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Abstract

When we are interested in making decisions about best use, comparative therapeutic efficacy, or cost-effectiveness
of diabetes technologies such as insulin pump therapy [continuous subcutaneous insulin infusion (CSII)] or
continuous glucose monitoring, meta-analysis for the purpose of literature summary is inappropriate and
may be misleading. Instead, “decision-making meta-analysis” is more appropriate and should involve either
preselection of trials based on intended use [e.g., elevated baseline hemoglobin Alc or hypoglycemia rate for
trials of multiple daily injections (MDI) versus CSII] or metaregression of summary effect sizes in different trials
against potential effect-modifying covariates such as baseline risk, or models of the covariates that determine
effect size using individual patient data. Appropriate meta-analysis should also only include trials that are
of sufficient duration to accurately measure outcomes such as severe hypoglycemia, and they should not use
obsolete technology that is of proven inferiority to current technology. The use of appropriate decision-making
meta-analysis is illustrated by the change in the rate ratio for severe hypoglycemia in randomized controlled
trials of MDI versus CSII in type 1 diabetes from 1.56 (95% confidence interval 0.96-2.55; p = .074) for literature-
summary meta-analysis to 2.0 (1.08-3.69; p = .027) for decision-making meta-analysis of all patients and 3.91
(1.35-11.36; p = .01) for trials in children.
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Introduction

Appropriate use of medical technology involves an assessment of affordability, safety, patient acceptability, ethical
implications, and clinical effectiveness in comparison with an established treatment. When considering the evidence
base for therapeutic effectiveness, meta-analysis has been the most influential methodology in recent years, with data
from randomized controlled trials (RCTs) usually preferred over observational studies.! Two of the most important and
relatively new technologies in diabetes management that deserve thorough assessment of clinical and cost effectiveness
are insulin pump therapy [continuous subcutaneous insulin infusion (CSII)] and continuous glucose monitoring
(CGM); both are relatively costly and may, perhaps, be better used in some patients than others.
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Several meta-analyses have been reported for CSII>® and CGM, !> which, particularly in the case of CSII, have been
used in cost-effectiveness studies and as a major part of the evidence base for some national guidelines. For example,
the UK. National Institute for Health and Care Excellence (NICE) considered, on the basis of evidence up to 2008,
that CSII in type 1 diabetes is associated with a reduction in severe hypoglycemia and hemoglobin Alc (HbAlc)
compared with multiple daily injections (MDI) and that insulin pump therapy should be an appropriate treatment option
for adults and children =12 years of age with type 1 diabetes when attempts to achieve target HbAlc levels with MDI
have resulted in disabling hypoglycemia or when HbA1lc levels have remained >8.5% (69 mmol/mol) on MDI despite
a high level of diabetes care; NICE recommends insulin pump therapy for children <12 years when (in addition to the
adult criteria) MDI is considered impractical or inappropriate.®

However, some recent meta-analyses of RCTs comparing glycemic outcomes during MDI versus insulin pump therapy
have reached conclusions that might lead practitioners now to question the value of insulin pump therapy and
guidelines such as those of NICE. For example, Fatourechi and coauthors,* in a meta-analysis of 15 RCTs in type 1
diabetes, found no significant difference in severe hypoglycemia rates on MDI versus CSIL. Yeh and coauthors, in a
synthesis of data from 33 studies, concluded that “MDI and CSII showed similar effects on HbAlc levels and severe
hypoglycemia in adults and children.” What are the likely causes of this discrepancy in evidence interpretation from
meta-analyses, and are some meta-analyses more appropriate than others for making decisions about clinical and
cost effectiveness?

The purpose of this article is to argue the case that meta-analysis using mainly summary data from all or nearly all
published RCTs to provide a synthesis of the literature on the effectiveness of diabetes technologies such as CSII or
CGM can be misleading when deciding on the best and most cost-effective use of these technologies.

The Problems with Meta-Analysis

In conventional meta-analysis, summary outcome measures [e.g., the mean difference in HbAlc or a rate ratio (RR) for
severe hypoglycemia for MDI versus CSII or for self-monitoring of blood glucose (SMBG) versus CGM] are extracted
from each of a number of independent trials (usually from the published article) and then combined using statistical
procedures involving a weighted average, where large trials have more influence. This enables a calculation of an overall
effect size representing all the studies.

The general problems and misunderstandings with meta-analysis have been discussed.””?® However, a particular caution
that is underemphasized is that meta-analysis can be used for two main purposes that differ in methodology and
interpretation: one purpose is to summarize the literature on a subject (e.g, How many RCTs have compared MDI versus
CSII, and what is the average HbAlc difference found in these trials?), and the other is to make therapeutic and
economic decisions (e.g, Which, if any, diabetes patients are most likely to benefit from CSII or CGM, and are these
therapies a cost-effective use of resources?).”? Literature-summary meta-analysis rarely accomplishes the second aim.!”

In a technical support document,® the NICE Decision Support Unit advises that when evidence synthesis is intended
for decision making (e.g. decisions on cost effectiveness or comparative treatment efficacy), rather than for summary
of the literature, the trial inclusion criteria for meta-analysis should be restricted to a specific target population with
relatively narrow definitions associated with the intended use of the treatment, such as a point in disease progression,
a level of disease severity, the fact of previous treatment failure, and so on. Alternatively, meta-regression or individual
patient data meta-analysis should be used to relate treatment effects to patient characteristics that might be potential
effect-size modifiers, such as age, disease duration, or baseline risk.

There are several excellent guides available to the best conduct of meta-analysis and systematic reviews,??* which
include advice on trial selection and exploring between-study heterogeneity. However, in spite of this guidance,
most meta-analyses of diabetes technologies have been a summary of the literature and have often focused on trials
and patient populations that I argue are inappropriate for clinical and economic decision making.
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The Problem of Meta-Analysis of Diabetes Technologies

Many people with type 1 diabetes can achieve satisfactory control on MDI; insulin pump therapy used on clinical
grounds, as opposed to patient preference, is intended for those who do not.*?* However, RCTs of insulin pump therapy
versus MDI have usually been conducted in volunteers with type 1 diabetes without specific clinical problems and not in
those with persistent poor control on MDL. It is known from individual patient data?*?* and from summary data from
RCTs" and observational studies!* that the greatest effect of insulin pump therapy in improving HbAlc or reducing
severe hypoglycemia is in those patients with the highest baseline HbAlc or hypoglycemia frequency. People with
type 1 diabetes already well controlled on MDI may not improve further by switching to insulin pump therapy.®

Thus, in the context of diabetes and CSII, trials need to be preselected for meta-analysis where the study patient
characteristics are approximate to those who are intended for CSII—type 1 diabetes patients with an elevated HbAlc
or frequent and disabling episodes of severe hypoglycemia during MDI (not trials that may include subjects with
all or any degree of hyperglycemia or hypoglycemia). Alternatively, regression should be performed of glycemic
outcomes on MDI versus CSII against baseline HbAlc or baseline severe hypoglycemia frequency using Bayesian or
other statistical methods to avoid regression to the mean.>'* This would involve metaregression of summary data® or
deriving regression models of the determinants of effect size using individual patient data. It is also important only to
include studies of sufficient duration, as neither hypoglycemia rate nor HbAlc can be accurately assessed in short-
duration trials—for severe hypoglycemia, trials with =6 months’ duration (or possibly >4 months when the baseline
rate is high) are recommended.

In meta-analyses of CSII versus MDL**1® many of the studies selected had variously a baseline HbAlc less than the
NICE cutoff of 8.5% (69 mmol/mol; e.g., References 26-29) or even the substantially lower baseline of <8% (64 mmol/mol;
e.g., References 30-34), where little change in HbAlc would be expected on switching to CSII. Several selected studies
specifically excluded patients with severe hypoglycemia at entry (e.g, References 31, 33, and 34) or excluded those with
hypoglycemia unawareness who were therefore unlikely to have frequent hypoglycemia (e.g., References 29 and 35).
Many studies selected were of <6 months’ duration (e.g., References 29, 30, 32, 33, and 35), where an accurate
assessment of hypoglycemia frequency was unlikely.

To illustrate the difference between meta-analysis for Study RR (95% Cl)
literature summary rather than. dec1.s1or1 making, consider Cohen (2003)% | 3.99 (0.88 to 17.98)
the meta-analysis forest plot in Figure 1. Here I have Weintrob (2003)3 - 3.0 (0.61 to 14.83)
performed a conventional random-effects meta-analysis Vv?ﬁgr:?z(g&oﬁgzg i (2)-31( é01'get<:05141§)24)
of the summary data for the severe hypoglycemia RR Fox (2005) _— 18.9 (0.03 to 11947)
: - DiMeglio (2004)/1 —— 1.0 (0.16 10 6.07)
(severe hypoglycemia rate measured as episodes/100 Lepore (2003)%2 - 15 (0.28 0 8.17)
patient-years on MDI + rate on CSII) for the 12 RCTs Bolli (2009)*" - 0.92 (0.22 to 3.79)
. s 26,27.29,31,36-43 A . DeVries (2002)%3 —— 1.61 (0.37 to 7.00)
of adequate trial duration cited in several Skogsberg (200825 r 0.89 (017 to 4.53)
published meta-analyses of MDI versus CSIP51 (details of Opipari-Armigan (2007} ~ —{———————— 50.0 (0.08 to 30305)
. . . . I~ Thomas (2007)% - 1.00 (0.25 to 3.97)
sample size, trial duration, patient characteristics, and Overall 1.56 (0.96 to 2.55)
so on can be found in the original studies and in the o 1 100 19000 1000000
pubhsh.ed meta-analyses). The RR for the severe hypo- e i e SR
glycemia frequency on MDI versus CSII does not reach

statistical signiﬁcance for these 12 studies [RR 1.56 Figure 1. Conventional literature-summary random-effects meta-analysis

(95% confidence interval 0.96-2.55); p= .074]. of severe hypoglycemia RRs on MDI versus CSIL Data were extracted
from summary hypoglycemia rates in 12 published RCTs where trial
duration was >4 months. CI, confidence interval.

Now consider Figure 2, where I present a LAbbé plot of
severe hypoglycemia rates on CSII versus severe hypo-
glycemia rates on MDI for these 12 RCTs. This is a graphic procedure for examining heterogeneity between trials;*
if there is no difference between two treatments for a given trial, the points will lie on the line of equivalence
(RR = 1). Note that for these 12 RCTs, 7 of 12 points are below the line of equivalence, indicating less hypoglycemia
on CSII than MDI, with a general tendency for studies with a larger baseline risk (high frequency of hypoglycemia
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on MDI) to have the greatest treatment effect. Those
studies with a baseline severe hypoglycemia rate of less
than approximately 18-20 episodes/100 patient-years

show no or minimal change with CSII versus MDL

Trial selection for meta-analysis according the groups
likely to benefit should, of course, be predetermined and
based on clinical guidelines or other evidence and not
based on a post hoc analysis of heterogeneity.** Though
NICE does not give an exact definition of disabling
hypoglycemia,'® the severe hypoglycemia frequency in
trials of MDI-treated patients (e.g. glargine) with type 1
diabetes selected for not having disabling hypoglycemia
is approximately 16-20 episodes/100 patient-years,* so
excluding trials for decision-making meta-analysis where
the severe hypoglycemia rate is less than approximately
16-18 episodes/100 patient-years is justifiable.
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Figure 2. UAbbé plot of severe hypoglycemia rates on MDI versus CSII.
Data were extracted from the RCTs used in Figure 1. Circle diameters
are proportional to study number. The dotted line is line of equivalence

where RR = 1.

In Figure 3, a forest plot is shown where I have performed
a repeat meta-analysis using the RCTs from Figure 1, but
where trials with a low frequency of severe hypoglycemia

Study RR (95% Cl)

(<18 episodes/100 patient-years) at baseline are excluded Cohen (20037 - 3.99 (0.88 to 17.98)
S . . . ol . Weintrob (2003)3 - 3.0 (0.61 to 14.83)
(e, including onl}i 'patlents with disabling hypoglygemm Hoogrma (20061 ji 2.51 (0.56 0 11.24)
who would be eligible for CSII under NICE guidelines). Fox (2005)% 18.9 (0.03 to 11947)
fe s _ R Lepore (2003)42 — 1.5 (0.28 to 8.17)
Here, the RR is increased to 2.00 (1.08-3.69; p = .027). Devrios (20021 1T 161 (0.37 0 7.00)
Opipari-Arrigan (2007)2 50.0 (0.08 t030305)
It is important to note that the point here is not to calculate gv‘;':::ls (2007)% 1 ;:gg 5(1):(2): :2 :;'_%3

a definitive effect size for hypoglycemia RR on MDI versus 601 1 100
CSlI, if only because standard errors extracted from trial
data can often only be estimated, but that using the same
meta-analysis methodology, the RR can vary enormously
according to trial selection.

10000 1000000

Favors MDI Rate Ratio Favors CSlI

Figure 3. Decision-making random-effects meta-analysis of severe hypo-
glycemia RRs on MDI versus CSII. Only RCTs where the baseline
population (MDI) rate of severe hypoglycemia was elevated (>18 episodes/
100 patient-years) were included. CI, confidence interval.

Randomized Controlled Trials versus
Observational Studies

Although observational studies are at greater risk of bias, valuable supplementary information on effectiveness not
available from RCTs can be obtained from these groups because they are often larger, studied over a longer time,
and more representative of those for whom insulin pump therapy is intended.>® Meta-analysis that does not include
observational trials as well as RCTs may capture only part of the information available on effectiveness in target
groups. In a meta-analysis that combined RCTs and observational studies comparing HbAlc and severe hypoglycemia
frequency, which was restricted to trials with high baseline hypoglycemia frequency, with =6 months of trial duration
that were reported after 1996 and using only analog short-acting insulin, we performed a meta-regression of effect size
against baseline risk.> This showed that, whereas the mean difference in HbAlc was approximately zero at a baseline
HbAlc of 7% (53 mmol/mol), it was 1.5% (16 mmol/mol) at an HbAlc baseline of 9.5-10% (80-86 mmol/mol). Equally,
the mean severe hypoglycemia RR approaches 1 at population rates of approximately 10 episodes/100 patient-years but
is 10-20 when the baseline rate is >100 episodes/100 patient-years.

Whereas the median (interquartile range) of the severe hypoglycemia frequency of the 12 RCTs in Figure 1 is 29
(16-50) episodes/100 patient-years, the median hypoglycemia frequency of the observational studies was 97
(76-251) episodes/100 patient-years.> Though the latter trials were, of course, selected for having an MDI hypoglycemia
rate =210 episodes/100 patient-years at baseline, this comparison highlights the low frequency of hypoglycemia in
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published RCTs and underlines the fact that observational studies arguably give more information for the purpose of
decision making about the response to treatment in the type of patient that would be considered for CSII in routine
clinical practice (high HbAlc and/or disabling hypoglycemia on MDI).

Meta-Analysis of Multiple Daily Injections versus Continuous Subcutaneous Insulin
Infusion in Children

One should note that children generally have a shorter duration of diabetes than adults and therefore a lower baseline
level of severe hypoglycemia (hypoglycemia rates increase with diabetes duration?’); the mean hypoglycemia-reducing
effect of insulin pump versus MDI might therefore be somewhat less in children than adults if trials of short diabetes
duration are included.> One must be careful not to conclude from this that children cannot achieve a substantial
improvement in hypoglycemia frequency and quality of life by changing to insulin pump therapy, as was reported
to the NICE Appraisal.’® For the RCTs mentioned earlier and in Figure 1, four are in children who have a baseline
severe hypoglycemia rate >18 episodes/100 patient-years.” ¥ %4 Here random-effects meta-analysis gives an RR of 391
(1.35-11.36; p = .01), indicating substantial benefit of CSII in children (forest plot available on request).

The Problem of Meta-Analysis of Obsolete Technologies

For therapeutic decision making for today’s clinical practice, meta-analysis should be based on the most appropriate
comparator treatment. While it cannot be assumed that the latest technology and insulin is necessarily more effective
than previous generations, there is good evidence that early generation insulin pumps from the 1980s have suboptimal
performance, including limited capacity to alter basal rates or bolus profiles, and monomeric insulin is currently
considered the insulin of choice for CSIL* Notwithstanding this, several published meta-analyses*”? have included
some trials with early insulin pumps and nonmonomeric insulin. For this reason, it is probably best to limit trials for
meta-analysis of MDI versus CSII to those published after approximately 1996.2

Appropriate Meta-Analysis of Self-Monitoring of Blood Glucose versus Continuous
Glucose Monitoring

These caveats about inappropriate meta-analysis also apply to CGM. Here, the important effect modifiers for the change
in HbAlc between SMBG and real-time CGM are frequency of sensor usage and baseline HbAlc.* Thus, although the
mean difference in HbAlc between SMBG and CGM is a comparatively modest 0.20-0.27% (2.2-2.9 mmol/mol) as
reported from summary meta-analysis of RCTs,!>’> Bayesian metaregression models of the determinants of HbAlc
difference derived from individual patient data from six RCTs comparing SMBG and real-time CGM show that for
frequent sensor usage (7 days per week) and a high baseline HbAlc of, say, 10% (86 mmol/mol), CGM is predicted
to lower HbAlc by approximately 0.9% (9 mmol/mol) compared with SMBG." Literature-summary meta-analysis
therefore underestimates the clinical efficacy of real-time CGM versus SMBG, which is revealed by decision-making
meta-analysis.

One should also note that although several meta-analyses have reported that there is no difference in the frequency of
severe hypoglycemia between SMBG and real-time CGM,'>"5 that is probably because RCTs that have been published
to date have not been designed or powered to test the effect of CGM on severe hypoglycemia or had a very low
frequency of severe hypoglycemia at baseline or did not specifically study those with disabling hypoglycemia or those
at high risk of this (with hypoglycemia unawareness). Appropriate meta-analysis of changes in severe hypoglycemia
with CGM cannot therefore be performed at the moment.

Arguments against and Limitations of Decision-Making Meta-Analysis

Selecting and excluding trials clearly reduces the number of studies available for meta-analysis and may weaken
conclusions about the overall effect size. The exclusion of trials with certain characteristics might be done with
arbitrary cutoff values and rules and is thus subject to bias, unless the selection criteria are justified and predetermined.
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Although the best way of exploring the effect of patient-level covariates such as age, diabetes duration, and baseline
HbAlc or hypoglycemia frequency is probably by meta-analysis of individual patient data, this is a more complicated
and lengthy procedure and presents considerable problems in acquiring the data from original authors and/or trial
Sponsors.

Conclusions

I argue the case here that decision-making meta-analysis should be appropriate in terms of trial selection and
methodology, and my recommendations are summarized in Table 1.

Table 1.

Recommendations for Appropriate Decision-Making Meta-Analysis

» Either
preselect trials where average patient characteristics match those of the intended use of the treatment (e.g., for CSIl versus MDI, elevated
HbA1c or disabling hypoglycemia on MDI)

» Or
perform a metaregression of summary effect size against possible effect-modifying covariate (e.g., for CSIl versus MDI, regress difference
in mean HbA1c against baseline HbA1c)

» Or
perform individual patient data meta-analysis and construct models of determinants of effect size (e.g., for SMBG versus CGM, sensor
usage and baseline HbA1c as determinants of difference in HbA1c)

» Select only trials of adequate duration where outcome can be accurately measured (e.g., for severe hypoglycemia, generally =6 months or
>4 months when baseline risk is very high)

+ Do not select trials where the intended patient population has been excluded (e.g., for CSIl versus MDI, those with severe hypoglycemia
or with hypoglycemia unawareness at baseline)

» Do not select trials using obsolete technology of proven inferiority to usual current treatment with the technology (e.g., early generation
insulin pumps)

+ Consider additional information offered by meta-analysis of observational studies

There is still much to debate about diabetes technologies such as insulin pump therapy and CGM, such as the extent
to which improvements in wellbeing, lifestyle flexibility, energy, and working ability indicate that patient preferences
should be also a selection criterion (when funding is available) in addition to clinical benefit. There is limited trial
information at the moment that would enable a decision-making meta-analysis of, for example, quality-of-life changes
with MDI versus CSII or, especially, SMBG versus CGM. Most quality-of-life data for CGM versus SMBG are from trials
where subjects already have a high baseline quality of life because they are mostly well-educated CSII users or have
low hypoglycemia frequency or a have a near-normal HbAlc at baseline.

For the time being, health care practitioners should be cautioned that evidence of clinical effectiveness from meta-analysis
should be interpreted with regard to trial selection and patient characteristics. When meta-analysis is performed
appropriately and for the purpose of decision-making, there is good evidence that insulin pump therapy is effective
at improving hyperglycemia and hypoglycemia in those who have failed to achieve target levels of control on MDL
Similarly, the study of the clinical use of CGM is still at its beginning, but decision-making meta-analysis to date has
revealed strong evidence for a substantial reduction in HbAlc and mild-to-moderate hypoglycemia compared with
SMBG." Appropriate trials for effects on severe hypoglycemia have yet to be performed and therefore to be included
in meta-analyses.

J Diabetes Sci Technol Vol 7, Issue 6, November 2013 1572 www.jdst.org



The Evidence Base for Diabetes Technology: Appropriate and Inappropriate Meta-Analysis Pickup

Disclosures:

The author has received speaker and/or consultancy fees from Medtronic, Roche, and Cellnovo, manufacturers of insulin pumps and/or CGM devices.

Acknowledgments:

I thank Alex Sutton, University of Leicester, for expert statistical advice and discussions and Pratik Choudhary, King’s College London, for discussions
on hypoglycemia.

References:

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.
24.

25.

National Institute for Health and Care Excellence. Guide to the methods of technology appraisal 2013. http://publications.nice.org.uk/pmg9.
Accessed April 9, 2013.

. Pickup J, Mattock M, Kerry S. Glycaemic control with continuous subcutaneous insulin infusion compared with intensive insulin injections in

patients with type 1 diabetes: meta-analysis of randomised controlled trials. BMJ. 2002;324(7339):705.

. Pickup JC, Sutton AJ. Severe hypoglycaemia and glycaemic control in Type 1 diabetes: meta-analysis of multiple daily insulin injections

compared with continuous subcutaneous insulin infusion. Diabet Med. 2008;25(7):765-74.

. Fatourechi MM, Kudva YC, Murad MH, Elamin MB, Tabini CC, Montori VM. Clinical review: Hypoglycemia with intensive insulin therapy:

a systematic review and meta-analyses of randomized trials of continuous subcutaneous insulin infusion versus multiple daily injections.
J Clin Endocrinol Metab. 2009;94(3):729-40.

. Pankowska E, Blazik M, Dziechciarz P, Szypowska A, Szajewska H. Continuous subcutaneous insulin infusion vs. multiple daily injections in

children with type 1 diabetes: a systematic review and meta-analysis of randomized control trials. Pediatr Diabetes. 2009;10(1):52-8.

. Weissberg-Benchell J, Antisdel-Lomaglio J, Seshadri R. Insulin pump therapy: a meta-analysis. Diabetes Care. 2003;26(4):1079-87.

. Jeitler K, Horvath K, Berghold A, Gratzer TW, Neeser K, Pieber TR, Siebenhofer A. Continuous subcutaneous insulin infusion versus multiple

daily insulin injections in patients with diabetes mellitus: systematic review and meta-analysis. Diabetologia. 2008;51(6):941-51.

. Cummins E, Royle P, Snaith A, Greene A, Robertson L, McIntyre L, Waugh N. Clinical effectiveness and cost-effectiveness of continuous

subcutaneous insulin infusion for diabetes: systematic review and economic evaluation. Health Technol Assess. 2010;14(11):iii-iv, xi—xvi, 1-181.

. Misso ML, Egberts KJ, Page M, O’Connor D, Shaw J. Continuous subcutaneous insulin infusion (CSII) versus multiple insulin injections for

type 1 diabetes mellitus. Cochrane Database Syst Rev. 2010;(1):CD005103.

Yeh HC, Brown TT, Maruthur N, Ranasinghe P, Berger Z, Suh YD, Wilson LM, Haberl EB, Brick J, Bass EB, Golden SH. Comparative
effectiveness and safety of methods of insulin delivery and glucose monitoring for diabetes mellitus. Ann Intern Med. 2012;157(5):336—47.

Golicki DT, Golicka D, Groele L, Pankowska E. Continuous glucose monitoring system in children with type 1 diabetes mellitus: a systematic
review and meta-analysis. Diabetologia. 2008;51(2):233-40.

Gandhi GY, Kovalaske M, Kudva Y, Walsh K, Elamin MB, Beers M, Coyle C, Goalen M, Murad MS, Erwin PJ, Corpus J, Montori VM, Murad MH.
Efficacy of continuous glucose monitoring in improving glycemic control and reducing hypoglycemia: a systematic review and meta-analysis
of randomized trials. ] Diabetes Sci Technol. 2011;5(4):952-65.

Szypowska A, Ramotowska A, Dzygalo K, Golicki D. Beneficial effect of real-time continuous glucose monitoring system on glycemic control
in type 1 diabetic patients: systematic review and meta-analysis of randomized trials. Eur ] Endocrinol. 2012;166(4):567-74.

Pickup JC, Freeman SC, Sutton AJ. Glycaemic control in type 1 diabetes during real time continuous glucose monitoring compared with self
monitoring of blood glucose: meta-analysis of randomised controlled trials using individual patient data. BM]J. 2011;343:d3805.

Langendam M, Luijf YM, Hooft L, Devries JH, Mudde AH, Scholten R]. Continuous glucose monitoring systems for type 1 diabetes mellitus.
Cochrane Database Syst Rev. 2012;1:CD008101.

National Institute for Health and Care Excellence. Continuous subcutaneous insulin infusion for the treatment of diabetes mellitus. TA151.
London: NICE; 2008.

Eysenck HJ. Meta-analysis and its problems. BM]J. 1994;309(6957):789-92.
Bangert-Drowns RL. Misunderstanding meta-analysis. Eval Health Prof. 1995;18(3):304-14.

Thompson SG, Higgins JP. Treating individuals 4: can meta-analysis help target interventions at individuals most likely to benefit? Lancet.
2005;365(9456):341-6.

Dias S, Welton NJ, Sutton AJ, Ades AE. NICE DSU Technical Support Document 1: Introduction to evidence synthesis for decision making.
2012. http:/[www.nicedsu.org.uk/TSD1%20Introduction.final.08.05.12.pdf. Accessed October 7, 2013.

Cochrane Collaboration. Cochrane handbook for systematic reviews of interventions. Version 5.1.0. 2011. http://handbook.cochrane.org. Accessed
May 23, 2013.

Moher D, Liberati A, Tetzlaff ], Altman DG; PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA
statement. BMJ. 2009;339:b2535.

Pickup JC. Management of diabetes mellitus: is the pump mightier than the pen? Nat Rev Endocrinol. 2012;8(7):425-33.

Retnakaran R, Hochman J, DeVries JH, Hanaire-Broutin H, Heine R], Melki V, Zinman B. Continuous subcutaneous insulin infusion versus
multiple daily injections: the impact of baseline Alc. Diabetes Care. 2004;27(11):2590-6.

Pickup JC, Kidd J, Burmiston S, Yemane N. Determinants of glycaemic control in type 1 diabetes during intensified therapy with multiple
daily insulin injections or continuous subcutaneous insulin infusion: importance of blood glucose variability. Diabetes Metab Res Rev.
2006;22(3):232-7.

J Diabetes Sci Technol Vol 7, Issue 6, November 2013 1573 www.jdst.org



The Evidence Base for Diabetes Technology: Appropriate and Inappropriate Meta-Analysis Pickup

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

Skogsberg L, Fors H, Hanas R, Chaplin JE, Lindman E, Skogsberg J. Improved treatment satisfaction but no difference in metabolic control
when using continuous subcutaneous insulin infusion vs. multiple daily injections in children at onset of type 1 diabetes mellitus. Pediatr
Diabetes. 2008;9(5):472-9.

Opipari-Arrigan L, Fredericks EM, Burkhart N, Dale L, Hodge M, Foster C. Continuous subcutaneous insulin infusion benefits quality of life
in preschool-age children with type 1 diabetes mellitus. Pediatr Diabetes. 2007;8(6):377-83.

Doyle EA, Weinzimer SA, Steffen AT, Ahern JA, Vincent M, Tamborlane WV. A randomized, prospective trial comparing the efficacy of
continuous subcutaneous insulin infusion with multiple daily injections using insulin glargine. Diabetes Care. 2004;27(7):1554-8.

Hoogma RP, Hammond PJ, Gomis R, Kerr D, Bruttomesso D, Bouter KP, Wiefels K], de la Calle H, Schweitzer DH, Pfohl M, Torlone E,
Krinelke LG, Bolli GB; 5-Nations Study Group. Comparison of the effects of continuous subcutaneous insulin infusion (CSII) and NPH-based
multiple daily insulin injections (MDI) on glycaemic control and quality of life: results of the 5-nations trial. Diabet Med. 2006;23(2):141-7.

Nuboer R, Borsboom GJ, Zoethout JA, Koot HM, Bruining J. Effects of insulin pump vs. injection treatment on quality of life and impact of
disease in children with type 1 diabetes mellitus in a randomized, prospective comparison. Pediatr Diabetes. 2008;9(4 Pt 1):291-6.

Bolli GB, Kerr D, Thomas R, Torlone E, Sola-Gazagnes A, Vitacolonna E, Selam JL, Home PD. Comparison of a multiple daily insulin injection
regimen (basal once-daily glargine plus mealtime lispro) and continuous subcutaneous insulin infusion (lispro) in type 1 diabetes: a randomized
open parallel multicenter study. Diabetes Care. 2009;32(7):1170-6.

Bruttomesso D, Crazzolara D, Maran A, Costa S, Dal Pos M, Girelli A, Lepore G, Aragona M, Iori E, Valentini U, Del Prato S, Tiengo A, Buhr A,
Trevisan R, Baritussio A. In type 1 diabetic patients with good glycaemic control, blood glucose variability is lower during continuous
subcutaneous insulin infusion than during multiple daily injections with insulin glargine. Diabet Med. 2008;25(3):326-32.

Hirsch IB, Bode BW, Garg S, Lane WS, Sussman A, Hu P, Santiago OM, Kolaczynski JW; Insulin Aspart CSII/MDI Comparison Study Group.
Continuous subcutaneous insulin infusion (CSII) of insulin aspart versus multiple daily injection of insulin aspart/insulin glargine in type 1
diabetic patients previously treated with CSII. Diabetes Care. 2005;28(3):533-8.

Tsui E, Barnie A, Ross S, Parkes R, Zinman B. Intensive insulin therapy with insulin lispro: a randomized trial of continuous subcutaneous
insulin infusion versus multiple daily insulin injection. Diabetes Care. 2001;24(10):1722-7.

Hanaire-Broutin H, Melki V, Bessieres-Lacombe S, Tauber JP. Comparison of continuous subcutaneous insulin infusion and multiple daily
injection regimens using insulin lispro in type 1 diabetic patients on intensified treatment: a randomized study. The Study Group for the
Development of Pump Therapy in Diabetes. Diabetes Care. 2000;23(9):1232-5.

Thomas RM, Aldibbiat A, Griffin W, Cox MA, Leech NJ, Shaw JA. A randomized pilot study in type 1 diabetes complicated by severe
hypoglycaemia, comparing rigorous hypoglycaemia avoidance with insulin analogue therapy, CSII or education alone. Diabet Med.
2007;24(7):778-83.

Cohen D, Weintrob N, Benzaquen H, Galatzer A, Fayman G, Phillip M. Continuous subcutaneous insulin infusion versus multiple daily
injections in adolescents with type I diabetes mellitus: a randomized open crossover trial. ] Pediatr Endocrinol Metab. 2003;16(7):1047-50.

Weintrob N, Benzaquen H, Galatzer A, Shalitin S, Lazar L, Fayman G, Lilos P, Dickerman Z, Phillip M. Comparison of continuous subcutaneous
insulin infusion and multiple daily injection regimens in children with type 1 diabetes: a randomized open crossover trial. Pediatrics.
2003;112(3 Pt 1):559-64.

Wilson DM, Buckingham BA, Kunselman EL, Sullivan MM, Paguntalan HU, Gitelman SE. A two-center randomized controlled feasibility trial
of insulin pump therapy in young children with diabetes. Diabetes Care. 2005;28(1):15-9.

Fox LA, Buckloh LM, Smith SD, Wysocki T, Mauras N. A randomized controlled trial of insulin pump therapy in young children with type 1
diabetes. Diabetes Care. 2005;28(6):1277-81.

DiMeglio LA, Pottorff TM, Boyd SR, France L, Fineberg N, Eugster EA. A randomized, controlled study of insulin pump therapy in diabetic
preschoolers. J Pediatr. 2004;145(3):380—4.

Lepore G, Dodesini AR, Nosari I, Trevisan R. Both continuous subcutaneous insulin infusion and a multiple daily insulin injection regimen
with glargine as basal insulin are equally better than traditional multiple daily insulin injection treatment. Diabetes Care. 2003;26(4):1321-2.

DeVries JH, Snoek FJ, Kostense PJ, Masurel N, Heine RJ; Dutch Insulin Pump Study Group. A randomized trial of continuous subcutaneous
insulin infusion and intensive injection therapy in type 1 diabetes for patients with long-standing poor glycemic control. Diabetes Care.
2002;25(11):2074-80.

Song F. Exploring heterogeneity in meta-analysis: is the ’Abbé plot useful? J Clin Epidemiol. 1999;52(8):725-30.
Sharp SJ, Thompson SG, Altman DG. The relation between treatment benefit and underlying risk in meta-analysis. BM]. 1996;313(7059):735-8.

Heller S, Buse ], Fisher M, Garg S, Marre M, Merker L, Renard E, Russell-Jones D, Philotheou A, Francisco AM, Pei H, Bode B;
BEGIN Basal-Bolus Type 1 Trial Investigators. Insulin degludec, an ultra-longacting basal insulin, versus insulin glargine in basal-bolus treatment
with mealtime insulin aspart in type 1 diabetes (BEGIN Basal-Bolus Type 1): a phase 3, randomised, open-label, treat-to-target non-inferiority
trial. Lancet. 2012;379(9825):1489-97.

Pedersen-Bjergaard U, Pramming S, Heller SR, Wallace TM, Rasmussen AK, Jorgensen HV, Matthews DR, Hougaard P, Thorsteinsson B.
Severe hypoglycaemia in 1076 adult patients with type 1 diabetes: influence of risk markers and selection. Diabetes Metab Res Rev.
2004;20(6):479-86.

J Diabetes Sci Technol Vol 7, Issue 6, November 2013 1574 www.jdst.org



