-acting insulin per day. The kind of short-acting
insulin had to be the same in both treatment groups, either a
regular insulin or an insulin analogue. Studies dealing with a
mixed group of diabetic patients (type 1, type 2, children)
were excluded from the review unless the respective results
had been presented separately for each type of patient.

Search strategy for identification of studies

The search for randomised controlled trials was performed
in MEDLINE, EMBASE and CENTRAL. The following
were searched for relevant secondary literature: Cochrane
Database of Systematic Reviews; Database of Abstracts of
Reviews of Effects; Health Technology Assessment Data-
base; and the National Health Service Economic Evaluation
Database.

All searches were last updated on 5 March 2007. The
phrases and terms used for the search in full text and
subject headings, and adapted depending on the database,
were: csii, continuous subcutaneous insulin, insulin pump,
insulin infusion systems. We also hand-searched reference
lists from relevant secondary literature.

Assessed study outcomes

We evaluated glycaemic control if expressed as a percent-
age of glycated haemoglobin (HbA; or HbA,.), insulin
requirements, occurrence of severe and mild hypoglycae-
mic episodes and adverse events.

Study selection, data collection and quality assessment

Two reviewers independently evaluated the references that
were thus found for relevance on the basis of their titles and
abstracts. References considered as relevant by only one
reviewer were reassessed by both and classified by
consensus. Ultimately, a list of potentially relevant pub-
lications was prepared and full texts of these works were
obtained for further evaluation. Data from each study
included were extracted by the two independent reviewers.
The methodological quality of each trial was assessed using
a modification of the criteria given in the Cochrane
Handbook [10] and by Jadad et al. [11] and Schulz et al.
[12]. A list of the key domains used for our assessment is
provided in the Electronic supplementary material (ESM)
Table 1. We used three categories for assessment: ‘A’
means that plausible bias is unlikely to affect the results
seriously, ‘B’ indicates that plausible bias raises some doubt
about the results and ‘C’ stands for plausible bias seriously
weakening confidence in the results.
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Statistical analysis

The only meta-analysis performed was the analysis of
glycaemic control in studies performed on adult patients
with type 1 diabetes. We used a random effects model to
conduct this meta-analysis for glycated haemoglobin. The
standardised mean difference (SMD) was calculated for the
percentage of glycated haemoglobin since different methods
of measuring glycated haemoglobin were employed. The
estimated combined treatment effect in absolute units was
obtained by multiplying the SMD with the overall pooled
estimate of SD. For the subgroups HbA;. and HbA,, the
weighted mean differences (WMD) were calculated. The
individual studies used parallel or crossover design, which
we incorporated into the meta-analysis. For the crossover
studies, the SEM of the within-person differences was
needed to conduct the meta-analysis. In three of the seven
crossover studies, the correlation between the different treat-
ment outcomes was approximated using the lowest observed
correlation among the other studies (r=0.52) to calculate the
SEM for the within-person differences. Heterogeneity
between trials was assessed by the x” test and Higgins I,
which describes the percentage of the variability in effect
estimates that is due to heterogeneity. To explore heteroge-
neity, different subgroup and sensitivity analyses were
performed.

Results
Identification of relevant studies

The initial search using the search strategy described above
yielded 1,228 references. After exclusion of duplicates, there
were 673 hits, of which 557 were classified as irrelevant by
the reviewers on the basis of their abstracts. Among the
remaining 116 publications that were perused in full text, 83
did not meet the inclusion criteria. For further detailed
information see Fig. 1. No further full published study was
obtained by screening the references of the 109 secondary
literature publications retrieved. In the end, 33 publications
with usable information were included in our systematic
review. Of these, 17 studies (27 publications [13-39])
included mainly adult type 1 diabetic patients, three trials
(four publications [40—43]) only children of up to 18 years
and two studies (two publications [44, 45]) examined patients
with type 2 diabetes mellitus only.

Description of included trials

Adult patients with type 1 diabetes mellitus All studies had
an open-label study design. Seven of the included studies
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MEDLINE EMBASE CENTRAL Handsearch
n=441 n=4217 n=360 n=0
References found through search in electronic databases
n=1228

Exclusion of duplicate entries
n=555

Potentially relevant references
n=673

References excluded on basis of

l—> their titles or abstracts
n=557

Potentially relevant publications
n=116

Publications excluded on basis of
their full texts

n=83

— Not an RCT (n=14)

— Not a full text publication (n=3)
— Not 24 h CSII vs MDI (n=48)
— Analogue vs regular insulin
(n=4)

— Intervention <4 weeks (n=5)

— Fewer than ten patients (n=3)

— Pregnant women with diabetes
mellitus (n=6)

Publications (studies) that met the inclusion criteria

n =33 (22 studies)

— Adult patients with type 1 diabetes mellitus n=27 (17 studies)
— Patients with type 2 diabetes mellitus n=2 (two studies)

— Children with type 1 diabetes mellitus n=4 (three studies)

Fig. 1 Flow diagram of the literature search and identification of the
studies relevant for inclusion in the systematic review. RCT,
randomised controlled trial

were parallel studies and ten had a crossover design. Al-
together 908 participants took part in the 17 randomised
controlled studies. The study periods lasted from a
minimum of 5 weeks to a maximum of 2 years. Upon our
request, the authors of the Oslo Study [17, 18, 23, 25-29]
told us that the study was originally intended to last for 2
years, but was later extended to 4 years. Due to incomplete
data records after 4 years, only the results from the 2 year
analysis were considered for this review. Twelve studies
used regular human or porcine insulin and five studies used
insulin analogues as short-acting insulin for CSII and MDI
treatment. For further detailed information on the type of
insulin and the type of pumps used, see Table 1. For further
information on special study characteristics, such as
indications for CSII treatment, injection rates and other
relevant aspects of care, see ESM Table 2.

In one study [32], MDI treatment was compared with
two different CSII regimens, one with insulin pump therapy
with a basal fixed overnight insulin rate, the other with
insulin pump therapy with a higher variable dawn insulin
rate (0500 to 0800 hours). The quality of 15 studies was
assessed to be in category C and only two studies were of
higher quality (category B). One study had such a serious
quality deficiency [32] that we did not include the study
results in the respective analyses. In that study, patients
were asked immediately after a satisfactory randomisation
process (n=96 patients) if they accepted their assigned
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treatment. If they refused, they were excluded from the
study. This is not standard procedure in trials, and in fact 32
patients in this study dropped out before even starting with
the assigned treatment.

Patients with type 2 diabetes mellitus Both studies had an
open-label parallel study design [44, 45] and 234 patients
took part in the randomised controlled trials. The study
periods were 24 and 52 weeks, respectively. Both studies
used insulin analogues as short-acting insulin for CSII and
MDI treatment. For further detailed information on the type
of insulin and the type of pumps used, see Table 1. The
quality of one study was assessed to be in category C and
the other study was of higher quality (category B).

Children with type 1 diabetes mellitus Of the randomised
controlled trials found, one [41] used a crossover design,
whereas the other two, far more recent investigations [40,
43], were of parallel design. Altogether, 74 children took
part in the three randomised controlled studies. The
duration of follow-up and treatment was 16 weeks in two
trials and 52 weeks in the third trial. Two studies were
performed in adolescents [40, 41]. One study [43] included
young children with a mean age of 4 years. In the older
study [41], regular insulin was used; in both recent studies
[40, 43] insulin analogues were used as pump insulin and as
bolus insulin in the respective comparison groups. Insulin
glargine was used as basal insulin in the MDI groups by all
patients in one trial [40] and by 60% of patients at the end
of the other study [43], while the other patients in that trial
used NPH and ultralente as basal insulin. The quality of one
study was assessed to be in category C and the other two
studies were of higher quality (category B).

Glycaemic control—glycated haemoglobin
Adult patients with type 1 diabetes mellitus—meta-analysis Of

17 selected studies we had to exclude five studies from this
meta-analysis for the following reasons: (1) one study did not

report any HbA . baseline and follow-up data [13]; (2) one
study compared only treatment sequences (CSII-MDI vs
MDI-CSII) at study endpoint [24]; (3) another trial provided
no measure of variability [37]; (4) in one study [36] the dis-
crepancies in the measurement of variability could not be
resolved; and (5) another study [32] had an unacceptably high
dropout rate immediately after randomisation assignment.

Ultimately, 12 studies were included in the meta-analysis
of the percentage of glycated haemoglobin at the end of
treatment. When the SMD was calculated, the effect between
treatment groups was estimated to be —0.6 (95% CI: —0.87,
—0.22) in favour of CSII compared with MDI (Fig. 2), which
corresponds to an effect size of —0.6% in original units. The
P statistic was estimated to be 75%, which indicates
substantial heterogeneity.

Six of the twelve studies used HbA ., whereas the other
six studies used HbA; for the measurement of glycated
haemoglobin. Analyses according to the different methods
showed that for studies using HbA . the difference between
the CSII and MDI groups was statistically significant in
favour of CSII treatment with a WMD of —0.4% (95% CI:
—0.65, —0.20; ’=72%) (Fig. 3a). For the studies in which
HbA, was measured, the WMD was —0.6% (95% CI:
—1.34, 0.14; P=84%). The difference between the groups
was not statistically significant (Fig. 3b).

In studies with a duration of less than 6 months, the SMD
in glycated haemoglobin when comparing CSII with MDI
treatment was —0.4 (95% CIL: —0.82, —0.01), which is
equivalent to —0.4% in original units. In studies of long-
term duration (6 months or more) comparing CSII with MDI
treatment, the SMD was —0.7 (95% CI: —1.24, —0.19), which
corresponds to —0.8% in original units. In both analyses,
there was evidence of heterogeneity among short (I*=55%)
and long-term studies (/*=82%). For studies using a
parallel design, the SMD in glycated haemoglobin was
-0.9 (95% CI: —1.64, —0.10; "=85%) when comparing
CSII and MDI treatment, corresponding to —1.2% in
original units. For studies with crossover design the SMD
in glycated haemoglobin was —0.4 (95% CI: —0.68, —0.07;
P=52%), corresponding to —0.4% in original units. For

Fig. 2 Glycated haemoglobin at Study SE SMD (random) Weight SMD

the end of treatment in the (95% Ch (%) (95% Ch
studies performed on adult Berg et al., 1998 [14-16] 092 037 —. 790 092 (-~1.64,-0.20)
tients with t 1 diabetes: Ciavarella et al., 1985 [20] -319 0.63 e 446 -319  (-4.43,-1.95)
patients with type 1 diabetes: DeVries et al., 2002 [21] -0.81 0.24 o 1017 -0.81  (-1.28,-0.35)
standardised mean difference Ziegler et al., 1990 [38] 0.26 —f— 967 016 (-0.36, 0.68)
(SMD) between groups. Model Oslo Study, 1985-1988 [17, 18, 23, 25-29] -0.29  0.37 — - 790 -029 (-1.01, 0.42)
. ) . Chiasson et al., 1984 [19] 0.41 — 721 033 (047, 1.13)
with random effects: DerSimo- Hanaire-Broutin et al., 2000 [22] 056 0.22 - 1041  -056  (-1.00,-0.12)
nian—Laird. Heterogeneity: Q= Home et al., 1982 [30] -084 045 — 6.62 -0.84 (-1.72, 0.04)
43.16, d//': 11 @:0_000), 12: Hoogma et al., 2006 [39] -0.22 0.09 i 12.35 -0.22  (-0.40,-0.04)
o ) _ Saurbrey et al., 1988 [33] 00 032 — 860 000 (-0.64, 0.64)
74.5%. Overall effect: z score= Schiffrin et al., 1982 [34] -0.41 035 —a 810 -0.41 (-1.10, 0.28)
-3.31 (p=0.001), 7#=0212 Schmitz et al., 1989 [35] -1.36 045 R 6.62 -1.36 (-2.24,-0.48)
Total (95% Cl) - 100.00 -0.55 (-0.87,-0.22)
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Fig. 3 a, b Glycated haemoglo-
bin at the end of treatment in the a
studies performed on adult Study WMD SE WMD (random) Weight WMD
patients with type 1 diabetes: (95% Ch (%) (95% C
Weighted mean difference Berg et al., 1998 [14-16] -1.00 0.40 — 6.45 -1.00 (-1.78,-0.22)
B DeVries et al., 2002 [21] -0.82 024 —a— 1252 082  (-1.29,-0.35)
(WMD) between groups ana Hanaire-Broutin et al., 2000 [22] -0.35  0.10 - 2286 -0.35 (-0.54,-0.16)
lysed by method of measure- Hoogma et al., 2006 [39] -0.22 007 - 2516 —0.22 (-0.35,-0.09)
ment. a Studies using glycated Saurbrey et al., 1988 [33] 0.00 0.20 15.29 0.00 (-0.38, 0.38)
HbA,.. Model with random Schmitz et al. 1989 [35] -0.70 0.6 - 1771 -070  (-1.02,-0.38)
effects: DerSimonian—Laird. Total (95% Cl) - 100.00 —0.43  (-0.65,-0.20)
Heterogeneity: O=17.77, df=5 5 60 4 60 3 60 2 60 1 60 0 60 1 60 2 60
- 5 —5.00 —4.00 —3.00 —2.00 —1. X : X
(?;0'003)’ I7=71.9%. Overall Favours CSII Favours MDI
effect: z score=—3.7 (p=0.000),
7=0.048. b Studies using gly- b
cated HbA ;. Model with random
effects: DerSimonian—Laird. Study WMD SE WMD (random) Weight WMD
Heterogeneity: 0=30.34, df=5 (95% Cl) (%) (95% Cl)
(»=0.000), =83.5%. Overall Ciavarella et al., 1985 [20] 240 048 — . 16.09  -2.40 (-3.33,-1.47)
. __ _ Ziegler et al., 1990 [38] 030 050 — 15.62 030 (-0.69, 1.29)
effect: z score=—1.59 (p Oslo Study, 1985-1988 [17, 18, 23, 25-29] —0.40 050 L 15.66  -0.40 (-1.38, 0.58)
0.113), 7=0.659 Chiasson et al., 1984 [19] 040  0.35 - 1816 040 (-0.20, 1.09)
Home et al., 1982 [30] 170 064 — 18334 170 (-2.95,-0.45)
Schiffrin et al., 1982 [34] 020 012 Rl 2113 -020 (-0.44, 0.04)
Total (95% Cl) BS 100.00  -0.60 (-1.34, 0.14)

studies published in 2000 or later, the WMD was —0.4%
(95% CI: —0.60, —0.14; ’=69%) when comparing CSII and
MDI treatment.

Patients with type 2 diabetes mellitus In both trials [44, 45]
no significant differences in HbA . between the two treat-
ment groups were found at the end of the study (Table 1).

Children with type 1 diabetes mellitus Glycated haemoglo-
bin decreased more pronouncedly in patients treated with
CSII in all three included trials. At the end of treatment
HbA,/HbA,| was significantly lower in the CSII group in
each of the trials performed in adolescents [40, 41]. In the
trial including young children [43], glycated haemoglobin
was slightly higher in CSll-treated patients but without
reaching statistical significance (Table 1).

Total insulin requirements

Adult patients with type 1 diabetes mellitus Of 14 studies
reporting total insulin requirements at the end of treatment,
12 [13, 19, 22, 24, 28, 30, 33-37, 39] consistently found
that the insulin doses were lower in CSII-treated patients. In
seven [13, 19, 22, 30, 35, 36, 39] of these investigations,
the difference was statistically significant.

One study [20] did not find any difference between the
treatment groups and another [16] showed insulin require-
ments to be higher under pump therapy, but without
statistical significance. In the latter trials, patients rando-
mised to CSII treatment started treatment with a higher
insulin dosage and could either reduce it more efficiently or

-5.00 —4.00 -3.00 —2.00 —-1.00 0.00 1.00 2.00
Favours CSlI Favours MDI

showed a smaller increase in required insulin doses during
the study period than patients in the MDI groups.

Patients with type 2 diabetes mellitus There were no
reported significant differences in insulin requirements at
the end of studies. Raskin et al. [45] showed a slight re-
duction in insulin requirements in the CSII group compared
with the MDI group, while Herman et al. [44] did not find
any difference at all.

Children with type 1 diabetes mellitus At the end of
treatment, all three studies reported total insulin require-
ments to be lower in the CSII group than in the MDI group,
which in the two studies with adolescents [40, 41] was
statistically significant.

Hypoglycaemia

Divergence between studies Due to differences in the
definitions of hypoglycaemic episodes and in the study
duration (5 to 104 weeks), and because of the often missing
measures of variance and the small numbers of patients
with severe hypoglycaemic episodes, no meta-analysis of
hypoglycaemic events was performed.

Severe hypoglycaemia, adult patients with type 1 diabetes
mellitus All in all, severe hypoglycaemic episodes were rare.
Four of 17 studies [16, 19, 20, 30] did not mention severe
hypoglycaemic episodes. Three others [33, 35, 36] reported
that no severe hypoglycaemia was observed. Information on
the number of patients with severe hypoglycaemic episodes
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could be found in six studies [13, 21, 22, 24, 28, 34] and
four [32, 37-39] at least reported on the rates or the number
of severe hypoglycaemic events in the treatment groups. The
proportion of patients with severe hypoglycaemic episodes
ranged from 0 to 0.13 in the CSII group and from 0 to 0.4 in
the MDI group. Only two studies [21, 28] reported a formal
statistical test result for the number of patients with severe
hypoglycaemic episodes in the treatment groups, which in
both studies did not differ significantly.

Mild/minor/symptomatic hypoglycaemia in adult patients
with type 1 diabetes mellitus In six of 17 studies [13, 16,
19, 20, 33, 35] there were no reports on mild, minor or
symptomatic hypoglycaemic events. Two other studies [30,
37] presented results for overall hypoglycaemia only, but
for the latter [37] the rate of mild/minor hypoglycaemic
events could be calculated because exact numbers of severe
events were available. Six studies [21, 22, 24, 28, 36, 39]
provided the event rates for mild/minor hypoglycaemia per
patient per time period, which ranged from 0.9 to 3.1 weekly
events per patient in the CSII groups and from 1.1 to 3.3 in
the MDI groups (ranges include previously mentioned study
[37]). The median rate per patient per week was 1.9 in the
CSII groups and 1.7 in the MDI groups. Due to its high
dropout rate one further study [32] that also reported event
rates per patient per time was not considered in the above
summary. One study [34] presented only the total number
of mild and moderate events for treatment. The 2 year trial
by Ziegler [38] reported just the rate of symptomatic events
per group for 6 month periods; it was always higher in the
CSII group and statistically significant in three of these
periods.

Severe hypoglycaemia, patients with type 2 diabetes
mellitus Information on severe hypoglycaemia is provided
in both publications. All in all, severe hypoglycaemic
episodes were rare. In one study [45], there were no severe
hypoglycaemic episodes and in the other study [44] three
patients in the CSII compared with six patients in the MDI
group experienced severe hypoglycaemia. The event rate
per patient-year was not significantly different, although it
tended towards a reduction in favour of CSII treatment
(CSII, 0.1 vs MDI, 0.2 events per patient-year).

Mild hypoglycaemia, patients with type 2 diabetes melli-
tus Detailed data for the occurrence of mild hypoglycaemic
episodes are given in both studies included here [44, 45],
with a non-significant reduction of frequency in the CSII
group in the former [44] (CSII, 1.1 vs MDI, 1.2 events per
patient per week). In Raskin [45] the event rate was also
lower in the CSII group, with 0.8 vs 1.2 events per patient
per 30 days in the MDI-treated group. But a formal
statistical test was not presented.
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Severe hypoglycaemia, children with type 1 diabetes
mellitus In all included trials, the number of severe
hypoglycaemic events was small. Only three severe
hypoglycaemic events were recorded for patients in the
CSII groups and six events in the MDI groups in all trials
taken together. In one investigation [40], four patients in the
MDI group versus one in the CSII group experienced each
exactly one severe hypoglycaemic event. No difference was
found for CSII and MDI treatment in the other two trials,
with one event in each group in both studies [41, 43],
respectively.

No information on mild/minor/symptomatic hypoglycae-
mia in children with type 1 diabetes mellitus was available.

Adverse events

Adult patients with type 1 diabetes mellitus Overall,
information on adverse treatment effects other than hypo-
glycaemia was insufficient in the available publications.

Only four studies reported on serious adverse events
besides hypoglycaemia. The rates of occurrence were
generally low and in two studies [35, 36] there were no
serious adverse events. In another study [38] only one
serious adverse event was reported as causing a dropout in
the CSII group. Another team [39] reported 15 serious
adverse events in the MDI group compared with 20 events
in the CSII group (including four events of ketoacidosis).

Data on ketoacidosis were given in ten studies. Only one
of these [32] reported a statistically significant increase in
the occurrence of ketoacidosis in the MDI group compared
with both CSII groups (fixed and variable infusion rate),
but this study was not considered due to major quality
deficiencies after the randomisation process. Ziegler et al.
[38] reported data on ketoacidosis indicating that the events
per 100 patient-years were higher in the CSII group
(intention to treat and per protocol analysis), but the
difference was not statistically significant. All the other
studies noted only a few ketotic events: in three studies
there was one event in the CSII group only [24, 33, 36],
another [21] reported one event in both treatment arms, yet
another [39] reported four events in the CSII and none in
the MDI group and the Oslo trial [28] found that two
patients in the CSII vs no patients in the MDI group
developed ketoacidosis. Data on hyperglycaemia were
given in only one publication included in this review.
However, due to major quality deficiencies, the result of
hyperglycaemic episodes in that study [32] will not be
considered for interpretation.

Four studies reported on infusion site problems, all with
an increased rate in the CSII group. Hoogma [39] found
that 8.2% of the patients in the CSII vs 0.8% in the MDI
group had problems at the infusion site, without giving
more detailed information. In another investigation [33],
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three episodes of subcutaneous infection (one requiring
surgical incision) occurred in the same patient in the CSII
group, who also had ketoacidosis. Elsewhere [36], infusion
site problems were noted under pump therapy only twice
and several reasons for infusion problems were reported, i.e.
catheter problems, pump arrest or dosage errors, battery
problems, syringe dislocation. The Oslo Study [28] reported
that eight events in six patients in the CSII vs none in the
MDI group involved subcutaneous abscesses. Only one
publication [32] included information on mortality, report-
ing that in the CSII group with variable infusion rates, one
patient died. This patient had presented with high blood
glucose values the last 2 days before his death, he suffered
from fever and acetonuria, and his blood glucose values had
not responded to an increased insulin infusion rate.

Patients with type 2 diabetes mellitus Both publications
provided information on local reactions at the injection site.
In one [44] significantly more patients in the MDI group
reported bleeding or bruising events as compared with the
CSII group, where significantly more patients had infusion
site inflammation or irritation. In the other study [45] only
CSlI-treated patients reported injection site reactions, but
no data on significance were given. Both teams found that
technical problems were more common in the respective
CSII groups than in the MDI groups. Data on hyper-
glycaemic episodes were given in one publication [45]
included in this review. These episodes occurred consider-
ably more frequently in MDI patients, but nothing was said
about possible statistical significance.

Children with type 1 diabetes mellitus Doyle [40] reported
one episode of ketoacidosis for each of the two treatment
groups, while the other study [43] reported no event for any
of the groups. There is no more information on any other
adverse events in any of the publications.

Discussion

Based on the findings of this systematic review and meta-
analysis, the following conclusions can be drawn on CSII
therapy in patients with type 1 and type 2 diabetes mellitus.

In adult patients with type 1 diabetes mellitus, CSII
treatment in comparison to MDI therapy leads to better
glycaemic control without a rise in hypoglycaemic events
and with lower insulin requirements. CSII can thus be
considered a valuable therapy option in adult patients with
type 1 diabetes mellitus. In patients with type 2 diabetes
mellitus treatment with CSII did not result in better
glycaemic control when compared with MDI therapy. Also
there was no difference in hypoglycaemic events and

insulin requirements between the two treatments. It can
therefore be concluded that in patients with type 2 diabetes
mellitus CSII application is not superior to MDI treatment.
Results from studies investigating adolescent patients with
type 1 diabetes mellitus suggested a beneficial effect of CSII
therapy compared with MDI therapy in terms of glycated
haemoglobin, but because of the small number of patients
under investigation and the short duration of the included
trials, conclusions on adolescent patients are less firm than for
adult patients with type 1 diabetes mellitus. There is also no
clear information about hypoglycaemia in adolescents be-
cause of the insufficient reporting of such events. Due to the
very limited data available, no meaningful inferences could be
drawn on the possible effects of CSII treatment in younger
children.

Even though this review, bringing together evidence for
three important patient groups, is, to our knowledge, one of
the most comprehensive on the topic to date, there are some
limitations warranting caution in interpreting the validity of
the results. Thus study and publication quality was low and
information on features that high-quality studies would
normally include were mostly missing. Furthermore, in the
meta-analysis of differences in HbA . in patients with type 1
diabetes mellitus, a high degree of heterogeneity was
detected. To investigate this heterogeneity several sensitiv-
ity analyses were performed. The positive effect of CSII
treatment was likewise seen in trials that lasted for less than
or more than 6 months. Comparing the studies according to
their design, the result remained statistically significant in
favour of CSII treatment in both parallel and crossover
trials. While in studies using HbA;. measurements CSII
treatment resulted in a statistically significant lower HbA .
value, in (the older) studies using HbA; to measure
glycaemic control the difference between the treatment
groups was not statistically significant. The three studies
published in the year 2000 and later, where newer devices
were in use (which we also offer in our outpatient clinic at the
Medical University Graz), further supported the superiority
of CSII treatment. In addition, even in these studies, where
short-acting insulin analogues, today probably the most
commonly used bolus insulin type, were used, clear
clinically relevant superiority was unproven [46].

However, none of these sensitivity analyses could
explain the observed heterogeneity, which is most probably
caused by a combination of several confounding factors
(studies dating back to 1982, low study quality, different
study designs, small treatment groups, different CSII
pumps, etc.). It should also be noted that the heterogeneity
is not so much caused by qualitatively different results, but
by quantitative differences. From these limitations it is clear
that the results obtained from this meta-analysis have to be
interpreted cautiously even though they are consistent with
previously published meta-analyses [7, 8, 47, 48].
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In terms of insulin requirements, no meta-analysis was
done because, from our point of view, insulin requirement
is only a relevant outcome for the healthcare system but not
relevant for the individual patient. In any case, a meta-
analysis would not have helped interpret the data more
effectively, due to differences in reporting, e.g. either as
total insulin requirement per person or per body weight per
day, and to the sometimes missing measures for calculation.

A further problem in interpreting the results arises from the
fact that in studies in which neither the patients nor the carers
are blinded to the treatment the reliability of computed results
for hypoglycaemic events greatly depends on whether the
definition of hypoglycaemia leaves room for interpretation
influenced by subjective, voluntary or involuntary factors.
Since in many of the included trials the different definitions of
hypoglycaemia were susceptible to bias and the endpoint
detection was not blinded, results on hypoglycaemic events
have to be viewed as inherently uncertain. Like Pickup et al.
[7], Colquitt et al. [47] and Weissberg-Benchell et al. [48],
we also did not perform a meta-analysis on hypoglycaemic
events, due to differences in definitions of hypoglycaemic
episodes, the difference in study duration, the small numbers
of patients with severe hypoglycaemic episodes and the
often missing measures of variance.

Data on undesirable events were unsatisfactory in all
studies considered for this review. The available results
indicate that there was no difference in serious adverse
events between groups. Ketoacidosis was somewhat more
frequent in the CSII groups and the rate of local reactions
and technical problems was reported to be higher in patients
treated with CSII as well. One study showed a significant
increase in hyperglycaemic events in the CSII group, and in
another trial on patients with type 1 diabetes mellitus one
death occurred in the CSII group.

While from the results of this comprehensive systematic
review the effects of CSII therapy compared with MDI
treatment in adult patients with type 1 diabetes mellitus and
in patients with type 2 diabetes mellitus can be considered to
be clear, further research is needed on the effects of CSII
therapy in adolescents and younger children with type 1
diabetes mellitus.
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